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Challenges and issues In
decommissioning

Enablers

* Policy and strategy
» Costing and funding regimes
» Skills and knowledge transfer

* Infrastructure (waste routes,
transport, stakeholder
engagement processes)

Organization and
Implementation

Particular technical
and non-technical
ISsues

* Management of changes
» Transition period
* Risk assessment and mitigation

 Contracting and supply chain
management

* End-state definition,
instrumentation and controls

* Problematic waste (e.g. i-graphite)
* SMRs
* Post-accident facilities
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Our goals and activities

Facilitate Practitioners
cooperation networks

Promote
good Publications
practice

Peer Build

. review _ capacity
Training Information

workshop and
and knowledge
courses transfer

E-tools

Meetings
and
conferences

Expert
missions
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Reasons for NPP Shutdowns [Source: IAEA PRIS Database]

176 reactors in Decommissioning

Number of reactors by shutdown reasons

Nb Ages of reactors at shut down
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Pastand currently in decommissioning
31%PWR 26% GCR
24%BWR 6% LWGR
6% PHWR 5% FBR
Future - Reactors types currently in operation
66% PWR 3%GCR
16%BWR 3% LWGR
11%PHWR 1%FBR
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Reasons publishedfor 151 Reactors

50
48

40

Number of reactors

Incident
Technology

Unprofiable
Obsolete Licensing

Economy Equipment
Acceptance

Reasons for shutdown

H Based on Economy ® Based on Ageing

H |ncident B Others

H Based on Approval
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NPP Decommissioning SCENARIO : Future Prognosis

700

600

500

400

300

200

100

Power reator Shut down - different perspectives with life
time between 40 & 60 years

Shut dow ned estimates based on illustrative scenario 50V
40-year operation basis
30 -
60-year operation basis
50-years operation basis
2000 2010 2020 2030 2040 2050 2060

= == fixed 40yrs === fixed50yrs = = fixed 60 yrs fixed 50yrs Variation

451 Reactors in operation spread on 200 sites should stop in the coming years
70% of the Nuclear Sites have more than one reactor in operation
47% of the reactors located on a same site have been started on a range of 3 years after a predecessor

1)
2)

Developing a realistic LLUSTRATIVE scenario
50 years life time operation is considered when nothing have been already established - 70% of the cases
Consider multi reactors sites dismantling organization
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NPP Decommissioning SCENARIO : Future Prognosis

Determine the decommissioning

scenario is paramount
) Date Of ShUtdown SCENARIO SENSITIVITY ON D&D -

- Small variation have consequence on HR = variTionarounD s0 vears
BASED SCENARIO -10%
management S
- Assumptionfor Implementationtiming by
design (if no existing Def Decom Plan) -

- Duration of decommissioning steps can
change according to the country and
NPP specifics
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Global Resource Needs estim or Decommissioning

DECOMMISSIONING STAFFING SUBCONTRACTORS STAFFING ESTIMATES

00 Planning Transition Safestore Active Dismantling

P r <
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0
= Engineering internal mmmm OPS internal mmmm Project mgm external external
Skilled Trades external I \Waste Ops external I Maintenance internal E==china E==Korearepublicof &==Taiwan,China E===Japan ====Asia-FarEast
mm Security / ER internal mmmm RP/Chemistry internal = Proj. mgm/admin internal
e Total
Staffing for decommissioning- skills distribution
Western Europe estimates based on illustrative scenario
M Engineering internal = OPS internal B Project mgm external external
Skilled Trades external ™ Waste Ops external ® Maintenance internal
M Security / ER internal M RP/Chemistry internal Proj. mgm/admin internal
35000
30000
25000
20000
15000
10000
5000
0
SR JITBBTISTIRIBBRIBEIRIIRESI S gLasds e q
O O O O O O OO O O O O O O O O O O O O O O O O O O O d «d o o
N N N &N N o o~ o~ N N N NN o o~ o~ N N N NN o o~ o~ N N N &N N o~ o~ o~

© IAEA Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear Installations, Miami, 9-13 September 2019




Interregional Workshop on Optimization of Technology
Selection for Decommissioning of Large and Small
Nuclear Installations

Purpose - to discuss technology options for different decommissioning activities and
the process of selecting optimal approaches in light of relevant environmental and

other boundary conditions

Topics:

Lessons Learnt from the DOE’s Decommissioning Programme

Digitalization and Robotics for Nuclear Decommissioning

Nuclear Education and Training

D&D Knowledge Management Information Tool (KM-IT)

