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1. MID-TO-LONG-TERM ROADMAP FOR
DECOMMISSIONING



Mid-to-Long-Term Roadmap and Primary Tange
=>See P.19-23
“Mid-to-Long-Term Roadmap for Decommissioning of TEPCQ'’s

Fukushima Daiichi ” was decided in December, 2011.

\
\

|
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\t defines the decommissioning work into three phases, and |
'sets major milestones of on-site work and R&D projects.
Phase 1(with in 2 years):

Commence fuel removal from spent fuel pools

Phase 2(with in 10 years):
Commence fuel debris removal from RPVs

Phase 3(within 30 to 40 years):
Terminate the decommissioning process




Current Status of Unit 1 -4 (Jan. 28, 2013)

Rubble remova
completed

Filtered Blowout-panel
Fan came down

Building Cover

Reactor Building Reactor Building
'\

[ [Unic#s | Unic#2 | Unit#s | Unic o
Core Melt
Hydrogen Explosion Y N Y Y
RPV Temp. (°C) 18 31 31 NA
PCV Temp. (°C) 20 32 31 NA
PCV Water level (m) +2.8 +0.6 Unknown NA
Dose rate O.F.(mSv/h) 53.6 880 500 1.3
# of SPF 392 615 568 1,533

SFP Temp. (°C) 10 12 9 20



Four short-term challenges L See '*;j“

Although reactor cores are maintained low temperature, we
are now facing at four major challenges; i

uy‘

m Management of accumulated contaminated wate
m Reduction of environmental radiation dose
®m Improvement of work environment

B Retrieval of spent fuel from spent fuel pool

)
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Three long-term challenges _see P2RS

Ten years (End of Phase 2) seems far future, but many
Issues and problems exist to be tackled and solved well
before hand.

B Preparation for Fuel debris removal

' ® Treatment and disposal of radioactive waste

m Development of remote control devices



2. TECHNOLOGICAL CHALLENGES AND
R&D PROGRAM



Principles for implementing R&D

B Address on-site technological needs

B Government involvement and support

B Open and flexible framework in collaboration
with international science and engineering
communities



Key Areas of R&D Projects k

B Preparation of fuel debris removal =See P.27-31
| > Equipment/device development

» Core status assessment and analysis

» Fuel debris characterization and management

» Processing and Disposal of Secondary Waste

» Processing and Disposal of Radioactive Waste

éi‘
B Remote-controlled technologies as a common tog



3. INTERNATIONAL COOPERATION
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Working with the International Comm \ :

1) Bilateral dialogue framework with;
s France, Russia, Ukraine, UK,US

Information Portal for the Fukushima Daiichi

2) Information Portal for s s el

Accident Analysis &
Decommissioning ——
- = Opened Dec. 2012. P

= This information portal i :

provides an easy access
to the technical
Information.

https://fdada.info/ M=)




Working with the International Comm ff\-’;r

3) Cooperation with IAEA

Japan proposed the followings at the Fukushima Ministerial Conferen
on Nuclear Safety in Dec. 2012.

\
= Hosting IAEA peer review missions

> Expert’s review for decommissioning program and activities of \
Fukushima Daiichi NPP.

= Setting up an international advisory group

> Sharing information and data from the accident and
decommissioning process.

> Provide advice and guidance on safety approaches and 2
policies regarding decommission to the international community. ;

«
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Working with the International Comm

4) International Collaborative Research

. m Severe Accident Analysis Benchmark Project |
\ (NEA / BSAF Project: Phase 1 -2014, Phase II Planned) L)
>

Started initial analysis in November 2012 with the participation ¢ "
12 institutions from 8 countries

\' |
> Detailed data and boundary conditions are also made available\ |
' to non-participating organizations through portal site.

s Exploring possibility of international joint research ¢
projects such as; v

e Fuel debris sampling and removal, ;| ‘
e Processing and disposal of radioactive wastes generated

from the nuclear accident. o
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Working with the International Comm .";,\"M‘; |

