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3.1 Are there suitable areas in South Australia for the establishment of a
nuclear reactor for generating electricity? What is the basis for that
assessment?
3.1.1 Introduction
We have carried out a review of the geology, transmission grid and population centres in South
Australia and conclude that there are suitable areas in South Australia for a nuclear powered
generating system. As confirmed in Sections3.1.8.2 3.1.10 there are at least three suitable areas
worthy of further investigation.
In locating areas suitable for the installation of a nuclear powered electricity generator reference
has been made to the United States Nuclear Regulatory Commission Regulatory Guide 4.7 which
addresses "General Site Suitability Criteria for Nuclear Power Stations". The latest version is
Revision 3 dated March 2014.1
This regulatory guide has been used to evaluate suitable areas within South Australia where
reactors that broadly fall within the Generation III and III+ categories could be sited.
These reactors include the Westinghouse AP1000, the Russian VVER1000 and the Enhanced
Candu 6 all of which have actually been deployed and are at the lower end of current reactor size
being between 740MWe and 1100MWe. Therefore they are examples of existing reactor
technology that could be deployed promptly.
Within the South Australian context, this class of reactor would be best be sited on rock
foundations close to the coast to enable sea water cooling. They would be placed in areas of low
population density and within reasonable proximity of the transmission grid. The site would also
be close enough to established population and materials suppliers to ensure construction and
operating costs were optimised and the work force would obtain maximum societal benefit.
Small Modular reactors (SMR's) are discussed in Section 3.2 however their deployment is highly
dependent on:
1. An order book which matches factory scale manufacture to ensure their economic
competitiveness
2. A new regulatory regime which enables operations and security personnel to be deployed
in reduced numbers to match the scale of power output
Nevertheless SMR's have great potential to expand the suitable areas for establishment because
some of their designs allow for air cooling and they can match the demands of a small grid or be
used in off grid applications.

1

http://pbadupws.nrc.gov/docs/ML1218/ML12188A053.pdf
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3.1.2 Major factors
Site selection for large scale reactors considers the following condition:
1. Geology. From NRC RG 4.7, Rev. 3, Page 15 there is a benefit of a site underlain by
competent bedrock as the seismic response is generally improved and settlement is
minimized. Sites adjacent the shore line with elevations in the range of 10 to 20 metres
above sea level are preferred.
2. Seismicity– relatively low to moderate is preferred which is generally the case in
Australia.
3. Low population intensity within 25 kilometres
4. Close proximity to the existing electricity transmission grid
5. No major airports within about 10 km
6. Flooding associated with rainfall run-off, offshore storms which cause storm surge at a
coastal site, and the failure of upstream dams.
7. Flooding associated with tsunamis and seiches

Figure 3.1-1 - South Australian Transmission and Generation network
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3.1.3 Geology
As mentioned above, there is a strong preference to found nuclear plant on rock. Therefore, site
selection efforts focus on sites known to be underlain by rock at the surface or within 13 m of the
ground surface. This approach largely overcomes the potential for surface deformations that may
arise from subsidence and settlement associated with alluvium, beach deposits and glacial
deposits..
The site itself should be adjacent the shore line, generally within 2 or 3 km, but needs to be
about 10 to 20 m above mean sea level.. This level is required to address factors such as future
global warming induced sea level rise and the seiche or tsunami induced flooding within the
enclosed gulf waters of Spencer or St Vincent's Gulf.
Excessively high sites will add substantially to the cost of sea water cooling structures. For this
reason sites between 10 and 20 metres are most suitable. Much of the eastern shores of Spencer
and St Vincent's Gulf are alluvial flats at low elevations and have been rejected as suitable sites
due the long term inundation and surface settlement potential. This includes the regions around
Adelaide itself. Construction of reactors on alluvial materials is possible, but is generally avoided
for reason of cost and undesirable seismic response.
To locate sites with potentially suitable geological stability reference was made to the South
Australian Resource Information Geoserver - Map. This resource enabled three regions to be
assessed within which actual reactor sites could be located.
3.1.3.1 Fleurieu Peninsula
The first region is shown in Figure 3.1-2 - Fleurieu Peninsula Geology. This coastline some 100
kilometres long where competent bedrock has been mapped/. Rock types include:


greywacke which while has hard mechanical properties and is suitable for founding of
nuclear power plants.



