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EXECUTIVE SUMMARY

At the request of the Government of Japan, specifically the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), an IABRTEMIS Review ofthe longterm policy

of the Japan Atomic Energy Agency (JAEA) on decommissioning of its instaltatod

processing and disposal of associated radioactive waste was undertaken from 12 April to 22
April 2021.The Reviewprovideda n i ndependent internB8ack onal ¢
End Roadmapwi t h the aim of giving guidance on
approach to managing its liabilities

TheJ A E ABBask-End Roadmap covers 79 facilities, includ
cyclefacilities, and waste management facilities, &nsl envisaged thdahe programmaevill
beimplemented over a period @0 years.

The Review findings should assist MEXT and JAEA in developing the planning and
implementation of decommissioning, and the robustness of the decommissioning cost
estimates,aking into account IAEA publications (including Safety Standards and Nuclear
Energy Series) and good international practice.

The Review focussed dhe following specifi@aspects

% The overall adequacy of the F@ar programme of decommissioning and waste
management

% The methodology of cost estimation, covering all steps from decommissioning to
waste disposal

% Ensuring the effective implementation of the programme, including the project
management and contracting strategy

The review was performed byteam of eight senior experts in the fields of decommissioning
and radioactive waste and spentfuel managementfrom seven IAEA Member States, with IAEA
staff providing coordination and administrative support.

JAEA is currently conducting the decommissianaf several large nuclear facilities and the
associated management of nuclear fuel material and radioactive waste. The current programme

of decommissioningis concentrated on three main facilities, namely the Tokai Reprocessing
Plant, the PrototypeFastBe e d er Reactor 6Monjud and the Ad\
These projects, together with associated waste processing and disposal activities, provide the
main current management technical challenges, as well as representing the dominant share of
costand other resource needs during the first phase of decommissioning.

The ARTEMIS Review Team acknowledged that the overall decommissioning strategy being
implemented by JAEA gives priority to those facilities where greater risk mitigation may be
achievedhighest priority) and where significant maintenamekted cost reduction benefits

are expected. The ARTEMIS Review Team observed that JAEA has along record of successful
implementation of technology development that could benefit the future deconmmgsiad

waste treatment programme. The ARTEMIS team further observed that the recent changes in
organization have facilitated putting in place a centralized management structure which allows
consolidation prioritization and coordination of technology delepment initiatives in a
satisfactory manner.
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The ARTEMIS Team noted thats gart of theFukui Smart Decommissioning Technology
Demonstration Basg 6 S u ma, dAEA invitedlocal industriesvith no previous experience
in decommissioning activities toain on the mochkup facility at TsurugaThis activity was
identified as a Good Practice.

As regards lifecycle management of radioactive waste, JAEA outlined an ambitious overall
programme, including siting and construction of concrete vault@mth disposal facilities

for low-level waste and very loevel waste within the next decadéis programme presents

a significant challenge, including managing the likely shortage of waste stesggriallyin

the event of delayin order to suppoMEXT / JAEA in increasing the effectiveness of the plan
and the efficiency of the decommissioning and waste management actions, in terms of risk
reduction and time and cost optimization, the ARTEMIS Review Team provided a number of
recommendations and swggiions including:

% JAEA should review arange of options to more clearly separate their organizational and
resourcing (people and budget) responsibilities for R&D and decommissioning to
strengthen the focus on each mission.

Y% JAEA should develop an intedesd unified resource loaded programme schedule which
would enable programme level risk and opportunity analysisnaadtermresource
allocationand programme manageménbe conducted.

% JAEA should adopt a clear strategy that aims to align v&istage capacities with the
availability of planned disposal facilities for all waste categories, taking account of the
possibility of delay in development of disposal facilities.

% JAEA should undertake periodic safety reviews of those facilities undergmenn
shutdown in order to ensure that safety is maintained over time, and to identify possible
actions to further enhance safety, taking into account management of spent fuel and
other nuclear fuel material.

% JAEA should ensure that its decommissioningt@ssessment methods are further
developed in order to provide a comprehensive understanding of total costs of
dismantling of facilities, addressing uncertainties and risks.

% JAEA shouldestablish a framework for addressthgirskills, capabilities and number
of personnel required to implement the programme, developing education and training
programmes on decommissioning and waste management.

% JAEA should develop a strategy to promote expansion of the supply chain,
implementinga partnering approach with suppliers that aligns with near term work
planning activites and communicate with industry a detailed contracting plan,
consideringoptions and contracting approaches thatensure balanced sharing of risk and
accountability.

% JAEA should conduct extensive characterizatdall the main process equipment and
cells of the plants, including sampling, in order to build a completkerstandingf the
nature and quantity of potentially problematic waste.

In summary, the ARTEMIS Reew Team considered that JAEA is in a good position to
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continue meeting high standards of safe and responsible managantecbmmissioning,
radioactive waste and spent fuel, and identified recommendations and suggestions for further
improvementsThe ARTEMIS Review Team commends JAEA for the production of aroadmap
that establishes the direction of its future programme and highlights the challenges faced.

The ARTEMIS Review Team commended the Japanese organizations and professionalism
involvedinthedesiy and | mpl e mBactkEad Roadmapg f atsh &l ednon st r ¢

the deliberate actions taken, the professionalism displayed by all, and the commitment to safety
in all its efforts.
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INTRODUCTION

At the request of the Government of Japan, specifically the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), the International Atomic Energy Agency (IAEA)
organizedan ARTEMIS review of the lonterm policy of the Japan Atomic Energygency

(JAEA) on decommissioning of its installations and processing and disposal of associated
radi oactive was tBackEndRoadmapd ipcuabtl e ds hiend tihne Dée c e m

The general objective of the ARTEMIS Peer Review Service is to prouvitigpandent expert
opinion and advice on radioactive waste and spent nuclear fuel management, decommissioning
and remediation, based upon the IAEA safety standards and technical guidance, as well as on
international good practice. ARTEMIS Peer Reviews agawoized jointly by the Department

of Nuclear Safety and Security and the Department of Nuclear Energy of the IAEA.

This Review is being performed by a team of eight senior international experts, selected by the
IAEA, in the fields of decommissioning andiiaactive waste and spent fuel management, with

IAEA staff providing coordination and administrative support. After a preparatory meeting in
September 2019, and receipt of Advanced Reference Material (ARM) in January/February
2020, the ARTEMIS Reviewteamx ami ned t he ARM and identif
Review Questions (I RQ)6, which were sent to
intention of these questions was to assist the counterparts in understanding the interests of the
Review Team ath so be better able to address the questions durirsgitreequenvission.

. OBJECTIVES AND SCOPE

The objective of the ARTEMIS review was to provide an independent international evaluation

of J ABabké&sd Réadmap, with a particular focus on t
The backend programmeovers 79 facilities, including nuclear reactors, nuclear fuel uses
facilities, reprocessing facilities, fuel fabrication facilities and waste management facilities.

The Review findings are intended to assist MEXT and JAEA in aligning the planning and
implementation of decommissioning, and the robustness of the decommissioning cost
estimates, with good international practice.

The review was organized by the DepartnadriMuclear Energy and the Department of Nuclear
Safety and Security of the IAEA. ThHgack-End Roadmapvas evaluated against the relevant
IAEA Safety Standardand technical reports, together withhoven international practice and
experiences by aninterti@nal peer review team selected by the IAEA.

In accordance with the Terms of Reference for the review agreed between the IAEA and
MEXT/JAEA, the review covers three important elements of the{eackprogramme:

% The overall adequacy of the F@ar prograrme of decommissioning and waste
management

% The methodology of cost estimation, covering all steps from decommissioning to waste
disposal

% Ensuring the effective implementation of the programme, including the project
management and contractisigategy.
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The Review addressed programmatic, technological and safety considerations, organized
according to seven specific topical areas:

% Optimization of the Overall Decommissioning Programme
Y% Waste Management

% Nuclear Fuel Material Management

% Decommissiomg Cost Assessment

Y% Waste Cos\ssessment

Y% Project and Contract Management

Y% Technology for Decommissioning

1. BASIS FOR THE REVIEW
1.1 PREPARATORY WORK AND IAEA REVIEW TEAM

On 15 May 2019 the Government of Japan, via MEXT, formally requested the I1AEA to
undertake an ARTEMIS review of the lotgrm policy of the Japan Atomic Energy Agency

(JAEA) on decommissioning of its installations and processing and disposal of associated
radioactive was tBackEndRoadmiafd ipcuabtl e ds hiend0t8hne Dée c e m

At the request of the Governmentdd#pana preparatory meeting for the ARTEMIS Review

was held at the offices of tAEA on 3-4 September, 2019, in Tokyo, Jap@he preparatory
meeting was attendeay the ARTEMIS Team Leader, Mr Francesco Troiani, the IAEA
Coordinator,MPat ri ck O6Sul | i van,,todétherith peior pgrsomel t a n i
from MEXT andfrom the JAEA

The preparatory meeting comprised discussions on:

% The Terms of Referencerfthe ARTEMIS review of the JAEBackEnd Roadmapn
accordance with the request by the Government of Japan; and
% The relevant detailed aspects for organization and conduct of the review.

IAEA staff presented the ARTEMIS principles, process and methodology. This was followed
by a discussion ahe deatileglanningof the ARTEMIS review mission to Japan, which was
originally envisagedo occurin May 2020. As a result of restrictions asatec with the Covid

19 pandemic, the Mission was postponed, initiallDitober 202Gndeventuallyto April

2021. It was also decided that, as a result of these restrictions, the review could only be
undertaken on a virtual basis.

1.2 REFERENCES FOR TH REVIEW

The draft guidelines for the ARTEMIS review service and the Advanced Reference Material
and materials presented during the mission and associated discussions. The complete list of
IAEA publications used as the basis for this review is providégppendixE.

1.3 CONDUCT OF THE REVIEW

The ARTEMIS Entrance Meeting was organized on a virtual basis on Monday, 12 April 2021,
with the participation of the ARTEMIS Review Team and senior management and staff from
MEXT and JAEA. Opening remarks were mdneMr. Horiuchi Yoshinori, 2puty Orector
General MEXT, by Mr Ito Yoichi, Executive Vice President, JAEAy Mr Christophe Xerri,

5
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Director of the Division of Nuclear Fuel Cycle and Waste Technology, Department of Nuclear
Energy, of IAEA, Mr Francesco Troiani, the ARTEMIS Team Leader, and by Mr Patrick
O6Sullivan of | AEA.

During the ARTEMIS Review Mission, a review was conducted of all of the topics identified

in the Terms of Reference in accordance with the agreed review scope. Theaawenélthe

review was to provide the Government of Japan and authorities with recommendations and
suggestions for improvement and, where appropriate, to identify good practice. The ARTEMIS
Review Team performed its review according to the mission prageprovidedin Appendix

B.

The ARTEMIS Exit Meeting took place remotely on Thursday, 22 April 2021. Opening
remarks were made byir 1to Yoichi of JAEA. A presentation of the results of the Review
Mission was given by the ARTEMIS Team Leader, Mr Franc&so@ni. Closing remarks
were made on behalf of the IAEA by Mr Christophe Xerri. Closingremarks on behalf of MEXT
were made byir. Horiuchi Yoshinori.

Confidentiality: C2 - Internal



FINAL REPORT

1. OPTIMI ZATION OF THE OVERALL DECOMMISSIONING PROGRAMME
1.1. ORGANIZATIONAL ARRANGEMENTS
MEXT/JAEA Position

JAEA is responsible for9 nuclear installations and over the next 70 years there will be a range
of R&D, operations and decommissioning activities taking place in order to meet the mission
of JAEA as required by MEXT and tli&overnment of Japan.

JAEA has conductedn assessment of the nuclear infrastructure under its management,
identifying a number of facilities essential to maintain mesatuclear R&D function, which
will remain in continuous use for ageded

JAEA has i@gntified 46facilitiesthat will continue to be usealverthenear to medium term
and 43facilitieswhichrequireto be dismantled. For risk mitigation, priority is given to;

1) Facilities that have a large inventory of radioactive materials
2) Facilities thahave considerably aged
3) Facilities that have unstable contaminated equipment.

JAEAGOD strategy to prioritize the structuresto be dismantled is based on some key choices, such
as the effective mitigation of radiological risk, with the best possible cost optimization.

Across these, JAEA icusedn prioritizing those facilities with highperating costs, where

it is possible to obtain the greatest benefits in terms of overall cost reduction and global cost
optimization. Among the latter, the Fugen and Monju pléaakui Prefecturg, and the Tokali
reprocessing plaiiibarakiPrefecture)in terms of size, complexity and costare those that pose
the most relevant challenges of the entire JAEA decommissioning plan.

During the discussion with the JAE®Dunterpartsthe current organizational arrangements for
its facilitiesand associateitls budgets and programmeseve expanded. JAEAoted the
challenges of motivating staff to make thensitionfrom an R&D focus to a decommissioning
focus- acknowledging that this is more challenging on sites where both activities are taking
place but less dllenging on sites that have completely transitioned to decommissioning, for
example, Fugen.

During the presentation and discussion JAEA described the organizatroaae mentthat
currently exist for managing their different sites and the facilitiethiwvithe sites. Tase
included arrangements for ensuring that requirements of thdiceisesare metJAEA noted
the importance of knowledge management as part of this programme.
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@ 3. JAEA Organogram
(Research and Development Sector) As of April 2019

President
Executive Vice President Sector of Fukushima Research and Development I
Executive Director (6 person) (2 person )

Sector of Nuclear Safety Research and Emergency Preparedness!

