3. Mid-and-long Term Roadmap
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Concept for Mid-term Safety Security (Basic Target Outline)

> NISA released “Concept for Mid-term Safety Security” on Oct. 3, 2011, which covered the safety security concept until the start of
decommissioning work.

» We reported to NISA on the operating plan as well as the safety assessment results regarding the circulating water cooling system.
Other systems etc. shall be reported on as well in a timely manner.

»Mitigation and control of radioactive materials release
»Appropriate removal of decay heat

»Prevention of criticality

»Prevention of hydrogen explosion

Desali- Deconta-
nation mination

<PCV> |_Reactor building | | Tank |

»Mitigation and control of radioactive gas release

> Control and mitigation of H2 and O2 concentration < High level contaminated water processing facility>
»Monitoring of radioactive gas inside PCV

»Process capacity more than accumulation

»Reduction of amount and concentration of radioactive materials
| »Plural systems

»Leakage prevention and mitigation

»Control of radioactive gas and flammable gas

»Alarm for extraordinary radioactive gas release

()

Reported by Oct. 17 regarding
circulating water injection cooling
system which is one of the
requirements to achieve cold
shutdown condition (one of the
goals of Step 2)

| Spent fuel pool

| Borated water
— |
<Borated water injection for RPV and PCV>
»Prevention of criticality
»Alarm function for criticality

<Circulating cooling system for SFP>

»Appropriate removal of decay heat, cleanup of cooling water
»Monitoring of water mass and temperature, supply of cooling water
»Response for leakage

I||||| »Back-up cooling for loss of circulating cooling function
Additional

Turbine building \_l

| Steam Turbine |
A
- . . procesging building [
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<High level water storage building> ‘__
»Monitoring high level contaminated water ,
»Prevention of overflow to outside
»>Water level control for overflow prevention
< Storage of liquid wastes >

»Mitigation and control of radioactive gas release
zMonitoring of groundwater around building »Reduction of amount and concentration of
radioactive materials

» Anti-drop measures for fuel assembly
»Countermeasure for drop accident

[ <Defueling facility from SFP>

i

<Water injection facility for RPV and PCV >

» Appropriate removal of decay heat
(approx. below 100°C)

»Temperature monitoring

»Redundancy, diversity and independency

»Emergency response

»Back-up cooling system for operating facility

T

@)

Suppression
Chamber

<Reduction of radiation risk> <Electrical system>
>Reduction of radiation dose due to reactor >Plural external power supply by
>Leakage prevention and treatment of different transmission lines

accumulated high level contamination water ZOn-site emergency power sources
»Defueling from pools inside reactor buildings <Common SFP>

»Decontamination of scattered radioactive <Tem_ orar cask _stora e facility> <Management of solid wastes such as debris> >Leak_agv_s prevention and monitoring
materials in the site <Radiation protection and control > »>Prevention of scattering and spreading >Monitoring of wastes
»Reduction of amount and concentration of < Radiation Monitoring> > Shielding and restricted areas etc. >Mitigation of contamination

radioactive materials in the seaport <Monitoring and control room> > Control of generated flammable gas




Story Behind the Mid-and-long-term Roadmap, Safety Securement

Per the order issued on November 9, 2011 by Mr. Edano, the Minister of Economy, Trade and Industry
and Mr. Hosono, the Minister for the Restoration from and Prevention of Nuclear Accident, this
roadmap was drafted by TEPCO, ANRE and NISA and finalized at the government and TEPCQO’s mid-
and-long-term countermeasure conference on December 21, 2011.

<Basic Policy towards Addressing the Mid-and-long Term Issues>

[Policy 1] Systematically tackle the issues while placing the top priority on the safety of local citizens
and workers.

[Policy 2] Move forward while maintaining transparent communications with local and national citizens
to gain their understanding and respect.

[Policy 3] Continuously update this roadmap based on the on-site situation and the latest R&D
results etc.

[Policy 4] Harmonize the respective efforts of TEPCO, ANRE, and NISA to achieve our goal.

<The Overall Plan to Secure Mid-and-long-term Safety>
- In the upcoming three years, TEPCO will implement the operation and management plan for their

facilities based on “SAFETY DIRECTIVE "Ensuring Mid-term Safety™ issued by NISA. NISA will review
and assess TEPCO's reports based on their investigative standards and thus will secure safety.

- Mid-and-long-term actions will be implemented as well. TEPCO will conduct safety and environmental
Impact assessment at each juncture when TEPCO consider concrete work procedures for each task.
NISA will assess and confirm these procedures prior to implementation, thus ensuring safety.



Mid-and-long Term Roadmap

<Primary Target>

Present all possible schedules pertaining to the main on-site works and R&D.
<Target Timeline and Holding Points>

- Established all possible target timelines in the upcoming 3 years, which are updated and released on a yearly basis.
- Regarding the schedules after 3 years, established holding points, which are significant to judge whether to go ahead

in accordance with the schedule, to implement additional R&D, or to re-schedule the process.

Present (Completion of Step 2)

Step 1, 2

Phase 1

Within 2 Years

Within 10 Years

Phase 2

Phase 3

<Achieved Stable Conditions>
-Condition equivalent to cold shutdown
-Significant Suppression of Emissions

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

Period to the start of fuel debris removal
(Within 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)

-Reduce the radiation impact due to additional
emissions from the whole site and radioactive
waste generated after the accident (secondary
waste materials via water processing and debris
etc.) Thus maintain the effective radiation dose to
be less than 1 mSv / year at the site boundaries
caused by the aforementioned.

-Maintain stable reactor cooling and accumulated
water processing and improve their credibility.

-Commence R&D and decontamination towards
the 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 the insides of buildings,
restoring PCVs and filling PCVs with water. Then
commence the removal of fuel debris (Target: within
10 years)

-Continue stable reactor cooling

-Complete the processing of accumulated water
-Continue R&D on radioactive waste processing

and disposal, and commence R&D on the reactor
facilities decommission

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

-Complete the decommission
(in 30-40 years)

-Implement radioactive waste processing and
disposal

implemented.

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

>

After 30-40 Years



Main Schedule of Mid-and-long Term Roadmap (1/2)

Phase 1 Phase 2 Phase 3
Period to the start of fuel removal from the spent fuel pools Period to the start of fuel debris removal Period to the end of
FY2012 FY2013 FY2014 | FY2015 FY2016 FY2017 . FY2018 FY2019 FY2020 FY2021 IFY2()22~
Within 2 vears (Early) (Mid) (Late) Within 10 vears After 20-25 years After 30140 years

Primary Targets

Step 2 Completed
v

SFP Fuel Removal Start
(Unit 4)
A

Fuel Debris Removal Start

Fuel Debris Removal
(First|Unit)
N4

Decommjssioning
Completed (All Units) Completed|(All Units)
v 4

Plan for Reactor
Cooling

Ongoing Monitoring of Reactor Cold Shutdown States (Maintain water injection and motitoring using temperature and pressure parameters etc.)

