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Nuclear activities in Belgium
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Belgium in Europe
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Belgium

= 10,5 million people on 30528 km?2

Federal parliamentary democracy under a constitutional monarch

Federal state with three levels of government - federal, regional
and language specific

3 regions: Flanders, Wallonia and Brussels-Capital

3 communities: the Flemisch Community, the French Community
and the German-speaking Community

FLANDERS

RUSSELS

WALLONIA
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BELGIUM THE THE REGIONS

COMMUNITIES
l‘! ¢

bl /
The Flemisch
Region: Flanders

The
Flemisch
Community

The Federal State
; i
State . R

o W B
g ™% %,
The Brussels-Capital
Region
The French *
Community
The Walloon Region:

el
N J\“'\, Wallonia

}W}n%&‘-ﬁ,j\‘_n
[
The th?r?@pé
speaking ﬁ-.“
e

Community

& ONDRAF/NIRAS

~NLx—
SEFER

ju-]
H

\
J
\l
N
EII!“ o

Hh 32k BT AF
ISV T LU BT
- D) vtz )L B AR B Hhig BT
- O Hhis BT



: e FBFC-1
nuclear sites (being dismantled)

e IRMM
e Belgoprocess

: . SCK=CEN
,NUCLEAR BEIg'ur__n e Belgonucleaire
in a nutshell: main (dismantled)

ONDRAF/NIRAS
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Electricity generation in Belgium
= 1974: commercial utilisation of nuclear power in Belgium
= 2014: 7 nuclear power units - all pressurised water reactors
= Total generating capacity of 5926,8 MW,
= Nuclear power plants of Doel Wind

and Tihange generated Solar  2,6% s
45,9 TWh of electricity in 2012

Combustible
53% of all electricity in fuels
; - 41,3%_
Belgium in that year L

|~

Met electricity production in Belgium (2012}
Source: Observatoire de I'Energie - FPS Economy, SMEs, Self-Employed and
Energy

Nuclear
- 53.0%

NLF—DHRE
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-{AFEE 5926.8 MWe
F=IWeTATOP1DREFHEEFROREESFT 45.9 TWh (2012%)
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Other waste producers

Radiotherapy

Weld inspection

Ionizing smoke detectors and radioactive
lighting rods (now forbidden)

Carbon-14 dating

A ONDRAF/NIRAS
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Belgium

Responsibilities for economic and energy policy are
distributed between the federal state and the regions

Federal state: security of supply, tariff reqgulation, nuclear
fuel cycle, radioactive waste management and related R&D

Regions: energy efficiency, renewables, non-nuclear
energy R&D, distribution and supply of electricity and gas

& ONDRAF/NIRAS
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What does ONDRAF/NIRAS do?

ONDRAF/NIRAS (= Belgian Agency for Radioactive Waste and Enriched
Fissile Materials)
= Created by the law of August 8, 1980

= Supervising authority: Ministers for Economic Affairs and Energy

o Management of e Dismantling and 9 Inventory FI sile materials S ientific research
¥ radioactive was! te remediation mnn:g eeeee

B ..... @ B iic (| %2 ’

Tarmpuarary stasnge o Policy preparation o o Participation Financing long-term
™ > N nvestmen and involvement activities

,__ ”‘.": {.}H 29, ____________ €
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Our vision

13
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ONDRAF/NIRAS and its partners

Ministers
inch
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HOW DO WE MANAGE
RADIOACTIVE WASTE?

ONDRAF/NIRAS

PN EDIIITHAMEZEYEEELTNEN?
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Our waste management system

SHORT- AND MEDIUM-TERM WASTE MANAGEMENT

o Prevention at source e Identification o Acceptance

16

LONG-TERM WASTE
MANAGEMENT

l,gl .l} Disposal

Surface disposal

Geological disposal

-

ONDRAF/NIRAS
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Location

ONDRAF/NIRAS

A
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Waste acceptance

e Acceptance of the waste

Approval of waste
+ processing facilities
E and processing methods

-

=
———

How is it done today?