O O

(Management Sector)

Office of Strategy and International Affairs

Decommissioning and Radioactive Waste
Management Head Office N L. . . .
Tokai NSRI (Decommission 17 facilities / Operation 19 facilities)

safety and Nuclear Security Administration Department

Sector of Fast Reactor and Advanced Reactor

R&D Program Management Department Research and Development

Legal and Audit Department Qarai (Decommission 9 facilities / Operation 10 facilities)

General Affairs Department

Personnel Department

Sector of Nuclear Fuel, Decommissioning and
Waste Management Technology Development

Tokai NCL

Financial Affairs Department
Contract Department TRP (Decommission)
Other (Decommission 9 facilities / Operation 11 facilities)

(Decommission 1 facilities / Operation 1 facilities)

Public Relations Department

Smart Operation Promotion Office

(Decommission 3 facilities / Operation 4 facilities)
(Common Mission Sector)

(Operation 1 facility)
Intellectual Resources Management and
R&D Collaboration Department

Construction Department

Horonobe

Center for Computational Science & e-System

Nuclear Human Resource Development Center

e Sector of Tsuruga Decommissioning Demonstration
—E Fugen (Decommission)
Other (Decommission 1 facility)

Monju = Monju (Decommission)

Integrated Support Center for Nuclear
Nonproliferation and Nuclear Security

Tsuruga Head Office

ARTEMIS Observation

TheReviewTeam observed that JAEA is in a period of transition from an organization with a
long history of nuclear relatdRi&D that has served the needs of the Japanese Government and
the countr y 0 stoomeithal mus aarryiout lloth gstomngyR&D mission and the

new mission of safe, effective, reliable and eetctive decommissioning of some of its
facilities. With time the balance ofeffort may evolve with an increasing focus
decommissioning activities. The approach needed for th#eeentroleshave some common
elements but there are also some very distinct requirements.

The Review Team observed that JAEA has a number of governance committees and
departments linked with its routine operations and its transition to decommissioning. It also
appearsthatsome facilities report progress for R&fivity separatelfromdecommissioning.

It may be possible for JAEA to more strongly focus and align its organizdstnucturenore
closely withits dualmissionobjectives. This will require engagement and discussion with a
range of organizatiaincluding MEXT.

Opportunites to optimize the overall programme could be strengthened with enhanced
organizational focusThere are examples in other countries where this has been done. For
examplejn the UK, the Nucleabecommissioninghuthority (NDA) is responsibldor 17
decommssioning sites. Operations are still carried out on some of these sites, for example
reprocessing of Magnox fuel at Sellafi@ldd in these cases, there is a clear separation between
the operations organization and the decommissioning orgamizkticthe examples include
the European Commi ssi on fagesdacchonganiz&iensvithafageh Ce n
number of sites and facilities, including nuclear facilities. In 20IRC reorganizd its
organizational structure and working arrangements to more clearly separate its ongoing R&D
work from its decommissioning and niadctive waste management programifiee French
Alternative Energies and Atomic Energy Commissi@EA) is structured with a clear
separatiorof its decommissionin@nd waste managememissionfrom its research and
operational responsiliies andactivities.In 2008 Orano formeda Decommissioningusiness

8
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Unit to separatalecommissioningrom other parts ofts businessfor example, reprocessing
activities In the USA, the Department of Eneyg 6Gffice for Environmental Management
(DOE-EM) was formed in 1989 to address nuclear legacy facilities and wasiesrating it
from R&D. Where both activities occur at a geographic site, they are managed by different
organizations andnplementedhroughseparateontractsThe Italian National Agency for
New Technologies, Energy and Sustainable Economic Develop(@&EA), beganto
decommissioriour permanently closed nuclegcilitiesin thelate 1990slt soonbecame clear
thatcarrying outesearctanddecommissioningh parallelpresented challenges feffective
deliveryof thedecommissioningrojectsin 2003allo f  E Ndeéoinmiissioningctivities
were transferredto SOGIN, the Italian nationaldecommissioningand radioactive waste
organizationto enable aingle focuondecommissioninfpr these facilities.

1 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: JAEAplansto carry outthe safe operation ofarange of R&D and operati
facilities at the same time as progressing with decommissioning activiihkescurrent
organizational division of responsibilitieappeas to be combinedrather thanclearly
delineated

BASIS: GSR Part 2 Leadership and Management for Safety

1) Requirement 2: Demonstration of leadership for safety by managers

fiIManagers shall demonstrate leadership for safety and commitmg
safetyo

BASIS: GSR Part 6 Decommissioning of Facilities
Requirement 9: Financing of decommissioning

AResponsibilities in respect o
(2) shall be set out in national legislation. These provisions shall ing
establishing a mechanism to providéequate financial resources and
ensure that they are availahlevhen necessary, for ensuring s
decommi ssioning. 0

BASIS: GSR Part 2 Leadership and Management for Safety Requirer
4: Goals, strategies, plans and objectives.

3) ASenior managemeshall establish goals, strategies, plans and objec
for the organization that ar e
policy.0

Recommendation:JAEA shouldreview a range of optiorie more clearly|
separa¢ their organisationaland resourcing (people anéudge}
responsibilities for R&D and decommissioning to strengthen the foc
eachmission

R1
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1.2 PROGRAMME OPTIMIZATION PROCESS
MEXT/JAEA Position

JAEA provideda high-level overview of the planning processes that are currently in place.
These include the }@QeardMedium/LongtermManagementPlasfJ A E A< i landthe e s 6
Plan to Achieve Medium to Longierm Objectives 0§ A E A §eaf Medium to Longerm

Plan) They recgnized that the data underpinning theyEar midto-long term plan continues

to be developed and that this is not fully reflectettha/-yearplan.in addition, JAEA referred

to the current levels ahtegrationand notedhatthere wereopportunitieso do more in this

area whictcould maximize the potential efficiencies by not foreclosing options

The operational reviews carried out since the Great East Japan earthquakepo@ddio
the need to decommission many more facilitiegs Blads significant additional complexity to
decommissioning planning for JAEA.

The AdvancedReferencéMaterialincluded a summary bar chart showing the outline timing
for decommissioning odll facilities. During the reviewinformation was furtheprovidedon

the more detailed planning tools being used at Fugen and Moifijarentsoftware planning
tools are usedior eachof these sites becauttee Fugerdecommissioningroject begaseveral
years before the Monju project.

Risk and opportunity analysis is at an early stagevolutionand there is a desire to be able to
utilize these tools more effectively to be able to better understand ways of optimizing the overall
programme.

JAEA provided an explanation of the interactiwith Nuclear Regulatory Authority (NRA)
with regard tcapprovalf the overall decommissioning plan followed by further more detailed
applications.

ARTEMIS Observation

TheReviewTeam recogrzes that JAEAs atanearly stage of developirntgdecommis®ning
planning and that aelatively small number afs facilities havebeen fully decommissioned

To enhance the capability for optimization of the overall programménportanto be able

to compare projects dacilities and sitesn a consistent wayA commonbasis for detailed
planning including riskandopportunity analysisvould enableeffectivescenario planning to

be carried out andould facilitatemodelling of a range of factors important to succédssfu
programmeoutcomes. This could include, for example, budget increases and decreases,
resourcing availabilityand waste storage availabilitRecognzing thatit will take time to
implementa uniform systematic way to do thisshould be possible, in ¢hinterim, to develop

a common reference systema.g.,work breakdown structure, resource coding, procurement
planning) to enable programme level oversight. €niables developmentafdetailed plan for

each facility and site.

There are many positive sa studies from othentemationalprogrammesvhich could be
regarded as industry best practieer example, in the UKvhenthe Nuclear Decommissioning
Authority (NDA) wasformedin 2004 itneeded b establish a commadmaselineacross its areas
of responsibility It defined a systematicapproach in a series of Programme Controls
Proceduresdeveloped in line with itBaseline Management System Program@uoatrols

10
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Procedure Manualn theUSA, DOE-EM utilizesdetailed site-speciic baselines to support its
approach to award contracts tigcommissioning(in some casesip to10-yearduratior), and

is alsoable to synthesize all 17 sites into an overall programme estiffagéeEuropean
Commi s s RO estaldishetla Decommissioning & Waste Managemeii&WM)
Programmen 1999, whichcovess allits nuclear facilitiestfour differentsites The planning
and budget of th®&WM Programmaeare periodically reviewenh orderto align progress of
projects with prioritiesand with needs of the programiaea wholeThisprocesslso provides
the data for the preparation of the future budget requests.

These detailed plangll provide the basis for tHéacilitiesManagemen®romotionCommittee
and Back End Head Office towiew execution, drive budget requests and identify opportunities
for optimization.(See als@®bservatioa16andl7?)

The decommissioning plans should be periodically reviewed, the timing depends on many
factors and so the periodicityr plan reviewshouldherefore have some flexibilitfExperience
internationally suggests that conditions within decommissioning progessmgan change,
sometimes quite suddenly, and it is important that stakeholders understand this. Scenario
planning can be very helpful being ready to respond to such changes

2 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: The BackEnd Roadmaprovidesaninitial lifecycle strategy and visiofor
completing decommissioninthedetailedplanning is at an early stage of developm&he
opportunity &ists to significantly strengthen the strategy through incorporationastry
best practice in project planning.

BASIS: GSR Part 2 Leadership and Management for Safety

Requirement 4: Goals, strategies, plans and objectives.

1)
fASenior management shall establish goals, strategies, plans and objecti
theorganizat on t hat are consistent it
BASIS: GSR Part 6 Decommissioning of Facilities:
Requirement 2Graded approach in decommissioning

2) AA graded approach shall be appl

determining the scope and level of detail for any particular facility, consi
with the magnitude of the possible radiation risks arising from
decommi ssioning. 0

Recommendation:JAEA should developraintegratedunified resource loade
R2 programmeschedulevhichwould enabé programme level risekndopportunity
analysisand resource allocation plannitogbe conducted

s1 Suggestion:JAEA should consider how to identify and evaluate alterng
scenarios and integration opportunitidgiscould lkead to greater efficiencig

11
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and effectivenegs its programmein orderto maximee progress witim funding
constraints

Suggestion:Given the large number of structures to be decommissioned a
limited availability of human and financia¢sources, JAEA should consid
S2 once the planby-plant priorites have been established, to proceed with

definition of an action programe for each plantand then evaluate ar
interdependenciesetween these plans

Suggestion: JAEA should considr carrying out periodic reviews of th
decommissioning plans. This should be done on an ongoing basis through
programme, Snce the circumstances and conditioaschange continuously an
guite suddenly during decommissioning

13 PROGRAMME PLANNING
MEXT/JAEA Position

The JAEA Back End Roadmap covers decommissioning, processirageand disposal of
waste and management of nuclear fuel material.

The Btperiod of about 10 years (until FY2028) is devoted to implemgbiackendmeasures

while giving priority to ensuring safety of facilities, such as measuresto ensure confetimity

new regulatory standards, measures to strengthen the countermeasures against the earthquake,
measures against theeaitg of nuclear facilities andsk reduction measures.

The 2dperiod of about 20 years (from FY2029 to FY2049) is a transitional period toward full
scale decommissioning through the implementation of the disposal of radioactive waste and the
establishment of waste processing faciliti@aringthis period JAEA intends to introduce an
appropriate process management mechanism to adjust the plan to the variably changing
condition of the facilities along with the progreashieved by setting hold points in the
decommissioning process foaeh facility.

The 39 period of about 40 years (from FY2050 to erstjeédicated to implementy full -scale
backend measures toward completion.

ARTEMIS Observation

TheReviewTeamobserved that JAEA Isa structured approach to tfié-yeartime period for
decommissioningwith three distinct periods to support the planning activities. The detail
within these periods understandably changdise withthe amount of information available.

It is typicalfor more detailto be available in the nearterm with less detail available in the longer
term.

The relationship between the JAEA plaasy, the7-year andLO-yearplans referred to in 1.2
aboveis importantEffective delivery of the decommissioning grammerequires thathe
key interactionsare understood andhe key dependertiesare highlighted. Theseincludes
factors such as rate of waste arisings, viability of storage facilitiesiferand offsite),
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resource availability and technology deploym@&iinging theseaspectsogether into aingle
executablaeartermwork plan shouldmake itpossible for JAEA to enhantiee effective and
efficient delivery of the broad mission of decommissioning facilities and siiés.
development of aentirely new plarshould not be necessabut rathedevelopment of what
exists todayevolved for the purpose @fork performanceanddelivery management.

Whilst this recommendation is focussed on the near ,tdkiEA should also consider
opportunities wihin the second phasd activities, includingundertaking earlyadiological
characterization of the systems and componevitere possibleand alsoccommencinghe
environmental impact assessmartguired to support decommissioniriignay be possiblet
accelerate these activities therefore enabling greater efficiency of delivery at a later stage.

Development of @omprehensive nedéerm work plarrelies upon a detailed, commonly coded
project plan for each facility and sif¢éhorizontalviewd, so that for the delivery peridthear
term, medium term effit is possibleto look consistently though all these&erticab or
dntegratedview). Importantly, this does not mean there are multiple plahs. planning
process shouldisethe same souecinformation butthis maybe displayed and anatgd
differently for the different purpose&ccountability for the detail remains with the responsible
person in each site or facility.

3 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: TheReviewTeamnoted that therare a number oflifferentplans(covering
varying timeframes) or J AEAOG s d actviiesifheredoeswtapprag to bea
cleary definednearterm plan thatis needed téorm the basis adelivery. In addition,here
are a number of criticaldecisionsin the near ternthat are required in order for th
progranmeto proceed to successfully deliver BackEnd Roadmap

BASIS: GSR Part 6 Decommissioning of Facilities

Requirement 2Graded approach in decommissioning

(1) AA graded approach shall be appl
determining the scope and level of detail for any particular facility, consi
with the magnitude of the possible radiation risksising from the
decommi ssioning. 0

BASIS: GSR Part 6 Decommissioning of Facilities

Requirement 8Selecting a decommissioning strategy

(2) ARnThe |icensee shall select a deco
the planning for decommissioninghe strategy shall be consistesith the
national policy on the management

R3 Recommendation:JAEA shouldfurtherdevelop aletailedhear term work plar

to be used alongside tiiBack-End Roadmajpo communicate clearly its god
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and prioritiesbothin the near andongterm using the planning processes
required by MEXT

14 STAKEHOLDER ENGAGEMENT
MEXT/JAEA Position

JAEA explained the large number of stakeholders that exist and the impacts they can have on
their work. In this sense, the definition of stakeholder is used in its broadest sense including
for example, staff, regulators, national govweent, local government (prefectures,
municipalities, towns ety, businesses, the supply chain and local residents.

JAEA recognized that different stakeholders have different interests in their work and varying
needs for information, dialogue and engagemilany stakeholders have a long relationship
with JAEA and are familiar with their R&D work they carry out but may be less familiar with
the future decommissioning activities that will be taking place at the sites and facilities over the
coming years.

JAEA explained the current position with regard to stakeholdeeckiding thecomplexity of
the interactions associated with its scope of activitiEee importance of effective
communication and engagement veasphasized

ARTEMIS Observation

The ARTEMIS Reiew Team encourages JAEA further expand its stakeholder engagement
activities as it progresses with preparation for increased decommissioning planning and
delivery. International experienbéhlightsthe value of early and continuous interaction the
stakeholders during normal operational activities on a site and this is increased during periods
of changelt is also important to understand the differing needs of stakeholders and the most
appropriate wgs to engage.

