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GIF Timeline (Australia)

Australia and GenlV

o Intentlon to apply In Aprll 2007 April 2007 Prime Minister announced Australia’s

intention to seek GIF membership
» ANSTO redirecting research priorities

¢ App“Ca“On halted (Change In July 2007 Prime Minister announced new nuclear

réd collaberation program to engage
universities

Government) in late 2007 R DI it o
. .. September 2007 )
e Government supports bid to join ot GAF etership
. . . Presentation to 6IF Chair in Vienna
the GIF in March 2015 with bi-

partisan support

» Petition presented to GIF Policy
Group in October 2015

* GIF Policy Group Delegation visit
to Australia in Feb 2016

GIF Policy Group Delegation to
Australia, 2-4 February 2016

From Lyndon Edwards: Australia’s Participation in the Generation IV International Forum (GIF)




ncement

Australia accedes to the GIF Framework Agreement

On 14 September 2017, Australia deposited its instrument of
accession to the Generation IV International Forum (GIF)
Framework Agreement....... Australia became the 14th member of
the GIF on 22 June 2016 when it signed the GIF Charter.

Acceding to the Framework Agreement will allow Australia
to become actively engaged in R&D projects related to

Generation IV systems, particularly in R&D projects on
advanced materials.
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International Context

Instruments for Australia in Nuclear Power

e IAEA/NEA (Fission): Small Modular Reactors

e Fusion: ITER and INTERNATIONAL TOKAMAK PHYSICS ACTIVITY
(ITPA)

 Generation IV International Forum
e China: SINAP partnership (renewal?)

Towards a strategic research and technology framework?



Generations of Nuclear Energy

Generation IV

e
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From G. Cognet: The different generations of nuclear reactors From Generation-1 to Generation-4
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Gen Il Objectives

« ABWR 1996

e Active Safety — reduced core damage frequency
* Improved Fuel Technology

* Design Life Extension 60-100 years

 Thermal efficiency

o Standardisation



—— —

Gen llI+ Objectives

 VVER-1200/392M 2017
o Superior Thermal Efficiency
* Passive safety systems

— Gravity fed cores, convective cooling and
condensation

o Standardised designs “modularity”
* Accident tolerant fuel
e Operational design life 50 to 100 years
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[1I/llI+ to IV Global Nuclear Capacity

 Significant shifts since 2013
 The “models” are changing
* The countries are changing

 New insights:

— Predictable supply chains (the Russian model)!
* Lifecycle contracts with spent fuel return

— SMRs spin or substance?
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Generations of Nuclear Energy reactors
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enesis of Generation IV Concepts

* In 1999, low public and political support for nuclear energy
— Oil and gas prices were low

 USA Proposed a bold initiative in 2000

— The vision was to leapfrog LWR technology and collaborate with international partners to
share R&D on advanced nuclear systems

— Oil prices jumped soon thereafter

* Gen IV concept defined via technology goals and legal framework

— Technology Roadmap released in 2002
e 2 year study with more than 100 experts worldwide
» Nearly 100 reactor designs evaluated and down selected to 6 most promising concepts

— First signatures collected on Framework Agreement in 2005; first research projects defined
in 2006

From John Kelly: GIF Webinar series at: www.gen-4.org/gif/icms/c_84314/webinar-series-1-atoms-for-peace-the-next-generation



Generation IV Goals

Safety and Reliability

— Very low likelihood and degree of core damage

— Eliminate need for offsite emergency response
Sustainability

— Long term fuel supply

— Minimise waste and long term stewardship burden
Proliferation Resistance and Physical Protection

— Unattractive Materials diversion pathway

— Enhanced physical protection against terrorism
Economics

— Life cycle cost advantage over other energy sources

— Financial risk comparable to other energy sources

Lyndon Edwards — Australia’s Participation in Generation IV International Forum (GIF), ANA 2017 Conference, 6 October 2017



Generation IV reactors

Gas-Cooled Fast Reactor Super Critical Water Cooled Molten Salt Cooled Reactor
Reactor
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en-IV Market Status Developments

» Terrestrial Integral Molten Salt Reactor (Canada)
e Terra-Power (US-China)

e HTR-PM in China (VHTR)

 BN-800 (Sodium Fast Reactor) Russia-China
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Reactor Design Types
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Source: WNA
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ST IE T Abions

* First membership by a non-nuclear power country
* Nuclear materials focus

o Safety cases

 Economics

°« ...... more focus on Waste management



ANSTO — SINAP Collaboration

e Centre for Thorium Molten Salt Reactor (TMSR) systems
— Initial $400M R&D investment
— Non-active Demonstrator