metamorphic and granite intrusions providing a hard structure which are also suitable



Limestone, shales and volcanics are often suitable, but require more investigations



Arkose sandstone formations are often suitable



Acid intrusive headlands can be suitable depending on specific site conditions

All of these rock types can be suitable as a nuclear power plant foundation under most
conditions, and therefore, much of the 100 kilometre shoreline of the Fleurieu Peninsula has
potentially geologically suitable sites, so long as the Quaternary beach alluvial deposits are
avoided.
While the terrain is generally higher than 30 metres above sea level suitable sites can be
developed with rock excavation along this coastline depending on the economics of the
situation.
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Connection to the 2 x 250kV grid would require a link of 30 to 60 kilometres north to Morphett
Vale East .

Figure 3.1-2 - Fleurieu Peninsula Geology
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3.1.3.2 Upper Spencer Gulf Crag Point
This region is shown in Figure 3.1-3 - Upper Spencer Gulf Crag Point. The coastal zone of
interest is 18 kilometres long and includes suitably competent bedrock so long as the Quaternary
beach and alluvium are avoided.
Rock types include:
 Volcanics, metasandstone and metasiltsone around Crag Point
 Granite, volcanics and metasandstone further to the north

Figure 3.1-3 - Upper Spencer Gulf Crag Point
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These rock types are generally competent and suitable for nuclear power plant foundations and
therefore much of the 18 kilometre shoreline around Crag Point and to the north has potentially
geologically suitable sites.
Much of this terrain is 6 to 30 metres above sea level, allowing development of suitable sites
within reasonable economic constraints. Connection to the grid would require a link of 30 to 60
kilometres north to Morphett Vale East.
Connection to the 250kV grid at Cultana is 21 kilometres to the west though a substantial
upgrade back to a dual 250Kv at the Northern Power Stations is about 40 kilometres.
3.1.3.3 Kadina site, Spencer's Gulf east coast
This region is shown as a narrow shoreline granite band on Figure 3.1-4 - Spencer Gulf coast
near Kadina. The band is shown on the SARIG geological site as being 1.1 to 1.3 kilometres
wide and extends 15 kilometres from Point Riley in a north easterly direction along the shoreline
to Tikera. The width of the band is somewhat narrow for nuclear power plant development, but
this may not be an issue if the adjacent Quaternary deposits are shallow and able to be
economically excavated. This can be determined with a test borings drilled on the landward side
of the rock formation along the shoreline.
The rock is identified as granite and adamellite which is similar to granite in its mechanical
properties. This hard competent rock would be suitable for a nuclear power plant so long as with
width of the site is adequate..
The band is 18 to 30 metres above sea level and is located 14 to 20 kilometres from Kadina.
The site area is about 64 kilometres from the Brinkworth 250kV switchyard and 2 x 250kV
transmission lines are located within 70km to the west of the potential area.
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Figure 3.1-4 - Spencer Gulf coast near Kadina
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3.1.4 Seismicity
Three possible areas suitable for nuclear power plants are identified Section 3.1.3. They are
deemed suitable on the basis that the underlying rock is suitable, they are sufficiently high
enough above sea level and they have enough land area.
The sites are


Site 1 - Fleurieu Peninsula



Site 2 - Upper Spencer Gulf Crag Point



Site 3 - Kadina site, Spencer's Gulf east coast

Nuclear facilities are rigorously designed against the effects of earthquakes such that the plants
are able to operate continuously during and after the Design Basis Earthquake (DBE). The
profession is highly experienced in the area of seismic design and seismic response. Even during
the catastrophic earthquake in Japan in 2011, the nuclear plants performed as intended—the
associated tsunami was the cause of the widespread damage, not the earthquake per se.i
As stated on the World Nuclear Association website, the Peak Ground Acceleration (PGA) or
Design Basis Earthquake Ground Motion (DBGM) is used as a measure of the size of an
earthquake. It is measured in Galileo units – Gal (cm/sec2) or g – the force of gravity, 1.0 g being
980 Gal. The PGA is a measure but of course the seismic design basis for a nuclear power plant
includes other parameters such as the frequency content and duration of the design earthquake,
damping (energy dissipation) in the foundation media, surrounding soil or rock and the structure
itself. Modern nuclear plants are designed for a standardized earthquake, and therefore, the site
where the nuclear plant is constructed must have a seismic hazard level enveloped by the
standardized design.
For example, the Westinghouse AP1000 Nuclear Plant standardized design PGA is 0.3g. This
PGA is significantly higher than the seismic hazard level expected for sites in South Australia,
and therefore, the seismic design hazard is not a governing site selection criteria in Australia.