Early engagement with regulatory bodies is seewveag positiveandhas beemecognizeds
good practiceduring recent meetings of the parties to dwént Conventionon Radioactive
WasteManagement and Spent Fuel Management.

JAEA could beefit from planning and implementing a holistic approach to stakeholder
engagement th#tads toa total picture view of the full range of topics needed for the Back End
Roadmap to be optimizé&dwith objectivessuch as

% Raise awareness thaiilities exist and decommissioning must proceed to address the
inherent risks, which only increase as facilities age.

% Waste volumes will necessarily be generatedulghdecommissioning and realistic
plans are needed for their safe and efficient staaadaultimately their safe and efficient
disposal.

Y% Wastemanagement facilitiesre expensiveand itis in the public interest that these be
optimized.lt is in the national interest to reduce the cost and environmental impact of
wastedisposal, which canéachieved in part by ensuring wastes thahdtrequire
disposalto protect human health dneertedto other managementroutesncouraging
support for clearance.

14
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% Alifecycle approachis neededto balancefactors. No action is notan optiotilaelg is
to involve greaterisk.

Y% There arsignificantopportunities for economic benefit to local communitigsfuture
land use andeartermindustry development, jobs, training, education, etc.

4 RECOMMENDATIONS, SUGGESTIONS AND GOOBRACTICES

Observation: Thereexistsa wide range of recogmed stakeholders that have the poten
to affect JAEA decision making and activities across their sites and facilities. It is no
if a comprehensive stakeholder analysis has been carried out showing the individual
and approachethat are neded

BASIS: GSR Part 2 Leadership and Management for Safety

) Requirement 5: Interaction with interested parties

ASenior management shall ensure
parties takes place. 0

BASIS: NW-G-2.1 Policies and Strategies for the decommissioning of Nu
and Radiological Facilities.10.

(2)

ABui | d-tean trisbamgng stakeholders engaged in the managem
radioactive waste, decommi ssioni

Recommendation: JAEA should further develop their stakeholder anal
processThis shoulddentify approachesdr engagement, dialogue and decig
R4 making based on a priority assessment. Any potential impacts to sucq
delivery should also be refdéed in the relevant project and programme
management

Suggestion:JAEA should consider seeking to develop and maintain an g
dialogue with the regulator already at an early stage in the progeamorder
to build a mutual understanding concerning the principal elements of @A
backend strategy. In doing so, JAEA should be seeking also to obtain in
into any issues that might give rise to regulatory concern, so that it migh
appropridge mitigation steps in advance.

15

Confidentiality: C2 - Internal



FINAL REPORT

2. WASTE MANAGEMENT
WASTE INVENTORY

2.1

MEXT/JAEA Position

Radioactive waste in Japan is classified into two main classes according to its level of activity,

namely highlevel radioactive waste (HLW) and lelevelradioactive waste (LLW). LLW is

furthersubdivided into:

% L3: Very low-level radioactive waste (VLLW)
% L2: Relatively lowlevel waste
% L1: Relatively highlevel waste
% Uranium waste
Y% Longlived, low heatgenerating transuranic (TRU) wakte

Origin of waste

Disposal concept

Low-level
radioactive
waste (LLW)

Long-lived, low heat-
generating Transuranic
waste (TRU)

Waste generated from the operating and
dismantling of reprocessing facilities and MOX
fuel fabrication facilities

Geological Disposal

Intermediate depth disposal

Concrete vault disposal

Trench disposal

Waste

from level waste

Relatively high-

research
facilities,
etc.

level waste

Relatively low-

Very low-level
waste

Waste generated from research, research
reactor, medical and industrial facilities using
or producing radioisotopes

Intermediate depth disposal

Concrete vault disposal

Trench disposal

Uranium waste

Waste generated from uranium enrichment
and uranium fuel fabrication facilities

Not yet

At presentthe estimation of waste volummcluding expected future arisings, reviewed
every termsevenyears in thed P| a n
Atomic Energy Agency (Mediumto Lorg e r m Prheainvgnidry of wastes in storage is

t o

updated annually and reported to the regulator, as reduyrtte relevant regulations
ARTEMIS Observation

The ARTEMIS Review Teamnmotes thathe IAEA Specific Safety Guiden classification of
radioactive waste (GSG) states thatadequtedetermination and documentation of the

Ac hi e vtexm Obgedtives oh Japan

L on

characteristics of the waste form, the waste container and/or the waste package should be

ensured to provide data necessarydfecisions about thieiture management of the waste (e.g.

for its disposal).

The Review Teanconsiderghata prerequisite for planning of technical means required for

managing radioactive waste in the defined planning timeframe {gyears) isthe
establishment, and regulapdating an inventory of all radioactive waste to be managed,
providinginformation onthe wastesource, location, quantity and propertigsluding both
radiological and chemicplThe inventory should include athdioactivewaste requiting
managemenexisting wastend that whichs predicted to arise from future nuclear activities.

! Wastedestined for geological disposalis sometimes o f f i ci al |y
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It is essential that data used to compile the inventory is credible, collected in a consistent and
efficient manner and is presented appropriately to meet stakeholderamebdsjuirements.

Once the current and future waste inventories have been established, their assessment will
enable the identification of management needs for dealing with identified waste streams.

TheARTEMIS Review Team acknowledged that JAEA kdaseloped an inventory of all types
of radioactive wastdt shouldcontinue its ongoing efforts tdentify andimplementareas for
improvements in its waste inventory approach.

In comparison to current practice in countries with similarly large and @mmplentories, the

level of detail provided ithe Back-End Roadmapadioactive waste inventory is limited to
numbers and volumes of conditioned waste packages and weights of unconditioned waste.
More ddailed informatioraboutfutureinventoryprojectiorsis needed to suppduture waste
managing planningAs a mechanism for improving transparency with respect to inventory
reporting, additional information could be providgding a description of the main types of
radioactive waste by location as wedlthe inventories for eaathaste typen terms of current

and projected weight or volume of unconditioned waste, total activity, the current conditioned
and projected waste volumes, and total number of packages.

The Review Team suggests that consideragioould also be given to providing data on
radioactive material that is not currently declared as radioactive waste, but may be in the future.

Detailed inventory information may be of particular valuein relation to designingand assessing
the safety of rdioactive waste management facilities and activities (essential input for safety
assessment).

The Review Team was informed that the inventory informatioseveral problematic waste
streams currently is incomplete as their characterisation poses teatattahges.

The Review Teanconsiderghat JAEA inventornprojectionin terms of egivalent200-litre
packages issefulandfacilitatescommunicatiorwith the stakeholders.

TheReview Teanwas toldthat there is a degree of stability around the tathlme of lifetime
arisings of radioactive wastalthoughrecogniang this view,the Review Teamonsiders that,
given thecurrentearly phase oprogrammemplementation, itis likely that the total volume

will change as strategies are further refinedias emphasizethat JAEA should maintain the
inventory under configuration control so changes upward (in particular) warrant review and
consideration of ggroaches to limit the increase or offset the impacts.

At presentthe estimation of waste volume arisingsislertakeioy JAEA every 7 yearsvhich
is longer than the intervals in other programmes internationally. In the UK and Fthace
revision periods 3-yearly, but in several other countries this tinaeneis even shorter.

The Review Team concluded that JAEA should create a more detailed inventory and introduce
a systematic process for its regular and more frequent updatingre frequent reviewfdhe

guality of the inventory data enaklihe identification of waste for which information is not

fully available and where it can be improved. Theedcouldthenbe incorporated ito the

waste characterization programme of takevantacility.

17
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The Review Team also se&alue in using inventory reporting to monitor changes over time,
i.e. comparison with previous inventories, as a mechanism for demonstrating the outcomes of
waste minimization initiatives.

RECOMMENDATIONS, SUGGESTIONS AND GOOBRACTICES

Observation: JAEA has developed an inventory of all types of radioactive waste. Ho
the current inventory is not sufficiently comprehensive to inform waste manag
strategy. At present the estimation of waste volume arisings is reviginetEA every ]
years which is longer than the intervals in other programmes internationally.

BASIS: GSR Part 3 Radiation Protection and Safety Sources: Internati
Basic Safety Standards

) Requirement3l, para. 3.131 (e)

ARegistrants and |icensees, in ¢
maintain an inventory of all radioactive waste that is generated, stqfigqg
transferred or disposed ofo

BASIS: SSG47: Decommissioning of Nuclear Power Plants, Rese
Reactors and Other Nuclear Fuel Cycle Facilities

) 8. 37. €é€The proper determination
the waste form, the waste container and/or the waste package should be ¢
to provide data necessary for future managemenhefwaste (e.g. for it
disposal).

Suggestion JAEA should consider introducing a systematic process fo
regular and more frequent updating of the currep¢dr inventory.

2.2 INTERDEPENDENCIES OF STORAGE AND DISPOSAL
MEXT/JAEA Position

J A E Aclrent strategy is to safely and securely stadgoactivewaste until disposal routes
become availabldt acknovedges that thenplementation o$torage and disposaptionsare
impacted by external factomnd recognizes that the namailability of storage facilities call
impact on delivery of its overall programme. Retairshgtdown facilities over long periods
may present risksf facility degradation and increased cost.

JAEA reported that onlgenericwaste acceptance criteria (WAC) haseefarbeen defined.
Definition of final WAC are not possibJdecause the disposal sigenot decided yett is
important that suchriteriabe derived for longerm storagef waste

ARTEMIS Observation

The Reviewleambelieveghatit is very importanto take an integrated view of tiBackEnd
Roadmaypo ensure thatinfluences from, and impactd@tkend actions are clearly identified
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and understood, enabling effective decision making to guarantee efficiengrsd secure
management of the generated waste

TheReview Teanencourages JAEA to fully observaterdependences among all steps in the
predisposal management of radioactive waste, as well as the impact of the anticipated disposal
options.

TheReview Team recognizes the significant challenges associated with the very tight schedule
of implementation of disposal facilities for various waste categories (L2 and L3).

The available storage capacity is forecast to be satubgtédte 2030snd theres a need to
licence a disposal site for L2/L3 wta as soon as possible. Given the complexity of the
remaining challengdsr site selection, safety assessmentand licensingRAEMIS Review
Team observes that the identified planning milestone of LAi§Bosal being aviable in 2028

(as documented in the ARM)éxtremely challenging

To implementheBack-End Roadmaya carefully planned storage strategy should be devised
looking at possibilities such as:

% Lifetime extension of the existing facilitiéwith due consideration to the aging status)

Y% Repurposin@f existing buildings (from decommissioned facilities) to storage facilities;

% Construction of ew interim stores (especially for waste destined geological
disposalorintermediate depttisposal (L1)considerindong enough design lifevith
appropriate care and maintenance programmes in place.

The Review Team recognizes the significant drades associated with the deriving the generic
storage and disposal WAUTHhis is important with regard to the questiminwhether it can be
assumed thausequendite-specific WAC will be consistent with the generic WA®@d any
pre-disposal waste management activities undertaken to enable decommissioning to proceed.
Thisrepresents a key issue with regard to the interdependenciesbetween different steps of waste
management, i.e. between the planning of waste treatméntaste disposal facilities being
conducted in parallelf Ithere aresubstantiatlifferenceshetween generic and sigpecific

WAC for the disposal facilitigssignificantissues couldesultfor the overall programme if

waste treatment facilities havedreplanned and possibly already constructed based on the
generic WAC.It is also possible that packaged wastes will require additional handling and
packaging to meet the final disposal WAC.

The Review Team encourages JAEA to consider that there are madisposal activities
which can and shoulde undertaka despite L2/L3 disposdiacilities not having been
establishedndin the absence of sigpecifc WAC. For example:

% Make sound and bounding assumptions about waste form and package pimeeat
with processing and packaging where it makes sense to.do so

% Ensure the details and results should be fully considered to drive future disposal to
ensure itaccommodawhat has been packaged.

Waste destined for geological disposal is someti mes
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% Considerthe evaluation and use of wast@anagement information from other
programmes/sites that have proven to be adequate and which provide a bounding
representation of what JAEA will face for L2/L3 disposal

% Proceed with dismantling, where necessary to address safety issues, and place wastes i
a configuration that facilitates their future processing

% Characterize the wastesthe time of initial packaging

The ARTEMIS Review Team suggests that consideration be givempooving the generic
WAC to ensurethese are sufficient to precluddarge future impacs on programme

implementation, time scales and costs. The risks restitiimg possible changes of the WAC

for the future facilities sbuld be identified and evaluatedihe development of bounding,
generic WACtacilitates mitigation othe riks identified.

6 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: The Review Team notes that the current storage capacity for-kbeat
radioactive waste is likely to be saturatedtbg 2030svhereas a disposal facility for L2/L
waste is unlikely to be available on this timeframe. To advance progress in develolp
needed disposal capacity the Review Team noted a need for JAEA to progress to
phase with minimal delay, i.e. from a conceptual design for a generic site towards
design for a sitespecific phase and associated safety cases.

(1)

BASIS: GSR Part 5 Predisposal Management of Radioactive Waste

Requirement 6..Al nt er dependences among
management of radioactive waste, as well as the impact of the antic
disposal option, shall be appropriately takeninto aatdu. 0

RS

Recommendation JAEA should adopt a clear strategy that aims to align
storage capacities with the availability of the disposal facilities (L2/ L3), ta
account of the possibility of delay.

SuggestionJAEA should consider approache$uaherimproveits safety cas
for L2 and L3 disposal facilities, proceeding towards generic site conct
designs, in order to move the process forward in a timely manner and cof
with its continuous improvement initiatives.

2.3

WASTE HIERARCHY

MEXT/JAEA Position

Material generated from operation and maintenanaeuafearfacilities and from facility
decommissioninghaving very lowradioactivity concentratia)is classified agmaterial not
required to be handled as radioaetivast§ following approval and confirmation by the NRA

It is appropriate thatuch material care appropriately recycled or disposed of within a
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clearancéramework Clearance levels have already been publisheddimt waste from light
water reactorggascooled reactors, heavy water reactors, fast breeder reactors afgdiael
facilities, together with details of methods for their certification.