5) Enhancing international business and research
partnership

| !
= Government-led R&D projects are seeking expertise fron“

\
W \

the international community, ensuring openness and
transparency. |
' (Example) |
' > ATOX Co., Ltd., opened a request for proposal on “Integrated Dose
Reduction Planning” from Nov 16th to Dec 15th 2012. /

>  Six out of thirteen companies were selected as advisors.
o Areva (France)
o Babcock International Group (UK)
e CH2M HILL (US)
o Onet Technologies (France)
o Perma-Fix Environmental Services (US)

o Plejades (Germany)
14



4. NEXT STEPS FORWARD
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Next Steps forward

Visit of Prime Ministe
Abe (Dec. 2012) |}

B Commitment of Government
IS Support for establishing R&D institution

» Strengthen of JAEA's ability

!

@ Accelerate and revise the Road Map

_ Visit of METI’'s Minister,
»Revise Road Map Motegi (Jan.2013)

B \Work and walk with international communities

» Shear information, elaborate plans and collaborate

» Contribute to enhance the world nuclear safety

16



THANK YOU VERY MUCH FOR
YOUR ATTENTION

Please visit our website:
www.meti.go.jp/english/earthquake/nuclear/decommissioning



APPENDIX



Mid -to-Long Term Road Map

Dec.2012 (Reference)

Present (Completion of Step 2)

Within 2 Years

Within 10 Years

After 30-40
Years

Step 1, 2 >

Phase 1

Phase 2

Phase 3

<Achieved
Stable
Conditions>

-Condition
equivalent to cold
shutdown

| -Significant
Suppression of
Emissions

Period to start of fuel
removal from the spent
fuel pool (in 2 years)

Period to start of fuel debris
removal(in 10 years)

Period to the end of
decommissioning
(After 30-40 years)

-Commence the removal of
fuels from the spent fuel pools
(Unit 4 in 2 years)

- Maintain the effective radiation
dose to be less than 1 mSv /
year at the site boundary caused
by additional emission and
stored debris.

-Maintain reactor cooling and
accumulated water processing
and improve their reliability.

-Start R&D and decontamination
towards removal of fuel debris

-Commence R&D of radioactive
waste processing and disposal

-Complete the fuel removal from
the spent fuel pools at all Units

-Complete preparations for the
removal of fuel debris such as
decontamination of insides of
buildings, restoring PCVs and
filing PCVs with water. Then
commence the removal of fuel
debris (Target: within 10 years)

-Continue stable reactor cooling

-Complete the processing of
accumulated water

-R&D on radioactive waste
processing and disposal and on
reactor facilities decommission

-Complete the fuel debris
removal (in 20-25 years)

-Completed
decommission (in 30-40
years)

-Implement radioactive
waste processing and
disposal

Actions towards systematic staff training and allocation, motivation improvement,
and securing of workers’ safety will be continuously implemented.

19




Government and TEPCO Council on
Mid-to-Long Term Response for Decommissioni

Observer : Nuclear Regulatory Agency (NRA)

_ Government and TEPCO Council on
Mid-to-Long Term Response for Decommissioning(Dec. 2012)

Co-Chair :Minister for the Restoration from and Prevention of Nuclear Accident, Cabinet Office

Minister of Economy, Trade and Industry (METI)
Vice-Chair : Parliamentary Secretary of Cabinet Office, Vice Minister of METI, and President of TEPCO

Members : Agency of Natural Resources and Energy(ANRE), TEPCO

| |

Management Board

Co-Chair: Parliamentary Secretary of Cabinet Office
Vice Minister of METI
Executive Vice-President of TEPCO
Adviser : Vice Minister of MEXT
Members: METI/ANRE
TEPCO
MEXT
JAEA (Japan Atomic Energy Agency)
Toshiba
Hitachi-GE
Observer NRA

R&D Management Headquarter

Chair . Vice Minister of METI
Vice-Chair: Parliamentary Secretary of Cabinet Office
Vice Minister of MEXT
Members : METI/ANRE
TEPCO
MEXT
AEC (Atomic Energy Commission)
JAEA, AIST, CRIEPI
Toshiba
Hitachi-GE
and a couple of academic advisors
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Main Schedule of Mid-and-long Term Roadmap towards the Decommissioning of Fukushima Daiichi Nuclear Power