Competence Mapping and Workforce Planning for Decommissioning

Advanced Information Management Systems/ Tours of GIS Modelling Lab / Cyber Lab
Radiation Protection Planning / Simulation / 3D Radiological Modelling

Artificial Intelligence / Big Data applications for NPP and other Nuclear Facilities / Autonomous
Mapping using UGV (Unmanned Ground Vehicles)

Robotics Technologies for Decommissioning

Lab Tours — Robotics Platforms and Rad Labs

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear Installations, Miami, 9-13 September 2019
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Extra Slides
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Relevant IAEA Activities on
Decommissioning

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations, Miami, 9-13 September 2019
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Collaborative Project: Human Resource Development for

Decommissioning - 1 _ _
Advancing the Global Implementation

of Decommissioning and Environmental

President’s Report (Extracts) Remediation Programmes

...Decommissioning and  environmental
remediation presents a work environment
that is changing frequently, and so may not
be fully dependent upon standardization of
procedures and work plans. ...it should
nonetheless be recognized that transition
from operators to decommissioning workers
will require retraining and a different
motivational approach.

Proceedings of an International Conference
Madrid, Spain, 23-27 May 2016

The number of ongoing decommissioning
and environmental remediation projects is
large, and current estimates indicate further
substantial increases in the coming years.
The Conference emphasises the need to
promote actions and programmes aimed at
ensuring the availability of personnel for
future activities. In this regard the need to
increase ongoing activities to attract young
professionals to make these activities
sustainable over time was strongly
emphasized.
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Collaborative Project: Human Resource Development for

Decommissioning - 1

Objective

[e]

Timeframe

o

o

Deliverable

o

Main topics Addressed

[e]

o

BODY OF KNOWLEDGE

NOT CAPTURED

Highlight current good practice on training and human resource R e NOT TRANSFERED Rl

NOT TRANSFERED

management / human performance improvement for decommissioning

DESIGN KNOWLEDGE

2018-2019
Technical Meeting — 1-5 July, VIC [EVT1804578]

NE Series Report “Training and Human Resource Considerations for
Nuclear Facility Dismantling” [Early 2020]

Human resource considerations in preparation for decommissioning
Transitioning from operations to decommissioning

Knowledge management requirements for decommissioning

Roles and responsibilities

Training requirements and application of the systematic approach to
training (SAT)

wHZHEMA0RYE~ B AopHomMEm

The Needs in
Competent
Personnel

Amnalysis

of jobz and training needs

Design

of training programmes

Development
of training materials

Implementation

of training

Evaluation

of tramming effectiveness

Training facilities, instructors and training programmes

Case studies process

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations, Miami, 9-13 September 2019
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Collaborative Project: Human Resource Development for
Decommissioning - 2

Figure 1 - DECOMMISSIONING STAFFING

Planning Transition Active Dismantlin, Site release
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Typical staffing profile for decommissioning of light water reactors (PWR/BWR)
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Case study: Rocky Flats
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Plant Information Model (PIM)

A Plant
Information Model is a

set of
Interlinked facility information,
relationships, rules and _
knowledge frameworks that ¢ B
collectively R P
form digital representations of the
plant throughout its life cycle
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Plant Information Model (PIM) for the Plant Lifecycle

: : i Operations and Long term S
Design Construction Commissioning 1 e Operation Decommissioning
: -Design . :
~ s Lt chang%s from - Major design
- Design draw!?gst_and - Testing and operation clhanges to
specifications Speci .|ca lons validation feedback plant
- - Design - Design changes Ot Structures,
- Design changes to based on exDereNCce Systems and - Data and
requirements Structures, commissioning b _ Components to experiences
- Design Systems and feedback - Operation Improve
changes Components - Commissioning and performance
- Construction SAMENSE Maintenance and safety
experience policies/proced

ures
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Plant information model for decision making

Plant information model

Design Procurement Construction Commissioning
information information information information
Design Procurement Construction Commissioning
management system management system management system management system
. Equipment Construction P
Design results . Commissioning
completion scheme &
file ... . report...
document.... uality plan...