Thereare four principles$or the treatment and disposal of radioactive wakarly set irthe
dramework for Nuclear Energy Poligy

1) The liability of generators

2) Minimization of radioactive waste

3) Rational treatment and disposal

4) Implementation based on mutual understanding witlpthic.

Following the waste minimization principle, thperatas conduct initiatives to minimize the
guantity of such waste and in so doing reduce the resources required for its management

Under the clearance system that has been established, operators s&ppribnval of Methods

on Radioactivity Concentration Mearement and Evaluatiéfor concrete, metals, and other
materials generated from the nuclear installation in question, pursuant to the provisions of the
Reactor Regulation Act. Material with a radioactivity concentration below the reference value
does notneed to bemanagedas radioactive wastelAEA is currently storing or reusing
materials suitable for unconditional reuse.

The Basic Policy for Nuclear Energstates that some nuclear industry and R&D institutions

are running short of waste storage capacity. To ensure the smooth implementaticeaaldull
decommissioning in the years ahead, it wikreforebe necessary to secure suitable waste
disposal sites an@d expand their capacity by means of clearance process. A pressing challenge
here is securing the understanding of the general public and local resbids is an
importantprerequisite formplementation of such activities

ARTEMIS Observation

The Revew Team acknowledges JAEAOGs efforts on
encourages it to further promdteefundamental principle of waste minimization.

The Review TeanconsiderghatJAEA shouldpursueeffective volume reduction techniques

and decorgmination methods to significantly reduce the amount of radioactive waste. The
operators (waste producers) should conduct further initiatives to minimize the quantity of waste
and in so doing reduce the resources required for its management.

JAEA should onsider how to further facilitate changes in waste managebedrivious and
culture to ensure waste producers consider all stages in the waste hierarchy (waste avoidance,
waste minimization, and waste segregation).

RECOMMENDATIONS,SUGGESTIONS AND GOOD PRACTICES

Observation: The Review Team noted tHI#EA has developed a clearance process tha
been approved by the regulator. Howewgaste minimization activésmay berestricted by
practical difficultiesin releasing clearednaterialfromtheir nuclear sites.
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BASIS: SF1 Princ.7.3.291 The generation of rad
(1) the minimum practicable level by means of appropriate design measurg
procedures, such as the.recycling

BASIS: GSR Part 5Predisposal Management of Radioactive Waste

(2) | Recuirement8: fi Al | radioactive waste sh
Radioactive waste arisings shall b

BASIS: SSG47 - Decommissioning of Nuclear Power Plants, Research Res
and Other Nuclear Fuel Cycle Facilities

3) Specific plans for the reuse, recycling, storage or disposal of the waste shqg
developed. Such plans should aim to minimize the volumasté o be dispose
of as radioactive waste, facilitate future downstream processing of the was
reduce overall costs.

Suggestion:JAEA should considefurtherdevelopingeffective volume reductio
techniques and decontamination methadsorder to significantly reduce th
amount of radioactive wasproduced. It should also considettiativesaimed at
encouragingheuse ofrecycled materials.

2.4 MANAGEMENT STRATEGY FORL1 WASTE
MEXT/JAEA Position

Regulation for intermediate depth disposfl1 wastewas discusseith 2015by aspeciaist
Nuclear Regulatory Authority (NRA) subommittee which also took into consideration
radioactive waste generated frooommercial nuclear power plant3his Commite e 6 s
discussios were focused on classification of radioactive waste to be disposed for an
intermediate depth repository, requirements for repository design and institutional control,
assessment scenarios, and dose criteria for safegssment.

ARTEMIS Observation

The Review Team understands ttied current strategy for L1 waste envisages its disposal in
an intermediate depth repositottye schedule for which is yet to be determined

The Review Team noted that the inventory of this type of waste s Y&t completedand it

is likely that current storage capacity will be insufficient for storage needs pending the
availability of the envisaged repository. These factors preaensk to the successful
implementation of theoadmap.

The Review Team corders itimportantto enable necessary waste packaging aagestdans
(to enable decommissioning of related facilities)line with the sugggtionsmadefor L2/L3,
JAEA should consider those activities they can undertake to prepare L1 for tigpresal,
includingdeveloping safety cases for pdesposal activitiedDoing so enables JAEA to develop
rational plans for the wastes that will be generated by decommissideisigjte uncertainty in
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the timingof andrequirements$or L1 disposalTRP provides pertinent example: this facilty

will generate L1 wastes add\EA haddentified it as one afs higher priorityprojects Delays

in implementation of an L1 dispodalcility would have likely impacts on implementation of
theTRP decommissioninglan. Developinga generic safety assessment around some general
assumptions$or L1 wastewould helpmitigatethis risk.

8 RECOMMENDATIONS, SUGGESTIONS AND GOOBRACTICES

Observation: The current strategy for L1 waste envisages its disposalin an intermg
depth repository, the schedule for which is yet to be determined. The Review Team n
the inventory of this type of waste is yetto be completed anlikely that current storagg
capacity will be insufficient for storage needs pending the availability of the envi
repository. These factors present challenges to the successful implementatioBaxfkh
End Roadmap

(1) SSR5 - Disposal ofRadioactiveWaste
Paragraph2.24

AThe i mp aadibactvd mater@lpresentin a disposal facility has to
(1) assessed in accordance with national or other specific regulations and th
be significantin some cases, for example sfme mining wastes and mixtul
of radioactive andtoxic wastes. If noadioactive material may affectthe releg
and migration of radioactive contaminants from the radioactive waste, ther
interactions have to be considered in the safety assessment.

No. GSR Part 6 Decommissioning of Facilities
Requirement 14: Radioactive waste management in decommissioning

8.7. Radioactive waste, arising from operational activities, that remains g
facility and radioactive waste that is generated duriegammissioning shall b
(2) disposed of properly. Ifdisposal capacity is notavailable, radioactive wasteg
be stored safely in accordance with the relevant requirement.

8.8. Prior to starting decommissioning, the licensee shall ensure the avalil
of adequate processing and storage capabilities and transport packages
radioactive waste.

SSG47 - Decommissioning of Nuclear Power Plants, Research Reactor
Other Nuclear Fuel Cycle Facilities

8. 34é. The wast e maeinatgeemammer by whichanater
(3) | and radioactive waste will be removed from the facility and the mean
segregating radioactive waste from noadioactive and hazardous waste. T
waste management plan for decommissioning should be part o
decommssioning plan.
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8.35 If existing waste processing systems cannot cope with the waste gel
during decommissioning with respect to the volumes or types of waste ex
the construction of new facilities for storage or waste processing or the U
existing facilities for storage should be considered.

8. 36. é . The |icensee should ens:s
decommissioning is implemented and maintained

8.38. Decisions on the processing of radioactive waste generatg
decommissioning®uld take into account existing or anticipated options
waste disposal.

R6

Recommendation: JAEA should conduct appropriatd waste managemer
including providing storage capacity, until a disposal facility is available.

Suggestionin light ofthe interdependencies between the different steps of
management, JAEA should consider developing safety cases faligmesal
activities for L1 waste.
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3. NUCLEAR FUEL MATERIAL MANAGEMENT
3.1 SAFETY MANAGEMENT OF FACILITIES WITH NUCLEAR FUEL MATERIAL
MEXT/JAEA Position

JAEA considers the nuclear fuel material it possesses should generaijgdreledas a
resourcee.g, for use infuture researchHowever, some of this material may be difficult to
reuse fortechnical or economic reasonsaémaging nuclear fuel material, appropriate material
accountancy controls, transparent safeguards measures and strict nuclear, sscwetyas
securing safetyare to be considered as basquiremerg.

The general framework of the management of eaicfuel material is described below.

Y% Surplusmclearfuelmateriast o be used for R&D in accorde
energy policy, including the nuclear energy policy, or to be transferred to entities in
Japan and overseas.

% Nuclear fuel material whicls not to be transferred should be stored at JAEA. Nuclear
fuel material whose reuse is difficult should be stored for the time being, pending a
decision on final disposition. Meanwhile, setting disposal as a final goal, necessary
measures will be taken to stabilize the material. Atthe same time JAEA will pursue the
development of technology to make it difficult to separate weasarble material and
divert it to weapons purposes. JAEA will also explore possibilities of the disposal in
other countries.

% JAEA will reduce overall risks and costs for the storage by thedalmiation of storage
and reduction of the number storage facilities subject to physical protection.

Y% During the Bt period (until FY2028) nuclear fuel material located at the facilities
categorized to be decommissioned in the Medium/Long Term ManageaenofP
JAEA Facilities, is to be consolidated in facilities planned for ongasey with the
exception of material scheduled to be transferred to other entities. However, depending
on the limitations for the transferred facilities, part of the materidl®&/consolidated
at new facilities.

% Duringthe 29 period and thereafter, the consolidation of storage in new facilities will
be implemented in a phased manner together with the effective utilization of existing
facilities in orderto enable the deconssioning of in line with the Medium/LoR@erm
Management Plan of JAEA Facilities.

% JAEA will take note of and follow the procedures required for nuclear fuel material by
the safeguards agreement with IAEA and bilateral nuclear cooperation agreements, in
consolidatingthe storage and in transferring nuclear fuel material in and out of Japan.

The 1957 Act on the Regulation of Nuclear Source Material, Nuclear Fuel Material, and
Reactors (the Reactor Regulation Act) provides regulation for all aspects of nuclear use in
Japan. The Act was revised in September 2012.

On the basis of the 2012 rewsi, severe accident measures have been added to the regulation
applicable tacommerciahuclear power reactors, fuabrication and enrichmefacilities and
reprocessing facilities. Periodic Assessment of Safety Improvement, which is the
comprehensiveadety assessment periodically conducted by licenseasheelntroducedas
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a requirementLicensees are obliged to submit the result of Periodic Assessment of Safety
Improvement to the NRA and make it publicly available.

Duringthe Reviewthe ARTEMIS Review Team was informed by the counterparts that:

% Periodic safety review only applies to commercial nuclear poreactos, fuel
fabrication aneénrichmentacilities and repwcessing facilities

% JAEAG s a ct i auisitlei thee ssco@erofethis legal requirememtd there is no
mandate for JAEA to undertake such assessments.

% Safetyassessments are included in tewommissioning plansubmittedfor approval
to NRA.

ARTEMIS Observation

The ARTEMIS Review Teamrecognizeghat JAEA, as a nuclear operator and research
organization, maintains a high level of safety in its facilities.

The ARTEMIS Review Teamwishes toemphasizethat the safety assessment should
demonstrate consistency among the safety measures during the entire process of
decommissioning, and it should be updated when necessary to reflect the ongoing changes in
the status of the facility, as decommissioning@tdiprogress

The safety case and supporting safety assessment, including the managysiaeers used for

their implementation, should be periodically reviewed in accordance with regulatory
requirements. The review of management systems should include aspects of safety culture. In
addition, the safety case and supporting safety assessmalat beaeviewed and updated:

% When there is any significant change to the facility or to its radionuclide inventory that
may affect safety.

Y% When changes occur in the site characteristics that may impact on the storage facility,
e.g, industrial developmerdr changes in the surrounding population.

% When significantchanges in knowledge and understanding occur (such as from research
data or from feedback of operating experience).

% When there is an emerging safety issue due to a regulatory concern or an incident

% Periodically, at predefined periods, as specified by the regulatory body. Some States
specify that a periodic safety review be carried out not less frequently than once in ten
years.

The ARTEMIS Review Team recommends th&EA should undertake periocsafety reviews
of those facilities under permanent shutdown in order to ensure that there is no degradation of
the safety conditions over time, and to identify possible actions to further enhance safety.

RECOMMENDATIONS, SUGGESTIONS AND GOOBRACTICES

Observation: JAEA, as a nuclear operator and research organization, is committg
maintaining a high level of safety in its facilities. Safety assessmerdslgiacluded in the
decommissioning plans submitted to NRA for approval prior to comme
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decommissioningand in the event of changes to the plan during implementati
decommis®ning in line with relevant regulations.

(1)

BASIS: GSR Part 4 Safety Assessment for Facilities and Activities
Requirement 12: Assessment of safety over the lifetime of atyamilactivity

The safety assessment shall cover all the stages in the lifetime of a fac
activity in which there are possible radiation risks.

(2)

BASIS: GSR Part 6 Decommissioning of Facilities
Requirement 3: Assessment of safetydecommissioning

nSafety shall be assessed for all
and for all facilities undergoing

3)

BASIS: SRS 77 Safety Assessment for Decommissioning

2.8 SAFETY REVIEW

filt is good practice for theafety assessmentto be reviewed by experts othe
those who contributed to its development. This independent review is no
carried out by, or on behalf of, the operator. There may also be a review c
out by, or on behalf of, the regulatorgdly. This is referred to in this report as
regul atory review to distinguish

CONTROL OF CHANGES TO SAFETY ASSESSMENTS

AA decommi ssioning activity or o]
compared with that planed in the original strategy and scope of work set o
the decommissioning plan. If such changes are safety related and affg
validity of the safety arguments, itis importantthatthe original safety asses
is reviewed and, if necessary, migati to properly reflect and justify the chang
to the plano.

R7

Recommendation JAEA shouldundertakeoeriodic safety reviews of thos
facilities under permanent shutdown in order to ensure that safety is main
over time, and to identify possible actions to further enhance safety.

3.2 MANAGEMENT OF FUELFRAGMENTS &DEBRIS
MEXT/JAEA Position

Surplus miclear fuel materialareto be used for R&D in accordance with tBevernment of
energy policy, including the nuclear
Japan and overseass noted above, this means that nuclear fuel netehich is not to be
transferred elsewhere should be stored at JAEA. Nuclear fuel material whose reuse is difficult
should be stored for the time being, pending a decisioitsdimal disposition. Meanwhile,
setting disposal as a final goal, necessaeasures will be taken to stabilize the material. At
the same time, JAEA will pursue the development of technology to make it difficult to separate

Japam s
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weaponusable material and divert it to weapons purposes.

In implementing decommissioning of various JAEAcifdies, novel decommissioning
technologiesnay need to be developadcludingthoseneeded foremoteretrieval of waste
from areasvith a high radiatioriield.

JAEA possessesuclear fuel materiglwhich are not reusable as reactor fublstmay be
usable for R&Dactivities It hasrecentlybeguna basic study othe potential fostabilization
of scrap nuclear fuel materiails a ceramic matrixit is presentlyperforming cold tests of
microwave melting of several ceramic materials.