Phase 1 Phase 2 Phase 3
Period to the start of fuel removal from the| . . . P
Period to the start of fuel debris removal Period to the end of decommissioning]
spent fuel pools
: FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021FY2022~
FY2012 FY2013 | | | | | | With k" 10 Afte
Within 2 years (Early) (Mid) (Late) yegars After 20-25 years
SFP Fuel Removal Start i i ! Fuel Debris Removal Start Fuel Debris Removal
Primary Targets Step 2 Gompleted (Uhit 4) : : : (First Unit) Completed (All Units)
V v
KZ 1 1 [}
Ongoing Monitoring of Reactor Cold Shutdown States (Maintain water injection and motitoring using temperature and pressure parameters etc.) > [ comsiewon
' T ; ] R0
Plan for Reactor Partial Internal PCV InsPeCtlon >| 1 VTarget:Compl»late Switch to Water Withdrawal from ReactorBIuIidin[ (or lower part of PCV) : +Considerations
Cooling : - (ol " i -3 i — = :Conditions for Next Tasks
. L . . . . . L e g Water Cooling (water withdrawal from _—==""Circulating Water Cooling via Water
PPlan for Improving the Reliability of Circulating Water Cooling (water withdrawal from turbln_e_hji.ﬂdn@ reactor building (or lower part of PGV)) _—==""% e e > Information Flow
Mair taining l k*l): To [HP3-1]; PbV Repairs, Stopping Infer—building Water Leakagp (%2)
| | aine
Processing ia Exstng Processing Faciities ¥ | T80 PTOVe oDy OF EXISting Faci Compl nter-building Water Leakage |V Target: Coplete Accumulated Water Processing in Turbirg
: between Reactor and Turbine Buildings and Repairing \; Building
ePIan for Improving the Reliability of Existing Facilities etc. > :Ccummat;d Wlﬂte" Processing via Reliability Improved Water Lower Part of the PCV
' ' p e PR e
IAccumulated ' Considraton of Greulaon >~ 1o Doop Decrease a1 ) (f eagascn
water Process"]g [Consideration of Subdrain Water Processing — Accumulated Water Reduction (lower accumulated water level inside buildings according tofinderground water level reduction) > Processing of Underground and Decontaminated Water etc.
: i T
g‘:::g:;:og:cf“’:::l: mxglide i i Reduction of Accumulated Water in Turbine/Reactor Buildings> |
. - 0 . S o — Corrtal 7
Water Shleldmg Walls Installation >VTurget‘: Reduction of the Risk of:, Sea Water when f Water Leaks
Additional Silt 1 1 '
Plans to Mitigate éacerin:zllrt:;d"s)ov n frlcnt of )VT"'“ B of Radioacti ¢ J: in Sea Water in the Pnrf CaECrEn E
he Intake nal ] ] '
r L_the Intake Canal |
gea wat:e . Circulating Seawater Purification (ongoing) > i i | '
| | '
ontamination | | covering Dredged Sand at Seaway/Anchor Ground > ! ! |
| Underground Water and Seawater Monitoring (ongoing)
Pl £ LRubee | VTarget: Attainment of Dosage Below il mSv/year at Site Boundaries due Sources such as New Emissions of Radioactive Substances etc. from the Power Station as a Whole
ans Tor
: .letc Reduce Radiation Dose from Stored . . .
Radioacti Rubblo eto. via Shiclding > Continue Reduction Efforts Continue Storage
ve Waste Secondall——— T s T e e vannsasesenesssnsasesnansason: g ——————
i Managem Stored Water Processing via Shielding et . . . i
?vt: |'°" asd 2t a: 4 [V Waste|| oo ron sy st Continue Reduction Efforts Continue Storage e et
ole, an ifi — — — =
rom | I T
to Mitigate [Dose Wat ! of Second ! ! ! (*5): Go to “Radioa
Sea Water |Reduction ater e - H ! ! 0 Process/Disposal Plan'
H . o . o1 . . . 1 . 1 . . '
Contaminatiat the Processi| (Final processihg/disposal wiil be considered in the radioactive waste processing/disposal plan) '
; rne [ e e e e b ]
on Site . |Gaseous|[ PoV Gas Control System stallation 2 N h
Boundarie| Lt (Suppression of radioactivd material emissions from PGV) g g g
1qui L L L
3 Waste |l Land/Sea Area Monitoring (ongoing) . . . )
| 'V Target: Change Main Anti—earthquake Bu| Iding into an Area whareI Rndint_ior_\ Controls are mltt Required . E |
Plan for Field Test - L — VTa Reduce Radiation ana at C 2 eBmIdvm l‘m Ia@m. er partner companies flaéds - -
| Systematic Onsite Decontamination (Implement step-by-step from executive and working area in conjunction with efforts to reduce radiation dose outside of the site) »D
T T T
Circulation Cooling of the Pools (Improve Reliability via maintenance and replacement etc.) >
[Unit 1] Consideration of Fuel Removal Measures/ Investigation of Units 384 ; “my;@;w: for FI4Removal (Removal of Rubble, failty installation etc > Fuel Removal \ >|>|>D
. [Unit 2] C p: of D ion/Shielding inside the buildings ) Decontamination/Shielding, Facility Survey, P%ng %amlw.y Inspection, Repairs Fuel Rem:wal
SFPs of Units 1-4 - ! '
| T(3) _ Viarget Complete Debris Removal 'V Start Fuel Removal (Target: in arqund 3 years) '
Plan for |[Unit 3] Removal of Rubble (upper part of reactor build I':t:”C:::L ?:r"g:l:f ;::"::':f ;:i?;ﬁs';:fu:f >y Fuel Romoval |>]> 0
9 Target- Complate Dehri: o 7 Start Fuel Ramoval (Target- within 2 years) v
Fuel [Unit 4fRemoval of Rubble (Updpr  Install Fuel Handling Faci Remova\of Debris Fuel removal ’ i
Removal [ L R Ry AT T H
from Spent Site Harbor Restora Storage of Fuel Assemblies Removed from SFP (store/manage) -
- 1 1 T
Fuel Pool Common Pool &z:;k Manufacturing (step-by- '> ask Manufacturing/ Delivery (step-by-step) > | \ !
| | '
Hnmon Pool Restoration ; Common Pool Fuel Removal and Facility Modifications > g g H Determinatipn of Methods for Reprocessing
N ! ! o and Storing Spent Fuel
= e O\ Target: Complete Gommeon Pool Modifications for Fuel Storage__ __________________ e e e
R&D Long-term Integrity Assessment of Fuel Assemblies Removed from SFPs v
Consider Handling Method of Damaged Fuels from the SFPs