I I
Partial Internal PCV Inspection
T T

[ 1 |

Clrculatlng Water Cooling (water withdrawal

Y Target: Cémplete Switch to Water Withdrawal from|Reactor Buliding (or lower part of PCV)
[V Target : Start of GCirculating Water Gooling within the

[ ] :On-site Work
:R&D
T 1:Considerations

. . n o . . 0 _ - -~ Circulating Water Cooling via Water = : Conditions for Next
Improving the Reliability of Circulating Water Cooling (water withdrawal from tlil’?u’l.e— ullﬂmg) P reactor uilding,(or.lower.part,of PCV)) —— f Withdrawal from PGV (short loop) i '
Plan for TC Circulation Loop within the Building . . :Information Flow
s . 1) To [AP3-TL, PGV From (*4); Reactor Building Gontalner Installation gtc. (Consideration based on
Maintaining S S g GorEaiar)
Plant in an Water Leakage { VTarget: G 81 to A lated Water P i i
Ongoing Processing Accumulated Water via Existing = e e Sl building W: argst: fuompjete Accumuiate er Frocessing in
Processing Facilti i hili lallerzele 2 Sl el el s Turbine/Reagtor Building
Stable State 0essiNg Lo ties, Accumulated Water Processing via Reliability Improved Water Leakage between Reactor and Turbine Buildings
Plan for Improving the Reliabilty of Existing Facilities etc. Processing Facilities and Repairing Lower Part of the PCV
Accumulated Water Gonsideration of Girouiation Ir:p\emen; Work accon‘ﬁng T Consideration of Ciroulatiol E}flrcu ation L\)ﬂe Decrease N
. Line D the consideration resuit Line Decrease if necessary)
Process"‘g P‘J:ﬁc:gg%\?es(ormg Sub-drain Step-| by step Operation of Sub—drain —> Decreasing Ground Water Inflow (Decreasing Accumulated . .
it Wat, = Processing of Underground and Decontaminated Water etc.
‘BVPESS‘"E Ground Decreasing Ground Water Inflow (Decreasing Accumulated Water)
nstallation of Mult-nuclide Purification of the Accumulated Water inside the Site IO [ Reduction of Accumulated Water in Turbine/Reactor Buildings
Water Shielding Walls Installation V Target: Reduction of the Risk of Expanded Sea Water Gontamination{when Contaminated Water Leaks
“Additional STt . . A
- Fence Installation )| ‘VTarget: Reduction of Radioactive Substance Gdncentrations in Sea
Plans to Mitigate Covering Seabed Sol in front Water in the Port (below announced density)
s w t of the Intake Canal
ea Vvater
Contamination Circulating Seawater Purification (ongoing)
| ‘ Covering Dredged Sand at Seaway/Anchor Ground
Plan to Underground Water and Seawater Monitoring (ongoing)
Eed_uce. | VTarget Attamrbent of Dosage BeIoW 1 mSv/year at Site ?oundarles due to Sources such as New lesswns of Radioactive Substances etc| from the Power Station as a Whole
adlaCtlye Plans for Rubble Reduce Radiation Dose from Stored Rubble etc. via Shielding Y
Dosage in ete. :  Conti Reduction Effort: Continue Storage and Reinforce
the Power Radioacti . r‘“ - T = omtinue Reduction orts
Station as a |V© Waste Second : - : : : : .
Whole, and | Managem ec(tm b : Facility Repl t
© aste Stored Water Processing via Shielding etc. a q . Continue Storage acllity Replacements Carry o
to Mitigate |t 2"d Reduce Radiation Dose from Secondary Waste )+ Continue Reduction Efforts as needed i
Dose from - Disposal Site
Sea Wa‘t.el’ . |Reductio |Water Assess Characteristics of Secondary Waste from Water Facility ) (*5): Go to "Radioactive
Contaminatio natthe |Pr in | Processing and Storage Gontainer Lifespan : _/ Plan Development /7 Waste Process/Disposal
n . (Final processing/disposal will be corfsidered in the radioactive waste procéssing/disposal plan) Plan”
Site g an
Boundari |Gaseous/ | Pcv Gas Control System Insallation
es Liquid (Suppre: of radioactive materjal emissions from PGV)
Waste Land/Sea Area Monitoring (ongoing)

Plan for Field Test

Target: Reduc

‘VTarget: Change Ma*; Antrearthquai(e Building into an Atea where Radiation Gontrols are not Required

Radiation Dose at Gorporate Buildings (Iniplement per partner companies needs) |

Systematic Onsite Decontamination (Implement step—by-step from office and working area in conjunction with efforts to reduce radiation dose outside of the site)

DDD

Plan for Fuel
Removal
from Spent
Fuel Pool

SFPs of Units 1-4

Circulation Coollng of the Pools (Improve Rellablllty via maintenance and replacement etc.)

[Unit 1] Consideration of Fuel Removal Measures/ lnvesugauen of Units 384

Urvey of Rubble etc
Planning

DD

;
Prepare for Fuel Removal (Removal of Rubble, @m installation etc) Fuel Removal

[Unit 2] C P of D

Shielding inside the bu\ldlngs

Decontamination/Shielding,

. Faciity Surve3 Planning

Facility Inspection, Repairs

Fuel Removal

DD

(+3)

I
IVTarget Complete D bris Removal
uel Handling Facilf Removal of RUI
[Unit 3] Removal of Rubble (upper part of reactor bul bl Al pws/Fu;Z%:vey

'VBtart Fuel Removal (Target‘m around 3 years)

Fuel Romoval >

[ VTarget: Complete Debris Removal

Vﬁtart Fuel Removal (Targelt: within 2 years)

Install Fuel Handling Facilities

. Removal of Rubble (Upper
[Unit 4] and Cover for Fuel Removal

parts of reactor buildings)

Common Pool

Fuel removal

DD

Site Harbor
Restoration of Crane Iand Road)

?
v

Storage of Fuel Assemblies Removed from SFP (store/manage)

Carry out m

Cask g P P,

Cask g/ Delivery

o4+e

ommon Pool Fuel Removal and Facilfty Modifications

Common Pool Restoration
I I

A Target Complete G

iommon Pool Modifications for Fuel Storage

Determination of Methods for

Reprocessing and

toring Spent Fuel

R&D

Long-term Integrity Assessment of Fuel Assemblies Removed from SFPs

‘ Consider Handling Method of Damaged Fuels from the SFPs

L




Main Schedule of Mid-and-long Term Roadmap (2/2)

the Inside of the
Reactor Building

and field test)

E — +

Internal Building Decontaminatiol

and Shielding etc.

(Ongoing)

PP

VTarget: Secure Access Route via Decontamination

L1)
1

Phase 1 Phase 2 Phase 3
Period to the start of fuel removal from the spent fuel pools Period to the start of fuel debris removal Period to the end of d
FY2012 FY2013 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022~
1 | 1 1
Within 2 years (Early) (Mid) (Late) Within 10 vears After 20-25 years ___ After 30740 vears
(x3)
: —
. . Decontamination Technology Investigation / Remote . Lo : On-site Work
Decontamination of | Decontaminating Equipment Development fmc\udmg field Cixic 'V Target: Establish Decontaminating Robot Technology [ 1:rep

—_—

[ Jconsiderations

——p : Conditions for Next Tasks

: Information Flow

Inspections of Leakages
inside PCVs

Inter—building Leak Stop
PCV Repair

Filling Up the PCV/RPV

R&D for PCV|Leakage Point Survey/ Repairs (inclu
stopping inten-building water leakage)

ing

L

i Methods

Design, Manufactufe and Test, etc.
Survey Equipmen

of PCV Leakage

Point

and Test,

tf. of PCV (lower part)
Repair Equipment,

Design, Manufacture and Test,
etc. of PCV (upper part) Repair
Equipment

Investigation of L

Points (including

Determination of Methods for Repaif]
PCV, Determination Water Stop

<

Repair the PCV's Lower Part/ Stopping
Inter-building Water Leakage/ Filling the

YRepair the PCV's Upper Part/ Filling

Determination of Methods to Repair Uppe Parts of PCV

% :Determine Priority of Each Unit
Based on Plant Status at Each HP

Plan

Assessment of

Development of R&D Plan for

Grasping Waste Characteristics,

Volume etc.

