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Decommissioning of TEPCO Fukushima Daiichi NPS

< Decommissioning of Fukushima Daiichi is a continuous risk reduction activity to Bri;)tect

the people and the environment from the risks associated with radioactive substances ‘¥

removing the spent fuel and fuel that has melted and solidified (fuel debris) from the

Reactor Building.

*For example, the impact of radiation from spent fuel and fuel debris, the leakage of highly-concentrated contaminated water,
and the dispersal of dust containing radioactive substances.

< Moreover, it is also necessary to reduce the risks associated with contaminated water and
waste that is generated in the course of decommissioning.

<> Moving forward in a safe and steady manner with decommissioning and
contaminated water countermeasures at the power plant, is a major prerequisite for
the reconstruction of Fukushima.

Spent fuel: Fuel that remains after it is used for power generation. It is necessary to cool this spent fuel continuously due
to the decay heat it generates after use.
Fuel debris: Fuel that melted and solidified again during the accident. This fuel debris must be continuously cooled.

<Reference> Status of Unit 3 <Reference> Internal condition of Unit 2

Picture from the upper
part of the building

Hydrogen

Spent fuel :
explosion

W' Units 1 and 2 W Unit 3 VW_Unit 4

Removing fuel from Installation of fuel removal Storage/Tra
. Fuel 1 .
the SFP Rubble removal equipment tiet remova nsportation .
W' Units 1-3
Fuel debris Ascertaining of the situation inside the PCV/ Fuel debri tri 1 Storage/ Transp
v Current retrieval consideration of fuel debris retrieval, etc uct debris retrieva ortation
progress A\ 4

| Work of decommissioning extended to 30-40 years

Disassembling of Consideration of scenario Design and construction Dismantling
reactor facility, etc and techno]ogies of equipment and other tasks




Process (milestones) of the Roadmap

Maintain overall the framework of decommissioning

Dec, 2011 (Removal of SPF ftl:r::,t:?piol of Unit 4 started) Dec, 2021 After 3940
Efforts for >v v \ 4 4
stabilization Phase | > Phase 2 > Phase 3 >
Cold shutdown state Until start of fuel removal Until start of fuel debris retrieval Until completion of
-drastic reduction of | from SFP (within 2 years) (within 10 years) decommissioning (30-40 years)
F\?Iaetae?‘% Iof radioactive

Processes for grasping the status of counter measures

Contaminated water Reduce contaminated water generation to about 150 m 3/ day.

management

Stagnant water
treatment

Store of all treated water in welded-joint tanks
@Separate connection between Units 1 and 2 and between Units 3 and 4
(@Reduce radioactive materials in stagnant water in the buildings by one-

tenth of the 2014 year-end.

®Complete treatment of stagnant water in buildings

Within 2020
FY 2018

Within 2018

FY 2018

Within 2020

Removal of spent
fuels

@®Start spent fuel removal at Unit 1
@Start spent fuel removal at Unit 2

FY 2023 (an outlook)
FY 2023 (an outlook)

(®Start spent fuel removal at Unit 3 Mid FY2018
. ®Decide on the method for fuel debris retrieval from the 1st implementing FY 2019
Retrieval of fuel Unit
debris . . . : : -
(@Start fuel debris retrieval from the 1st implementing Unit Within 2021

Solid Radioactive
waste

Establish technical perspective on measures of treatment / disposal and on
safety.

Around FY2021




[Ref.] Essence of the revised Mid-and-Long-Term Roadmap (Sept. 2017)

1. Basic stance for the revision

I) Maintain disciplines of “top priority on safety” and “emphasizing importance on risk reduction”
i) Optimize the entire decommissioning project as the site conditions had become more clear as

decommissioning progresses
iii) Emphasize and further strengthen communication with local communities and society

2. Essence of the revision

» Compile “Policy on Fuel Debris Retrieval”

- “Partial submersion / access from side method”, from bottom
of the PCV

- Step-by-step approach (from a small scale)

> Proceed carefully by dealing with situations found
out and ensuring /adding safety measures.

» Optimize entire decommissioning processes, while
improving environment around the building.

» Maintain and manage properly the preventive and
multilayered measures, and operate them certainly.
Reduce the amount of contaminated water
generated, by operating the frozen impermeable walls
and sub-drain integrally.

» Handle liquid waste adheres to the current policy.

» Compile “Basic principles “

- Ensure safety (containment and isolation).

- Select a precedent processing method in parallel with
identifying the characteristics.