Main Schedule of Mid-and-long Term Roadmap

= o o B,
[ intoma Buttang Decomtanimatioh wnd Susigeg ste JL _l\ S
| —— . lforrraion Pl
mcpoctions of Ladages | Ry for PCV L edag= Point Sunvey’ Repairs (inchding | *
skds PV Determination of Metisods to Fepair Upper Parts of PGY
Faacior Bullding Tiabar Dec Bl i &b i s O o
Sop P J - D=termmine Pricrity of Each Unit
POV Lowar Parts Rapalr Based on Plant Status et Each HF
Up the ! I eatigabion of Leakag u..uhmi
4
Inspections and [ oF Pl of Upgrar Pt of POV,
i o the: B FEYE Ik
edes of the PGz
el Deshiiz ]
Resnonad Fuedl Defris Resnoval Dlaslgn, Manufecia o @nd Task, ot of of Fussl Dl Bhakhand 2
Plan Tednology bvtormal Y Iapi cifon Dovico Commpiadten of Proparaiion of Feal Duiwls Costolears, ghe
Preparation N
Rl tr e S : Fuel Dsbriz Removal
T N
| ek Fescabsing mid il L-"
Safe Stowage,
P ang and
Dispo=al of Removed | X 5 : 5 5 » Crdarmanaginh o
Fod Defris ank of Procassing Disipol Tachnotogy Test and Evaluation | lsing Mock-up Dicbris Sample Test and Evaluation Usng; Actusl Debvis Sampl: "} Procacsng Tl
o Rt of Fasd DaErts
hh...‘uﬁ;__u-_' Ful-scals Gonsid=razion, 'D:m:nL &aﬂ:&ﬁuw&mﬂn
wfmm
Plan
Raector
| Dicenisrantiine:
B
Rudicactive
Wt
Proscorcsing.” -
Plan Prioeszoing Dol
Plan
RED of Enginesring Safety Assessment for Processng/Tisposal
OrEanization & Staff Planning Systematic Staff Jncluding From parmer comzani=s) Training: Allzaation, nproving Motivakion, =ka
. 1 - T
Wierlor Safiaty Plan Continue to Promzte Saf=ry. Maintan and Impezve Fadiation Protestion Measures. Continucush: Mantain Medical Gars System _:-__'.‘-‘
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Accumulated water increased by groundwater n

