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1. Introduction

Four key aspects in Technical Strategic Plan 2021

U The Technical Strategic Plan 2021 presents mid-to-long-term
technical strategy by focusing on the following four key
aspects of this year.

Proposed Prospects of a processing/disposal method
and technology related to its safety

First

Second Issues to be addressed for the trial retrieval to
8 minimize the impact of the COVID-19 infection
Summary of issues to be discussed for the selection of
methods for further expansion of fuel debris retrieval

Third

Efforts for the ALPS-treated water
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1. Introduction

Division of roles of related organizations responsible

for decommissioning of the Fukushima Daiichi NPS

Nuclear Emergency Response Headquarters (Director: Prime Minister)

” =
Council for the Decommissioning of TEPCO's Fukushima Daiichi Nuclear Power Statioh Nuclear Regulation Authority
(Chairperson: Chief Cabinet Secretary) | ;; Approval of implementation

plan, preservice inspection,
welding inspection, etc.
U Providing goals for

i ~wflecommissioning
The Team for Countermeasures for Decommls{ﬁloylmamn&iln%grrg %EQAQ%&%%%V% r IL?VS"“” S RERER T eI RS
u Progress management of each countermeasure accordlng

Mid-and-LongTerm Roadmap

(i Decide the direction of decommissioning and contamlnat%% %aé% (Mid-and-LongTerm Roadmap)

Minister of Economy, Trade and Indust;

Presentation of
Report important issues
Report on th
outcome ) : o - " )
Granting of Nuclear Damage Compensation and Decommissioning Facilitation Corpora

project budget

Development of a mido-longterm strategy
Tech. support for progress management of
R&D planning and progress management

Progress
management

Withdrawal plan
! (in collaboration)

Py
@
°
o
=3

uoleuIwexa ‘BulIoiUO

[t et et ent A ent

SaNIUNWWOD pUlUapISal [RI07]
anbojelp [euonoalipig

; i Strengthen international partnership >

R&D organlzatlon Management of Reserve Fund fo Reserve Fund for 8
International Research Institute for ﬁ Decommissioning | Decommissioning ‘;h
Nuclear Decommissioning (IRID)* |Share progress, : : : =
Japan Atomic Energy Agency (JAEA3Nd challenge QSVIecrt\a/ngigct)lrl]d:Rges,urecgmmendatlons, Disburse 3
i R&D implementation etc. P ) PP Reserv -ment Q
Repor related to project management, etc. -~

IUOISSILIWOD3P 0] paje|al suoieziuebio

Tokyo Electric Power Company Holdings, I(rkushima Daiichi Decontamination and Decommissioning Engineering Com;l

U0 Contaminated water andLPSreated water management, fuel removal from SFP, fuel debris retrieval, waste management, entire site
management, etc. . S Mid-and-Lonaterm

0 Through TEPCO's management reform, the funds required for decommissioning should be reserve Decommissionin gACtIOI’] Pla}
responsibly (Implementation of theMspecial business plan) 9

U Detailed measures for facility safety and protection of nuclear fuel matéievelopment of implementation plan for specified nuclear facility|

*lInresponsetothe ALBSNE | SR 4+ GSNJ RAaLR &l £ LR AO8 RSOARSR 2Rykushind\Dhiithi NPStonErd steady implementatior afl bAsi policy dieRl@E (
g GSNJ RAaLRalté o6+a F2dzyRSRO

2 TEPCO, a decommissioning project operator, participates as a member of IRID and shares the needs, challenges, anesezsutisaofd development.
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1. Introduction

Positioning of the Technical Strategic Plan

~ * Continually revised based on the progress of programs,
in the past revised once a couple of years

Mid-and-Long-Term Roadmap’

Mid-and Long-term RED Plan, Mext RED Plan
(The Government-led RED program on
Cecommissioning and Contaminated Water Management)

| Govern-
ment

Proposals for Revise

Technical Strategic Plan {annual)

¥

The Policy for Preparation of
Withdrawal Plan for Reserve Fund for
Cecommissioning [annual)