Establishment of Disposal Concep

field test of R&} results) Lower Part with Water e pen et it atey
+
: - - x
Inspections and . (*2) Completion of Flooding ofll-ower* Gompletion of Floodipg of Upper Parts of PGV,
Samplings of the R&D for Fuel Debrig Removal . ) . 3 Parts of PCV, Dptermination of Determination of RPY Internal Investigation
insides of the PCVs (Ci agdr long term issues $uch as the internal inspection PGV Internal Investigation Methods
Fuel Debris method and equipment development) Methods
. 1 . Developmént of Technique o :
Removal Fuel Debris Removal ; : : Design, Manufacturle and Test, etc. of ) . Determination of Fuel Debris Removal Method and
Pleanova 'pl'echnol:gy Design, Manufactufe and Test, etc. of Internal PCVIlnspectlon Device ey v g :S:I %llg:)i. ;r:tr:z‘r/al Completion of Preparation of Fuel Debris Containers, |etc.
reparation
P Investigate Outside of PCV (including field Internal PCV Inspection :"“3'"3' RPVd K
Fuel Debris Removal test of R&(Q result) i Samplng S"::;fl‘n‘;’" an Fuel Debris Removal
Work i
Development of Fuel Debris Container / Storage ‘ 7y out, Processing and D>J>SED D
Safe Storage, R&D for Fuel Pebri Investigation of Existing Technology, Selectifn of Storage System as whll as Devel of Sfety Technology, D of
Processing and Processing Technology for Placement, Transpotation anfi Storage, and Mock-up T§st
H 1 R. d 1 1 H . .
Disp: of I L . . . . n i , i Determination of
Fuel Debris Investigation and Dgveldpment of Processing/ Disiposal Technology ~ Test and Evaluation Using Mock-up Debfis Sample Test and Evaluation Using Actual Debris Sampl DDD Processing/Disposal
T T T T T T Methods of Fuel Debyis
Establish Measuring Nlethod to Weigh Fuel Debris >/
; t
a::ﬁ::is::w Container Full-scale Consideration/Desfgn | Reactor Building Container Installati o‘fggc.
i F
., Development off Intdgrity Assessment Technology for RPV/PCV Colrosion
RPV/PCV Integrity B S & . . . . - . .
. K i K . K L K Repairs / Corrosion Prevention Measures ( 1t additional corrosion prevention as needed)
Maintenance Corrosion Prevention Mdasures (reducing oxygen dissolved in the reactol coolant via nitrogen bubbling)
I I I H H H
. : . : : . f1-3) Determination of Demolition and Decontamination Enfineering
Investigate and Developla Establish a Basic Database (contamination status DR o Bt . t ot Methods. Developing Disposal Standards for Demoll Waste.
e PIYAIINNS of Remote Dismantlement etc. -
Reactor Dismantling | Database Establishment|Plan ete) for Reactor Facility Dismantlement Design/Manufacture of Outlook for Disposal of Pemolition
Plan - Machines/Facilities aste. Completion of R§D.
Reactor E | Determine Dismantlement
Dismantling | Snecifications of
— - . : prre Systema \Rhysical-Eoma-o
) . Copfirm Applicability of Present Disposal ‘ Consideration of an Institutional Framework T —tization VWaste inorderto  (%5)
Radioactive Concept according to Waste Easily Treat Waste Plan for Disposal and
Waste y Gharacteristics gRnd Its Production Installation of the
Processing, i . 3 Manfacturing Equi 1t of
Disposal Radioactive Waste . . . . . Confirm Safety P!an for.Waste W 1o Wosto Form
Pl Processing/Disposal R&D for Safety Confirmation of the Processing/Disposal of Radioactive| Waste Processing/ Disposal
an :

nstallation of Waste
Form Manufacturing
Equipment

lanufuring of Waste Form/
Carry out and Disposal

Processing/Disposal

R&D of Optimal Waste Disposal

R&D of Engineering Safety Assessment for Processing/Disposal

l

Organization & Staff Planning

>Continue R&D to Improve Safety of Processing/Disposal
f

Systematic Staff (including from partner companies) Training/Allocation, Improving Motivation, etc.

Worker Safety Plan

Continue to Promote Safety, Maintain and Improve Radiation Protection Measures, Continuously Maintain Medical Care System




Organizational Structure of the Mid-and-long Term Roadmap

Established “Steering Committee” and “R&D Promotion Headquarters” under Government
and TEPCO Mid-and-long Term Countermeasures Committee on December 21 2012 which
Is held every month to monitor the progress to ensure steady implementation of the mid-
and-long term roadmap.

As we are facing many difficulties in research and development that are unprecedented
and challenging even from a world-wide perspective, we will work hand-in-hand with our
domestic and overseas partners, and compile wisdom and knowledge from all over the
world as we move forward.

Concerning the onsite work, TEPCO will maintain the current structure with approximately
400 partner companies and established “Fukushima Daiichi Countermeasures Project
Team” in February 2012 at Headquarters as a specialized organization to deal with mid-and-
long term roadmap issues. Improvement of the work environment and systematic staff
training will contribute to securing the performable organization and staff.

Further enhancement of R&D promotion framework including preparation of R&D facilities
will continue to establish the best framework to deal with challenges becoming clearer so far.



Target Timeline: 1) Reactor Cooling, Accumulated Water Processing

» By examining the reliability of the system, system improvements will be continuously implemented
such as polyethylene pressure-proof hoses for injection and circulation lines.

» Since the excess water volume is increasing due to groundwater inflow to the buildings, we will take
countermeasures to reduce the excess water: pumping up groundwater to bypass its outflow route to
the sea, installing Advanced Liquid Processing System (ALPS) and so on. In addition, we will develop
a tank operation plan to store the processed water without overflow.

» During Phase 2, after stopping the water leakage between the turbine and reactor buildings and
completing the repair work of the lower parts of the PCVs, we will finish the processing of water
accumulated inside the building. In order to achieve more stable cooling, scaling down of the
circulation loop is being considered.

Buffer tank
Loop Decrease Storage tank Reactor Building container
Reactor Building | | |ocsecsesssnssnnnsd fomsnnnsan

: Reactor Building
I Turbine

agtor V:)ater Turbine Building Accumulated Multi-radioactive Building

tion Pump water [ Nuclide
processing Removal Heat exchanger/ . o
facilities Facilities o & Stop inter—building water leakage/
Filtering system Complete accumulated water
Facility Improvements j processing
Groundw;

‘cﬂTGroundwater level

...............................................................