> Further strengthen communication.
> Enhance interactive communication in addition to
courteous information dissemination.

i) Retrieval of fuel debris

v" NDF compared and examined multiple retrieval
methods, then formulated and published technical
suggestions for the Government of Japan in Aug.

ii) Fuel removal from SFP
v From the viewpoint of ensuring safety, newly
required work has been clarified.

lii) Contaminated water management
v" Preventive and multilayered measures (sub-drain,
sea-side impermeable walls, frozen impermeable
walls etc.) have made progress and the volume of
water inflow into buildings has been drastically
reduced.

Iv) Waste management
v" NDF formulated and published technical
suggestions on “Basic Principle” for the
Government of Japan at the end of August.

v) Communication

v More courteous information dissemination
/communication is needed as people returns and
reconstruction progresses.

- U U



[Ref.] The scheme for the decommissioning of Fukushima Daiichi

IRID @

Research &
Support by
the national budge Development
Implementation of R&D
Technological <
development ( )lﬁ?hﬁﬁlﬁlﬁ
METI Manage @ Nuclear Regulation Authority
S A e — X Independent from Cabinet
the progress T=PCO T

Nuclear Regulation

TEPCO :-
Plan & management of the _
“Mid-and-long term <:- Implementing of the steady <:-

Authority

. T T » Implementation of safety
Roadmap” Report ecommissioning in the site regulations
R&D support (Budget) Monitor/review %  Reviewing of
Human development support Recover Accumulate implementation plan of
reserve fund reserve funds TEPCO

Nuclear Damage Compensation and

S t technic
advis
Decommissioning Facilitation

N Corporation (NDF)

‘ﬂF Technical strategy recommendations/

— Fund management based on the reserve
funds system



[Ref.] Progress on Fukushima Daiichi Decommissioning (2018-2019)

“ Japan has made significant progress since the accident in March 2011, advancing
from an emergency situation towards a stable situation now. (IAEA review / Nov. 2018)

» Ordinary clothing can be worn at 96% of the site (July 2018)

> Generation of Contaminated Water: 500m/day (Fy2014) — 180m/day (Apr-Dec. 2018)

» Progress towards the removal of spent fuel and debris retrieval (below)

Spent fuel

" The removal of the rubble
on the operating floor
_ started from January 2018

J

Spent fuel

The investigation of the
operating floor was

conducted in July 2018.
O
Investigation of inside RPV

was conducted in Feb. 2019.J

pool

in March 2019

A trial run of the crane stared

J

Cover for fuel rermdaval

Remoued fuel (assmblies)
1535/ I.'EL:IE

{{ Coorrp et iy D, 4010

Spent fuel removal:
completed in Dec.2014

_/
)

-
~

No fuel debris

J




[Ref.] Progress on Fukushima Daiichi Decommissioning in 3 years

<Contaminated Water Management>

B The construction of the Sea-side impermeable wall was completed
in October, 2015.

m  Replace of K-drainage was completed in March 2016.

®  The frozen soil wall was almost completed in March 2018.

(YT

Frozen soil wall Sea-side impermeable wall

<Removal of spent fuel>

. m  Unitl:
] m Unit3:
o | m  Unitl
'.l.l.... : i F— ARET : RERR \ %
Unit1 : Removal of the cover Unit3 B Unit3:
was completed Dome roof was installed

<Retrieval of fuel debris>

m  Unitl : Investigation inside PCV was done in March 2017.

B Unit2 : Contact investigation inside PCV was done in February 2019.

B Unit3 : Investigation inside PCV was done in July 2017.

Removal of the building cover roof panel was completed in October 2015.
Removal of the large rubbles in spent fuel pool was completed in November 2015.

: The removal of the wall panel of the building cover was completed in November

2016.
Installation of the cover for fuel removal was completed in February 2018.

Unitl : Unit2 ©
Snake shape robot Investigation unit Underwater ROV

<Waste management>

Miscellaneous solid radioactive Solid waste storage facility(No9)
waste incineration facility

< Improvement of working environment >

The operation of the miscellaneous solid radioactive waste incineration facility
was started in March 2016. (Measures for improving reliability was completed
in June 2017)

Solid waste storage facility (No9) was completed in February 2018.

B A convenience store was opened at 2™ floor of large rest area in March 2016.
B Shower rooms were opened in the large rest area in April 2016.
B Operation of the new office building was started in October 2016.