Acceptance
in the future

o Approval of the
. storage buildings

Acceptance criteria
in the future

ONDRAF/NIRAS
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Processing

&9 Volume reduction 9 Confinement
¥ and stabilization
Combustible waste Liquid waste
mbus . & s

The compressed waste is placed in

Solid waste is Drums are bigger drums and immobilized in a
utto pleces. compressed. matrix.
19

e Control

ONDRAF/NIRAS
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Processing waste to reduce its volume and
concentrate radioactivity

For solid waste:
Incineration,
supercompaction
or cutting

Supercompaction in CILVA

For liquid waste:
Flocculation or evaporation

. ONDRAF/NIRAS
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Conditioning to make RW inert in the long term
and confine it

In Belgium, through immobilisation in cement
(previously also in molten glass or bitumen)

21 ONDRAF/NIRAS

B EREMERIBAFEEIELEACIADS=-HDNIETTE

NLF—TIE, BAVEIE (AT ASRAEEEFEFa—AVEEEHY)

(BEEE)
TAVMEL B E . BB RICEAVNEIEEN-EEYMD A --B 5

(BEERL)
BUEREZMOASREL

(EEAT)
BULBIEIACHEEEEREY . ALYMIEHEREIN-SEEREY.
FDEATULAE DA THIZHAIAZRD

21



Interim storage

22 ONDRAF/NIRAS

AT e B
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Conditioned waste in interim storage

LLwW HLW
18818 m? 70 m?

MLW
4253 m?

& ONDRAF/NIRAS

PREETEESR TRESN TL S RAEREEY

HLW (B LA JLIRGTTEREY) 70m3
MLW (L ANJLIRSTEBEZEY) 4,253m?
LLWUEL LSt BEZEY) 18,818m?



LONG-TERM WASTE MANAGEMENT

A Zam A

ONDRAF/NIRAS

RUPOBSIEREMER
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Long-term subdivision

Category A Category B

Volume

s @

25

Medium-level waste High-level waste

Short-lived waste category A Category A category C

Long-livedwaste  Category B Category B Category C

* 26.000 monoliths * 4.500 a 5.000* monoliths * 2.000* a 3.000 supercontainers

Category C

10

In case of full reprocessing

ONDRAF/NIRAS
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LLW disposal

The cAt project in Dessel: from
‘stakeholders’ to ‘shareholders’

A am =t

26
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TECHNICAL APPROACH

ONDRAF/NIRAS

ONDRAF/NIRAS

Bifil7 7 o—F 19944

DRAF/NIRAS — /N

Defend
LLLEIREEE
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NEW APPROACH

&

ONDRAF/NIRAS

DAD > ADD

Announce - Discuss - Decide
¢ Wv &R

Finding a Willingness to Stepwise and
suitable site & participate inclusive
save solution desicionmaki
28 ONDRAF/NIRAS
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GOVERNMENTAL
DECISION

“Final repository, or at least one that

could progressively become *final’,
whether that be on the surface, or

underground.”

29 ONDRAF/NIRAS
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GOVERNMENTAL
DECISION

“Look first and foremost in the

existing nuclear areas and additionally
in any municipaly willing to

volunteer.”

ONDRAF/NIRAS

BFFRE 19984

BEORFHEEMEICEREZH TS

“ETHICET NEROBH ST, DN TLRRIHASLEAKICBEATS,
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GOVERNMENTAL
DECISION

“"Methods, including management and

negotiation mechanisms, to integrate
the repository facility at the local

level.”