TRP has variouszcoverable nuclear materials (shearing powder collected througletre
up work of the shearing machine, purified Pu solution, purified U solution andi@gwnd
other liquid wastes), which were not recovered after pre\poasessin@peratiosin the main
plant. Fluskout is necessary t@coverthe nuclear materials remaining in tkyestembefore
decontamination and dismantling of facility.

Flush-out will be peformedwithout extraction operatiohbeing undertakenSince the

equipment usetbr the flushoutprocesss morelimited when using this approacthe risk of

accidensisreduced and the preparation period for adagbtragmynew reguléory standards is
shortenedFlushrout is performedto manageisk, including criticality, fire, and radiation
exposure of the decommissioning workfarce

JAEA has studied 3 methods to flusht the installations. Thereferrednethodnvolvesthe
shearing powddseingdiscarded as high active liquid waste after dissolution. This method has
following advantages:

% It can be implemented lexistingequipment

% Numbers of operatingequipmentcan be minimized by limiting the equipmentto be used
comparedwith conventional reprocess operations.the risk is reduced)

% There is no change in material accountancy.

Y% Flushrout will be carried out based on the safetyules (boiling, hydrogen explosion
and exposure) and the NRA approval of the method will be required.

ARTEMIS Observation

The ARTEMIS Review Team noted that JAEA has inventoried a number of spentfuel materials
in various conditions, from powders, gtutonium and uranium solution®verthe course of
decommissioning, other such items could be found in the facilities.

The ARTEMIS Review Team recogniéhe difficulty in recoveringand processinguel
element debrisOutside Japan,similar problemshavebeen observeth nuclear facilities
involvingremoval ofsedimentgrom tanks Forsuchspent fuel materialand sludgegdebris,
sedimenty specific solutios will need to be developed depending treir physical or
radiological nature.

Together with the need to conduct an extensive characterization programme to identify all such
items (seealsoObservatior20), the strategy mainitially consistof interim storage of such
materials pending the identification of a solution matching theéuepository capacities.

Consideringthe challenge of managing material whattainshuclear material, itis important
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to establish a systematic early identification, and management strategy for all material bearing
debris, including its recovery arnrtkatment, in close association with the regulator and the
IAEA (whererelevant).

10 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: JAEA has fuel element debris for which no ldegn management route h
beenidentified

BASIS: GSR Part 5 Predisposal Management of Radioactive Waste
Requirement 10: Processing of radioactive waste

(1) The processing of radioactive waste shall be based on appropriate consic
of the charateristics of the waste and of the demands imposed by the difi
stepsin its management (pretreatment, treatment, conditioning, transport,
and disposal).

BASIS: SSG15 Storage of Spent Fuel MateriRlev.1)
Fuel integrity

6.125A The i nt e gr mightbeaie degraeled tind feaddola rele
) of radioactive material to the storadecility environmend
Retrieval of spent fuel
6.134: iilf spentfuel or a spentfuel package cannot be retrieved from stg
with normal operating procedures, special operating procedures shou
developed to ensure safe retrievalloeds pent fuel or t hg

Recommendation JAEA shoulddevelop a comprehensive strategy for

R8 . L
management diuel elementebris, including its recovery and treatment.

33 MANAGEMENT OF SPENT FUEL

MEXT/JAEA Position
Japands spent fuel management i38ulyd26l§asr i bed
follows:

ARegarding the situation of spent fuel s
OECD/NEA member states, there are approximately@®rtons of spent fuels as of

2015, and how to manage spentfuelsis a global challenge. As spent fuels are sure to

be produced through the use of nuclear energy, it is essential to implement measures to

® https://www.enecho.meti.go.ip/en/category/others/basic plan/5th/pdf/strategic energy
plan.pdf)
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resolve this challenge as a responsibility of thereat generation so that the burden is

not passed on to future generations. Therefore, Japan will drastically reinforce and
comprehensively promote efforts to resolve the challenge of how to manage and dispose
of spent fuels. 0

AAs t he cur r athaspgduced nadiohdtive waste, the government of
Japan (GOJ) will reinforce measures toward final disposal of Heytel radioactive

waste and take the initiative in solving this problem. However, the process will take a
long time. In the meantime, spduels produced by nuclear power generation must be
safely managed. It is therefore necessary to expand the capacity for storing the spent
fuels and is urgently important to broaden the range of choices for managing the spent
fuels while ensuring safetyt will make flexibility of policies and response, and
contribute to mediurterm energy security.

Based on this concept, the storage capacity of spentfuels will be expanded. Specifically,
while studying a wide range of locations as possible sites, régss@f whether they

are inside or outside the premises of a power plant, GOJ will strengthen its effort for
facilitating constructiorand utilization of new intermediate storage facilities and dry
storage facilities 0

In the ARM, and morespecificallyin the NationaFrameworkpresented thein, referencés

made to th@asic Policy for Nuclear Energy of Jap&rapan Atomic Energy Commissicaly

20, 201jwhichaffirms,interalia: NSt eady 1 mpl ementati ethe of r a
responsibility of the present generationo

ARTEMIS Observation

Spent fuel material is likely to remain in storage for several decades ladfoa¢ geological
repository iavailable Potentiaproblems with the integrity of the spentfuel or of storage casks
should be considered in advance of the need for interventions, such as placing the spent fuel
into new casks before the existing storage contalmesgis to lose their integrityn some caes,

rather than placing the fuel into a new cask, it may be necessary to move the storage casks to
another storage facility.

It is evident that storage of spent nuclear fuel (SNF) underwatedry storages generally
consideredy the international expert community provide adequate safety. However, SNF
or the waste packageswhich it is containednay lose integrity over an extended period of
time (e.g.overseveral decadesAn ageing management plan shothéreforebe foreseen
includingmonitoringthe condition of the SNF, with mitigation plabsing putin placen the
event thatdegradatiorshould @cur.

11 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: Spent fuel material is likely to remain gtorage for several decades befy
the final geological repository is operation&urrently, there is no comprehensive age
management plaim place for longterm storage o$pent fuel
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(1)

BASIS: Requirement 11 of GSR PartStorage ofadioactive waste

AWaste shal.l be stored in such a
retrieved and preserved in a condition suitable for its subsequent manag
Due account shall be taken of the expected period of storage, and, to the
possible, passive safety features shall be applied. For long term stora
particular, measures shall be taken to prevent degradation of the \
containmento.

(2)

BASIS: SSG15 Storage of Spent Nuclear F{&ev.1)

6.11: iFor storage beyond theriginal design lifetime, consideration should

given to mitigation of the consequences of potential changes in the si
facility and the stored spent fuel. Changes in the storage facility might be ¢
by radiation, heatgeneration and chemicag@ivanic reactions. Changesin t
stored spent fuel and storage cask might include the following:

(a) The generation of gases that might cause hazards, by chemical and ra
effects (e.g. the generation of hydrogen gas by radiolysis) and build
overpressure;

(b) The generation of combustible or corrosive substances;
(c) The corrosion of metals;
(d) The degradation of the spent fuel confinement system.

Such considerations are especially important for storage beyond the or
design lifetimea s mal | effects might accu

6.144 fiProlonged irradiation of cladding material, gaskets or other mater
relevant to ensuring theonfinemenof the spent fuehightresult in degradation
of safety functions. An ageing megement programme should éstablishedo
deal with ageing related degradation. The programme should specif
monitoring necessary for early detection of any deficigncy

R9

Recommendation JAEA should develop an ageing managementplan
consideringhe longterm storage o$pent fuel.
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4. DECOMMISSIONING COST ASSESSMENT
4.1 COST ASSESSMENT METHODOLOIES
MEXT/JAEA Position

The cost for facility dismantlement is one of the two areas of cost foréadkmeasures
presented in thBack-End Radmapthe other being the costs for processing and disposal of
waste, see section 5).

The cost for facility di s madasheéncaltealatdd bdsedon mo s t
the Simplified Decommissioning Cost Estimation Code for Nuclear Fasil{ECOST)

developed by JAEA. The DECOST methodology is described in the Advance Reference
Material andn thepresentation by JAEA. In summary, JAE&scribe DECOST as a simple

method used to estimate the dismantling dosted ormistoric cost datan line with the initial
decommissioning plan. JAEAdicatedthat DECOST provides point estimates and that it does

not include consideration of contingency. JARIso indicatedthat there were a number of
exclusions of potential cost categories in the estimates prepared by DECOST.

As JAEA considers that DECOST is not suitable for calculating the cost of dismantling of the
Fugen and Moniju facilities, the com$sessment for these facilities was performed by another
method The methodology followed for Fugen and Monju is briefly described in the Advance
Reference Material andluring the Reviewand can be summarized as calculating the cost of
dismantling basedrothe quantity of theecommissioningvaste.

JAEA and MEXT emphasized that both these approaches are designed to provide preliminary,
approxi mat e, ARorder of magnitudeo esti mat
decommissioning plans. In their view, thdimstes should be seen as equivalent to Class 5 of

AACE International.

There is also a new method for estimating dismantling cost currently under development at
JAEA, known as thédigh-precision methodThe goal is for this to be ready for use in about
two years. JAEA describes this as a detailed estimation method which will be used to calculate
the dismantling costs based on the final decommissioning plan. JAEA indicated that it aims to
use this method for those facilities for which permanent shutdowalressly been decided

and for facilities that are undergoing decommissioning, and thiablemore complete
decommissioning plans. The methodology under development is described by JAEA in the
Advance Reference Material and in the presentation. JAEA iteticthat this estimation
approach willincorporate bothottomrupdaccumulation and parametric methods, willaddress
additional cost categories, and will consider contingency. JAEA noted that they expect the
High-precision method will produce estimatesatthcorrespond to Class 3 of AACE
International, with a greater degree of accuracy compared with the current methods used by
JAEA.

ARTEMIS Observation

The Review Teamnotes that JAEA has developed methods for decommissioning cost
assessment and intends to develop its methods further.

The Review Team acknowledges that the purpose of the current decommissioning cost
assessment methods used by JAEA is to provide preliminpprpaimate estimates with
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limited accuracy. The Review Team noted thDECOST historicreference data is usedd

not all cost categories are considerdthe Review Team notealsothat contingency is not
included in the current cost assessment mailamies The Review Team considers that, in

light of these considerations, thatthe decommissioning costassessment methods currently used
at JAEA do not provide a full understanding of the costs.

From the information presentedrring the Reviewthe Reviev Teamrecognizethat the aim

of developing the Higiprecision method is to produce more complete estimates and that it will
include consideration of contingency. The Review Tewmtest hat the term O6co
appears to be narrowly defined in this text. The Review Team considers that, at this stage

of its development, itis not possible to evaluate the Hhiggtision method and whethiewill
achievethelevel ofaccuracyeingsought

As notedabove the cost assessment methods currently in use or being developed by JAEA
either exclude contingency or apply a narrow definition of contingency. As a consequence,
these methods do not fully address the overall uncertainty in the cost estimates. Im,additio
there are wider risks (both threats and opportunities) that may impact on the costs of the
decommissioning programm@&AEA recognizes such events can occur, and highlighted the
example ofunexpected contamination found during dismantling. JAEA indiciateldns to
investigate such cases and evaluate the rate of occurrence of unexpected events andtheirimpact
for decommissioning. JAEA also acknowledged that major changes to decommissioning
strategy or end state could have significantimpacts on thasssssment.He Review Team

noted that such wider risks do not appear to be systematically addressed in the current cost
assessment methods in use, and itis unclear if and to what extent they will be addressed in the
High-precision method under developmat JAEA.

The Review Team considersitessentialthata comprehensive, systematic approachto analyzing
and addressing uncertainty and wider aspects of risk is included in the decommissioning cost
assessment. To this end, the Review Team recommendaatincludea comprehensive
approach to risks and uncertainties in further development of the cost assessment
methodologies. Developing quality decommissioning cost estimates including a
comprehensive approach to risks and uncertaiviesld provide AEA with a more complete
understanding of the costs of dismantling its facilities.

The Review Team recommendsthat JAEA give consideration to relevantinternational guidance
specifically relating to decommissioning cost estimation, including uncertainty and risk, as it
proceeds in developing the JAEA cost assessment methodology. lideabtauidance
specifically addressing uncertainty and risk in the context of decommissioning cost assessment
can be found in the joint IAEA and OECD Nuclear Energy Agency publicaaaressing
Uncertainties in Cost Estimations for Decommissioning Nudteailities.l21

In addition, the Review Team encourages JAEA to consider examples internationally of good
practice and experienaelating to cost assessment in the context of large, complex
programmesThere are a number of organizations which have a similarly diverse, large
portfolio of nuclearfacilities which are being decommission@tcluding: CEA and Orano
(France), NDA (UK),DOE EM programme (USA)SOGIN (ltaly), and JRC (European
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Commission) These organizations have dismantling cost information and cost assessment
methods which may complement and supplement those of JAEA

Ol Addressing Uncertainties in Cost Estimations for Decommissioning Nuclear Facilities (joint report by |AEA &
OECDNEA), NEA No. 7344, OECD 2017.

12 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: JAEA has developed methods for decommissioning cost assessmg
intends to develop these furth@he decommissioning cost assessmagthods currently
used at JAEAIo not provide a fulunderstandingfthe costs nor do these methods fu
addressthe overall uncertaintyin the estimatesand wider risks (both threats ang
opportunitiesthat may impact on the decommissionimggranme

BASIS: GSR Part 1 (Rev. })Governmental, Legal and Regulatory Framew
for Safety

(1) Requirement 10, para. 2.33 states that
AAppropriate financial provision shall be made for:

(a) Decommissioning of facilitied

BASIS: GSR Part 8 Decommissioning of Facilities

Requirement 9, para. 6.2 states ffigtie cost estimate fatecommissioning shall b
2) updated on the basis of the periodic update of the initial decommissioning p
on the basis of the final decommissioning plan. The mechanism used to f
financial assurance shall be consistent with the cost estimate féadiey and shall
be changed i f necessary. o

BASIS: SSG47 para 6.10 statesthdatCo st esti mates a
should be reviewed periodically and should be adjusted as necessary to al
proper consideration of inflation and other facs, such as technologic

3 o

3) advances, waste management costs or regulatory changes, especially in {
of a deferred dismantling strategy where decommissioning might be com
only decades after shutdown of th
Recommendation: JAEA should ensure that its decommissioning g

R10 assessment methods drather developed in order to kable to provide ¢

comprehensive understanding of théal costs oflismantling its facilitiesand
addresshe associatedncertainies and risks
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4.2 FURTHER DEVELOPMENT OF DECOMMISSIONING COST METHODS
MEXT/JAEA Position

MEXT and JAEA indicated that tdate decommissioning cost assessment has been mainly
usedto produce preliminary, approximateder of magnitud@estimates of the cost of facility
dismantling. MEXT and JAEA indicated that JAEA is required to produce and submit such
estimates of decommissioning costs to the Japanese authorities.