For the four site localities chosen reference is now made to the Atlas of Seismic Hazard Maps of
Australia as published by Geoscience Australiaii. Relevant figures are shown in Figure 3.1-6 and
Figure 3.1-7 which map the annual exceedence probability of peak ground acceleration for
earthquakes covering these sites.
Outlined in Section 3.2 are typical power reactors that could be deployed in the near term and for
two of them we have design basis earthquake (DBE) capacities.
1. The AP1000 NPP safe shutdown earthquake design is for a peak ground acceleration of
0.3g. This design exceeds the largest recorded earthquake in the UK.iii
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2. For EC6, the Design Basis Earthquake (DBE) has been increased to from 0.2g to 0.3g
peak ground acceleration in the generic design.iv
3. For the VVER 1000 there is some indication INPRO Forum, IAEA, Vienna, 19-22
November, 2013 that the DBE is 0.25g v
The Design Basis Earthquake (DBE) is the earthquake which the structure is required to safely
withstand with repairable damage. Those systems and components important to safety must
remain functional and/or operable. For design purposes, the intended use of this earthquake
loading is for economic design of structures or components whose damage or failure would not
lead to catastrophic loss.
We apply the values from Figure 3.1-6 and Figure 3.1-7 to the three site areas selected in It
should be noted that the occurrence of earthquake with a PGA lower than 0.3g will not impact
the performance of functionality of the AP1000. For an earthquake having a PGA equal to or
greater than 0.3g, the nuclear power plant will automatically shut down with only superficial
damage.
Table 3.1-1 and note that for the 1:500 and 1:2,500 yearly probability event all values are less
than half of the DBE capacity of 0.3g. Using the PGA associated with a 2,500 year event, and
doubling the value of the PGA to obtain an estimate of the 10,000 year event, the site-specific
DBE has a PGA lower than the standardized AP1000 value of 0.3g.
It should be noted that the occurrence of earthquake with a PGA lower than 0.3g will not impact
the performance of functionality of the AP1000. For an earthquake having a PGA equal to or
greater than 0.3g, the nuclear power plant will automatically shut down with only superficial
damage.
Table 3.1-1 - Peak Ground Acceleration values for the three sites
Site
No.

Site

1 in 500
year

1 in 2,500
years

1 in 10,000 years
Assumed equal
to PGA2500 event
x2

1

Fleurieu Peninsula

0.045

0.13

0.26

2

Upper Spencer Gulf Crag Point

0.05

0.14

0.28

3

Kadina site, Spencer's Gulf east
coast

0.04

0.12

0.24

3.1.5 Fault lines
Reference o to Figure 3.1-5 - Earthquakes and fault lines indicates that there are no fault lines
near Crag Point or Kadina.. Relatively short faults are mapped on the north western alignment of
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the Fleurieu Peninsula. Their age, activity and proximity to a defined site will need to be
assessed on a case by case basis. The southern coast line of the peninsular is free of mapped
linear geologic features.

Figure 3.1-5 - Earthquakes and fault lines
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Figure 3.1-6 - The hazard map of South Australia with an annual probability of exceedence
of 1/500 at a SA period of 0.0s (PGA).
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Figure 3.1-7 - The hazard map of South Australia with an annual probability of exceedence
of 1/2500 at a SA period of 0.0s (PGA).
3.1.6 Airports
The potential for impact by aircraft is significantly reduced if the nuclear power plant is not in
close proximity to airports handling commercial or military aircraft. Crag Point is 50 kilometres
from Port Peri aerodrome. Dangers from taking -off and landing aircraft will not limit the use of
any site.
3.1.7 Work force and societal benefit
Sites which draw on a well skilled existing established workforce which lives in existing
communities are to be preferred from a social perspective. Establishing new towns or requiring
workers to travel excessive distances results in a "boom and bust" cycle reminiscent of mining
communities.
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The nuclear power generators are a substantial piece of infrastructure which can add great social
benefit through:


Provision of long term jobs to stabilise communities



Enrich people's lives through increased levels of education and environmental awareness,



Add to the community's financial welfare through the establishment of specialist
subcontractors and fabricators who will attend the plant throughout its lifetime



Provide a large supply of stable cheap clean electricity to service industrial growth in
South Australia.