Project life cycle data
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Image courtesy of Istvan Szbke (IFE, Normay)
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Holistic Digital Support

Safety argumentation
@ draer semantic information Structured argumentation
EDMS  ==-ech) 8. Arawings - . . :
--------- ~ ™ ‘\\ .;
- T - -;c'ab[,‘d"- X~ S‘ I)Tmﬂ_ ’ ‘ / Project specific training material,
SCANNER poin Q1 Semantic __ Safety reports (SAR),
"i ob; O | system Semantically structured
B pay s 3 | - documentation, ...
INVENTORY ‘*-~~.ffame Vst o plant information
DATABASE - ~..E9rs/jh P =
activity, o volumes/weights Project  \ .
@@jﬂ contamination ...~ BIM too - activities/contam:,,a-' \__ planning system Project
MEASURING / | :
SAMPLING TOOLS .-~ t A i y cost, time,
poo a0 i e : resource needs,
A 1, cost of jobs )
] N R skill need,
ANALYSIS CODES ) I t'mpi S
job protocols, Job plannin eople .
y e panning ) __PeoPt . *(_ Costing tool
/ﬂ‘ strategicplans system equipment
WORK PLANS ; . waste
hazards P ,
: scenarios
protection risks 8
' \ project/job specific
Training tool > T :
Modelling training simulations

Image courtesy of Istvan Szdke (IFE, Norway)




Capacity Building for
Decommissioning

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations, Miami, 9-13 September 2019
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Capacity Building

o Reports
o Expertmissions & peer reviews
o Training courses/workshops

o Scientific visits & fellowships

o Conferences and technical Argonne, US

meetings
Slavutych, UA

Bratislava, SK

Halden, NO

Kozloduy, BG

Visaginas,
Lithuania

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear 22
Installations, Miami, 9-13 September 2019



IAEA Collaborating Centres on Decommissioning

Objectives:

To promote innovation in decommissioning
To facilitate knowledge sharing on current good practice
To assist in long-term developing a qualified workforce through supporting a

number of fellowships (i.e. secondments of several months’ duration).

Courtesy of IFE, Norway

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear 23
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Encouraging Innovation Through
Collaboration

* Roadmap for R&D for Decommissioning [SHARE Project Proposal]
« Encouraging Use of Digitalization [3D3P Project Proposal -> PLEIADES]

» ELINDER network of training organizations

1‘-*‘1- X -J\ (“"9% : 1];
\ cvae ‘{(‘\ : -

[Photo courtesy of IFE, Norway]
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JAEA Supported Tools

|IAEA Support: E-learning
for stakeholders and
newcomers to the field

https://nucleus.iaea.org/sites/connect-members/L MS/Pages/Welcome-to-
the-learning-materials-section.aspx

I Spent Fuel and Radiactive Waste Management, Decommi nlng \onmental Remediation I

//\,e\o /)
gégo(\ ty Case Development ‘

\ Principles, Polices and Strategies
| \)\e
~ O Q‘a&a el ]

Decommissioning |

Environmental |
. |
Remediation

Fondamental o
SEM

“IAEA Data Bases

PRIS pPower Reactor Information
System

2 modules for NP Reactors; in Operation - in Decommissioning
http://prisweb .iaea.org/Home/Pris.asp

RRDB Research Reactors Data Base

http://nucleus.iaea.org/RRDB

INFCIS Nuclear Fuel Cycle Information
System

https://infcis.iaea.org/NFCIS/Facilities

Specifics

Networks

Spent Fuel Management
International Network on
Spent Fuel Management

“IAEA Support
14 Networks - Web Based Tools
to supportinformation sharing

https://nucleus.iaea.org/sites/connect/Pages/default.aspx

#m &

Cusacsrnasan N

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations. Miami. 9-13 September 2019
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https://nucleus.iaea.org/sites/connect-members/LMS/Pages/Welcome-to-the-learning-materials-section.aspx
http://prisweb.iaea.org/Home/Pris.asp
http://nucleus.iaea.org/RRDB
https://infcis.iaea.org/NFCIS/Facilities

E-learning / Briefing Material
For Stakeholders and Professionals

More
languages
than
English

CLP4Net - Agency wide Learning Management System

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations, Miami, 9-13 September 2019
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Peer Reviews — ARTEMIS

« Main objectives: to provide independent expert opinion and advice to MS
— lAEA forms ateam of international experts

* Intended for facility operators and other implementing organizations,
regulators, government agencies, policy makers

ARTEMIS

An Integrated review service for
radicactive waste and spent fuel
management, decommissioning and

* Scope can include facilities and activities related to:
— Spent nuclear fuel and RW management
— Decommissioning
— Environmental remediation