NDF

Withdrawal Plan for Reserve Fund
for Decommissioning {annual )

Planning from

Mid-and-long-term aspect
lointly created with NDF and approved by METI l

= Contaminated water management PG
» Spent Fud removal PG

= Fuel debris retrieval PG Mid-and-Long-term
= Waste management PG

- General management of the site PG Decommissioning Action Plan
= Facility maintenance/CGperational Management tannual)

[ o

Promotion of Decommissioning project

N J

Feedback

TEPCO

~
Feedback
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2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Concept on risk
The interim goal of the risk reduction strategy is to bring the risk levels into

the ASufficient!|

Small #h Impact of the event K Large

N B Major progress shown in red
(-_5 Region of sufficiently

&) stable management (March, 2021)
wn _
9 Fuels in

E capgmon Fuel debris

L pooJ.‘,ontaminated

= structures in bldgs.  Unit 1

— !

@© Vi ALPS Ur?'t 3 Remove to
(@)] absoar;s)tieosnlur Unit 2 Unit3 common pool
9 Fuels in vessels .’Un't 2 Fuelsin
~— Wast

dry casks as° B SFPs

—_— Concentrated sludge Unit 1

C_U liquid waste, etc.

iy

C Stagnant water

8 Rubble in Zeolite in bldgs.

@) stor.a.ge Stored water sandbags

o facility  in welded tanks

© Soil covered

E temporary

N storage, etc.

@® Outdoor

T storage, etc.

Residual water ‘
in flanged tanks

Safety Management (logarithmic scale)
Small #i Likelihood K Large

Example of risk levels at the Fukushima Daiichi NPS

Technical Strategic Plan 2021 —

Hazard Potential (logarithmic scale)

l stable manaﬁement l

reduction

stabl e managemen

Technical Strategic Plan 2020

Region of sufficiently (March, 2020)

Fuels in
common Fuel debris
pool
Contaminated ;
structures in bldgs.U _ SU”'t 1
nit
Waste T”C Uint 2
Fuels in absorption S'UIMY Unit 3 Unit2 Fuelsin
dry casks vessels Waste SFPs
Concentrated  sludge Unit 1
liquid waste, etc. Stagnant water
in bldgs.
Rubble in Zeolite
storage Stored water sandbags
facility  in welded tanks
Soil covered
temporary
storage, etc.
Qutdoor

Residual water
in franged tanks

Safety Management (Iogarithinic scale)

storage, etc.
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2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Risk reduction process for major risk sources and its progress

U Risk reduction process for major risk sources and an example of representing the
decommissioning work progress
(Visualized transition process of the risk sources from the time of the accident)

Arrows show the diffusion/processing flow of risk sources. Risk source Processing Sufficiently stable
Dotted lines indicate the scope of future studies. management condition
Category > Reducing risks by processing >
Fuel debris inside Y ! Temporary storage k SR \
Fuel debris |—| Retrieve > Temporary storage % __ ______ -/ Storage for fuel debris
PV _ for fuel debris _ Nl __ ’

Remove\ > Common Spent Dry cask
j Fuel Storage Pool

Spent fuel |—¥ Spent fuel pool —b(
Cs-137 | Stagnant water in Purify \ ./ Welded tanks emove Welded tanks
released during [T o Cs/S ; »> multi-
the accident buildings : s/Sr j ' - - (Sr-treated water) uclid (ALPS-treated water)
H | Residual water in
1 : flanged tanks
I *
1 ———
, I Concentrate®, Concentrated liquid Te
1 =l esporaen B waste, etc. i
1 s z v hf Dehydrate/ *_ _ ________ < Solid waste storage >
1 v L L
v stabilize ! facility
i * > ALPS slurry N '
i |
! 1
: A4 o/ Temporary storage __ _ _1
H "\ of used columns '
il ~ 1
1 ! :
L Decontaminate “ _ _ _ | __ !
.‘\[Operation stopped],r > Waste sludge : ———————— !
---------- __p{ Collect/ N 4
|~ ™\ _ stabilize . !
» Zeolite sandbags L :
1
1
———————— !
. Contaminated | _ _ __ p, Dismantler % !
"| structures in buildings o _R_errlgv_e_ _
Rubbles, Fallen trees, etc.
» Outdoor storage, etc. Reduce
volume, etc.
| | Discharge into the »{ Soil-covered, etc.
environment