Therefore, subject to the nuclear power plants having a suitable distance from high density
populations from a "defence in depth" perspective, the sites are ranked as shown in Table 3.1-2
Table 3.1-2 - Ranking of sites according to social benefit
Site No.

Site

2

Upper Spencer Gulf Crag Point

3

Kadina site, Spencer's Gulf east coast

1

Fleurieu Peninsula

3.1.8 Exclusion Area and Low-Population Zone
3.1.8.1 Exclusion Zone
An exclusion zone around a nuclear power plant site is required to be of such a size that an
individual assumed to be located at any point on its outer boundary would not receive a radiation
dose in excess of 250mSv total effective dose equivalent (TEDE) over any 2-hour period
following a postulated fission product release. The operator has control of the Exclusion Zone to
ensure no development apart from that concerned with the power station operation is carried out.
The required exclusion area size involves consideration of the atmospheric characteristics of the
site as well as plant design. For a reactor such as the Westinghouse AP1000 nuclear plant the
exclusion zone around the reactor extends for 800 metresvi
3.1.8.2 Low Population Zone
Outside of the site boundary, the US Nuclear Regulatory Commission Regulatory Guide 4.7
requires a reactor licensee to designate an area immediately surrounding the exclusion area as a
low-population zone (LPZ). The size of the LPZ must be such that the distance to the boundary
of the nearest densely populated centre containing more than about 25,000 residents must be at
least one-and-one-third times the distance from the reactor to the outer boundary of the LPZ. The
boundary of the population centre should be determined by considering population distribution,
not political boundaries.
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The LPZ is required to be of such a size that an individual located on its outer boundary during
the course of the postulated accident would not receive a radiation dose in excess of 250 mSv
TEDE. The size of the LPZ depends on atmospheric dispersion characteristics and population
characteristics of the site, as well as aspects of plant design. By way of example, the LPZ for the
two new AP1000 reactors at the Vogtle Electric Generating Plant in Georgia USA is 3.2
kilometres. The reactors are 42 kilometres from Augusta Georgia, the closest population centre
with more than 25,000 residents.
The three site areas cited above are acceptable.
The regulatory guidelines and recommendations noted in this section would provide suitable
guidance for any South Australian nuclear power plant installation.
In Ontario, Canada, public acceptance of nuclear energy production is significant Nuclear was
acknowledged as having less environmental impact than gas and operated at lower cost. Public
opinion polls showed significant support for nuclear power, with 72% in favour of refurbishing
old plants and 52% supporting new build. 2
CANDU reactor sites in Canada are located relatively close to major population centres, with the
Pickering Nuclear Generating Station located less than 50km from downtown Toronto.
It is worth noting an example from Canada of a relatively close installation to a major population
centre. A major population centre can be seen in the background.

2

http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/Appendices/Nuclear-Power-in-CanadaAppendix-1--Ontario-Energy-Policy/
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Figure 3.1-8 - Pickering Nuclear Generating Station
This plant is close by the Toronto surrounding environs as can be seen in Figure 3.1-8 Pickering Nuclear Generating Station.
3.1.9 General Environmental Criteria
A significant number of other site selection criteria exist including:









Public health and safety and noise
Cultural and Economic
Construction impacts
Atmospheric, weather, hydrology and flooding
Seawater extraction and impacts
Radionuclide retention, used fuel storage and transport
Land use and socioeconomics
Threatened species

It is not the intention of this response to address all these criteria.
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3.1.10 Conclusion
The areas for potential reactor sites were selected assuming the use of current generation medium
sized nuclear reactors in the 740MWe to 1100MWe class, all of which are currently available
and have been built.
This does not include Small Modular Reactors whose output is categorised as being below
300MWe. These reactors are not currently available.
Three areas for these medium sized reactors have been identified in the basis of coastal
proximity and rock foundations, namely:
Site No.

Site

1

Fleurieu Peninsula

2

Upper Spencer Gulf Crag Point

3

Kadina site, Spencer's Gulf east
coast

July 2015
Page 17 of 126

Australian Nuclear Association submission to the South Australian
Nuclear Fuel Cycle Royal Commission - Issues Paper Three - July 2015

3.2 Are there commercial reactor technologies (or emerging technologies
which may be commercially available in the next two decades) that can
be installed and connected to the NEM?
If so, what are those technologies, and what are the characteristics that
make them technically suitable?
What are the characteristics of the NEM that determine the suitability of a
reactor for connection?