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear
Installations, Miami, 9-13 September 2019
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Recent Technical and Policy Publications

IAEA Nuclear Energy Series

0. NW-T-1.10

IAEA Safety Standards

IAEA Nuclear Energy Series

0. NW-T-2.8

CIDER Project:
Baseline Report

(aea

Advancing the Global Implementation
of Decommissioning and Environmental
Remediation Programmes

Proceedings of an International Conference
Madrid, Spain, 23-27 May 2016

mmissioning of
lities

Data Analysis and Collaction
“==4nig of Rasaanch al Safety Requirements Part 6
Decommis=ioning SR Part 6
i DACCOAD Coflsbeyertve Argyact
IAEA Safety Standards IAEA

intornational Atomic Enorgy Agency

for protecting people and the environment

Decommissioning of
Nuclear Power Plants,
Research Reactors

& and Other Nuclear Fuel |_.
Cycle Facilities

ot

Specific Safety Guide
No. SSG-47

)
frV IAEA

International Atomic Energy Agency

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear

Installations, Miami, 9-13 September 2019
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Future Outlook

» Finalize current report by the
end of 2019

« HRD for Decommissioning
remains an ongoing key topic
of interest for IAEA

« Ideas on further relevant
activities to promote
collaboration and sharing of
experience and knowledge is
this field are very welcome

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear 29
Installations, Miami, 9-13 September 2019
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Shut Down End state

decommissioning

Decommissioning scenarios Analysis

Worldwide NPP decommissioning
program — analysis and prognosis

Mr Christian GLORENNEC
Decommissioning and Environment Remediation Section | Division of Nuclear Fuel Cycle and Waste Technology| Department of Nuclear Energy



DECOMMISSIONING CHALLENGES AND CHARACTERISTICS

REACTOR STRATEGIES SCHEDULE ORGANIZATION

TYPE POWER and And
/ \ HISTORY CHRONIC
COST AND FUNDINGS —F——>| X X X X

Schedule
Best Technique Avpilable
Commercial stratepy

WASTE MANAGEMENT —F——>| X X X
Type
Volume
Waste route

STAFFING MANAGEMENT X X X X

\ / (multi)
32
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Reasons for NPP Shutdowns [Source: IAEA PRIS Database]

176 reactors in Decommissioning

Nb

35
30
25
20
15
10

Ages of reactors at shut down

Number of reactors by shutdown reasons

e
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Pastand currently in decommissioning

31%PWR 26% GCR
24%BWR 6% LWGR
6% PHWR 5% FBR

Ageing is the only reason which can

be measured

And also the 2d reason pointed for definitive shut down in

© IAEA

America Northern and in Western Europe

Future - Reactors types currently in operation

66% PWR 3% GCR
16%BWR 3%LWGR
11%PHWR 1% FBR

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear

Reasons publishedfor 151 Reactors

50
H 17
g 40
E |
g ® =
s
5 20 17
=2
5
= 10
0 T 1 '
Unprofiable Incident Economy Equipment
Obsolete Licensing Technology Acceptance Others

Reasons for shutdown

H Based on Economy ® Based on Ageing ™ Based on Approval

H |ncident B Others
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NPP Decommissioning SCENARIO : Future Prognosis

700

600

500

400

300

200

100

Power reator Shut down - different perspectives with life
time between 40 & 60 years

Shut dow ned estimates based on illustrative scenario 50V
40-year operation basis
30 -
60-year operation basis
50-years operation basis
2000 2010 2020 2030 2040 2050 2060

= == fixed 40yrs === fixed50yrs = = fixed 60 yrs fixed 50yrs Variation

451 Reactors in operation spread on 200 sites should stop in the coming years
70% of the Nuclear Sites have more than one reactor in operation
47% of the reactors located on a same site have been started on a range of 3 years after a predecessor

Developing a realistic ILLUSTRATIVE scenario

1) 50 years life time operation is considered when nothing have been already established - 70% of the cases
2) Consider multi reactors sites dismantling organization
Interregional Workshop
© IAEA Decommissioning scenarios analysis handover— 2019'8ﬁ‘¢échnology Selection 34




NPP Decommissioning SCENARIO : Future Prognosis

Determine the decommissioning

scenario is paramount
) Date Of ShUtdown SCENARIO SENSITIVITY ON D&D -

- Small variation have consequence on HR = variTionarounD s0 vears
BASED SCENARIO -10%
management S
- Assumptionfor Implementationtiming by
design (if no existing Def Decom Plan) -