(a) Risk reduction process
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2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Risk reduction process for major risk sources and its progress

U Status of transition (i n what progy
management o region for each ri sk s
the accident Stagnant water

in buildings
Spent fuel Environmental Attenuated
stored in SFP discharge Contaminated
. Structures in
Solid waste buildings, etc.

storage facility

Fuel transported to Common
Spent Fuel Storage Pool after Absorption

the accident columns, etc.

Zeolite sandbags, etc.
*New fuel not included

(b) Number of fuel assemblies of spent fuel (c) Radioactivity of Cs-137 released
(units 1to 4) at the accident (units 1to 3)

Fig. Risk reduction process for major risk sources and its progress
(example as of March 2021)
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2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Approach to ensuring safety during decommissioning

Basic policy

U As for decommissioning of the Fukushima Daiichi NPS containing the reactors
involved in the accident, its peculiarities regarding safety should be fully
recognized to ensure safety and suf fi
perspectiveo and At he operatoro6s pers

V Safety perspective . Ensuring safety should be the starting point for consideration.
Determining the most appropriate safety measure (ALARP#)

V Operator 6s perspective : Perspectives an
who are familiar with the site and perform operations on site

Peculiarities of Fukushima Daiichi NPS

N

vV A Iarge amount of radioactive material is in an unsealed state, and in unusual and various
(atypical) forms

V  Barriers for containing radioactive materials are incomplete
V  Significant uncertainties exist on the state of radioactive materials and containment barriers

V Difficulty in accessing the site and installing instrumentation devices to obtain on-site
information

V  Since the current level of radiation is high and further degradation of containment barriers is
a concern, it is necessary to take measures in consideration of the time axis without

\ prolonging the decommissioning activities )
Z Abbreviation of As Low As Reasonably Practicable. This
as low as reasonably achievable.
NDF ; 8
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.1 Fuel debris retrieval

Major targets and progress for fuel debris retrieval

Major targets

U As for trial retrieval in unit 2, which is stated in Mid-and-long-term Roadmap as
to be conducted in 2021, the process has been delayed due to the COVID-19
infection. In order to limit the delay to about one year, preparations will be
made for starting retrieval.

U With regard to further expansion of fuel debris retrieval, consideration will be
given to the methods including those for containing, transferring, and storing of
fuel debris, by assessing internal investigations, research and development.

Progress

U The arm-type access equipment
has arrived in Japan and started
testing.

U Deposit contact investigation and
3D scanning investigation in the

penetration X-6 was conducted.
Photographedin October 2020 (TEPCO material edited by NDF)
Fig. Investigation result of 3D scanning
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.1 Fuel debris retrieval

Strategies for trial retrieval

Trial retrieval

U Although small in scale, the operation in which an opening will be newly
provided to extend the containment barrier outside the PCV, is a fundamental
form of site construction for future retrieval work, since the conventional
containment barrier was located in the closed flange part (convex edge) of the
penetration X-6. This presents an approach that enters a new stage.

From Enclosure, Connecting pipe to Penetration X-6 connecting structure

Isolation Chamber (approx.W3.7xL8.2xH2.5m(max)) (approx.W3.6xL11.8xH2.1m(max))

A

Hatch Isolation room Am-ty y Shielding Isolation room inside Stage
’ i rm-type access Retractable Shielding\ Airtight Door
Robot Carry-in room Airtight Door Isolation room inside Stage investigation equipment Measuring Hatch Isolation rodm
% E Instrun\’\\ent Gate Va\le i
EQR S
Fgrst
o .
............. 83
g8
=
_ yInside
PCV
L [0 O ot
Hatch Releasing Apparatus Closed flange ~ Penetration X-6 . . .
Previous Containment barrier Enclosure Conn_ecting Penetration X-6
Containment barrier after expansion Pipe Connecting Structure
Previous Containment barrier
(TEPCO material edited by NDF) = Containment barrier after expansion  (TEPCO material edited by NDF)
Fig. Schematic drawing of isolation chamber Fig. Schematic drawing of enclosure to penetration X-6

to be installed at penetration X-6
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.1 Fuel debris retrieval