3.2.1 Introduction
We have examined a number of near and long term reactor options. There are current light water
reactors available that can be installed on the NEM in South Australia though enhancement of
the transmission capacity would be required. The principle candidates are the Westinghouse
AP1000 and the Candu EC6.
Our response to this question draws an important distinction in the apparent acceptability of
waiting twenty years to implement nuclear energy in South Australia. The requirement for
nuclear energy to address manmade global warming and decarbonise our economy is immediate
and this issue will be addressed in detail in our responses to subsequent questions.
In this context twenty years is too long to wait for emerging technologies. Decarbonising our
economy needs to be happening now and at a rate to ensure it is 95% complete by 2050 if we are
to meet our share of the obligation to limit the atmospheric carbon dioxide content to less than
450 ppm.
There will always be emerging technologies but we live in a time requiring a prompt response.
To illustrate the gap in our greenhouse gas response we need to be mindful of the sources of all
Australia's greenhouse gas emissions as shown in Figure 3.2-1.
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Figure 3.2-1 - Australia's CO2 emissions by sector 2011-12
In addressing our global warming challenge, four measures of effectiveness for energy
alternatives require that they be available, affordable, reliable and sustainable.
In this section we will deal with availability
3.2.2 South Australian Generation - Quick context
The following outlines the South Australian electricity generating capacity and output by source
taken from the 2013 South Australian Electricity Report published by the Australian Energy
Market Operator

Table 3.2-1 - South Australian Generation 2012-13

In 2012–13, imports into South Australia exceeded exports by more than four times as much
(1,786 GWh imported and 381 GWh exported). Total imports represented approximately 13% of
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electricity consumed in South Australia, while net imports (total imports less total exports)
accounted for around 10%.
Table 3.2-2 - SA scheduled and semi-scheduled availability and capacity for reliability

According to AEMO, the interconnector capacity between South Australia and Victoria consists
of an upgraded Heywood link of 460MW up to 650MW and the Murray link of approximately
220MW.
South Australian maximum demand (MD) occurs during periods of hot weather over summer.
AEMO has observed that MD can be more than twice average demand - around 1500MW in
South Australia; in other NEM regions, MD might be only 50% higher than average demand.
Historically (2005–06 to 2012–13) maximum demand in South Australia has ranged from
approximately 2,900 MW to 3,400 MW.
In summer 2012–13, it was 3,158 MW; an increase of 179 MW from 2011–12, but 266 MW
lower than the record maximum demand of 3,424 MW in 2010–11.
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3.2.3 Commercial Reactor Technologies
The existing electricity generating capability in South Australia is outlined in section 3.2.2.
Nuclear power is a viable option to provide low carbon energy generation to address all sectors
of our fossil fuel use shown in Figure 3.2-1.
Although innovative and promising reactor technologies are under development e.g. fast
spectrum, thorium fuel, small modular, molten salt, high temperature gas, nearly all of these
advanced concepts require further detailed development in nations with a mature nuclear
industry and expertise. It would be advisable that Australia not be a pioneer with a new
technology for its initial step into nuclear power generation. The first step is a major leap when
one considers all of the infrastructure that needs to be in place for construction and operation of a
nuclear plant—a new technology will simply add to the development process.
For South Australia the requirement is to use a safe, proven reactor technology with low
financial risk. Such a reactor will enable the culture of safety and confidence to be developed
that is essential for the nuclear fuel cycle. It would also help new industry and jobs to develop
because they would be engaging with known technologies and commercial realities rather than
developmental ventures.
Reactors in the "first division" that are currently available and have established reliable
deployment are:
1. Candu EC 6 (700 MWe)
2. Westinghouse AP1000 (1000 MWe)
In the "second division" are reactors that are either unsuited to South Australia by virtue of being
too large, have not yet been deployed or do not yet have an established business case.
1. AP-1400 (1400 MWe) marketed by Korea Electric Power Corporation .
2. Atmea (1100 MWe) marketed by AREVA
3. Small Modular Reactors (SMR's)
Each of these reactor types are discussed in detail in the following sections
3.2.3.1 Candu EC 6
The CANDU (CANada Deuterium Uranium) is a Pressurised Heavy Water Reactor or PHWR
reactor design that has been developed since the 1950s in Canada. PHWRs generally use natural
uranium (0.7% U-235) oxide as fuel, hence needs a more efficient moderator, in this case heavy
water (D2O).1 The PHWR produces more energy per kilogram of mined uranium than other
designs, but also produces a much larger amount of used fuel per unit output.