Convenience store New office building



Overview of Water Management

- Generation of contaminated water, purification and storage-

In the reactor, cooling of fuel debris by water injection is continuing.

In order to prevent flow out of the reactor building, the water level of the stagnant water is
maintained lower than the groundwater level outside of the building.

As a result, groundwater flows into the building and mixes with stagnant water, so that
additional contaminated water is generated inside of the building.

After processing by purification equipment such as ALPS, the water is stored in tanks.
However, tritium cannot be removed by the purification equipment.

Storage in tanks )
after purification w
-

- Used for
cooling after
« - purification
Reactor Turbine building A
building - - '

apIseag

Fuel debris {

[[esm ajqeaurtadun

g A

-------------------------

Landside impermeable wall
(Frozen wall)




Three Basic Principles for Water Management
1. “Isolating” groundwater from the
contamination source

Measures are taken to reduce the generation of
contaminated water. ( D@3 ®)
500nmi/day(FY2014)
— 180m/day(Apr-Dec, 2018)

2. “Preventing leakage” of contaminated water
Measures are taken for preventing leakage of
contaminated water to the sea. ( ®®)

3. "Removing” the contamination source
Measures are taken for removing the radioactive
nuclides from the contaminated water in the tanks

and in the trenches. ( @®, etc.)

1 @ Removing radionuclides from
contaminated water

= » ® Prevent leakage from

11 1

T

Groundwater
-bypassing

I — ____ o »
l ®Frozen-soil walls @Sea side walls

A_ I I IS S S .- L I I I S S - .- _A'

the tanks

/. MWaterproof pavement to prevent

rainwater seeping

" J33eMpPUNO0JS JO MO|4

| @Pumping from the Groundwater-

bypassing system

“ Gnstallation of Frozen- soil

impermeable walls

i

Removing water in
the trenches

@)nstallation of Sea-side (@Pumping from the Sub-drains

impermeable walls

and Groundwater-drains

i .:.,



Overview of Water Management

- Density and quantity of contaminated water -

» The concentration of radioactive material outside the port is sufficiently lower than the
Regulatory Notification Limit.

Ba/l’ i Front of Shallow Draft Quay
Density Limit Specified by Reactor Regulation H e Completion of Sea-side
. . ) — — ; " Impermeahble Wall
Cesium 137 90Ba/L - 1 Ciosure(Oct 26,2015)
“Cesium 134 E'UE'CII’L _— . . - N

Ball Morth of Units 5&6 Discharge Outlet Nl -
AL
yow Completion of Sea-side !
- s Ca-137 « Impermeable Wall
so000 1 * Closure(Oct 26,2015) ,
- [+Li3]
= - 2 L — — — — - 0 000 I
T _ - -_ - e A BEAAE ST 309% BHIMY DOIAE  BOiA r:--*h:r TeiAd N B Bk
' Tt : s -_; T |—|,C__m In Front of Unit 1-4 water-intake
= f-;\f‘fﬁ‘w?';fﬁfi{;fﬂhh‘;f * G137

; e e et i
— A O

]
N
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a0y
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I e i
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! o000 [ Mear South Discharge Channel
* } I
2 100
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PR A e
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Overview of Water Management

- Storage of ALPS treated water -

> Currently, tanks continue to increase. The
installation area of the tanks occupy much
of the southern half of the site.

» The current tank capacity per the
construction plan is 1.37 million tons. The
available site area for building new tanks is
approaching the limit.

» (ref. northern half of the site is planned to
be the solid radioactive waste storage
facilities area)

[ALPS treated water tanks
spreading at 1F site]

Status of ALPS treated water

About 1.12 million ton
(as of January 2019)

Volume of water stored in tanks

About 1.37 million ton

Projected tank volume

Generation rate of ALPS treated
water

(end of 2020)

About 50,000-80,000 ton/year

10



Overview of Water Management

— Discussion at Task Force and subcommittiee -

>

>

>

METI's “The Tritiated Water Task Force” assessed the regulatory feasibility, technical
feasibility (including monitoring to ensure safety), treatment period and cost of 5
disposal methods ; (1) geosphere injection, (2) offshore release, (3) vapor release, (4)
hydrogen release, and (5) underground burial.

All cases are examined on the premise that there is no scientific impact on the human
habitant.

The treatment of ALPS treated water has been discussed in “the subcommittee on

handling ALPS treated water” as reputational damage can have a societal impact. For
the purpose of listening the concerns on disposal methods and disposal itself from the
public widely, we had held public hearing in Fukushima and in Tokyo in August, 2018.

