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P Setting the scene ...
Nuclear facilities in Sweden

Nuclear Facilities in Sweden
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P Setting the scene ... (cont’d)

Basic prerequisites

A nuclear reactor licensee is by law required

To manage spent nuclear fuel and nuclear waste from operation

To decommission and dismantle the reactor and associated facilities
and manage the decommissioning waste

To perform necessaryresearch and development

To, every 3 years, jointlywith other reactor licensees, submit an
updated programfor necessaryresearch and development

To pay for the costs for spent fuel and nuclear waste management

Nuclear reactor licensees cooperate through joint company SKB*

Centralised interim storage facility for spent nuclear fuel, Clab
Centralised disposal facility or short-lived waste, SFR
Transport arrangements including ship MS Sigrid

Future encapsulation plant for spent nuclear fuel (Ink)

Future centralised disposal facility for spent nuclear fuel
Future centralised disposal facility for long-lived waste, SFL

*) Swedish Nuclear Fuel and Waste Management Company
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RD&D Programme 2019

Programme for research, development and
demonstration of methods for the management
and disposal of nuclear wa:




P Setting the scene ... (cont’d)

Reactor licensees cooperation - 1

/ SWEDISH NUCLEAR FUEL AND WASTE COMPANY, SKB IMS
(JOINTLY OWNED BY REACTOR LICENSEES BKAB, FKA, OKG, RAB)
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P Setting the scene ... (cont’d)

Reactor licensees cooperation - 2

/ SWEDISH NUCLEAR FUEL AND WASTE COMPANY, SKB IMS
(JOINTLY OWNED BY REACTOR LICENSEES BKAB, FKA, OKG, RAB)
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P Setting the scene ... (cont’d)

Reactor licensees cooperation - 3

/ SWEDISH NUCLEAR FUEL AND WASTE COMPANY, SKB IMS
(JOINTLY OWNED BY REACTOR LICENSEES BKAB, FKA, OKG, RAB)
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P Setting the scene ... (cont’d)

Reactor licensees cooperation - 4

/ SWEDISH NUCLEAR FUEL AND WASTE COMPANY, SKB IMS
(JOINTLY OWNED BY REACTOR LICENSEES BKAB, FKA, OKG, RAB)
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P Setting the scene ... (cont’d)

Reactor licensees cooperation -5
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P Review of RD&D-program every 3 years
Driver for the development

RD&D 2019
RD&D 2016

RD&D 2016

RD&D 2013

RD&D 2010

RD&D 2007

RD&D 2004

RD&D 2001

RD&D 1998

RD&D 1995

RD&D 1992

RD&D 1989

RD&D 1986

RD&D 1984 i e TNREETR S Pictures: SKB
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(2) Near-surface repositories are located at the nuclear power plants sites in Forsmark,
Oskarshamn and Ringhals. At the Studsvik site, similar near-surface repositories for
waste from industry, research and medical care are located.

@) Apossible ive for very low-level ds issioning waste. The final decision of the
management of very low-level decommissioning waste has not yet been taken.

(@) Interim storage at nuclear power plants or other site. Today. long-lived waste is stored at the
nuclear power plants, in Clab and at the Studsvik site.

Spent fuel repository

Figure 2-1. The system for management and disposal of Sweden s radioactive waste and spent nuclear fuel.
Solid lines represent transport flows to existing or planned facilities. Dashed lines represent alternative routes
of management.
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Figure 2-1. The system for management and disposal of Sweden 5 radioactive waste and spent nuclear fuel.
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»  Planning under Uncertainty and Risk
External factors influence -1

START OF OPERATION NUCLEAR FACILITIES
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nuclear fuel
SFR = Repository for
short-lived low-
andintermediate
level radioactive
operational waste
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Planning under Uncertainty and Risk
External factors influence - 2

START OF OPERATION NUCLEAR FACILITIES
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storagefor spent
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SFR = Repository for
short-livedlow-
andintermediate
level radioactive
operational waste
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1984: Act on Nuclear Activities

« NPPs:Safety, Responsibilities, RD&D-program every 3 years
1981: Financing Act

« NPP:s - Funding of future costs, cost estimate every 3 years

1980: Decision to phase out nuclear power generation by 2010

* N.B. To allow fora minimum of 25 years of operation for reactor
operator owners/licensees to earntheir costs

* Banonresearch to develop new reactors inSweden

&
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START OF OPERATION

»  Planning under Uncertainty and Risk
External factors influence - 3

NUCLEAR FACILITIES
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Rx = Ringhals NPP
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short-lived low-

level radioactive
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1997: Act on Phase-out of nuclear power

storage for spent * Political decisonto close B1 and B2 (too close to Denmark)