ONDRAF/NIRAS

BUFFRTE 1998%F
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GENERAL MESSAGE

We need your Collaboration on
help! voluntary basis

v
VETO

32

Offering a

Listen and
framework for I
o o z earn
civil participation
ONDRAF/NIRAS
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LOCAL
PARTNERSHIPS

Possibilities and terms for hosting a disposal facility

000

Representing the Managing own Ordering Internal & external
local community budget studies expertise
33 ONDRAF/NIRAS
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3 PARTNERSHIPS

DESSEL - STOLA
[ ]

DOEL MOL - MONA

TIHANGE

FLEURUS & FARCIENNES
PALOFF

ONDRAF/NIRAS

3DD/IN\—hF—vT  19994-20034

TytILDIN—+F—vT . STOLA

EILD/IN—kF—9T : MONA

TIL—IL-T7ILDIN—hF—vT - PALOFF
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LOCAL
PARTNERSHIPS

Integrated project
Shareholders

A ‘ A instead of stakeholders
||I.v': ege W‘Y
Seeking common A" ¥  Lead partnerships \ /
ground S— ucture, time and

2sources |1=">-.-"fier_! to
between different collaborate
interests & values

35 ONDRAF/NIRAS
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Integrated projects

Reposito

Accompanyi
local projects

ONDRAF/NIRAS

HETa I 19994-20064
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DECISIONS

Dessel Mol Fleurus-Farciennes
YES YES NO

Submission Submission Submission of

of STOLA of MONA PaLoFF
(Dessel) (Mol) (Fleurus-Farciennes)
37 ONDRAF/NIRAS

RE 2004%-20064

2004%F STOLAMRE(TvyHI)
Tyt KR
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GOVERNMENT
APPROVES

ONDRAF/NIRAS
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CAT PROJECT

Fulfilling the
conditions

AN

QQF\

000 2 £
-
Cooperation

between Dessel and Mol

Co-design

into concrete projects

39

Local cAt team

New ways of
collaboration

Conversion of conditions _

ONDRAF/NIRAS
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WAY OF COLLABORATING

Dessel and Mol co-decide
Municipality of Dessel
Municipality of Mol
Partnerships

ONDRAF / NIRAS

Opportunities for the broader region

Regional consultation platform
(ROP)

ONDRAF / NIRAS

Partnerships

Regional Socio-Economic Consultation
Committee Campine region

Partnership Partnership
Dessel Mol
(STOLA) (MONA)

40 ONDRAF/NIRAS
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CAT MASTERPLAN

Communications
center

M

& participation

\

Country planning

Safety, environment & Local development
health fund
Repository
Employment
& nuclear know-how Consultation

& mability ONDRAF/NIRAS
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A LONG TERM PARTNERSHIP

Preliminairy project phase

Partnerships develop
integrated draft proposals:
technical concept + societal
conditions

42 ONDRAF/NIRAS
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A LONG TERM PARTNERSHIP

Design phase

ONDRAF/NIRAS and
partnerships develop the
project in co-design,
partnerships monitor the
conditions

43 ONDRAF/NIRAS
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A LONG TERM PARTNERSHIP

Execution phase

Partnerships monitor the
implementation and actively
contribute to certain
subprojects

44 ONDRAF/NIRAS
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A LONG TERM PARTNERSHIP

Operational phase

Co- or self-management for partnerships in
societal projects
Ensure long-term safety
Keep the memory of the site alive
= ongoing reflection on future role

a5 ONDRAF/NIRAS
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Path followed by short-lived waste

= Temporary

Transport
storage

46

Disposal modules

Final cover

Two tumuli

ONDRAF/NIRAS
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47

ONDRAF/NIRAS
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Test and demonstrate

S

IPM concreting plant design (2016)

~ Test cover (2019)

Drop test (2010)

4 ONDRAF/NIRAS

HEREEAL

E B (20104F)

EEEEABR (2011%-)

HEm (2010%5)

ZE TR (2010%F)

IPM a2>91)—rTS5 &R (2016 %)
HI—DEER (20194)
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The footprint of surface disposal