/ The highly contaminated water accumulated in the building basement is treated to bB
used for reactor cooling again. And there exists grand water intrusion (400t/day) to
basement as well. The contaminated water generated in this process treated and storec
in tank.

a. Prevent groundwater flow into the building — Develop groundwater bypass
b. Remove the radioactive materials in the contaminated water U
— Install multi-nuclide removal equipment (Tritium cannot be remov ‘h\/
. c. Storage of contaminated water ~— Build additional storage tanks in the site | \

Accumulated water treatment system I'M

Reactor Building

Process Main \ \
- Turbine Building ) 7 BUIldIng
'5' l High Temperature
e Accumulated water Incinerator Buildingy

treatment facility
(Cs removal)

Injection water tank Desalination system W _
- Reverse osmosis (RO) |« Temporary storage facili

- Evaporative concentratiJJn ZPENlyesSe > apenl sl
Spent adsorbent

(

b. Removal of

c. Contaminated radioactive materials g
.water storage = re=== === = = - c. Treated water storage Y,
r | | [Multl-nucllde removal [ Planned Tshi

Mid-to-low level tanks Water storage tank N 3 yearsg®
2
\



' »The Circulating Cooling System had started operation. And desalination of the wate?in

Spent Fuel Pool were in operation.

» Confirmed conditions inside the spent fuel pool via an underwater camera, corrosion

investigation of removal unused fuel removal.

»Debris removal from the upper part of Units 3-4 Reactor Building is in progress. (to be |

. completed in end of FY 2013 at Unit 3, in Dec, 2012 at Unit 4) N
| >At Unit 4, cover installation for fuel removal is on going. ‘

»Preparation of Common Pool which stored removal spent fuel and construction of Dry |}

cask temporary storage facility is on going.

/

O\ferhead traveling crane

I
Il
| — o

| =

H Fuel exchanger
=T

il

(Start by Nov. 2013, Complete by Dec. 2014)

- Cover (or container)
“ Goal of Fuel removal from Unit 4 spent fuel pool “
[

. | Rain

e sl 8
. i e
e g !
JE If
| i
el !
eactor o .

i =

ing -

- _ Cover for
i .;2 S i

0 g fuelremoval

1l
i\
i\
i\
\
11
i\
|
‘\
H‘
(|
|
|

' ‘\“\ Spent fuel pool

: e » [l Carry out \
Debris removal from Cover Ful removal L
the upper part of the installation for

Reactor Building fuel removal

Mid 2013 Nov. 2013




Structural integrity of the spent fuel pool and the Reactor Buil

at Un

it 4

£

> We confirmed that the building, including the spent fuel pool, has a sufficient margin of
seismic resistance even if an earthquake equivalent to the Tohoku-Pacific Ocean
Earthquake (JMA Seismic Intensity Scale 6+) occurs in the area.

» We installed a support structure at the bottom of the spent fuel pool at the Unit 4. Th \
structural integrity of the spent fuel pool has been confirmed by quarterly |

\checks.(building tilt , no more than 1mm crack width, etc).