Target Timeline: 2) Plans to Mitigate Sea Water Contamination

»In case underground water be contaminated, water shielding walls will be built by mid FY2014 in order
to prevent underground water from flowing into the ocean.

» Covering and solidifying seabed soil in front of the intake canal will prevent the diffusion of radioactive
materials in the soil (completed in July 2012). By the end of the first half of FY2012, we will reduce
radioactive materials in the seawater inside the site port to the level below the limit for the outside of
environment surveillance areas as determined by a notification of the government.

» Afterwards, while maintaining the installed facilities, underground water and sea water etc. will be
continuously monitored.

Seabed before solidifying
in front of Units 1 - 4
(February 26, 2012)

. Dredging _
(seaway, anchor ground)

Covering

Install additional silt fence (Dredged soil dump)

Covering
{in front of the intake canal)

Covering
(in front of the intake cagal)

Low-permeable layer

L]
allow aran quay |Unit1 Unit 2 UniISV%\é\ (April 29, 2012)

Existing silt fence ” | | ”

(][] ] 1 [ [ water shielding walls

Water Shielding walls (Image) Harbor's Seabed Soil Image

Unit6 Unit &




Target Timeline: 3) Radioactive Waste Management and Dose Reduction at the Site Boundaries,
4) Onsite Decontamination Plan

» By the end of FY 2012, we will reduce the effective radiation dose at the site boundaries, stemming
from additional emissions from the whole site and radioactive waste stored on the site after the
accident (secondary waste materials via water processing and rubble etc.), to below 1 mSv / year.
Target of radiation dose reduction is set for each released radioactive material and stored radioactive
waste, and its reduction effect and additional countermeasure are considered every quarter.

» By around the end of 2012, we will develop a mid-to-long term plan to manage and secure storage
areas which is estimated from the past records and future work plan. The plan also will cover how we
minimize the radiation effect at the site boundaries: shifting the temporary facility to the one that
withstands long term usage.

~In order to reduce the radiation exposure of the public and site workers and to improve work
environment, systematically and in a step-by-step manner, we will implement decontamination work in
accordance with the area classification: administration area, work area and access area.

In May 2012, office area in the seismic isolation building became non-controlled area. Within 2012,
commuting bus stop and work area where main gate security guards are stationed will be
decontaminated and taken shielding measures, etc. From 2nd phase, we will move forward with the
decontamination work inside the site in coordination with the outside dosage reduction.

Shielding soil (more than 1m)  Observation hole

r (stfaclty: Jure 13, 2012) Water-proof sheet I Protective sheet

Approx. 6m

Shielding by building (rubble)
Preparation work for temporary storage facilities shielded by soil (completed)



Target Timeline: 5) Plans to Remove Fuels from Spent Fuel Pools

»To start fuel removal from Unit 4 within 2 years after completing Step 2 (within 2013).

»To start fuel removal from Unit 3 approximately 3 years after completing Step 2 (end of
2014).

»To develop a fuel removal plan from Unit 1 based on the experiences in Units 3 & 4 and
investigations of the rubble situation, and will complete fuel removal during the Phase 2.

»To develop a fuel removal plan from Unit 2 in light of the investigation results of the installed
facilities to be conducted in consideration of decontamination results inside the buildings and
will complete fuel removal during Phase 2.

»To complete fuel removal from all Units during Phase 2.
»To determine reprocessing and storing methods for removed fuels during Phase 2.

Cover (or container)
\/
Overhead crane \
- Cover (or container) /
Overhead crane |
/
| | Fuel Handling Machine
= ~—[ |

Fuel Handling Machine

—
Ds pit Spent Fuel Pool !
Reactor well | °Pent Fuel Foo Container

L

Debris removal from the upper Installation of cover (or container) / crane
part of reactor building

Spent Fuel Pool
LCarry n\[b

L.
=~

V

Q

Fuel removal work

Figure 6: Fuel removal work (image) 10



Target Timeline: 5) Fuel Removal Step from Spent Fuel Pool (1/2)

Phase 1

2012 2013

Phase 2

Phase 3

(1) Rubble removal (2) Installation of cover and crane

3) Design and manufacturing of containers>

Port restoration \
CaskI manufacturing

(5) Removal and storage of fuels in the pool (storage managemen

t)/Transport>[>DD

Common pool restoration

Receiving Cask >

(4) Ensure space in Common pool / modification >

(1) Rubble removal on top of R/B

(2) Installation of cover (or

(3) Design and manufacturing

Ste L . . of transportation / storage
P (ongoing in Units 3&4) container) / crane etc. b . 9
containers
<Unit 4> wr container)
] C/ra”e <Example: NH-25>
Fuel Handling Machine
Image B
1] T
DIS pit Reactor well Fuseﬁjir:ol
I:I ‘ (quoted from manufacturer's document)
Rubble removal from top of R/B by large crane and heavy Install R/B cover (or contalner) and _ Design and m_anufacture transportation /
Work . necessary crane or fuel handling unit to storage containers to transfer fuels from
equipment. .
remove fuels in the pool. the pool to Common pool.
R&D . . .
challenge
- Maintain stable cooling of pool water o .
. . . ' iy . - Maintain stable cooling of pool water
Points for - Prevention of awbor_ne _rad|oact|V|ty during rubble removal - Reduction of workers’ exposure (airborne .
safety - Environmental monitoring radiation dose reduction etc.)

- Reduction of workers’ exposure (remote-control work etc.)
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Target Timeline: 5) Fuel Removal Step from Spent Fuel Pool (2/2)

Phase 1

Phase 2

2012 2013

Phase 3

(1) Rubble removal (2) Installation of cover and crane

3) Design and manufacturing of containers>

Port restoration
Cask manufacturing
[ /

N

(5) Removal and storage of fuels in the pool (storage managemen

t)/Transport>[>DD

e

Receiving Cask

Common pool restoration

| (4) Ensure space in Common pool / modification >

Step (4) Ensure space in Common pool / modification (5) Removal of fuels in the pool
<Present> Unit fuels storage Cover (or container)
| 1 | 1 Unit 1 392
Cask pit Cask pit Cask pit Cask pit—Unit2 615 \
BKR Storage area | asLe B4R storage area =p| Unit 3 566 | / |
> Te
A ‘ [ unita 1535
(Storage' 6’375"- Ensure Total (Units1-4) 3,108
capiaclty: 6,840 . empty space iCOmmon pool 6375 _ Fuel Handling Machine
— [
Image i | |
g Y Removalx <Modification> ) = L
@ - Cleaning and inspection facility ng /
- Racks for damaged fuels [ =
i
Container
(quoted from manufacturer’s document) %%%%% H
Existing fuel P L. Recelvmg. c\e.zamng.
. . artition wall | decontamination and Spent Fuel Pool N
Temporary storage in on-site storage area L inspection area Transport
dry cask storage facility | _ .- - 4
Remove existing fuels in Common pool and ensure empty space. Then install necessary Confirm fuels are intact (observation and load test etc).
Work partition wall, cleaning and inspection facilities and racks for damaged fuels. Put damaged fuels into containers. Transport removed

fuels with transportation containers.

R&D challenge

- Methods of cleaning, decontamination and inspection for fuels with salt or leakage.