MEXT also note that the ongoing decommissioning project at Fugen aedimnminent
decommissioning projects at Monju and Tokai Reprocessing Plant (TRP), are attoactdg
attention from society and stakeholders. MEXT indicated ih#te pastimited consideration

has beegiven tocost issues by stakeholders. MEXT ailsdicated tha&n increasa the costs

of decommissioningfrom those assumed dhe early stages of the project, might have
significant consequences, especially if thereconsidered to be due to cost escalatinihis
context, MEXT stated that it appreciates the importance of developing higher precision
estimating methods, and indicated thatfurther development of cost calculation and budgettools
are a priority.

JAEA indicated that the current cost assessment based on the preliminary edtissaiats

been applied in the context of project management. Moreover, JAEA indicated that it does not
consider these estimates have sufficient accuracy to be suitable for use dar act
decommissioning project management. JAEA is therefore proceeding with development of the
High-precision method (see section 4.1).

ARTEMIS Observation

The Review Team concurs with MEXT and JAEA on the importance of having a good insight
into the costef dismantling its facilities at an early stagand that cost escalation is a serious
issue The Review Team noted thitere is an urgenteed for qualitydecommissioningost
information, as the dismantling of Fugen is already well underway, and thefstigismantling
activities at Monju and TRP are imminent.

The Review Team indicated that issues relating to increases in the cost estimates for
decommissioning programmes, the implications for budgets, and related stakeholder concems,
have arisen in seral other countriesn generalthis experience indicates that apparent cost
increases may be due to a range of factors, such as: correction of previous errors in cost
estimation; theinclusion of scope that had been omitted; modification of scope as th
decommissioning plan evolves;tual cost escalatioand additional scope needed in response

to uncertainties and risks becoming manifest. These various causes need to be addressed in
differing ways- some through improvements in cost calculation meshadhers through
ensuring that uncertainty and risk are fully incorporated into cost assessments, and others
require refinements and maturity meartermdecommissioning planning, management and
execution.

The Review Team noted that, in order to addoesscerns about cost growth, it is essential to
develop as complete as possible understanding of the costs, uncertainties and risks, as discussed
in section 4.1. The Review Team emphasised that it is essential that information about these
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and how they magvolve in the future be communicated effectively to decision makers and
stakeholders.

The Review Team noted that the decommissioning cost assessment methods currently used by
JAEA give certain insights into the costs of decommissioning. The Review Teahassgul

that there is a need to ensure that JAEA has suitable quality decommissioning cost information
and tools to enable effective programme aerdrtermproject management. This means being
suitable to address a range of needs and uses. These ipohwiting costrelated inputs to:

the development of an integrated resodoaded programme schedule; underpinning budget
provisioning requests; programme and project development; risk management processes;
project approvals; contract development and prement decisions; and analyses of project
delivery and performance. Some specific examples where heE&quality costinformation

include:

% In development of an integrated resource loaded programme schedule for JAEA, and
exploring alternative decommissiing and schedule scenarios (see also section 1.2)

% In setting goals and targets for project delivery, and in monitoring and developing
performance (e.ggarned Value Managemertey Performance Indicatgrs

% In its relations with the supply chain, JABAe e ds t o be able to eng
clientd. As such, JAEA wil/ need to be pr
that will inform its procurementdecisions, its contract negotiations, and its performance
evaluations of contractors anggpliers (see also section 6.3)

The Review Team noted that JAEA wil/l need t
cost information and tools can be further developed so that they can be suitable to support such
diverse needs and used in decision makirtrésk management processes. Such an assessment
would need to consider a range of issues, including:

% The expectations for the information to be obtained from the estimation methods and
how it will be used

% Assurance that the information and tools are mlgaccurate, comprehensive and have
been developed robustly, ank@rification ofhowthiswill be demonstrated

% The quality of the data and assessments of whether itis appropriate for use

% The quality of assumptions and to assess the evidence base and rationale for inclusion

% The drivers and sensitivities, and usefulness to quantify uncertainty

% How the information wi be integrated into decision making and risk management
systems

% How estimates are compared with actual outcomes in order to inform future
development

% Decisionmaking in the context of residual uncertainties, given constraints on data and
estimating methds

% How information will be presented to decision makers, for example how findings are
presented in a business case and budget applications

% How this will be used to track egoing performance as a monitoringtool, and in setting
targets
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The Review Team encourages JAEA to consider examples internationally of good practice and
experience relating to incorporating cost assessment into programme management and delivery
tools in the context of large, complprxogrammeslin addition, the Revieweam notes that

there are a number of organizations which have a similarly diverse, large portfolio of nuclear
facilities which are being decommission@ee theexamples provided at the end of section

4.1). These organizations have developed programnmeagement tools and processes that
may JAEA might find to be of particular relevancein the further development of its programme.

13 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: Thedecommissioning cost assessment metbhodently used by JAEA gi\
certain insights into the costs of decommissionirggvevetheydo notmeethefull range
ofneedsand uses for which JAEA requires quatiigcommissioning cost informatiorhese
needsncludeproviding costrelated inputs to: the development of an integrated resel
loadedprogranmeschedule; underpinning budget provisioning requgstegranmeand
projectdevelopmentisk management processg@spject approvalsgontract developmer
and procurement decisionsndanalyses of projeaeliveryand performance

BASIS: GSR Part 1 (Rev. F)Governmental, Legal and Regulatory Framew
for Safety

(1) Requirement 10, para. 2.33 states that
AAppropriate financial provision shall be made for:

(@Decommi ssi oni ng of facilities &

BASIS: GSR Part 8 Decommissioning of Facilities

Requirement 9, para. 6.2 states ftiiEtte cost estimate for decommissioning shal
2) updated on the basis of tiperiodic update of the initial decommissioning plan
on the basis of the final decommissioning plan. The mechanism used to f
financial assurance shall be consistent with the cost estimate for the facility and
be changed i f necessary. o

BASIS. SSG47 para. 6.5tatesthai The cost esti mate f
cover all actions required to plan and perform the decommissioning. There w
additional costs for other actions, which might be included as part of
3 decommissioning, depending on the national legal framework. These tyq
include financing for the management of waste from operation,-
decommissioning actions during the transition phase, waste storage and dis
and spent fuel management . O

BASIS. SSG47 para 6.10 states thatCo s t estimates an
(4) should be reviewed periodically and should be adjusted as necessary to all
proper consideration of inflation and other factors, such as technological adva
waste manageemt costs or regulatory changes, especially in the case of a def
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dismantling strategy where decommissioning might be completed only decadg
shutdown of the facility.o

R11

Recommendation: JAEA should ensure that the furthe@evelopment of itg
decommi ssioning cost assess manmiongn
term needs by providing comprehensive, robust and traceable decommis
costinformation that is suitable for use in multiple contexts.

Confidentiality: C2 - Internal
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5. WASTE COST ASSESSMENT
5.1 SCOPE OF WASTE COST ESTIMATE UNCERTAINTY ANALYSIS
MEXT/JAEA Position

Waste processing methqdssing appropriate techniquegreselectedaking account othe
characteristics of radioactive wasteeach site.

Specific to L® and L1 disposal sites, costings have been identified via third parties (such as
NUMO for LO) anddnit cosbdata provided by such third parties forms the basis of the cost
analysis when multiplied by the JAEA LO and L1 waste inventories at each sitéevEief
precision is different at each site based on known technical challenges and waste planning
uncertainties. For example, the site processing cobiSRtfor LO and L1 has been assumed

to be the samdy way ofcomparisonthe analysist NFCEL sies (includng TRP) is more
detailed and LO and L1 have been separately costed.

For known plutonium contaminated waste, the treatment, installation and running costs were
available and identifiable in waste cost estimates. For uranium contaminated thigsiess

not the case and future investment costs were uncertain and had therefore been excluded from
the waste cost calculatioAdditional exclusions are considered in sectoh

It was alsorecognizel thatsome special nucleanaterial typeswould give rise to more
problematic waste types in the future (e.g., uncharaet@plutonium contaminatedaterial
orfuelfragments, or specialist products from RB&vingspecific radiological characteristics).
This material is not considered to belhig volume and therefore could betterconsidered
within arisk oruncertaintycostinganalysigprocess.

The inventoryof L2/L3 wastess representeth terms of equivalen200litre drums.The

derived unit cost for disposal of a 2@ite drum of LO wate was around 4 times that for L1;

and L1 was around 4 times that for L2 for an engineered concrete vault didffass.
processing steps had been declared for each site. This showed existing and planned future
investments. Future investments had beetembboth in terms of capital costs (newinvestments

and asset care) and in terms of operational costs. This process led to assessments of lifecycle
L2/L3 process costs being assimilated as costs pedi2z@@irum equivalent These costs
included steps g as segregation, compaction, melting, waste passivation and immobilization
and production of container waste inventory recofidsere are known technical challenges
specific to the design and installation and operation of some waste facilgecificaly

HASWS and LWTRdownstreanprocessing at TRP. Assumptions have been made as to the
likely process and hence costghis aredhave been attributed.

Wherethe radioactive waste processing method was not yet decided at dsitexample at
Aomorii unit cost data was used by analogy from other site processes where more definitive
information and waste treatment plans were available.

Waste related activitiesave presented as attributing 72% to the total costs iB#oéEnd
Roadmapacross alf9 facilities and within the 7@ear plan duration. Astwo separate lifecycle

“6L006 is an uroowasei cdieasli gdneastcerdi pf toorr rgeef oelrosg itcoa I rdeil saptoi svae
wast® ( see Sect iisdesighatetfprintetmediate depth disposal.
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scope costing methods had been adopted, the boundaries (scope definition) between the
Decammissioning Cost Calculation Assessmentand the Waste Cost Calculatiediseussed

during the review. This highlighted an area of risk but also of opportuhdyexample it was

now realzed that container costs had beenbuiltinto both and this@aas recogrred double

account.
Cost for Back-end measures unit: 10 billion yen
Aomori | Nuclear Nuclear Oarai Tsuruga | Ningyo- | Total
Science Fuel Cycle | R&D ‘
Research Engineering | Institute i toge
Institute Laboratories |
Cost for 1 9 21 9 14" 1 54*3
facility
dismantlement ;
Cost for Waste 1 272 832 192 8 | 2| 1373
processing and ‘
disposal | | N | | |
Total 1°3 353 104 28 22 | 1 191

*1: This figure includes the cost for the preparation of decommissioning stipulated in
Decommissioning Plan for “Fugen” and “Monju”.

*2: These figures do not include the cost for uranium waste. Cost for uranium waste will be
calculated after the system concerning the uranium waste burial is established.

*3: Totals may not equal the sum of individual figures because figures are rounded off.

ARTEMIS Observation

On the basis that prices are available from approved soittisesnderstood thalAEA is
obligated to use this data in its LO and L1 cost assessment process.

For HASWS and LWTF downstream processing at TRP itis known that these costs are subject
to change and carry higher levels of uncertainty.

As an example of an exclusion: at the Ningpgefacilitiesthe uranium waste processing cost

will be estimated after establishment of the system for uranium waste disposal. Therefore, itis
evidentwhy the uranium waste processing costs are currently excluded froBatke=nd
Roadmap

The boundags (scope definition) between the Decommissioning Cost Assessment and the
Waste Cost Calculatiorepresenan area of further uncertainty. Some cost reductionis likely
as container costs had been built into both. Equahlyintegrated costing process magll
uncover scope gaps as well as double accounting.

An uncertainty analysis is best conducted when all scope has been defined and costed against a
known planand timeline Giventhe long duration of the overall programmégtBack-End
Roadmaps subjecto large uncertaintieismany of which are statezkplicitly thereini e.g.,
LO/L1/L2/L3 interim storage versus disposal timescales. The significance of the size of the
waste management cost (72%), and the level of uncertainty in finding suitable veastsatli

sites in Japan should not be undstimated. To help manage such uncertainties, JAEA should
align its thinkingto an integrated waste management approacbne that considers i#9-

facility national progracmme and the demography and needs of its sites. This will not only
support a better and more integraack-End Roadmajput it will also inform neaterm
decisions on waste facility investments and priorities. Such an integrated approach should
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consider botithe waste hierarchy (reduce, reuse, recycle) and the waste lifecycle (waste
inventory from each of the9 facilities and how this material evolves into waste packages that
are assigned to disposal locations). By doingB®EA will necessarily debate alteative
scenarios that could better gleethe boundaries of the full waste cost enveldpeés willinform

JAEA of the least risk and best cost opportunities across its futeadprogranmeof work.

Asnoted also inthe Decommissioning Cost Assessmentisecthe Review Team considers it
essential that a comprehensive, systematic approach tosggedyd addressing uncertainty

and wider aspects of risk is included in the waste cost assessment. To this end, the Review
Team recommends that JAEA includeanprehensive approach to risks and uncertainties in
further development of its overall cost assessment methodology. As previously described,
international guidance specifically addressing uncertainty and risk in the context of
decommissioning and waste tassessmentcan be foundin the jointIAEA and OECD Nuclear
Energy Agency publication Addressing Uncertainties in Cost Estimations for
Decommissioning Nuclear Facilities

In developing an integrated waste management apprthecReview TeammotesthatJAEA

has already considered several aspects Beitd-End RoadmapAll the key stages identified

below can be taken together and could to be more fully considered and reviewed as part of the
nextBack-End Roadmajpevision. This can be achieved by benchmarking ideas] A
processes with selected waste managepregirammesnternationally.

% Stage lagree key assumptions about number and proximity of each future or current
disposal site for waste categoriesL3.

0 Agreeing initial Waste Acceptance Criteria for all disposal sites againkBL1
concepts

o Designing site waste facilities and packages ta@at be matched to the WAC
for L1-L3

% Stage 2produce some initial scenarios that show how optimisation is possible across
the full system of waste consignor sites, waste disposal sites and waste processing
facilities.