TOTAL HEIGHT ENALGOVER
about 20m TUMULI SURFACE 45m CosT
15 ha 1,2 billion EUR
{Long-term F

Fund

START OF DISPOSAL

SAND-CEMENT EMBANKMENT GRAVEL LAYER
2m 60 cm 2021 at the earliest
MONOLITH MODULE

900 per module 25x27m

11 m high
WASTE VOLUMES TO BE DISPOSED OF 34 modules in total DURATION OF REPOSITORY OPERATION

26,000 monoliths 50 years

= ONDRAF/NIRAS

RPN DERERE

25 #520m

M55 miE 15ha

=EHNN—FEE 4.5m

MEEAVNEERL 2m

BAaRE 60cm
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Timing
01/2013: License application
2014-2017

= Discussing answers with FANC

= Modification of the safety case
2018:

= evaluation by Scientific Council

2018: nuclear permit > start building disposal modules

2022: start of operation

= ONDRAF/NIRAS received 293 questions about the safety case

= start building first facilities: IPM, caisson plant, acces cluster, ...

|
50 ONDRAF/NIRAS
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Pre-licensing

= Establish table of contents in consultation with the safety
authority

= Lay down a French-Belgian safety strategy

= Consultation with the safety authority on the licensing process

= Safety evaluation of each file sent to the safety authority

= Safety report: creating a forum to engage the process with the
safety authority

- Pre-licensing process necessary from the start
Not well-established for cAt-project

|
ONDRAF/NIRAS
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Pre-licensing

= ONDRAF - FANC experience of pre-licensing process for the
low-level waste disposal facility (period 2000 - 2012)

= License application in January 2013
= Main challenges:

= Parallel development and definition of regulatory requirements by
FANC and safety case for disposal facility by ONDRAF

= Definition of clear milestones with “approvals” or “agreements”

= Transparency of pre-licensing process to other stakeholders

|

ONDRAF/NIRAS
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Pre-licensing

= Main lessons learnt

= Importance of a common understanding of key concepts and their
application : optimisation, defense-in-depth, safety functlons,
scenarios for safety assessment, treatment of uncertainties, ...
= Important to focus first phase of process on the safety concept of
the disposal facility / system
= Besides the regulatory requirements: what are the regulatory
2xpectations?
= Table of Contents and main content of safety case
= Safety assessment calculations (scenarios, parameter
values, uncertainties, ...)
= Application of principles (optimisation, DiD, ...)
= Definition of the disposal source term
2
53 ONDRAF/NIRAS
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INTEGRATED PROJECT
A safe and efficient disposal
combined with social-economic
added values for the region

rid
54 ONDRAF/NIRAS
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Communications
center

M

Safety, environment &
health

Repository

Employment
& nuclear know-how

\

Country planning
& mobility

55

Local development

Consultation
& participation
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Financing

Long-term Fund:

waste producers

Intermediate-term Fund:

» Finances all project components for the benefit of the local

communities

= Finances all project components that represent a direct service to the

|

ONDRAF/NIRAS

BEftia

REYEE:
BENMREEICERTIL2TOITACIINER~ADEERIRRY

iR
A ROFEICEHTILTOTODIINER~DELRMH

56



LESSONS LEARNED

Share Integrated
ownership project

57

Consensus + What to avoid
win-win

ONDRAF/NIRAS
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4 EFEFTRECLE

57



HLW disposal

= ONDRAF/NIRAS

mELANILESHEREYL S
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Geological or underground disposal

Confine Retain

f Z Isolate

WEF (I T A~DLS

FLCASHD
REFID
fREtd 2
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SCK-CEN starts
research on
geological disposal

In which undersoil?