Reinforced place
( Concrete wall - Steel pillars )

Spent fuel pool (SFP)

\ -5th- F
<" E Shell wall (Not-
\ damaged)
I 3rd.F
Illustration an
( Cross-Se( uil
_ .2nd F
st F
T |
[\\ } i
e
[Intro 1uct(;ry notes] Outer wall between the first
Flow of stress floor and the second floor
(T T T [ stribution of stress was nOF damaged. (Visual
low high inspection)

.

Seismic analysis,
model 8

«
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TECHNOLOGICAL CHALLENGES
FOR FUEL DEBRIS REMOVAL
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R&D Roadmap (Fuel Debris Removal)

Phase 2

N

Phase 3

Period till end of
decommissioning

Phase 1

Period by when fuel removal from SFP starated Period by when fuel debris removal started

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 ‘ FY 2018 | FY 2019 | FY 2020 ‘FY2021 |

After 30-40
years

(Middle Period) (Late Period)  Within10ygars  After20-25years

Within2 y#ars (Prior Period)

Decontamination of buildings, shielding, etc.

Evaluation of applicabilityiEvaluation of applicability]

minatio
building

ors

(2-(1

to actual units

to actual units

}-1) Develop

Estimation of status
Organization of deco

of contamination / Collection of ba*c d

htamination technologies

Improve

ata

ment

f the Reactor Building Interior

study of concepts

Design, manufacturej

pnd testing of remote decontamination equipment, etc.

Repair of PCV

Filling water of
PCV/pressure
vessels

Survey of PCV
/ Survey of
interiors of
reactors and
collection of
samples

(2-
T
Ar

[+

1)-2) Development of
hnologies for Identifyi

PCV Lkakage Point lnvestugatlon

ng Leak

Evaluatlon of applicability to actual units § ,

inthe PCV

Study of survey methods / Design of survey equipment

Manufacture/improvement of survey iequipment

Evaluation of applicability

(1)-3) Development.d

ELh to actual units (Lower
. , rt)
£PCV_Repair T nilngles il

: Repairthe PC

m

i_ower part of PCV

Determine Repair Method/Determine Water Stop

r Part/ H'opp ng Interbuilding

to actual units (Upper
part)

Evaluation of applicability

Study of repair methods / Design, manufacture and improvement of repair equipment (For Iowlr part)

Study of repair methods / Design, manufacture and improvement of repair equipment (For upper part)

Study of alternative work methods

Rep }
/F . j

=)

stermine Repair Method
at upper part of PCV

(21

1)-4) Development of

Survey of existing technologies / Drafting of survey plan

Investigate Outside of PCV

Evaluation of applicability
to actual unit

_'I'_echnologtesiol lnyLstlgatmn nf_the_PC% knienor
Mock-up tests

Improvement

Study of access methods / Development, design and manufacture of equipment l
Measures to prevent dispersion of radioactive substances

Combined tests

Development, design and manufacture of inspection equipment

Improvement

(2-(1)-5) Devebopn{ent of Technologies f*)r Investigation of the RPV Interi

lor

Complete Flooding PCV's Lower Part
Determine PCV Internal Inspection Method;

Evaluation of
applicability to
actual unit

Y

Study of access methods / Development, design and manufacture o

survey equipment

}

Mock-up tests

Evaluation of applicability t
actual unit

Drafting of survey plans

Development and manufacture of technologies for sampling of fuel debris Improvement

N
N




R&D Schedule and On-site Needs

- Debris characterization
and treatment study -

fIgERTIUmyML

bIEREE. HRESEEE - bk o AR di kY - EARE WA eMERRE - YT S

R TR iy
b 1 2

Phase 1

Item/Year

2011 2012
(beginning)