Points for
safety

- Reduction of workers’ exposure (normal management)

- Maintain stable cooling of pool water
- Prevention of drop of fuels

- Reduction of workers’ exposure (remote control,

reduction of airborne radiation dose etc.)
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Target Timeline: 6) Fuel Debris Removal Plan

» To start fuel debris removal in the first unit within 10 years after completion of Step 2.

» Fuel Debris Removal will be implemented in accordance with the following steps in light of the site
situation, safety requirements, and R&D progress of the remote control technologies required in the
operatlons

a) By the end of FY2014, start a full investigation of the leaking points while applying newly developed
technologies to the site and starting decontamination of the insides of reactor buildings.

b) By around the end of FY2015, plan to complete verification of “PCVs (lower part) repair technology”
at the site. Plan to stop water leakage at the parts (lower part) identified in step “a)” by applying the
new technologies. After this, the bottom part of PCVs will be flooded.

c) By the end of FY2016, plan to complete verification of “PCVs inside investigation technology” at
the site after flooding the bottom part of PCVs, and then fully investigate the insides of PCVs.

l.—.J ]
N
Repair Bl
Decontamination| ———, ]El ED E:g(r:we;vs?rt]egr equipment L \:I:I ﬂ \:ﬁl'D' -
equipment Fuel debris - (remote control) ;: < . J U [T 1T Observation
(remote control) RPV \_ |_||_| equipment RPV \_ |_||_| Repair R PV Expansive pipe equipment

Turbine
Building

Decontamination < equipment ‘
equipment M 11 Turbine Buildin
Turbine ‘ L& pcv i 9
Building

L

To water

processing L= Torus room . Leakage
equipment stop ==

Torus room

Torus room

Leakage

a) Decontamination b) Repair and leakage stop c) Inspection and sampling
inside R/B between buildings and PCV inside PCV

Fuel debris removal work (image) 13



Target Timeline: 6) Fuel Debris Removal Plan

d) Plan to repair PCVs (upper part) and proceed with flooding. The RPV caps will be opened after
installation of reactor building containers (or modified covers) to secure enclosed spaces.
e) By around mid 2019, plan to complete verification of “RPVs inside investigation technology” at the

site, and implement a full investigation of the insides of RPVs.
f) Following the establishment of methodologies for debris removal, the development of debris
containers, and the establishment of a measuring methods to weigh fuel debris based on the
results of PCVs and RPVs investigations, fuel debris removal will be commenced within 10 years

after Step 2 completion.

Vﬂ’”‘ carrler/ Expansive pipe
Fuel debris container

‘ \:I:l _ ‘ Transf
B\ TN Camers, cuting

suction equipment

PCV
. —

d) Flooding, opening of RPV cap e) Inspection and sampling
inside RPV

f) Removal of fuel debris

Fuel debris removal work (image) 14



Target Timeline: 6) Work Steps Involved in Fuel Debris Removal (1/3)

Phase 1

Phase 2

Phase 3

¥ Work steps of removing the fuel debris underwater (as was done at TMI-2)

development and revision of process an

- . ATTer
FY 2012 2013 Within two years (Early) (Mid) (Late) Within 10 years 20-25 years
. - ompletion of flooding of . Completion of flooding of Determining fuel debris rerhoval
Determining meltofwgrs fgit;egfgg\% ower parts of PCV Determining methodfs o upper parts of PCV methods and completion of
Determining water s'?op methods Determinig PCV internal repair upper parts oftPCV Determining RPV internal preparation of fuel debris cbntainers,
K ) investigation methods investigation methods etc. 1
PCV [Leakage Point Inspections
Inspgction from Outside of PCV (B)| Internal PCV Inspection and Sampling Internal RPV Inspection and Sampfing '
| 00 A T ©) !
Ensure; Access Route via topping Interbuilding Water Lpakage _ Open RPV
Decontamination CV Lower Parts Repair @ RPLCV Upper Parts Repair Filling PCV/IRPV Water
- . . T o2 — . [ a
® Reactor Building contamination :_ _____ B _@_ _F_Ilh_np the Lower Part with Water —— S S ul Determining processing / I
| Decontaminate each area corresponding to each work requiring) ||:| |:| |:| |:| |:| |:| disposal methods gf LU?' @
ebris
s lechnical holding pomts.ﬁr er deliberation and judgment, Including additional research an

1ask contept

@ Reactor Building Decontamination

@ PCV Leakage Point Inspections

@ Stopping Inter-building Water Leakage

Steps (Decontaminate each area corresponding [ R i .
! . nspection from Outside of PCV
to each work following @ sequentially ) p PCV Lower Parts Repair
| After achieving stopping inter-building water leakage, switch intake !
: sources for circulating water cooling from accumulated water in |
o turbine buildings to torus. !
A e H
II
/
1
1
1
Camera-mounted ﬁr s )
|mag es From water Observation Devic 11 Repair Devices
treatment facilities | (remote control) Camera-mounted | (remote control)
D¢contamination Divices | Decontamination § Observation ~ Repair Devices
(r¢dmote control) ~H Devices Devices
— Turbine Building — Turbine Building I
To water treatinent
facilities Stop
Leakage
In order to easily access PCVs, decontaminate work area via high- Inspect leakage points in the PCV and reactor building via manual or Repair PCV leakage points and then stop water leakage because it is
Contents pressure washing, coating, and scraping, etc. remote dose measurement, and camera, etc. Estimate and inspect the believed that removing debris while underwater with the radiation
status of PCV inside via measurement of gamma ray from outside of shielding advantage will be a reliable method. First, repair points at
PCV, and acoustic inspection, etc. lower parts of PCV for internal inspection.
. @ The existence of areas of high dosage (several hundred to 1,000 ®Inspection areas may be located in highly radioactive @®While continuing water injection for circulating water cooling,
Points to mSv/h). environments, under contaminated water, and in narrow space. stop water leakage under highly radioactive and water flowing
Note @ Access restriction due to rubble scattered about inside R/B. + Develop leakage point inspection methods and devices. conditions.
on + Remote decontamination methods corresponding to the above need - Develop methods and devices for internal inspection from outside of - Develop technologies and methods to repair leakage points and stop

Development

to be considered and established.

PCV.

water leakage.
+ Consider and develop alternatives.

Points to
Note on

Ensuring
Safety

+ Maintain RPV cooling in a stable state
- Prevent radioactive materials scattering during decontamination
- Reduce workers’ exposure (remote control, shielding, etc.)

+ Maintain RPV cooling in a stable state
- Reduce workers’ exposure (remote control, shielding, etc.)