% Stage 3use this information to enkbinvestment casesto be made against a preferred
option/scenario.

Y% Stage 4set out these early investment commitments against an upBatdeEnd
Roadmag(include these extra investment costs) but also map the benefits as waste
processing cost savings acrossile/earplan lifecycle.

% Stage 5build a neaiterm plan ¢overingfirst 10 years of th@ackEnd Roadmapthat
delivers these longdgerm waste maagement and disposal benefits.

% Stage 6revisitand continually optimise processes, WAC and disposal container options

® The Appendices of thjsint NEA/IAEA report provide examples of risk analysis specific toot@nissioning.

By analogy to waste management, the same principles and approach described in this report wansipply,
asa delayto anagreBdckEnd Roadmapssumption for L2/L3 waste disposal in Japan canbe translated into a
risk. In this casetierisk initiatingevent wouldbefailure to delivethedisposal facilityand thempact would be

a consequence in cost (new stores) or a consequetemimmissioningrogrammaelelivery schedule. Mitigation
againstthis riskouldbedelivereceitherthrough committing to nelw?2/L 3 storagecapacitynow, orby prioritizing
decisionmaking againdimely delivery of L2/L3 waste disposicilities.
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to realize further opportunities as part of an enduring JAEA waste management planning
process as it enadtse Back-End Roadmap

14 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: The current waste cost assessment process as defined iBatheEnd
Roadmapoes not consider the full range of options and uncertainties associated with
processes and waste routes.

BASISSGSR Part 5, Requirement 20 st

1) iThe o shaldavelapsinthe design stage, an initial plan for the shutg
and decommi ssioning of the predis

BASIS:GSR Part 5, Section 3.23 stat

~

Al n consideri ng procsessingbfiwastecard hastobsta
to avoid conflicting demands that might compromise safety. It is not cons
with an integrated approach to optimize one step in the predisposal manag
of radioactive waste in such a way that it imposesiS@ant constraints on thg
subsequent steps or forecloses vi

(2) BASISSGSR Part 5, Section 5.1 state

AThe devel opment of authorizati on
predisposal management of radioactive waste benedits lose communicatig
and cooperation between the operators, regulatory bodies and other inte
partieso

The need for an integrated approach is important to safety but just as sigr
is the opportunity to optimize costs in parallel.

BASISSGSR Part 5, Requirement 6 sta

3) Al nterdependences among al l ste
radioactive waste, as well as the impact of the anticipated disposal option
be appropriately taken into accol

BASIS: AddressingUncertainties in Cost Estimations for Decommissior

@ Nuclear FacilitieslIAEA & OECD NEA, 2017 [NEA No. 7344]
4

https://lwww.oecehea.org/jcms/pl 15036/addressHugcertaintiesin-cost
estimatedor-decommissioninguclearfacilities

Recommendation:JAEA should list, assess and manage uncertainties assq
R12 with site waste processing, interim storage and firsgdakal optiongRefer also
to the Section 6Decommissioning (
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Suggestion:To help manage uncertainties, JAEA should consider alignin
nearterm planning decisions to an integrated waste management apj
coveringits full programme. Such an integrated approach should considy¢

= the waste hierarchy (reduce, reuse, régyand the waste lifecycle (was
inventory from each of the 79 facilities and how this evolves into pack
assigned to disposal locations).
Suggestion: JAEA should consider cost benchmarking with selected W
s10 management programmes internationalhis will establish a better basis f

some of the waste related cost estimates and support optimization of the
management processes.

SuggestionJAEA should consider good practice in uncertainty andrisk ang
S11 to derive a contingency preion as part of the JAEA waste cost estimal
process.

5.2 ADDRESSINGSCOPE EXCLUSIONSN THE WASTE COST ESTIMATE
MEXT/JAEA Position

For uranium contaminated wastes future investment costs were uncertain and had therefore
been excluded from the waste cost calculation. Other exclusions were clearly identifiable in the
Back-End Roadmapnd clarified through discussipsuch as:

% Decommissining of the new (ossite) waste processing facilities
% Additional onsitewastestorage facilities

% Site clearup/environmental restoration to final esthte

% Predisposal antchonradioactivevastese.q, including asbestos

ARTEMIS Observation

The Review Teamconsiderghatthe applicationof many scope exclusions by JAEA in the
Back-End Roadmapouldlead to a sufmptimal waste management plan.

The projectcontrols framework used by manyin the international decommissioning community
and general project management community uses a procésswfptionsind Exclusions
These terms are oftegontextualizedby the contractual framework under which
decommissioning and waste managementwork is being executeisJimaptionkelp define

and bound the scope; and tk&clusionsare used to inform the plan owners/funders that
delivery of certain aspects are presently outside of their remit or controbrtractual
responsibility National decommissioning authoritiggnerallyseek to remove exclusions in
their lifecycle cost analysis, as to include these would create a plan that is not representative of
the full decommissioning programe. In this regarda more complete lifecycle approach is
beneficial when planning nederm work execution and when estimating lifecycle costs. Where
there are certain exclusions whiclannotbe removed, these wilrequirediscussion and
agreement In this cas¢he ARTEMIS Review Teansuggestinclusion of a clear statement to

this effectSuch an approaehould enable JAEA to better explain why some scope is excluded,;
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and by doing so inform its ideas about possible inclusion and consider the option of a
provisionalsum of money as a placeholder estimate.

In order to illustrate the abowamproach on an issue where there is inevitably a high level of
uncertainty,the Review Team wishes to highligsite clearup and final environmental
restoration. Planning novior an end state that is decades away is subject to very high
uncertaintyGi v e n t h eatrenth®i& As dhat all sites will be available for further use
following completion ofdecommissioningJAEA may wish to consider defining interim end
states as a weof bounding the end point of the roadmap for each site.cihuglhelp explain

this aspect of the current cost assessments and may in fact help betitarze
decommissioning planning in general. Interim end states are neither definitive nor ilestrati
but are effective in helping bound material quantities and hence waste cost estimates.

15 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: The exclusions presented in tiBackEnd Roadmamnd supplementar]
information are clear and well stated. These exclusions however lead to an inco
picture of the waste management landscape and associated costs.

BASISGSR Part 6 Requirement 9, par a.

APrior to s tssoning,the icendes shallmmsure the availabili
adequate processing and storage capabilities and transport packages f
radioactive waste. 0

(1)

Recommendation:JAEA should take action to include costs for all area:
R13 currentlyexcluded scope. This will supportdevelopment of a more complet
for the decommissioning and waste management prageam

Suggestion: For each identified area where waste related scope has
excluded JAEA should propose assumptions for itsusioh and calculate
derived placeholder estimate. Areas to review include:

S12 § Uranium and plutonium contaminated waste

1 Decommissioning of the new (esite) waste processing facilities
1 Additional onsitewastestorage facilities

1 Site cleanup and siteenvironmental restoration to erstiate
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6. PROJECT AND CONTRACT MANAGEMENT
6.1 COMPETENCY DEVELOPMENT FOR DECOMMISSIONING
MEXT/JAEA Position

Organizational Responsibilities

JAEA provided detailed information on the organizational structure and defined roles and
responsibilities of its variougrganizationaklements. They also described the purpose and
structure of two coordination committees which serve important roleseirpldinning and
management of decommissioning planning and implementation throughout the JAEA
programme. TheBack-End Roadmaommittee and the FaciliflanagemenPromotion
Committee are notable and very positive elements of the JAEA programme, whshppiht

the stated goal of optimizing tiBack-End Roadmap

TheBack-End Roadmagommittee serves two core functiotsdevelop the roadmags the
longterm policy of JAEA; and to consider various methods of decommissioning work
managementSmply stated this high-level committee sets the vision for tHgack-End
RoadmapAnother notable element is threelusionof four external advisors on the committee,

two from academia and two from the business/management industryCadimenittee is
currently focused o the further developing the road map and discussing decommissioning
strategy. In contract, the FacilityManagementPromotion Committee focuses on
implementation details, including providing needed assistance and integration functions for the
JAEA sites.

To support those high priority, near term decommissioning activities in the JesAreai
specifically, the work underway at Fugen and Monju research reaciéSA established the

Head Office of Tsuruga Decommissioning Demonstration in April 2018. He&sd Office
organization enables the coordinated undertaking of the three parallel projects/sites in this
geographical area.

To strengthen planning and coordination of the overall decommissioning prog;alAEA
formed the Decommissioning and RadioacMemnagement Head Office (also called the Back
End Head Office) in April 2019. The Badknd Head Office provides overall coordination,
solves similar problems between organization, and controls the overalbinaakeasures to
promote efficiency, though comdt of informational exchanges with the Tsga
Decommissioning Demonstrati@ctor and other JAEA sites.

JAEA recognized that the current number of staff and capacity in-BadkHead Office may
not be sufficient for the future management of Baek-End Roadmapactivities. Currently,
there are between 580 individual contracted to the Head Office, but all are fndittime
employees.

At the facility and site | evel, JAEA noted
and drastically in ordeo properly implement project managementin large scale facilities

They also noted that the Back End Head Office will continue to provide coordination and
support to all JAEA sites, and facilitate management across the six sectors within JAEA, three

of which have direct ties to tigack-End RoadmapThese three sectors each have a Planning

and Coordination Office, whicherformproject management functions. The Management
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Sector of JAEA includes numerous supportfunctions thatare also critical to the implementation
of theBack-End Roadmapncluding Contract Department, Public Relations Department, and
Personnel Department.

The primary responsibility fdradking actual pogress of decommissioning progress rests with

the head of each sector and the head of each site. They determine the allocation of human
resources, develop licensing applications and communicate execution information. The Back
End Head Officeperformimportant oversight functions through period@view.When sites

face obstacles, whether technical or budgetary, the BackHead Office facilitates needed
adjustments.

JAEA explained that, while there was no explicitintent to establish a formal pilot pmogra

when the Tsuruga Decommissioning Demonstration Sector was designated in 2018, there are
practical lessons being realized in the ongoing decommissioning activities that may be
applicable to future activities within the JAEA decommissioning programmesd nclude

new technologies, utilization of¥arty contractors for work in the same region, coordination

of multiple site activities within a geographiceéntre As such, JAEA is well positioned to
capture important lessons learned that will infortufe decommissioning projects.

Adequacyof Staffing

Using a ceefficient approach, JAEA has estimated the number of JAEA staff required to
provide management of decommissioning®facilities included in th&ack-End Roadmap

The estimate reflects a 1:2 ratio between JAEA staff and outsourced workers performing
decommissioning activitiest was explained that this is not a resource projection for actual
programme implementation.

JAEA acknowledged their current staff is fiolly aligned to meet demands of the increasing
decommissioning programeand that gaps exist in needed skills. They reported that additional
expertise is needed in following areas:

Y% Project management experience
Y% Facility management
Y% Workingexperience at site, in oversight of operations

JAEA estimated that afs currentJAEA-wide head count ofapproximatelyd 100,there are
approximately250 staff support decommissioning in some way. This equates to approximately
8% of the total AEA organkation supporting decommissionirfiienearterm workrequires

more precise staffing plansequiing a bottomup approach, in conjunction with financial
planning. JAEA recognzedthe need for more reliable staffing estimates aodfirmed the
intentto improve their future plans.

Needed Skills and Capacity

JAEA is in the early stages of human resourceettgpmentor decommissioningrhere is no
systematic training for JAEA stafibut they described planning towards the development and
launch of a decommissioning and project management school, which will include course work
on key technical topics, such as was@nagemenihey envision the education prognae

will have a phased approach, initially providing classroom education and laterfased
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training.Very appropriately, JAEA has stated the objective of the first phase is to provide their
staff with an overview of decommissioning and the fundamentals of projectgaaremnt.

ARTEMIS Observation

The Review Team observed that JAEA is in the early phase of defining a complete and detailed
understanding of the needed personnel capanitigkills required to effectimplementation of

the decommissioning programme. JAEA hagplemented valuable first steps in this area,
including a projection of potential staffing needs derived from and integrated with the DECOST
estimate and thBack-End Roadmap

The Review Team notes that the Facility Management Promotion Committee s@rves
important function in these areas and has a stated responsibility to develop the human capital
strategy.

Although JAEA has begun its development, there is currently no specific capacity building
strategy or systemThe Review Team recommends that JAEAceed immediately with the
development of a formal capacity building and workforce development plan to prepare JAEA
to effectively manage the planned decommissioning activities, to include technical matters
(e.g, facilities management, waste managemedécommissioning techniques) and
foundatonal and advanced project management training, as appropriate. A detailed hiring and
human resourcelevelopment plan is needed, &dign to the priorities of theBack-End
Roadmap

The Review Team recommentti@tthis plan include field assignments, training at mock up
test facility, and potential staff exchanges with other decommissipnoggammesExternal
training may be an effective resource on some topics. Further, JAEAasi&xged to review
and consider the significant capacity building resources provided by IAEA&afaing,
networks, knowledge management), tieropean Commisigras well as other prograngs
internationally,established to addrestecommissioningorogramme capacity challenges
similar to JAEAOS.

JAEA should also consider development of knowledge management and retention pi@gram

While it is notthe case in all countries, some national decommissioning programmes have faced
challenges in staff hiring and retigon because the field afecommissionings not viewed

positively, due to its inherent terminal nature. As the decommissioning programmes progress,
JAEAGs staff development and utilization pl &
of experiencedsuccessful managers through reassignment to and/or mentoring at other
facilities in order to facilitate transfer of knowledge and promote optimization. The use of
worker incentives should also be considered to retain the most skilled and experience JAEA
staff to meet optimization goals.

Given the importance of strong project planning and rgameent skills to optimization of the
Back-End RoadmapJAEA should consider evaluation and use of available commercial
training and certificates in projestanagement and contract management
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16

RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: JAEA has identified the need for additional personnel, capabilities and
in order to implement thBackEnd Roadmap JAEA has identified a preliminary estim
of the number of personnel required, the needed knowledge and skills. The Revie
noted a need fofurtherelaboration of this estimate.