To contribute . . To contribute To contribute
. . To contribute To contribute
Needs estimation of . . assessment of technology
sampling and handling and .
the present . debris treatment development on
. . q status in PCV dettuisllug storage scenarios debris treatment
1. Estimation of fuel debris
character
. . Preparation of ol gaﬁnglial%ogeliat-iog o
(1)Estimation of the sampling tools : .
condition in which DA & Debris saiple Defucling
) debris generated i i oReRAloR |
.. . : Prepatation of defueling !
(2) Characterization using [ | toola | 4 :
simulated debris | : i !
@ Comparison . Saaa——— . i
with TMI-2 debris | : !
2. Analysis of actual 1F v v
debris
Discussion star
. to decide debris treatmen
3. Development of debris after defueling operatio
e el gy o aa———
(1) Scenarios
study Scenarios study Study on long-term storage and disposal of :‘: _
debris C .
o779 omparative
(2) Feasibility study of o
various technologies Feasibility study Assessment of Evaluation of applicability 28

technological establishment



Challenges for fuel removal :
1) Development of Remote Equipment and Devices

(m Short-term

¥ Monitoring devices for the R/B under high dose environm

Remote-controlled UAVS, etc. |
“\

Sensing devices for water surface in the S/C and PCV to | |
identify location of leaks

v Remote-controlled robots running in the water to repair leaks
|dentify self location in the water

. Automatic treatment of long-length communication cable
Sensor for the shape and water-flow

= Mid-term
v PCV repair devices and defueling equipment 29



.m Short-term

Challenges for fuel removal:
2) Accident analysis for evaluating the core status

¥ Accident progression analysis and benchmark study, by |
using existing and improved integral severe accident codes
(cf. TMI-2 experience of OECD/NEA joint research)

Database/information portal to make accident data readily
available to the international community.

Assessment on the validity of severe accident codes and
leading greater confidence in the code predictive capabiliti

Mid-term P
Further analysis applying various models and methodolog 0,
Collection of physical data during sampling and def%loeling



Challenges for fuel removal: k
3) Characterization and Sampling of Fuel Debris

.m Short-term

|
Simulated fuel debris for evaluating its characterization Q

Creating and updating database by making use of the |
experience of the TMI-2 debris study \

Management and storage of fuel debris, and development of
a new accountancy method

= Mid-term
v Sampling and analyzing actual fuel debris |
v Deployment of defueling equipment, devices, and storag%; |

31



TECHNOLOGICAL CHALLENGES
FOR RADIOACTIVE WASTE
PROCESSING AND DISPOSAL
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e

R&D related to processing and disposal of radioactive

Phase 1 Phase 2 Phase 3

s deniEelienel Period by when fuel debris removal started Period t'." e.nd.Of
from SFP starated decommissioning

FY 2012 FY 2013 FY 2014 | FY 2015 FY 2016 | FY 2017 | FY 2018 | FY 2019 | FY 2020 | FY 2021 |
Withih 2 e - —
(Prior Period) (Middle Period) (Late Period)  "ithin |0 After 20°25 After 3040
years years| years
‘ V Step2 Completion Fuel Debris Removal Start(First unit) V
\vent SFP Fuel Rempval Start (Unit 4) Fuel Debtis Removal Completed (All units) V
v Decommissioning Completed|(All uni

(3) R&D related to processing and disposal of radioactive waste

________ " Implementation of measures for

Storage and management of radioactive waste
e long—term stable storage

. . i . |
(3-1) Development |of Technolog|es }‘or the Processing and Disposal of Secondary Waste produced by the Processing of Contaminated Water Installation
* of Waste

Survey of characteristics of secondary waste Form
D
Study of measures for long—term storage ::ZnUfaCtur
Study of technologies for manufacture of waste blocks
Verification of applicability of existing concepts of disposal / Identification of problems
Manageme .
nt of . | . . and Insta
di 4 Determine Specification of Physical Form

ra I:ac ve of Wa%te in order to Easily Treat Waste
waste and lt:s Production Method
Processing (3—2) Development pf Technologies for the Processing and Disposal of Radioactive Waste Sl AplEal el Hiosil Confirm Saf
and Disposal Concept in Accordance for Waste
disposal of with Waste Characteristics Processing
C:i(::ctwe Survey of characteristics of rubble, etc. Study of properties (Dependent on period of

occurrence of specific waste product) /
Verification of applicability of existing concepts of disposal / Development of technologies for manufacture of
Identification of problems (Rubble, etc.) wEsie Mede

Verification of applicability of existing concepts of disposal /
Identification of problems (Waste from disassembly, etc.)