Strategies for trial retrieval

U While minimizing delays caused by the COVID-19 infection, mockup
testing that takes full account of uncertainties on site is important in
terms of actual site applicability and ensuring safety.

U Itis necessary to maintain the backup system on the UK side, while
sharing information and communicating smoothly with the UK engineers
who fabricated the equipment.

Photo : Robot arm and enclosure

tration X-6

Tip part of fuel debris retrieval device

7
<Wire brush type> <Vacuum vessel type>

Fig. Conceptual image of fuel debris retrieval system

(TEPCO material edited by NDF)

11
U

(!
@Nucl ear Damage Compensation and Decommi

NDF



3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.1 Fuel debris retrieval

Strategies for further expansion of fuel debris retrieval

Further expansion of the retrieval scale

How to select retrieval methods

U In selecting the method, it is necessary to use evaluation items such as
schedule and resources as indexes for selection while satisfying the
target of safety level.

U In the process of selecting the method, it is most important to quantify
each of these evaluation items, to use what evaluation items as indexes
for selection, and how to set the weighting of these indexes.

U In a situation with many uncertainties, it is necessary to proceed with
examination based on the currently available information and then to
feed back the results gained from the investigation.

Development of retrieval scenarios

U Several scenarios of fuel debris retrieval by each unit should be
examined and clarified several paths. Then, it is important to narrow
down the pathways thereafter to take according to the information
obtained afterward.

12
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.1 Fuel debris retrieval

Strategies for further expansion of fuel debris retrieval

Clarification of requirements

U Followings are important because operations, devices and equipment,
and facilities will be larger, and the scope of construction will be wider.
V Consideration in overviewing the entire Fukushima Daiichi NPS
V Specification and optimization of the requirements (containment, criticality,
operability, maintainability, throughput 2 , etc.) for operations and devices

End of FY2021

Process for narrowing down -
.. . Ideas Candidates romisina methods
promising retrieval methods (Fst and second candicates)
U Diverse ideas are expected to
be derlved, bUt |t |S |mp0rtant Primiﬂreyestctrﬁsning ::zt:gzz Sgcuo;ndt;irgafic(:)rr?:]igq
to conduct objective [ Method F | requirements o not [ Method G | - weighing of each
- indicator
evaluation and to narrow
down the methods by the
gradual process.
o _ o Fig. Image diagram of the process for
B Fuel debris retrieval capacity that indicates narrowing down retrieval methods

the processing time and operational efficiency
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.2 Waste management

Major targets and progress for solid waste

Major targets

U As an effort towards implementing processing/disposal, prospects
of a processing/disposal method and technology related to its
safety should be made clear by around FY 2021.

Providing prospects of a processing/disposal
rOgress method and technology related to its safety

a. Present measures toward reducing the volume of solid waste

b. Develop analytical/evaluation method for efficient characterization

c. Develop methods to reasonably select safe processing/disposal
methods at the time when the necessary information such as solid
wastesO properties are proven

14
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety

A Present measures toward reducing the volume

U The priorities for measures to be taken as waste management are
prevention of waste generation, = minimization of waste volume, reuse,
recycling. In waste management, it is important to consider  disposal as the
last option for volume reduction of waste.