ONDRAF/NIRAS
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® Phase 1: 1980:1987 =
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Pioneer years
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HADES (/\—TX) *

F1ERRE:1980F — 19874

E14v T+ (19804F —19824)
F1X¥51)— (198345 —19844%)
FE2F¥vS!1)—(19874)

EERAL v IhEXvS1)—(198445)
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Second shaft (1997~
1999)

Connection gallery (2001-2002)

PRACLAY gallery (2007)

Feasibility demonstration on an industrial scale

ONDRAF/NIRAS

HADES (/\—T At F#FZEFR)

EOERME 19974 — 20074

F2L v IR (1997 —19994)

AR 30F 43— (20014 —20024F)

PRACLAY¥+51)—(20074)
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40 years of research

15T SHAFT

PHEBUS

SELFRAC ATLAS

l CLIPEX

FORGE

MINE-BY TH
RESEAL
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CORROSION
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ARCHIMEDES BACCHUS
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International collaboration is intense and multi-
faceted
Definition of safety standards, guidance etc.,

= IAEA (International Atomic Energy Agency)

= EU (European Union)

= ICRP

Research, development and demonstration, stimulated by

= EU (Implementing Geological Disposal Technology Platform)

= NEA (RWMC, Clay Club)

= IAEA (Underground Facilities Network)
Bi-, tri-, multi-lateral collaboration between waste organisations studying
the same host rock:

= ANDRA (FR), NAGRA (CH) and ONDRAF/NIRAS (clay)

= Posiva (FI) and SKB (SE) (granite)

Exchange of knowledge, experience and information among implementers

= EDRAM

2
I ONDRAF/NIRAS
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RERE HAFVRAENDES
- 1AEA (EIFRRF H#4E8)
-EU(BRMESR)
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*ANDRA (75> X) . NAGRA(XAR). ONDRAF/NIRAS: (#5 L)
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International collaborations

1. Increased synergies through the pooling of human, financial and
scientific resources

2. A better understanding of similarities and differences between
programmes

3. The establishment of common and consistent standards
at regulatory level

4. The development of methodologies
5. Peer review of results

6. A technological transfer to less advanced countries

2
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URLs in NEA countries

StripaMine | | OlKiluoto
AECL URL Aspb Hard Sweden | M:;;:::el |
Climax Canada RockLab | \ [ 5 S
USA, Colorado = 5> | Sweden | e I/ Asse Mine |
. 3 Mont Terri . A I/ l__._
~ | Switerland | g ‘ V
L gz { ‘
Tournemire o Lo

[Grimsel Test| - Gorleben
Site Germany
_Switerland.
? France Pécs
S KONRAD
A KURT
| G-Tunnel WIPP 3 Germany L Korea
| USA, Nevada | USA, New » HADES-URF
Mexje Belgium
Busted Butte
USA, Nevada

Horonobe
URL
Japan

-~
-~

Ming

Tono Mine
Japan

Mizunami
URL
_lapan

Generic URL built on pre-existing

e A encavatidng Purpose-built generic URL

Site-specific URLS
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Multidisciplinary R&D

Corrosion of Dissemination of radionuclides
technical barriers

Impact of
excavations on
clay
characteristics

Clay
characterization

Supercontainer
design

Thermo- |
hydromechanical |
behaviour of clay &
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RD&D

PRACLAY

Start
SAFIR2 assessment report

research and context document

SAFIR Waste Plan

Safety Assessment and and SEA
Feasibility Interim
Report
ONDRAF/NIRAS
RD&D (B F B - R3E)

1974% MR

19894 SAFIR RTL:ffl-ERAIREMPERES

20014 SAFIR2 (Z&FHMii-ERAIREMFE2RPHBESE) LEREF
20114 ERBEFEWETEESEA

20174 PRACLAY EHE#Re



Waste Plan & SEA

ONDRAF/NIRAS
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Societal dialogue

ONDRAF/NIRAS Public forum through Consultation for environmental
dialogues & King Baudouin impact statement carried out
interdisciplinary Foundation within the scope of the Waste Plan

conference

ONDRAF/NIRAS

LB EE

1 ONDRAF/NIRASIZ&BEE)
XELRENE IR S EFE
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Waste Plan (2011)

RECUrrent socictal expeciations

=  Reversibility/retrievability of waste for a reasonable period of time,
i.e. about 100 years after disposal