Table. Results of assessment of Tritiated water task force

Method of |(1) geosphere : (5)und d
disposal injection ; (2) offshore release 3 (3) vapor release :;{4) hydrogen release : ( )glélri:fgmun
Image : ’ B
It 1s necessary to ; : : tard N
formulate new : : : : :  New standards might
Rfﬁgl}tallply regulations and p Fe&mﬂ:le ‘ot : Feasible : Feasible : require to be formulated.
easibility standards related to (Precedent exists) : : (Similar examples exist)
disposal concentration : : :

N _ U Researchand development :
Technical Proper stratum 15 : Feasible : Feasible : is necessary for pre- Feasible
feasibility necessary : (Precedent exists) : (Precedent exists) treatment and scale :

: : : expansion : 11




Current characteristic of ALPS treated water

» The purpose of ALPS operation to keep site boundary dose levels to less than 1mSv/y, not

to keep concentration of treated water to less than the Regulatory Notification Limit.

» Concentrations of ALPS treated water in the tanks vary since they depend on the
concentration of contaminated water before treatment and operation management of ALPS,
such as frequency of absorbent exchange. Now, the concentration of ALPS treated water is
lower, because the performance of ALPS has improved.

o 9.76 Site boundary dose levels

(assessed values)

. Direct rays from tanks/skyshine
Direct rays from sources other than tanks/skyshine
o Other (Groundwater bypass/sub-drains, etc.)

A O O N O WO

Site boundary dose levels
(assessed value) (mSv/year)
w

o
O
o

. . 096 0.92
N W

End of End of End of End of End of
FY2013 FY2014 FY2015 FY2016 FY2017

Storage of treated water in tanks
8 5%
(m) , A \
350,000 319,500

300,000

250,000

204,400
200,000

161,000
150,000 136,700

100,000

Amount of water in tanks

65,200
50,000

=
i -

~1 1~5 5~10 10~100 100~19,909

Sum of the ratios of actual concentrations to regulatory notification
limit for 62 nuclides (estimated)

Water treated at the early period after the commencement of operation

Residual which could not be treated because of the defect of the filter

* Quoted from “Subcommittee on handling ALPS treated water” (10th and 11th) , updated as of Nov. 2018 12



Secondary treatment of ALPS treated water

» Disposal of ALPS treated water needs to satisfy the regulatory limit after dilution.
However, considering its societal impact, TEPCO plans to repurify ALPS treated water

with secondary treatment, to meet the regulatory limit before dilution.
» Whether to use ALPS or reverse osmosis membrane equipment for secondary treatment

is being deliberated.

ALPS treated water
Approx. 930,000m3*1

Sr treated
water

%1 Total amount of water

Sum.of the ratios of acFuaI stored in tanks as of
concentrations to concentrations that
require public notification is “below 1” November 1, 2018
Approx.
150,000m3

>

>| ALPS

On-site storage
tanks

Sum of the ratios of actual
concentrations to concentrations

that require public notification is Sum of the ratios of actual

concentrations to

“above 1” .
concentrations that
Approx. require public notification
780,000m3 Secondary 's “below 1
> treatment >-
equipment*?
X2 ALPS or
reverse osmosis
membrane
equipment V
Deposit
equipment

13




Summary of the 4t TAEA Review (1)

- Main findings-

1. Main findings

- IAEA team said Japan has made significant progress since the accident in March
2011, advancing from an emergency situation towards a stable situation now.

- The team acknowledged a number of accomplishments since the 2015 mission,
including:

> The repair of subdrains and construction of the frozen soil wall around reactor Units
1-4, which have reduced groundwater ingress into the reactor buildings.

> Improved site working conditions including a reduced need for full protective gear,
and real-time radiation monitoring easily accessed by the workforce.

> Progress towards the removal of spent fuel from Units 1-3 as well as remote
investigations of fuel debris by robots.

-The team said the Government of Japan, in engaging all
stakeholders, should urgently decide on a disposition path
for ALPS treated water. The treated water is accumulating

in tanks on site and is expected to reach the currently
planned tank capacity within three to four years.

* Totally 17 acknowledgements and 21 advisory points
are provided in the preliminary summary report.