1

with the CANDU system, the moderator is enriched (i.e. heavy water) rather than the fuel – a cost trade-off. For a utility to be fully
independent, it would necessary to construct and operate a heavy water process plant.
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The current CANDU design is designated the Enhanced CANDU 6 (EC6) and has a target net
electrical output of between 690 MWe and 700 MWe. The EC6 design also has been modified to
meet current, post Fukushima, regulatory requirements. It has not yet been constructed and its
performance is reliant upon earlier versions. Major improvements incorporated into the EC6
design include:


Improved plant power output of 690-700 MWe (target)



Increased safety and operating margins



More robust containment and increased passive safety features (e.g., thicker walls, steel
liner) Enhanced severe accident management



Advanced control room design



Advanced operational and maintenance information tools (SMART CANDU)



Improved plant security and physical protection



Addition of emergency heat removal system (EHRS) as a safety system.



Improved shutdown performance for larger loss of coolant accident (LOCA) margins



Upgraded fire protection systems to meet current Canadian and international standards



Additional design features to minimize radiological dose for workers and public
following as low as reasonably achievable (ALARA) principle



Automated back-up standby power and water systems



Additional reactor trips to improve the trip coverage and effectiveness



Other improvements to meet higher safety goals consistent with Canadian and
international standards based on probabilistic safety assessment (PSA) studies



A plant life of 60 years with one life extension of critical equipment such as fuel
channels and feeders at mid-life



Capacity factor of over 90% (lifetime)

For EC6, the Design Basis Earthquake (DBE) is 0.3g peak ground acceleration in the generic
design.
The moderator is in a large tank called a calandria, penetrated by several hundred horizontal
pressure tubes which form channels for the fuel, cooled by a flow of heavy water under high
pressure in the primary cooling circuit, reaching 290°C. As in the conventional Pressurised
Water Reactor or PWR, the primary coolant generates steam in a secondary circuit to drive the
turbines. The pressure tube design means that the reactor can be refuelled progressively without
shutting down, by isolating individual pressure tubes from the cooling circuit. It is also less
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costly to build than designs with a large pressure vessel, but the tubes have not proved as
durable.
A CANDU fuel assembly consists of a bundle of 37 half metre long fuel rods (ceramic fuel
pellets in zircaloy tubes) plus a support structure, with 12 bundles lying end to end in a fuel
channel. Control rods penetrate the calandria vertically, and a secondary shutdown system
involves adding gadolinium to the moderator. The heavy water moderator circulating through the
body of the calandria vessel also yields some heat (though this circuit is not shown on the
diagram above).
Today, there are 31 Candu power reactors in seven countries, as well as 13 'Candu derivative'
reactors in India, with more being built. Export sales of 12 Candu units have been made to South
Korea (4), Romania (2), India (2), Pakistan (1), Argentina (1) and China (2), along with the
engineering expertise to build and operate them. Three of the Canadian units are undergoing
major refurbishment.

Figure 3.2-2 - Pressurised Heavy Water Reactor schematic
CANDU reactors can accept a variety of fuels. They may be run on recycled uranium from
reprocessing Light Water Reactor used fuel, or a blend of this and depleted uranium left over
from enrichment plants. About 4000 MWe of PWR might then fuel 1000 MWe of CANDU
capacity, with addition of depleted uranium. Thorium may also be used in fuel.2 This variety of
fuel type leads to a level of fuel independence however a heavy water plant must also be in place
and under direct control by the utility.