. Consider in the design and Surmary:of tive Waste Hierarcliy Examples of countermeasures
construction plan to reduce the AktherHkushina Saticie 5P
Volume Of mate”als to be used Not ) Installation of a vehicle service station,

Waste Prevention ~=| prevention of carrying in packing material,
to bring in SUbStanceS that affeC'[ and common use of construction equipment
processing/disposal as much as Waste Minimisation ~---- { Classification, segregation, etc., of waste
possible Lo.d .

referre . I Examinati - f Is, )
. v “7771 very low surface dose
. Reuse ShOUId be promoted aftel’ Recyc"ng o Application of volume reduction equipment
. e L e ——————— (an incineration system, a crusher, and a
contamination checks, Disposal metal cutting machine)
decontamination, repair and parts
r e p I a C e m e nt Source: Strategy Effective from April 2011 (print friendly version), arranged by NDF

. Consider the contamination condition,
separate and process recyclable Fig. Summary of waste hierarchy at the NDA, UK, and
materials, and use them as new countermeasures at the Fukushima Daiichi NPS

materials and products
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety

A Develop analytical/evaluation method

0

Automation of pretreatment and simplified analytical methods compared to the
conventional radioactivity measuring method, etc.

Establishing the method in which statistical methods have been applied to
identify variable distribution and the width (quantify uncertainties in evaluated
values).

A Develop methods to reasonably select processing/disposal methods

0

For the waste for which properties have been identified to some extent, repeating
examination steps fromn to? , and an appropriate combination of processing
(waste form) and disposal? methods would be examined,

Establish several feasible disposal methods suitable for waste characteristics.

Establish several processing methods suitable for waste characteristics to be considered
and set the specifications of waste package after applying each processing method.

Evaluate the safety of several selected disposal methods based on the specifications of
waste form after processing to verify whether risk to the public and environment can be
sufficiently low, and to consider more effective processing/disposal methods based on the

evaluation results. i _
2 The |l ocation and scale of t|

NDF
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety

- Generation of | Near-term storage Pretreatment and | . [ . - :
l waste and management]—> treatment Waste conditioning Disposa

=

- Improve accuracy of data on - Based on treatment schedules, - Review waste specification
properties, for disposal safety update plans for required proposals to meet disposal - Review disposal methods
assessment timing, capacity, etc. of storage reguirement proposals (design of disposal facilities) and
= Acquire additional data, review facilities « |dentify technologies that can be assessment methods

transfer models * Update waste classifications applied (scenarios, models, assessment
+ Quantify factors interfering with Change combinations of waste - Improve quality control parameters)
waste conditioning to be treated processes

Faolicy for
narowing

dad
uaLspanba
BS0d8a7

0
- Specify treatment .
- Manage risk through monitoring technology suitable for * Specify reasonable and
+ Set inventories and surveilance waste gy feasible dl;posal methods
+ Consider risk reduction - Designate waste - Conduct disposal safety
measures as necessary specifications assessments

suondo
lesodsipaualwyeal) o) siesodoid

Reflect in TEPCO and solid
waste storage management
plans

Fig. Develop methods to reasonably select safe processing/disposal methods
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS 3.2 Waste management

Technical strategy by sector related to waste management

Characterization

U Itis important to develop a medium-to-long-term analysis strategy that
defines the solid waste to be analyzed, its priority, and quantitative targets
for analysis, etc., and to proceed with analysis/evaluation accordingly.

Storage
U Itis important to reconsider measurement items and timing, etc., while

acquiring necessary information through continuous monitoring and
surveillance of the storage status commensurate with the risks involved.

Processing/disposal

U In order to establish safe and reasonable processing/disposal methods,
and to widely obtain knowledge for optimizing each individual stream® , it is
necessary to continue development/research of processing/disposal

technologies required for the series of studies.

B A series of handling procedures for each type of waste, from generation/storage to processing/disposal

18
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3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS
3.3 Contaminated and treated water management

Major targets and progress for contaminated water management

Major targets

U To reduce the stagnant water in the reactor buildings in FY 2022 to FY 2024 to
about the half of the amount of the end of 2020, while controlling the generation
amount of the contaminated water to 100 m3/day or less in 2025

Progress

U Excluding the reactor buildings of units 1 to 3, the process main building and
high-temperature incinerator building, the treatment of stagnant water in
buildings was completed in 2020.

. . . (Source : TEPCO)
Fig. Outline of contaminated water management
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