+ Maintain RPV cooling in a stable state
+ Reduce workers’ exposure (remote control, shielding, etc.)
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Target Timeline: 6) Work Steps Involved in Fuel Debris Removal (2/3)

Phase 1 Phase 2 Phase 3
s
sl . ATTET
Fy2012 i 2013 Within two years (Early) (Mid) (Late) Within 10 years 54 55 vears
. - ompletion of flooding of . Completion of flooding of Determining fuel debris rerhoval
Determining meltol’:/sgrs fgit;egfgg\g ower parts of PCV Determining methodfs o upper parts of PCV methods and completion of
Determining water s'?op methods Determinig PCV internal repair upper parts oftPCV Determining RPV internal preparation of fuel debris cbntainers,
K ) investigation methods investigation methods etc. 1
PCV [Leakage Point Inspections 1
Inspgction from Outside of PCV (B)| Internal PCV Inspection and Sampling Internal RPV Inspection and Sampfing '
| 00 A T ©)
Ensure: Access Route via topping Inter-building Water Lgakage ) Open RPV
Decontamination CV Lower Parts Repair @ RPLCV Upper Parts Repair Filling PCV/RPV wjth Water
Internal Building s e 9
Decontamination :_ FiIIinp the Lower Part with Water | _-=F7 \ 1
""" ik el —_--- e i Determining processing /
| Decontaminate each area corresponding to each work requiring) ||:| |:| |:| |:| |:| |:| disposal methods gf Luel @
ebris

¥ Work steps of removing the fuel debris underwater (as was done at TMI-2)

:Technical holding points. further deliberation and judgment, including additional research and
development and revision of process and task content

Steps @ Filling the Lower Part with Water ®) Internal PCV Inspection and Sampling ® PCV Upper Parts Repair
I—____————____————____————____————____————___':
1
1 After establishing boundaries at the lower parts of PCV, switch the '
: water intake sources for circulating cooling from torus room to PCV. |
1
L ) yo e
1 ’
=]
L/ £ Penetrations
d
/
Images il E Repair Devices L] DQ’
rom water (remote control) ETa
treatment facilities T R
P€ Observation Device ) ~ ) )
_ o Repair Devices
Turbine Building Turbine Building
To water treatmen 4 o
facilities
Toru || foru -
Contents Partially fill the lower parts of PCV with water before starting Ascertain distributions of fuel debris flowed from RPV by

PCV internal inspection.

internal PCV inspections and samplings etc.

In order to fill the PCV full with water, repair leakage points
at the upper parts of PCV by manual or remote methods.

Points to Note
on
Development

®Sameas @

- Place top priority on establishing boundaries at the lower
parts of PCV (including filling torus room with grout materials).

@ Access restriction due to high radioactive conditions
and unknowing PCV internal conditions (clearness of
internal water, existence of debris, etc.)

+ Develop remote inspection methods and sampling methods
corresponding to the above.

@ Same as @

- Develop technologies and methods to repair PCV
leakage points and stop water leakage (same as 3).

Points to Note
on Ensuring
Safety

- Maintain RPV cooling in a stable state
- Subcritical assessment

- Maintain RPV cooling in a stable state

+ Subcritical assessment

- Prevent radioactive substances release from PCVs

- Reduce workers’ exposure (remote control, shielding, etc.)

+ Maintain RPV cooling in a stable state
- Reduce workers’ exposure (remote control, shielding,

etc.)
16-




Target Timeline: 6) Work Steps Involved in Fuel Debris Removal (3/3)

Phase 1

Phase 2

Phase 3

FY 2012

2013 Within two years

(Early)

(Mid)

AE
ATLET

(Late) Within 10 years 20-25 years

Determining methods for repairing
lower parts of PCV
Determining water stop methods

PCV |Leakage Point Inspections
Inspegction from Outside of PCV

00

Ensure; Access Route via
Decontamination
Intérnal Building
Deg¢ontamination

topping Inter-building Water Lpakage
CV Lower Parts Repair

@

FiIIinp the Lower Part with Water :

ompletion of flooding of
ower parts of PCV
Determinig PCV internal
investigation methods

Determining methods to
repair upper parts o PCV

Internal PCV Inspection and Sampling

|mm s 1

®

Decontaminate each area corresponding to each work requiring)

inoooon

1
1
Internal RPV Inspection and Sampling 1
1
1
1

Filling PCV/IRPV wj
=TT T T oo A ’ 1

- Determining processing /
disposal methods of fuel @

Completion of flooding of Determining fuel debris rerhoval
upper parts of PCV methods and completion of
Determining RPV internal preparation of fuel debris cbntainers,

investigation methods etc.

S ©)

Open RPV

Water

debris

% Work steps of removing the fuel debris underwater (as was done at TMI-2)

@ :Technical holding points. further deliberation and judgment, including additional research and
development and revision of process and task content

@ Filling PCV and RPV with Water

Steps = Open the upper cover on RPV Internal RPV Inspection and Sampling ©) Fuel Debris Removal
Overhead Crane Container
\/\ /\
| | | |
RPV Upper Cover Truck . .
— | L -— Expansive Pipe
Debris Container
Images m
D From water D D
Ij Guu treatment facilities Ij Guu
Camera, Cutting,
D E| Drilling, Gripping, and
11 To water treatment g4 Suction Devices
- facilities e
PCV pCv
= — = e
Contents After filling PCV/RPV with enough water to ensure shielding, Ascertain conditions of fuel debris and internal RPV Remove debris inside RPV and PCV

open the upper cover on RPV.

structures by internal RPV inspections and samplings etc.

Points to Note
on
Development

(Place top priority on establishing PCV boundaries as per ©)

@®Restricted access route due to high radioactive
conditions and unknown internal RPV conditions
(clearness of internal water, existence of debris, etc.)
- Develop remote inspection methods and sampling
methods based on the above.

@Expand technology development scope depending on

distribution status of fuel debris (No experience of fuel

removal of inside PCV at TMI)

- Develop more sophisticated technologies and methods
than those of TMI

Points to Note
on Ensuring
Safety

- Maintain RPV cooling in a stable state
- Subcritical assessment
- Prevent radioactive substances release from PCVs

+ Maintain RPV cooling in a stable state

+ Subcritical assessment

- Store the removed fuel debris (containment etc.)

- Reduce workers’ exposure (remote control, shielding,
etc.)

+ Maintain RPV cooling in a stable state

+ Subcritical assessment

- Store the removed fuel debris (containment etc.)

- Reduce workers’ exposure (remote control, shielding, ej:_.)7




Target Timeline: 7) Reactor Facilities Demolition Plan
8) Radioactive Waste Processing and Disposal Plan

» Plan to complete the reactor facilities demolition in Units 1 to 4 within 30 to 40 years after the completion of Step 2.

» Plan to commence demolition in Phase 3, after confirmation of establishing a basic database of contamination
necessary when considering demolition and decontamination methods, R&D progress for remote controlled
demolition operations, and an outlook for the waste disposal after demolition with necessary regulatory modifications.

» Characteristic tests by heating and solidifying mockup wastes are ongoing to investigate long-term storage and
disposal methodology of secondary waste from the water processing facilities (until 2013).

» Analyses of accumulated water and rubbles etc. are ongoing to estimate radionuclide concentration in wastes which
Is important in the process of disposal. R&D also started to develop technologies to analyze radionuclide for which
appropriate methodology is not established.

» Within FY2012, plan to establish an R&D plan for the post-accident waste, whose contents differ from the ordinary
waste. (nuclide composition, salt amount, etc.)

» Plan to determine waste form specifications, after confirmation of safety and applicability to the existing disposal
concept as well as developing safety regulations and technical standards based on the result of R&D activities.

» Plan to commence treatment and disposal during Phase 3, after development of disposal facilities and preparation of
a prospective disposal plan.
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Target Timeline: 9) Preparation of Organization and Environment for Smooth Work

Since January 2012, on-site work has not interfered by any lack of personnel.