2

http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Power-Reactors/Nuclear-Power-Reactors/
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3.2.3.1.1

Advantages of Candu EC6 for South Australia

1. Well proven established design with a track record that can be verified.
2. A large number of CANDU components could be made in Australia locally including
Pressures Tubes, End fittings, Pumps, Valves Motors etc. A full capabilities assessment
would need to be conducted to understand the local capability but there is little doubt it
could be well over 50% local content. This has been demonstrated before. For example, in
Korea where the nuclear infrastructure is fully developed, the local content of the fourth
CANDU unit was over 80%.
3. Will lift the South Australian workforce into nuclear plant fabrication techniques and
standards.
4. Potential to mine, process and fuel the reactor with South Australian uranium. An
enrichment facility is not required. In time, the entire fuel cycle could be South Australian
based. The use of natural uranium fuel provides greater fuel independence and lower operating
costs than for a PWR. The diversity in fuel suppliers ensures availability of nuclear fuel at
competitive prices. The cost of the fuel is considerably lower than for the PWR and storage of new
and spent fuel does not require criticality controls. All CANDU countries (China, Korea,

Argentina and Romania) currently manufacture their own CANDU fuel.
5. A further benefit of the natural uranium fuel cycle is the potential to use advanced fuel cycles in
the future. The use of alternative fuels, including recovered uranium from the spent fuel of other
nation's pressurised water reactors would contribute significantly to South Australia's energy
security.

6. Smallest existing commercial nuclear power reactor - more readily adapted to South
Australian transmission grid.
7. Benefits from contracting to Canadian suppliers in terms of commercial, legal and cultural
commonality.
3.2.3.1.2

Disadvantages of Candu EC6

1. There are currently no Candu EC6 nuclear power plants constructed and their use is
reliant upon the performance of earlier models.
2. Extended refurbishment outage resulting in a 12 to 15 month outage. This may be required
after 30 years of operation however methods for incremental calandria tube replacement
are being developed to prevent this occurring
3. Reactor trip. In a system where it carries a large portion of the system load there is the
potential for having to wait a day and a half to restart in the event of a reactor trip. This
disadvantage is mitigated by the EC6 “poison prevent” capability that allows it to ride
through loss of load or loss of offsite power. The EC 6 design can accept a 100% load
reduction without reactor trip.
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4. The need to construct a heavy water process plant to be fully independent in the market
place.
3.2.3.1.3

Candu costs

The overnight cost in 2015 dollars for a CANDU 6 plant is estimated to be US$ 2.22 billion or
US$3,000/kW. This estimate is based on a quote provided by AECL for a CANDU 6 plant in
Turkey in 2007, with adjustments for escalation to 2015 dollars. It should be noted that the
overnight cost does not include interest during construction or other finance costs and therefore
is not comparable to total project investment costs that may be reported in press reports. 3
Accurate up to date costs for a Candu EC6 are not reliably available. Currently in the USA, the
average price of installed new nuclear was estimated at US$ 5,339/kW.4
From a historical perspective, the most recent CANDU new build in Qinshan, China, installed in
2003, cost an estimated $1800/kW installed. This is very comparable to the cost of a French
LWR project that was completed in China the previous year.
Candu Energy is currently pursuing four major opportunities for new build of CANDU reactors
around the world. See table below.
Table 3.2-3 Candu EC6 forward opportunities

3

MARKET

NUMBER OF
UNITS

ANTICIPATED
CONTRACT DATE

Argentina

1

2015

Romania

2

China

2–4

United Kingdom

2–4

2016 (Pre-project)
2017 (Construction)
2015 (Pre-project)
2017 (Construction)
2018

Consideration of CANDU and Other Medium Size PWR Reactors (600 to 700 MWe Class) for Armenia

4

World Nuclear Association Website. http://www.world-nuclear.org/info/Economic-Aspects/Economics-ofNuclear-Power/. Accessed July 9, 2015. Original source: US Energy Information Administration. 2010. “Updated
Capital Cost Estimates for Electricity Generation Plants.”
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3.2.3.2 Westinghouse AP1000
The AP1000 nuclear power plant is a two-loop pressurized water reactor (PWR) that uses a
simplified, innovative and effective passive approach to safety. With a gross power rating of
3,415 megawatt thermal (MWt) and a nominal net electrical output of 1,110 megawatt electric
(MWe) it is 50% larger than the Candu EC 6.
The PWR is the most common type of reactor in use around the world, with over 230 in use for
power generation and several hundred more employed for naval propulsion. The design of PWRs
originated as a submarine power plant. PWRs use ordinary water as both coolant and moderator,
obviating a need for a heavy water process plant. The design is distinguished by having a
primary cooling circuit which flows through the core of the reactor under high pressure, and a
secondary circuit in which steam is generated to drive the turbine. In Russia these are known as
VVER types – water-moderated and -cooled.