1)

BASIS: GSRPart 2, Requirement 9:

fASenior management shall determine the competences and resources ne
to carry out the activities of t
[Including 4.214.24]

(2)

BASIS: GSRPart 6, Requirement 7:

n4. 4. I ndividuals performing decgqd
skills, expertise and training to performdecommissioning safely. Provision
be made to ensure that institutional knowledge about the facility is obtaine
made accesslib and, as far as possible, that key staff from the facility
retained. o

3)

BASIS: GSG-3.1:

n2 . 2 3. éFor satisfactory I mpl e me
adequate resources are necessary. All individuals should be trained to a
profici ency. 0

n2.25. The i1 mplementation plan {
selecting, training, assigning and retraining adequate numbers of individug
a manner consistent with schedules for implementation and workl
Consideration shouldd given to needs for special skills and training. S
provisions should take into accou

R14

Recommendation:JAEA shouldestablisha framework to address the staff
skills, capabilities and number of personnel required to implemen
programme. In the near term, JAEA should implement a plan to hire, train
retain the needed staff. The plan should also include defined iestiaitretrain
current R&D staff to manage decommissioning activities, and be aligned
detailed work plan (i.ethe Mediumto Long-TermPlan)

S13

Suggestion:JAEA should consider evaluation and use of available comm
training and certicates in project managemeard contract management.

S14

Suggestion JAEA should consider development of education and trai
programmes in decommissioning and waste managementitrmpersonnel
JAEA should also consider development of knowledge managemen
retention programe.
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6.2 MANAGING THE SUPPLY CHAIN
MEXT/JAEA Position

JAEA identified limitations in the supply chain adjacent to the JAEA sites and acknowledged

the need to identify strategies to facilitate various vendors entering into the decommissioning
mar ket . JAEAGs awareness of tBack-End Roadendp i s n
Committeeds ongoing consideration of strateg
attractive to vendors, such as modified payments arrangements.

It was reported that JAEA has a number of supply chain initiatives in process and #sere w
clear awareness that this is a critical issue. In the current financial year, survey preggram
are underway to solicit interest of local businesses in the Ibaraki region. There is also an effort
to target businesses with no experience in nuclearinduscognizing the need to assist them
with a successful transition into the a more regulated environment. Another initiative involves
engagement of professioresociatioawith interessin decommissioning.

JAEA alsoreported a transition, in someesdo the use of muliiear contracts. They reported
that establishment of this system makes it easier for vendors with limited funds to enter into the
market.

JAEA specifically requested that the Review Team provide advice related to proven strategies
grow the market (e.gexpansion method of newcomers, evaluation methods of contractors,
incentive contracts).

JAEA explained that they invited vendors with pieviousdecommissioning experience to
utilize the mock up test facilityFukui Smart Decommissioning Technology Demonstration
Base(@Gumadecd. The Review Team noted this as a Good Practice worthy of documentation
and sharing with other programmasgernationally

ARTEMIS Observation

A robust supply chain capable of effedy performing the full range of decommissioning
activities within theBack-End Roadmaps required br the next 70 years at least, and more
likely for a century or morelhis includes the need for several generations of workers skilled
in varioustechnical areas. As JAEA describes, the current commercial decommissioning
market is too small and does not offer specialized services.

The Back-End Roadmayscope provides significant opportunity for industry growth and
economic development, including indal communities near the JAEA facilities. JAEA is
already undertaking strategies to promote expansion of the supply chain to achieve competition
and skill needed to optimize the decommissioning programme. Local communities and
stakeholders standtobertefi di rectly from JAEAOGs activitie

tNn

To consolidate and concentrate its various initiatives, JAEA should consider development and
implementation of a detailed plan to expand the supply chain for decommissioning. The plan
should define objectives that will ¢ditate optimization, including increased competition,
greater use of defined performance criteria, progressive incorporation of contractor incentives.
The plan should also establish and rely on a defined communication and engagement
programme, where detiled information on the projected activities and needs are shared with
industry, both nationally and locally (i,éownhalls and industry forums).
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JAEA is especially encouraged to consider mechanisms to facilitate entry of small local
businesses into éhmarket, as well as transition of commercial-maclear businesses into the
market. These mechanisms should involve partnering and training on the additional safety and
guality requirements inherent to work within a nuclear environment. Several counatvies
successful models that can be leveraged by JAEA as they develop this plan, including formal
collaborativeprogramme$®etween industry and research institutions.

The basic tenet of supply and demand will have a directimpact on programme costsnBased
experience of other international prognaes, the optimization of decommissioning costs relies

in part of a strong competitive market, which contributes to lower costs and increased quality

in vendor performance. Clear and tailored contracting stratageeamong the most effective

tools for growing the supply chaiBased on the Review Teamds e
encourage an active and growing supply chaininclude:

% Earning potential

% Visibility of long-range opportunities, for which vendors gaan, invest and hire
% A clear and reliable procurement schedule

Y% High-quality contract documents, with clearly defined requirements

% A fair and competitive process

% Avalilability of mentoring support

Based on experience in other countries, mentoring suppothegrovided either by JAEA
through actions taken to facilitate ve@ndor s¢
by formalarrangementghrough which large, experienced businessesist smaller, less
experienced businessisenter and pedrm in the market (e.g., mentprbtégé agreement
programmes).

In Observation 18, the Review Team provides further detail and advice on contract strategy.

As such JAEA is encouraged to consider actions in response to Observation 17 and 18
synergistically.

17 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: JAEA indicated that it seeks to expand the number of suppliers of
services in the decommissioning market in order to better meet its needs.

BASIS: GSRPart 2 Requirement 11A T h e organi zati on
(1) arrangements with vendorgontractors and suppliers for specifying, monitori

and managing the supply to it of items, products and services that may infl
safetyo

Recommendation: JAEA should develop a strategy to promote expansion ¢
supply chain in order tbacilitate entry of suppliers into the decommission
market and further develop the necessary skills among suppliers. Such a §
could also be tailored to directly benefit the local communities and stakeh1

R15
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Suggestion JAEA should considemplementing apartnering approach wit

SB supplierghat alignswith near term work planning activities.
Good Practice: As part of theFukui Smart Decommissioning Technolo
GP1 Demonstration Basg 6 S u ma,dAEAiovidell vendors from the region wh

had nopreviousexperience in decommissioning activities to train on the n
up facility atTsuruga.

6.3 CONTRACT MANAGEMENT STRATEGY
MEXT/JAEA Position

Throughout the ARM, JAEA provided details on their planned contracting strategy to

i mpl ement the decommissioning programme. Spe
initiatives set out in the document ®nomotion of Incorporated Administratveg e nc i es 6
Efforts to Streamlainme at lpéiam Pmodope menniz geot he
securing optimal contract types. o0

The ARM also describedrrangementior the JAEA contracting approaches to be inspected
by the agreement monitoricgmmittee and arequirement for contracting results to be provided
on its website.

The Back-End Roadmagommitteehas recently addressadmerous contragelated topics
includingtheuse of multiyear contracting to increase efficiency and reduce cgst®ns for

use of private financing to reduce reliance on government funding and alternative payment
options to attract more vendors.

JAEAGs current contracting process generally
price, in which lump sum panentis provided at the end of the contractterm. However, as

noted above, there is ongoing consideration of alternative, periodic payment arrangements,
especially in the case of multear contracts.

JAEA has conducted a study of contracting systemsedt on the experience of countries that

are leaders in conducting decommissioning programmes. They are aware of programmes that
utilize incentivebased contracting approaches. At present, JAEA has concluded that use of
incentivebased contracting presemwtsallenges. Contract standards must be established within
the JAEA contracting system to enable use of incentives. Due to reliance on government funds
and annual audit requirements, JAEA is concerned that payment of vendor incentive fees after
project conpletion may be judged as excessive.

ARTEMIS Observation

The Review Team observes that wit Backend ong t
Roadmapitis natural for the contracting approaches to evolve as implementation experience

is gained. To facilitatéhis, it is important that JAEA captweontracirelated experiences and

results in the early decommissioning phase to inform future actions and decisions.
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JAEAOGs pl an-termexgcuton(dithimtheanext10 years)would benefit significanty

from a documented contracting plan, to include projected services and a timeline for the
competitions. Visibility of this plan wildl f
the Supply Chain actions described in Observation 17). The plan stesidfiziently detailed

to ensure it can be linked to the Medium/Long Term Plan activities and facilitate adequate work
scope definition (includingtechnology readiness, as appropriate) and the appropriate safety and
guality requirements thatmustbe mgih vendors. The plan should also be updated regularty

to incorporate programme changes required due to changes in funding, priority, facility
conditions and other factors.

Based on the information provided dwthai ng t h
JAEAOGS current ¢ ont r-audedioangblemetessildecomamisgonngo t W
and would likely deter optimization. To support the detailed planning and implementation of

the Medium/LongTerm Management Plan activities, as well as tdarpin continual efforts

to optimizethe Back-End Roadmaya detailed contracting strategy is required. This strategy

should emphasize and achieve three specific objectives, each of which are expected to support
optimization through the selection of higkgkilled vendors for implementation.

1) Performance documentation. JAEA is encouraged to document and evaluate the
performance of vendors recently and currently employedi@oantinue this practice
going forward to build a performance record of their supply chEums could be
achieved through written assessments bystteemanagemerait the end of each year
(in the case of muklyear contracts) cat the conclusion of the etract term.

2) Expanded evaluation criteridAEA is encouraged to consider factors other than cost in
the selection criteria, including prior related experience (even if in adjacent market),
gualifications of personnel, company safety record. A simpleuatiain method could
be adopted to objectively compare and weight these factors in the decision/selection
process.Useful nformationon company performance may be publicly available for
those companies that are active in the commercial madatever, more reliable
information including prior project referen@heckscouldbeobtained byequiring its
submission within the proposal to JAEA contract opportunitigs is standard practice
in several other countries.

3) List of qualified(and inthis sensgreferredvendors: JAEA is encouraged to establish
a system for welexperienced, high performing businesses which can be utilized to
streamline select competitions, in particular kigtk work activities. This list need not
be used to preclude broader competitithra promote entry of new businesses to the
industry. It is equally important to document those businesses whose performance
results in unsatisfactory results, especially in cases of weak safety performance.

As the pace and complexity of decommissiorangvities increases, there is potential for the
contracting process to become an obstacle to successful implementation. That is, delays in
contract competition and award present a risk to programme implementation and could likely
lead to schedule extemsi and increased costs. Therefore, it is vital that sufficient number and
skill of contract planning and oversight resources be available in JAEA.

The continued use of lump sum, ldvid contracting decisions also presents a risk to successful
implementabn within the available budget. There are a multitude of performbassz
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contracting approachesthat do not require lump sum fee payments at project end. With careful
planning, JAEA could incrementally increase its use of clear performance crité fiacaipased
on objective criteria (¢erformancebased incentivés and mechanisms to encourage
contractors to optimize cost and schedule using standard earned value metho@dlasiies
performance indeédand&chedule performance ind@xAs a result osuch approaches, JAEA
could effectively achieve a balance of risk and accountability with the supply chain in a manner

that drives optimization, while simultaneously stimulating growth in the supply chain, which

will bring ancillary benefitsto JAEAandéh | ocal communi t ifeciitesad ] ac e
and sites. The economic benefits in local industry markets are likely to also have autsion
positive impact.

Such contracting methods rely on several factors, including:

It is the opinion of the Review Team that there is considerable potential for JAEA to

Yo
Yo

Yo
Yo
Yo
Yo

Adequate competencyintheargyi zati ondéds contract and
Well-defined work scope within a detailed, resodl@aded schedulsee Observation

2)

High confidence cost estimates

Predictable funding

System of rigorous performance measurement

Effective risk andpportunity management

prao

incrementally incorporatselecédcontractingprinciplesa nd practices from o
decommissioninggrogrammesand adapt them effectivelyithin the Japanese culture to
optimise theBack-End Roadmajnd also benefit the Japanese economy and industry.

The Review Team encourages JAEA to evaluate various technical documents developed by the
IAEA related to contracting for decommissioningynae! as the wealth of case studies available
atthe IAEA.

18 RECOMMENDATIONS, SUGGESTIONS AND GOOD PRACTICES

Observation: Ther e woul d be advantages If J A

stand
andc
proce

ards were further developedaeilitate successful decommissioning. Asititensity
omplexity of decommissioning activities increases, there is a risk that the cont
Sss may become an obstacléssuccessful implementation.

(1)

BASIS: GSRPart 2Requirement 11:

N4.33. The organization shall retain responsibility for safety when contra
out any processes and when receiving any item, product or sentioe suipply
chain.

4.34. The organization shall have a clear understanding and knowledge
product or service being supplied. The organization shall itself retain
competence to specify the scope and standard of a required productor s

Confidentiality: C2 -

Internal

53



FINAL REPORT

and subsequently to assess whether the product or service supplied me
applicable safety requirements.

4.35. The management system shall include arrangements for qualifid
selection, evaluation, procurement, and oversight of the supply chain.

4.36. Tke organization shall make arrangements for ensuring that supplig
items, products and services importantto safety adhere to safety requirg
and meet the organizationds ex@®ec

R16

Recommendation JAEA shodd develop and communicate with industry
detailed contracting plan for near term extemu (Overthe next 10 years), whig
defines needed services anealisticschedule for therocurement processeg

S16

Suggestion: JAEA should consideppportunities to evolve the curre
contracting approach for ongoing and né&am contract actions in thrg
manners: expanded evaluation criteria for selection; documented evalua
performance; and established list of preferred qualified suppliers.

S17

Suggestion JAEA should consideoptionsand contracting approaches tf
ensure balanced sharing of risk and accountability for delivery between
and suppliers.
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7. TECHNOLOGY FOR DECOMMISSIONING
7.1  MANAGING TECHNOLOGY DEVELOPMENT
MEXT/JAEA Position

JAEA has engaged in the elaboration of decommissioning related technology development as
early as 2005, in the first meon term plan. This development plan, whicaganwith basic
research and feasibility studies, evolved through thers/éo practical research and actual
demonstration of certain developments and applications.

The plan covers a number of technical areas, illustrated in the figure below, corresponding to
the highest priority waste bottlenecks or needed technical devefdgpn8me technical
developments are specific to the needs of a given JAEA site while others are of potential interest
to several or all sites.

In 2019 JAEA reviewed its organization and createDecommissioning an&®adioactive
Waste Managementead Office (Back-end Head Officg whose main mission is the
coordination and consolidation of all decommissioning, waste management and technology
development activitiesThe Decommissioning antasteManagementeadOffice updates

the technolog development every 7 years and is currently preparingtthmid to long term
development plan. In order to do so, it consolidates the technology development needs
expressed by the different sites, and organizes if needed the prioritization based em budg
resource, or schedule constraints.
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