- Duration of decommissioning steps can
change according to the country and
NPP specifics
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NPP Decommissioning: Status Prognosis

Estimate number of Reactor into PLANNING

100
80 AN
60 Kl
40 | [HH
* v
. HEEMEHG SR A
q/@gr&,ﬂ@%v@,ﬁ&@@@@%m@%v@%@@@@@@@@w@@ q/gbib (}9@0 q/g«éb r&@b‘ (19@% @(0% @@Q

C—— Europe - Western "1 Rurope - Central and Eastern

—J America - Northern — Asia - Far East

— PLANNING

\

Period for planning

Planning &
Preparation

Period for HR transition
and Detailed
Transition from Characterization

Operations

Deferral Period

D & D within the
controlled area

Period for
Dismantling
Activities

Conventional

demolition & site
release
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Estimate number of Reactor into TRANSITION
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Global Resource Needs estim or Decommissioning

DECOMMISSIONING STAFFING SUBCONTRACTORS STAFFING ESTIMATES

00 Planning Transition Safestore Active Dismantling
P <
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[
= Engineering internal mmmm OPS internal mmmm Project mgm external external
Skilled Trades external I \Waste Ops external I Maintenance internal E==china E==Korearepublicof &==Taiwan,China E===Japan ====Asia-FarEast
mm Security / ER internal mmmm RP/Chemistry internal = Proj. mgm/admin internal
e Total
Staffing for decommissioning- skills distribution
Western Europe estimates based on illustrative scenario
M Engineering internal = OPS internal B Project mgm external external
Skilled Trades external ™ Waste Ops external ® Maintenance internal
M Security / ER internal M RP/Chemistry internal Proj. mgm/admin internal
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Decommissioning Funds estimate f

35
30
25
20
15
10

a

© IAEA

Expenses distribution assumption

600
500
400
300
200 2500
.100 2000
1500
12 3 4 5 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 1000

500

%

2019 -2029

B Europe - Western

Europe - Central and Eastern M America - Latin

mmissioning

ESTIMATE OF DECOMMISSIONING MARKET SIZE
IN EUROPEAN UNION scenario 50y

20.0
15.0
10.0
5.0
0.0

18.1

153 159
i 130
10.8] 10.
IH Iﬂ I S'H
2019 - 2030 - 2040 - 2050 -
2029 2039 2049 2060

BEU @EU

2020
2023
2026
2029
2032
2035
2038
2041
2044
2047
2050
2053
2056
2059
2062
2065
2068
2071
2074
2077
2080
2083
2086
2089

2092
2095

2098
2101
2104
2107
2110
2113
2116

d\;\b ESTIMATE OF DECOMMISSIONING MARKET SIZE by time period

2030-2039 2040 -2049 2050 - 2060

America - Northern B Asia - Far East

Interregional Workshop on Technology Selection for Decommissioning of Large and Small Nuclear

B Asia - Middle East and South

38



WASTES PRODUCTION PROGNOSIS

TOTAL VOLUME
For a 1000 Mwe PWR 1000 Mwe VLLW LW W fuel/Tons
Long Lived Waste PWR 10000.00 5000.00 50.00 100
S0 m3 VVER
BWR 15 000.00 6 000.00 150.00 100 o
5000 m3 GCR 300 000.00 77 000.00 10 000.00 100 o
LWGR 300 000.00 70 000.00 9.000.00 100 ®
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BASED ON REAL AND ESTIMATES

BASED ON ASSUMPTION AND MODEL

© IAEA

Decommissioning scenarios Analysis

PRIS data improvement

- Country (analyze by country region)
- Reactor design (design effect)
- Date of grid connection (age)

- Power (size effect)
- Date of shutdown (start decommissioning)

- Decommissioning Strategy (start D&D)
- Decommissioning milestone (decommissioning status)

Next steps for analysis — Forecasts and prognosis

Develop Modeling Results
For staffing For cost and annual expenses For waste TO PROVIDE STANDARD ANALYSIS
production TO THE MS Country/region/time scale
and
distribution

Number of NPP within a dedicated
status

Estimates of expenses
Estimates of staffing/skills
Estimates of wastes produced
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(£ ) 1AEA

=~ International Atomic Energy Agency
Atoms for Peace and Development

Thank you!

Questions?