Solution of problems of existing technologies
Solution of problems of existing technologies

Formulation of concepts of processing and disposal for waste to which existing technologies cannot be applied / Development of technologies




e

R&D Issues for Radioactive Waste Processing an
Disposal

1. Properties Investigation and Characterization

Properties differ from conventional waste, such as rubble, sludge, and
econtaminated waste liquid (nuclide composition, chloride content, etc.)

,gBasic information needs to be assessed for the development of each technologies
RS —=

Examples of differences with conventional waste
Main nuclides: Co-60, C-14, etc.
—Fukushima Daiichi: Cs-137, Sr-90, etc.
° Sodium concentration is 5 times that of the TMI case
due to 50-90% contamination by seawater

—Lower Cesium absorption performance, increased >
waste generation
» Presence of sludge and other materials of unknown
chemical composition
—Need to identify these materials through analysis

Sludge sample|
or (made by JAEA\ \

\

Zeolite sample

The installation of a hot lab near 1F must also g
be considered, as large volumes of high-dose,
untransportable samples are expected to be
generated accompanying decontamination
and fuel debris removal. 34
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R&D Issues for Radioactive Waste Processing an%Q
Disposal

2. Long-term storage technologies l\\hh

Impact of chloride (corrosion) and high radioactivity (heat, hydroaen, surface radiation)
« Duration of storage: how long should it be?
\e IS treatment necessary before storage?

Cross section B , A, C
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P B-B cross section
et Hydrogen
Water inlet— e [ distribution

Flotation as a
result of
temperature
increase

 cfefe— T s
Watér.outlet =27 )

Temperature of zeolite layer
Approx. 170°C max.

absorption vessel (by JAEA)

Oup Long e sorage metvodorcach ppeoase

Evaluation of témperature and hydrogen distribution in a K?I"




R&D Issues for Radioactive Waste Processing an
Disposal

3. Processing technologies

» Can technologies used for existing processing technologies be applied?

\

@
R

Basic flow in a cementing facility

BERIREES D

Waste Management: Technical Development and Plans in Japa
July 1997, p.81. Y
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R&D Issues for Radioactive Waste Processing and®
Disposal

4. Disposal technologies

Fundamental new technologies on the existing disposal concept
Extract and address issues related to safety evaluation and find a solution

Xisting concept

Low-level radioactive waste High-level

- A —radioactive waste

L3 L2 L1 :
rench disposal| [pit disposal| |[Yoyusindoj(Geological

Example of an engineered bar
(Yoyusindo disposal) \.

Backfill with clay-mixed soill

e i e

Waste package
(1.6 x 1.6 x 1.6, metal vessel)

m Concrete pit (0.7m)

Low diffusion layer

Pit disposal: Waste packages (drums, 100 AR ﬂ ; 41 (0.6m)

| etc.) are placed in a concrete structur ] AL L] | /' Low permeability
| (pit) installed several meters below the R ! layer (1m)

| ground surface, integrally solidified ; —

| with a cgment-based filling material, | "Approx. 13.5m ':: :

| and buried. | 3

oL O G B J Approx. 18m




Challenges for Radioactive Waste Treatment R

m Short-term
v Development of analysis techniques and methods for the |
\ characterization of accident-origin solid waste |
Pre-treatment of solid radioactive waste
Simplified and standard methodologies
Regulatory and institutional framework

Management and processing secondary waste storage afte
water treatment

s Mid-term

v Exploring possibility for building a research center for N
International collaborative research program ::

v Researchers/experts exchanges with international commujait
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Challenges for Improving the Work Environme fR

m  Short-term n
¥ Technologies and systems to reduce the doses of workers|
. Dose reduction management, including shielding

Improving materials for workers’ suits

Studying methodologies for increasing human performance'\

. Advancing human health and performance innovations for
severely challenging environments

Designing a better work environment

s Mid-term .
v Address human resource needs for the mid-to-long term L “
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