« ANSTO-SINAP Joint Research Centre
— Materials technology for Molten Salt Reactors
— Molten salt corrosion
— Radiation damage
— High temperature properties



eneration IV Structural Materials R&D

Irradiation
— Neutron, ion damage studies

High temperature
— Creep testing
— Creep/ Fatigue Analysis

Radiation

Corrosion
— Testing in molten salt environments

Combined environments High Temp Corrosion

— lrradiation + corrosion (MSR)
— Corrosion + high temperature creep
— Irradiation under high temperature

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,

Las Vegas, USA
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equirements of MSR structural materials:

e Operating Temperatures of 630-700°C

o Corrosive molten fluoride salt (FLINaK; FLiBe)
e 200 dpa neutron radiation

0.6 MPa pressure

o 30+ years reactor design life



R T ——

Micromechanical Tensile Testing

Si hook-type grip system (in situ SEM tests) Unirradiated single crystal Ni

S 4-

Date 28 Jul 2014 Mage 138K X Signal A = SE2

Stage at T = 45.0 Qnsto

EHT = 10,00 kv
Time :11:55:58 WD = 24.4 mm ESBGrid= 0V

Single crystal Ni, radiated with 6 MeV He+ to 3.8e17/cm?
F

Test specimen (mounted in SEM)

NN

Radiation direction

Date :28 Jul 2014 Mag= ZO00KX Signal A= SE2 _3 am® Date :23 Jul 2014 Mag= 2.00KX Signal & = SE2
EHT=10.00 kv  StageatT= 450° | . EMT- 1000k stageatT= 450° CRMSEO
Time :18:59:46 WD = 24.4 mm ESBGrid= 0V g Qnsto Timae :17:28:15 WD= 243 mm ESBGrid= 0OV

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA
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Engineering Strain

® lon irradiation provides useful qualitative information

® Current research linking micro to macro properties

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA
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Xu et. al. unpublished work

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA



Irradiation
— Neutron, ion damage studies

Radiation

g

High Temp Corrosion

High temperature
— Creep testing
— Creep/ Fatigue Analysis

Corrosion
— Testing in molten salt environments

Combined environments
— Irradiation + corrosion (MSR)
— Corrosion + high temperature
— Irradiation under high temperature

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA
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From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on MSR Related Materials, MSR pSSC 23-24 January

PSI, Switzerland, USA



and VHTR Creep/ Fatigue Analysis

« RemLife Software —

— Simulator to calculate the effects of unit cycling on the accumulation of creep and creep-fatigue damage
on components and estimate the associated economical impact

Maintenance
Scheduling

Creep Fatigue
Crack Initiation
Life

Inspection
Results

Creep Fatigue

Crack Growth Life

Tubelife

ScarlLife

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on MSR Related Materials, MSR pSSC 23-24 January
PSI, Switzerland, USA



ing/Predicting Créep Rupture

® FEA prediction of in-service materials performance
® User-defined material models for creep strain/damage

20 : I - 100

Measurement Fall @
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Prediction (via FEA) of creep rupture during an accelerated creep test in ex-service AlSI 316H stainless
steel using a Strain Energy Ductility Exhaustion (SEDE) creep damage model

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on MSR Related Materials, MSR pSSC 23-24 January
PSI, Switzerland, USA



Predicting Weld Residual Stress

® ANSTO has developed models of

1200

microstructure and stress around single- and | B |
multi-pass welded joints e |
® Including international round-robin programmes 5 eo|
— NeT (AISI 316, Inconel 600, A508) % a0l
— USNRC (DMW) 5 20| .
® Used to support plant maintenance and design
decisions 20}

-100 -80 -60 -40 -20 0O 20 40 60 80 100
Position along Y [mm)]

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA



Typical Weld Simulation: A 508 EB Weld

Temperature | Stress
Distribution W j - Distribution

Martensite Bainite
Formation e Formation

Courtesy A. Vasileiou, University of Manchester

From Lyndon Edwards: Introduction to ANSTO and contributions to GIF with focus on VHTR Materials VHTR SSC 11-12 Nov 2016,
Las Vegas, USA
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Os Nuclear Value Proposition

e Baseload

e Low-carbon

e Low fuel cost

e Extended Plant Life

o Safer

* Replaces Coal

e Could replace Gas and Oll



Do we understand anything about the energy
state of the planet?

* And electricity is only a small part of this!
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growth in non-OECD nations

World electricity consumption, 1990-2040
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Australia in global perspective




ANSTO making sense of nuclear




Thank You
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Carbon Intensity Notes

 Electricitymap.org
e 21/11/17 AEDT
 From about 8:30pm

* Nuclear and Hydro lead the charge!
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