=  Controllability of the disposal facility
Transfer of knowledge

=  Establishment of a “guardian” for the decision-making process
(independent from ONDRFA/NIRAS and from the safety
authorities)

=  Follow-up of the developments regarding long-term management
solutions that were analyzed in the SEA but disregarded (e.qg.
advanced nuclear technologies, shared repository)

|
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Waste Plan (2011)

» Geological disposal in poorly indurated clays (consensus after
citizens' conference)

= In a single facility, on Belgian territory

= As soon as reasonably possible, but with the pace of development
and implementation being proportionate to its scientific-technical
maturity, as well as to the public support it receives

= Incorporating conditions arising from societal consultations
(reversibility/retrievability, controllability, transfer of knowledge,
guardian, follow up of “alternatives”)

|
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Current policy situation

June Today
SEA European directive No policy decision
legislation transposition taken yet

National Policy proposal

September May

Presentation Waste Policy proposal based on
Plan to federal Waste Plan
government

ONDRAF/NIRAS
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Disparity between technical and societal aspects

Ethics & society

SUSTAINABLE
WASTE

MANAGEMENT,

Science & technique

ONDRAF/NIRAS
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Necessity of a policy decision

Four core ethical values (ICRP):

. Beneficence/non-maleficence

*  Prudence
Justice
Dignity

Procedural values such as:

»  Accountability, transparency and inclusiveness (stakeholder
participation),

. preserving the autonomy and dignity

Taking decisions as soon as it is possible and avoiding that decisions

are unnecessarily postponed until there is absolute certainty

Taking decisions that are proportional to the knowledge of the
moment

2
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Necessity of a policy decision

National policies, including final destinations, shall be established for
all waste types

= j.e.'closing’ the management system

»  Start formal dialogue with stakeholders
Optimize all the management phases

= Determine the management costs (provisions) in order to optimally
apply, as of today, the ‘polluter pays principle’

Ensure responsibility of current generation and current producers
=  QOrient RD&D

|
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CONSIDERATIONS

unsafe site’

77

Nuclear waste Safety now and in No solution without
exists and we need the future is key: public support
to cope with it ‘nobody wants an

ONDRAF/NIRAS
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Policy decision

¥y

- &

Willingness to participate? Gradual, joint search
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GENERAL MESSAGE

We need your : Listen and
help! voluntary basis framework for learn
civil participation
79 ONDRAF/NIRAS

Collaboration on

Offering a
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14 December 2016

Concluding remarks and lessons learned

= Willingness to listen and learn

= Long process: evolutions in society and regarding the stakeholders
must be taken into account, evolution of legislation

The type of process depends on the country’s culture

Involve the safety authority right from the start to know the rules of
play: the safety authority ensures safety independently

£ ONDRAF/NIRAS
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Overarching principles (NEA, FSC)

Stepwise approach needed: decision-making should be performed
through iterative processes, providing the flexibility to adapt to
contextual changes.

Social learning should be facilitated e.g. by promoting interactions
between various stakeholders and specialists

* Public involvement should be facilitated by e.g. promoting
constructive communication between individuals with different
knowledge, beliefs, interests, values and worldviews

. Accountability

|
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Key drivers for public trust in RWM (NEA, FSC)

-National commitment
-RWM policy framework
-RWM organisation as
committed driver
-Citizens' participation
and empowerment

Roles and structures

-Balanced process

Openness Decision-making process | -Facilitating learning
Transparency -Allowing added value
Technical competence for host communities

Procedural equity
-Demonstrate

RWM institutions confidence factors

-Design
RWM facilities -Community oversight
and stewardship
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Questions?

ONDRAF/NIRAS
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