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SA Needs power now

South Africa’s
Energy
Shortfall
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i CHARACTERISTICS OF GEN llI+ DESIGNS

= Modular Construction

= Evolutionary Design

= Passive Safety Features
= Less Waste Generation
= Cost Effective



Ten Nations Preparing Today for Tomorrow's Energy Needs




Generation IV: Nuclear Energy Systems Deployable no later than 2030 and offering
significant advances in sustainability, safety and reliability, and economics
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i PRIMARY GOALS OF GEN IV REACTORS

= Improve Nuclear Safety
= Improve Proliferation Resistance

» Minimize Waste & Natural Resource
Utilization

= Cost Reduction for Building & Operation



MAJOR MISSION INTERESTS FOR
i GEN IV REACTORS

= Electricity Generation

= Hydrogen Production and Other Process
Heat Applications (Oil Sands, CTL, SMR,
Desalination, etc)

= Actinide Management in High Level
Waste
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Nuclear Fuel Cycles

Direct Disposal

Reactor
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Source; Congressional Budget Office based on Tan Hore-Lacy, Muclear Energy in the 21st Century
{Lendon: World Nuclear University Press, 2006).

Mote: U0y = uranium oxide concentrate; UF; = uranium hexafloride; U-235 = uranium-235.




FISSION PRODUCTS:

Minor Actinides: Np, Am, Cm

Short-lived: Cs,;;, Srg,
PARTITIONING:

Chemical, Electrochemical Separation of
Long-lived from Short-lived fp’s

TRANSMUTATION:

Conversion using ADS, Fast reactors
Radiotoxicity reduction: Np, Pu — short-lived fp’s
l,,o — stable, non-radioactive Xe




AFCI Series Two Objective

Spent Fuel From

Advanced,
Proliferation-Resistant
Recycling

Series Two

Direct
Disposal

Conventional
Reprocessing

—» PUREX
Spent Pu Uranium
Fuel MO,
— SEn | )
LWRSs/ALWRs
Repository
Repository »'f
U and Pu Less U and Pu
Actinides Actinides
Fission Products Fission Products
Once Through European/Japanese

Fuel Cycle Fuel Cycle

Advanced Separations
LWRs/ALWRs

Bz’ 1§
Gen IV Fuel Fabrication
Gen IV Fast Reactors

e1Ey |

ADS Transmuter

ey |

Repository

Trace U and Pu
' Trace Actinides
Less Fission Products

Advanced Proliferation Resistant
Fuel Cycle



Fuel Cycle Options — Series Two
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Benefit of Transmutation

Radiotoxicity Reduction Due to Transmutation
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Spent Fuel Characterisation

Radiotoxicity Index (RTI) of SF
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Spent Fuel Characterisation

Radiotoxicity Index (RTI) of SF, HLW and ILW
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Spent Fuel Management Options

Nuclear Fuel Cycle

Nuclear Power Plant
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Spent Fuel Management Options

Mhin SFM Options

. Direct Disposal (Once-through Fuel Cycle)

[
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Fabrication Interim Storage
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Spent Fuel Management Options

Long-term / continued / indefinite storage
»Deferral of decision

Waste minimisation
= through partitioning and transmutation of radionuclides
= requires reprocessing

Fuel-leasing or take-back option

= Leasing State provides fuel through arrangement with own
fuel ‘vendors’

= Used fuel is returned to its country of origin which owns title
to it or to a third party

= Part of Global Nuclear Energy Partnership for securing the
NFC and addressing non-proliferation challenges/issues

International, multinational and regional repositories

= could benefit countries with small nuclear programmes
and/or without suitable geological sites



Spent Fuel Management Framework

National RWM Policy & Strategy

Definition &

Classification
*Follow IAEA definitions
& classification of waste

Institutional
Responsibilities
*Government (Policy Making)
*Regulatory Bodies

Legislation, e.qg.

*Nuclear Energy Act

*Nationa Nuclear
Regulatory Act

Principles, e.g.

*Protect health & environ

*Avoid burden on future
generations

*Waste generator pays *‘NEMA (NNR, DME, DoH etc) «Consistency with
*No import, no export *Hazardous Subst. Act | «Waste Generators internationally acceptable
of waste *Mine H&S Act (Eskom, Necsa, hosps. etc) | practices

*Dumping at Sea Act <Operator (RWM Agency)

Policy Framework

*Public participation

Approved RWM POI ICy Implemented
in Nov 2005 & Strategy by Nov 2010
Strategic Framework
Principles, e.g. RWM Structures | RWM Fund Implementation

*Avoid & minimise waste | eNational RWM Committee | *To be funded by waste Process

*Achieve max. degree of
passive safety

eFinal disposal ultimate
step in RWM process

*RWM strategy to cover
total life cycle of waste

- coordinate RWM
- review & recommends
RWM plans to Minister
eNational RWM Agency

- site, design, construct &

operate RWM facilities
- define & conduct R&D

generators based waste
classification & volumes

*To finance RWM Agency
activities & facilities, and
capacity-building initiatives

*To be manageged by

National Treasury & DME

e|ldentify waste streams
& categories

*Select a RWM option
(based on BATNEEC)

*Develop RWM plans

*Sumit RWM plans for
evaluation & approval




Evaluation of Options

Flamework for Evaluation of SFM Options

Framework Construction

» ldentification, characterisation and connection of elements
relevant to analysis of SFM options

= Verification and validation by literature, focus groups and surveys

= Guiding principles
= Best Available Technology Not Entailing Excessive Costs
(BATNEEC)

= |AEA Fundamental Safety Principles for Radioactive Waste
Management

= National Radioactive Waste Management Policy & Strategies
= |AEA Joint Convention on the Safety of Spent Fuel Management

s Framework Features

= Assessment criteria
= Qualitative and quantitative data



Evaluation of Options

Framework for Evaluation of SFM Options

Spent Fuel Management Options

v

Assessment Dimensions and Criteria

Technology Safety

eAvailability
*Suitability
eSustainability
«Affordability

*Radiological Risk
eAccident Risk

*Radiological Impact
*Non-radiological Impact

feration Resist

hysical Securit Economics

Material Barriers
eTechnical Barriers
e|nstitutional Barriers
«Safeguards Measures

.opolitical Influ

*Public Acceptance eIntragenerational Equity
«Political Support eIntergenerational Equity

*Cost Effectiveness
*Resource Optimisation
*Economies of Scale

.ical Considerati. .tutional Frame

eLegal Framework
*Organisational Framework
*Regulatory Framework

v y v
Choice of Preferred Option

*Theft Protection
eSabotage Protection

B -
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Conclusions
fpent fuel is radiotoxic — but it can be safely managed.

= Options / alternatives for SFM are available — some
matured and in practice, others still under R&D.

= Facilities for SFM exist; only deep geological repositories
have yet to be constructed and licensed.

= SF can be managed within international and national
frameworks, as required by policy positions.

= Techniques available for making a choice of SFM options.

= Solid long-term SFM plans needed to gain public confidence
In nuclear industry iro SF and radwaste management.

= Clear policy guidelines that address the challenges are key.