Summary of the 4th JAEA Review (2)

- Team and scope of the review mission -

2. Review period :
November 5-13, 2018 {n@ IAEA

International Atomic Energy Agency

_,’

-ﬂ"‘h

3. Review team composition:
Team leader: Mr. Chrisophe XERRI, Director, Division Nuclear Fuel Cycle and Waste

Technology (NEFW), IAEA
13 experts: 9 from IAEA and 4 others from Indonesia, Russia, U.K., U.S.

4. Agenda of the peer review

</ Current situation of Fukushima Daiichi

< Follow-up of the previous IAEA review

7 Specific issues
- Management of contaminated water
- Removal of spent fuel and retrieval of fuel debris
- Management of radioactive waste
- Institutional and organizational issues

[IAEA website:] Press release (January 31, 2019)
IAEA Issues Final Report on Fourth Review of Fukushima Decommissioning
https://www.iaea.org/newscenter/pressreleases/iaea-issues-final-report-on-fourth-review-of-fukushima-

decommissioning
15




Cooperation with International Communities

/ (B)IAEA . \ / @) OECD {yNEA \

> Peer Review Missions (April, 2013 -) > PreADES
> Expert Visits (Preparatory Study for Analysis of Fuel Debris)
» Expert Meetings > CDLM .
. . . (Committee on Nuclear Decommissioning & Legacy
» Comprehensive information on the website Mana
gement)

(December, 2013 -) > EGCUL
» “The Fukushima Daiichi Accident” (September, 2015) (Expert Group on Characterisation Methodology of

(Reported by the Director General) Unconventional and Legacy Waste )
> Side Event in the General Conference since 2015 » Policy dialog on decommissioning

\ / K industry cluster development /

Bilateral Frameworks

. . . 4 )
U.S.-Japan Bilateral Commission on Civil Nuclear
Cooperation UK-Japan Nuclear Dialogue N\ L7
- Decommissioning and Environmental Management Working Group - Decommissioning Working Group
k- Civil Nuclear Energy R&D Working Group ) \ )
( N ([ )
Japan-Russia Nuclear Energy
Japan-France Nuclear Committee l] .
P Working Group —
- J y,

16



International Forum on Decommissioning
of Fukushima Daiichi NPS 2019

August 4, 2019 (Sun) === "

Program Day1 Tomioka Town §i . = =
Open Dialogue with local Communities e
and Student Session

August 5, 2019 (Mon) E

Program Day2 lwaki City
Discussion by the technical experts
and Technical Poster Session

Generation of
The future

Within
10 km

Cutting-edge

Technology

(tentative)

For more information
Tel:03-5545-7106 E-mail: forum@ndf.go.jp 17



International Forum on Decommissioning

of Fukushima Daiic

Evolving social & technological communication
through open dialogue in Fukushima.

Archive data open to public at the website http://www.ndf-forum.com/en

hi NPS (2016-2018

1FD-Forum I

“The day, whole world would
like to know about Fukushima”

Total Participants (cumulative)

641

Technical Poster Session
37 organizations

>28 Presentations on
Overseas experience of D&D
Communication with local community
Risk assessment
Fuel Debris Retrieval
Waste management 20 1 6

F

1FD-Forum 1II

“Moving forward together”

Total Participants

(cumulative)

1,055

Technical Poster Session

89 organizations

DAY1 Program for local community

>Lecture & workshop by all participants
>0pen dialogue by D&D implementing

organizations and local panel

DAY2 Program for Technical experts
>14 Presentations on Fuel debris, Risk

analysis, Waste management

2017

1FD-Forum IO

“Make your voice heard for
1F decommissioning”

Total Participants (cumulative)

1,264

Technical Poster Session
123 organizations

DAY1

Open Dialogue with local Communities

>Lecture & workshop by all participants

>Open dialogue by D&D implementing organizations and local panel

DAY2

Discussion on the technical details

>10 Presentations on Remote handling technology in USA, UK and
France and US Space industry

Student Session
>31 high school students attended
> 8 presentations and workshop

2018

18




Related Links

€ ANRE, METI | —
Decommissioning and Contaminated Water Management — TS
at TEPCO's Fukushima Daiichi NPS
http://www.meti.go.jp/english/earthquake/nuclear/
decommissioning/index.html#links

& Film (METI)
Fukushima Today 2018 -Efforts to Decommission and Reconstruction
https://www.youtube.com/watch?v=TZV2HRKNvao

| FukushimaToday | Search |

@ The 3" International Forum on the Decommissioning
of the Fukushima Daiichi Nuclear Power Station
http://ndf-forum.com/en/

.......