Although the engaged personnel in 2012 is expected to exceed the personnel
plan (approx. 11,700 persons) finally, there are approx. 24,300 persons
registered for work in Fukushima Daiichi Nuclear Power Station as of May 2012
and thus lack of personnel is not expected.

Countermeasures against heat stroke were introduced from May 2012 to secure
workers’ safety. Coveralls with better breathability were also introduced from late

June 2012.

Screening and decontamination facilities for vehicles started test operation in
Fukushima Daiichi from April 2012 and started full-scale operation after
Restricted Area in Naraha was released on August 10, 2012. New entrance
management facility (for screening, protective clothing and radiation counters)
will be constructed near the main entrance of Fukushima Daiichi by the end of
FY2012.

Following improper use of alarming pocket dosimeter (APD) by some workers,
Impact assessment on radiation control and consideration/operation of
preventive measures are ongoing. Workers are continued to be instructed strictly

to comply with radiation control rules.
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Fundamental philosophy behind conducting the R&D

(1) Addressing needs in the field

This R&D aims to address necessary technical issues required to carry out the plan to remove fuels
from spent fuel pools, remove fuels debris inside the reactors, and complete other steps in the
process of decommissioning the plant.

The scope of this R&D includes conducting on-site field tests since the results of this R&D will be
used directly in works related to the decommissioning.

When R&D achievements are realized, the determination as to whether or not to proceed to the next
stage will be made after evaluating the feasibility and validity of technical development.

Alternative measures will be considered in advance for challenges such as water shielding techniques
that could present considerable technical hurdles.

(2) Desired government involvement and support

ANRE will play a leading role in R&D plan preparation and project management, and will coordinate
closely with the Ministry of Education, Culture, Sports, Science and Technology as they put together
an R&D framework utilizing the expertise of those in Japan and around the world.

NISA (new regulatory agency) will implement safety regulations in accordance with the necessary
legislative system for tests and demonstrations performed in the field as part of R&D.

TEPCO assumes responsibility for field works related to the decommissioning and will be moving
steadily forward with the decommissioning plan.

(3) Open and flexible framework for actions which pool wisdom from Japan and abroad
Will apply technologies and knowledge of experts from Japan and other countries to the R&D.

Will properly evaluate and assess information and advice as well as feasibility of specific cooperation
from government-affiliated organizations in other countries, international organizations, and private
enterprises as we build an R&D framework that is effective and efficient.

20



Organizational Structure for R&D

R&D Headquarters

o e e e

Examination of waste treatment and
disposal

Stability of contaminated water
processing

Fuel debris measuring and

management measures

Fuel debris treatment technologies

Assessment of simulated fuel debris

characteristics

Accident development analysis

Fuel debris criticality control

IIIIIIIIIIIIIIIIIIIIIIIIIIII

Removal of fuel debris and structures
in the reactor

Investigation of the PCV interior

Sealing and repair in the reactor
building/PCV

Identification of leak areas in the
reactor building/PCV

PCV/RPV soundness evaluation

Comprehensive radiation reduction

scheme

Remote decontamination of the
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reactor building interior

Damaged fuel processing

technologies

llllllllllllllllllllllllllllllllllll
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[Overall management]

Long-term stability of fuel assemblies
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Image of Main R&D Issues related to Fuel Debris Removal

B Development of technologies for remote decontamination of the
reactor building interior
@ Overview
Remote decontamination devices that match onsite contamination conditions will
be developed to improve the work environment for surveying and repairing leak
areas, etc.
@ Technical development issues
« Assessment and development of effective decontamination technologies in
response to contamination type
« Development of remote decontamination devices for severe environments, such
as high-dose areas, narrow spaces, etc.
Decontamination technologies
(examples)

High-pressure washing

Spent fuel pool DS pit

eam dryq

am sepafptor

B Development of technologies for identification of leak areas in
the PCV

4 Overview

Technologies for remote identification of leak areas in the PCV, etc.
will be developed.

@ Technical development issue

» Development of remote survey technologies for severe
environments, such as high-dose areas, narrow spaces, etc.

(9) Top flange and manhole

Bupjing auigun L

Envisioned damage areas
(examples)

b TIS5D
RURUh—IL, ||

@i’ﬁ*}xiﬁ'\ﬂ X

(11) Fuel handling be lqws
)L—)LRO—.
]H (10) Well seal beIIo E

(1) D/W shell
@D/WoTIL

LW) Air lock

—~QI70vs
( S/C manhqle
@/CRH—]

ectr u.uy P/ene atid

=

H Development of technologies for investigation of the PCV interior
@ Overview

Remote investigation methods and devices will be developed to grasp
the conditions and the state of fuel debris inside the PCV.

@ Technical development issues

« Development of remote investigation technologies for high-temperature,
high-humidity, and high-dose environments

» Development of a system to prevent the dispersal of radioactive
materials

Technologies for
investigation of the PCyY- —

interior (examples)—

System for
prevention of
radioactive
dispersal

B Development of PCV Repair Technologies
@ Overview

Remote measures and technologies will be developed to repalr and stop leaks in leaking areas (Torus room, PCV, etc.).

& Technical development issues

. Development ‘of remote repair technologies for severe enwronments such as
high-dose-areas, narrow spaces, etc.

» Repair I;echnologles applicable to underwater environrgénts (lower part of the

Penetration hole repair technologies
(examples)

(2) S/C penetration

\ Air lock

PCV,etc.)
Sheet ring k
(reinforcement
of sealing area)
Steel cover ] ]
(auxiliary T . )
boundary for the ﬁg;gﬁ];‘ﬁ:;g

hatch)

—Inside of PCV—

Seal packing

: \ Turnbuckle

Turnbuckle

—_—

Equipment
hatch




Image of R&D Issues Related to Processing and Disposal of Radioactive Waste

— 1. Properties investigation

Investigation issues
« Properties differ from conventional waste, such as rubble, sludge, and decontaminated waste liquid
(nuclide composition, chloride content, etc.)
« Basic information needs to be assessed for development of each technologies

Examples of differences with conventional waste B
* 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
(made by JAEA)

Outputs

« Radioactive concentration of each
type of nuclide

« Component content

« Physicochemical characteristics

etc.

The installation of a hot lab near 1F must also be
considered, as large volumes of high-dose,
untransportable samples are expected to be
generated as a result of decontamination and fuel
debris removal.

Zeolite sample

* Output flow

— 2. Long-term storage technologi&s

Technical development issﬁ

« Impact of chloride (corrosion) and high radioactivity (heat generation, hydrogen, surface radiation)
» Term of storage: how long should it be?
« Is treatment necessary before storage?

Stabilized storage is necessary until processing/disposal
technologies are established.

A-A cross section
Temperature distribution

Cross section B , A, C

Facility for secondary waste storage after
water treatment (example)

Temperature of zeolite layer
Approx. 170°C max.
Evaluation of temperature and hydrogen
distribution in a KURION absorption vessel
(by JAEA)

Output
« Long-term storage method for each type of waste

3. Processing technologies '

Technical development issues
* Base new technologies on existing processing
technologies be applied?

Processing means that waste is placed into
the vessel and solidified (cementation ,etc.),
so that it can be buried in the disposal site.

Aammse

Source: Japan Atomic Industrial Forum Inc. (ed.),
Radioactive Waste Management: Technical Development
and Plans in Japan, July 1997, p.81.