* Removes 2010 as endpoint of nuclear power generation

1984: Act on Nuclear Activities * Introduces compensationfor non-safety related closure of reactors

« NPPs:Safety, Responsibilities, RD&D-program every 3 years

and intermediate 1981: Financing Act

« NPP:s - Funding of future costs, cost estimate every 3 years

Bengt Hedberg

* Banonresearch to develop new reactors inSweden
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»  Planning under Uncertainty and Risk
External factors influence -4

START OF OPERATION NUCLEAR FACILITIES
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level radioactive - NPP:s - Funding of future costs, cost estimate every 3 years

operational waste
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»  Planning under Uncertainty and Risk
External factors influence -5

START OF OPERATION NUCLEAR FACILITIES
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Bx = Barseback NPP

Fx= ForsmarkNPP

Ox= Oskarshamn NPP

Rx = Ringhals NPP

2009: Annulment of Act on Phase-out of nuclear power
* Removal of ban on research onnew reactors
* Allow new reactors toreplaceoldreactors

Clab = Central interim 1997: Act on Phase-out of nuclear power
storage for spent * Political decisonto close B1 and B2 (too close to Denmark)
nuclear fuel * Removes 2010 as endpoint of nuclear power generation
SFR = Repository for 1984: Act on Nuclear Activities * Introduces compensationfor non-safety related closure of reactors
short-lived|ow- - NPPs: Safety, Responsibilities, RD&D-program every 3 years
andintermediate 1981: Financing Act
level radioactive - NPP:s - Funding of future costs, cost estimate every 3 years

operational waste
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P Planning under Uncertainty and Risk
External factors influence -6
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* Removal of ban on research onnew reactors
* Allow new reactors toreplaceoldreactors

Clab = Central interim 1997: Act on Phase-out of nuclear power
storage for spent * Political decisonto close B1 and B2 (too close to Denmark)
nuclear fuel * Removes 2010 as endpoint of nuclear power generation
SFR = Repository for 1984: Act on Nuclear Activities * Introduces compensationfor non-safety related closure of reactors
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level radioactive - NPP:s - Funding of future costs, cost estimate every 3 years
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YEAR"
1981
1989
1997
2015

Bengt Hedberg

CAPACITY

3 000 tHM
5 000 tHM
8 000 tHM
11 000 tHM

P Spent fuel storage flexibility

Examples of Internal Factors

MEANS COMMENT

STANDARD CASSETTES BUFFER STORAGE FORRECYCLING
COMPACT CASSETTES 2 BUFFER STORAGE FOR DISPOSAL
REUSE STANDARD CASSETTES ENOUGH IF PHASE OUT BY 2010
ONLY COMPACT CASSETTES INCREASED CAPACITY NEEDED 3)

1) 16 BWR and 5 PWR elements respectively, criticality control by distance
2) 25 BWR and 9 PWR elements respectively, criticality control by boron steel
3) Capacity to store all generated spent fuel from power reactors as per todays reference scenario

*) Indicate year for relicensing to accommodate changes

PREPARATORY
CONSTRUCTIONS TO
FACILITATE FACILITY

EXTENSION
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Lessons Learned ...

Main trigger for development ...

— Is the political decision 1980 to phase out nuclear power generation by 2010, and
providing for long-term commitment for back-end activities long after that

Main driver for development ...

— Is the setting-up of legal requirements on reactor operatorsto conduct a R&D-program
and submit a report on progress for review and evaluation every 3 years

— The regulatory review and subsequent governmental decision on the program provides
a structured process to adopt to external and internal factors influencing developments

Roles and responsibilities clearly defined in the legal framework

— Reactor owners are assigned responsibility for everything that is needed to ensure safe
operation of facilities and post-closure safety of spent fuel disposal facilities

— The regulator develops regulations and reviews compliance with requirements
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Lessons Learned ... (cont’d)

Management of Spent Fuel and Nuclear Waste addressed from early on
— Voluntary cooperation between all reactor licensees

Realistic planning prerequisites ...
— Necessaryto plan future activities on an agreed reference scenario, but allow for
enough flexibility to accommodate to potential external and internal factors
Nuclear reactor licensees are individually responsibility for
— Management of spent fuel and nuclear waste and building up funds

Cooperation between reactor licensees through SKB allows for
— optimized management by implementing centralized joint storage/disposalfacilities
— facilitates management of interfaces and interdependencies
— optimizes use of resources and efficiency
— facilitates and optimizes financing arrangements
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