Outputs

« Treatment methods for storage

« Methods for production of waste packages
« Performance of waste packages

Trer

<>

4. Disposal technologies

Technical development issues
« Base new technologies on the existing disposal concept
« Extract and address issues related to safety evaluation and find a solution

Existing concept Low-level radioactive waste
A" NS
ch dispgs_al L3

FLFRs

Example of an engineered barrier
(Yoyusindo disposal)

Backfill with clay-mixed soil

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

18X 18X _.6

High-level radioactive waste

1

1

1

BLA |
BEE i

1

1

o Rk

Concrete pit (0.7m)

LA -bE" 2D, Tend

Low diffusion layer (0.6m)

Low
(]

| Pit disposal: Waste packages (drums, etc.)
[ are placed in a concrete-made structure

| (pit) installed several meters below the

[ ground surface, integrally solidified with a

| cement-based filling material, and buried.
e T Approx. 18m

layer (1m)

-

Output
« Waste disposal methods (required burial depth, construction of an engineered barrier, etc.)

New technologies need to be developed for radioactive waste that are difficult to treat with existing
technologies, including a new disposal concept.
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R&D started for monitoring of the reactors and removal of fuel debris

(Unit 1)

» We investigated internal state of the PCV via inserting survey equipment in order to obtain photos and to
directly measure data; ambient temperatures, radiation dose rate, accumulated water temperatures, water
level, sampling and analysis of the water ,etc. (October 10&11, 2012).

» Investigation and repair of the PCV leakage is being considered. Inside of Torus Room was investigated
by CCD camera inserted via penetration on the 1st floor of the Reactor Building (June 26, 2012).

Radiation dose in R/B : Max 5,150 mSv/h
(1t Floor, Southeast) (July 4, 2012)

Reactor Building Cover

-

SFP Temperature :

N2 Injection Flow
- Rate to RPV :
12.74 Nm3/h

FDW : 2.9 m¥h
CS :2.0mdh

24.5deg C

RPV Bottom Temperature :
Approx. 34 deg C

Radiation dose in PCV : Max Approx.
11.1 Sv/h (October 10, 2012)

N2 Injection Flow Rate to PCV :
19.83 Nmd¥h

PCV Water Level : Approx.
2.8m + PCV Bottom
(October 10, 2012)

Triangle Corner Water Level : OP
3,910 ~ 4,420 (September 20, 2012)

— e —

i Temperature inside

PCV : Approx. 36 deg C

Investigation inside PCV

| Under water

D/W 2" Floor Gratlng

Water surface

Dosimeter Jet defuse

inside PCV :

Hydrogen Concentration

A :0.00 vol%, B : 0.00 vol%

Torus Room of Unit 1

Ambient radiation dose rate inside Torus Room:
19.5 ~ 10,300 mSv/h (June 26, 2012)

*There is a possibility that the measurement shows

Water Level in Torus Room :
Approx. OP 4,000 (June 26, 2012)

incorrect value since the instrument
sustained damage during the survey

Water Temperature in Torus Room :
Approx. 32 ~ 37 deg C (June 26, 2012)

Water Level in Turbine Building :
OP 2,922 (October 12 9:00)

Triangle Corner Water Temperature :

Reactor Building

32.4 ~ 32.6 (September 20, 2012)

*Parameters as of October 12, 2012 5:00AM

Turbine Building

f ..... A@ s i

IAppr

1
CCD Camera
with thermocouple
I, |
R/B 1FL
‘ Torus Room

0P3570
Suppression Chamber
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R&D started for monitoring of the reactor and removal of fuel debris

(Unit 2)

»Investigation inside was carried out with microscopes etc. via PCV penetration. (January 19 and
March 26 & 27, 2012)

»Investigation inside Torus Room was carried out with robots (April 18, 2012). Water level was
measured inside Torus Room and staircases area (June 6 and 28, 2012).

Investigation inside the PCV

J | Under water
PCV :

Ther

Unit 2

Radiation dose in R/B : Max 880 mSv/h (5st
Floor, Above Reactor Well) (June 13, 2012)

I Above water surface

|P":‘I

N2 Injection Flow Rate
to RPV : 14.36 Nm?h

SFP Temperature :

24.6 deg C
FS :2.1mdh
CS : 4.5 m3h
g Temperature inside
PCV : Approx. 45 deg C H H H H H H
-~ L P o Investigation inside Unit 2 Torus (April 18)
RPV Bottom Hvd c .
Temporaure © indde pov " Access
A 1 0.09 vol%, B : 0.10 vol% - Route
I 3
N2 Injection Flow Rate to : .
i N Water Level in Torus Room :
PCV : - Nm#h (Pending) Approx. OP 3,270 (June 6, 2012)
e
Alir Radiation inside Radiation dose inside the Torus Room :
PCV : Approx. 73 Sv/h 30 ~ 118 mSv/h (June 6, 2012)
at maximum
Triangle Corner Water Level : OP
PCV Water 3,050 ~ 3,190 (June 28, 2012)
Temperature :
Approx. 50 deg C Triangle Corner Water Temperature :
30.2 ~ 32.1 (June 28, 2012)
PCV Water Level : (SOUtheaSt)
Approx. 60 cm + PCV Bottom Water Level in Turbine Building :
. Approx. OP 3,217 (October 12 9:00) Lo
Reactor Building Red : Radiation (mSv/h)

Turbine Building ’ A

XParameters as of October 10, 2012 5:00AM
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R&D started for monitoring of the reactor and removal of fuel debris

(Unit 3)

»Work Environment was investigated by robots in TIP room on 1st floor of the Reactor Building for
preparation to investigate inside the PCV (May 23, 2012).

» Water level was measured inside Torus Room and staircases area (June 6, 2012). Torus Room
was investigated by a robot (July 11, 2012).

Radiation dose in R/B : Max 203.1 mSv/h

Un |t 3 (15t Floor, Northeast) (June 11 ~ 15, 2012)
. N2 Injection Flow Rate to
SFP Temperature : ! 3

22.6 deg C | | RPV : 16.86 Nm¥h
FDW : 2.1 m3h
2 4.6 mdh
= \ Cs 6 m3/
Temperature
RPV Bottom inside PCV :

Temperature :
Approx. 46 deg C

N2 Injection
Flow Rate to
PCV : 0 Nm3/h

PCV Water Level : Not
confirmed

Triangle Corner Water Level :
OP 3,150 (June 6, 2012)

NS

Approx. 43 deg C
A\

Hydrogen Concentration
inside PCV :

—
|

i A :0.21 vol%, B : 0.20 vol%

|

Reactor Building

Water Level in Torus Room : Approx. OP 3,370
(June 6, 2012)

Radiation dose inside the Torus Room :
100 ~ 360 mSv/h (July 11, 2012)

Water Level in Turbine Building :
OP 3,200 (October 12 9:00)

Turbine Building

*Parameters as of October 12, 2012 5:00 AM

Work Environment Survey inside the TIP room

F
o

Robot Access Impossible 7

Blown-off TIP room door, M
5 v

Water Level Survey in Torus and staircases area of Unit 3

Water level Unit 3
Staircases QP 3150
area

Torus Room OP 3370

Measured water level of
accumulated water

Unit 3 staircases area
(Northwest)
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