Figure 3.2-3 - Pressurised Light water reactor schematic
An AP1000 reactor has 157 fuel assemblies each containing 264 fuel rods. arranged vertically in
the core with a total mass of 96 tonnes of uranium.
Water in the reactor core reaches about 325°C, hence it must be kept under about 150 times
atmospheric pressure to prevent it boiling. Pressure is maintained by steam in a pressuriser (see
diagram). In the primary cooling circuit the water is also the moderator, and if any of it turned to
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steam the fission reaction would slow down. This negative feedback effect is one of the safety
features of the type. The secondary shutdown system involves adding boron to the primary
circuit.
The secondary circuit is under less pressure and the water here boils in the heat exchangers
which are thus steam generators. The steam drives the turbine to produce electricity, and is then
condensed and returned to the heat exchangers in contact with the primary circuit.
3.2.3.2.1

AP1000 deployment

To date according to the World Nuclear Association website, there are some thirty two AP 1000
nuclear units under construction or development in China and another four under construction in
the United States. The first actual commissioning of an AP1000 is likely to take place at SanMen
1, China in late in 2016 or early 2017. The Westinghouse AP1000 is the main basis of China's
move to Generation III technology, and involves a major technology transfer agreement through
deployment as the CAP1000 and CAP 1400 designs.
3.2.3.2.2

Passive safety

Westinghouse have extensively reworked their existing pressurised water reactor designs by
developing a reactor that uses passive safety concepts to achieve and maintain the safe shutdown
in the event of a design basis accident.

Figure 3.2-4 - Westinghouse AP1000 passive safety system schematic
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The AP1000 achieves cost benefits and inherent safety through what is stated as being a
simplified design and construction compared to a Westinghouse generation II PWR. The
AP1000 nuclear plant has:[5]






50% fewer safety-related valves
35% fewer pumps
80% less safety related piping
85% less control cable
45% less seismic building volume

In the event of a design-basis accident, such as a main coolant-pipe break, the AP1000 is
designed to achieve and maintain an automatic safe shutdown condition without operator action,
and without the need for A.C. power or pumps. Rather than relying on active components, such
as diesel generators and pumps, the AP1000 plant relies on natural forces - gravity, natural
circulation and compressed gases - to keep the core and the containment from overheating.
The AP1000 PWR provides multiple levels of defence for accident mitigation (defence-in-depth)
resulting in extremely low core-damage probabilities while minimizing the occurrences of
containment flooding, pressurization and heat-up. Defence-in-depth is integral to the AP1000
plant design, with a multitude of individual plant features including the selection of appropriate
materials; quality assurance during design and construction; well-trained operators and an
advanced control system and plant design that provide substantial margins for plant operation
before approaching safety limits.
In addition to these protections, the following features contribute to defence-in-depth of the
AP1000 reactor
Passive Safety-Related Systems. The AP1000 plant safety-related passive systems and
equipment are sufficient to automatically establish and maintain core cooling and containment
integrity for at least 72 hours following design-basis events, assuming the most limiting single
failure, with no operator action, and no on-site or off-site A.C. power sources.
In-vessel Retention of Core Damage. The AP1000 plant is designed to drain the high capacity
in-containment refuelling water storage tank (IRWST) water into the reactor cavity in the event
that the core has overheated. This provides cooling on the outside of the reactor vessel
preventing reactor vessel failure and subsequent spilling of molten core debris into the
containment.
Retention of debris in the vessel significantly reduces the uncertain results of containment failure
and radioactive release to the environment due to ex-vessel severe accident events such as the
interaction of molten core material with concrete.
Fission Product Release. Fuel cladding provides the first barrier to the release of radiation in the
event of an accident. The reactor coolant pressure boundary, in particular the reactor pressure
vessel and the reactor coolant piping, provide the second barrier to prevent the release of
radiation. Furthermore, in conjunction with the surrounding shield building, the steel
July 2015
Page 28 of 126

Australian Nuclear Association submission to the South Australian
Nuclear Fuel Cycle Royal Commission - Issues Paper Three - July 2015

containment vessel provides additional protection by establishing a third barrier and by providing
natural convection air currents to cool the steel containment. The natural convection cooling can
be enhanced with evaporative cooling by allowing water to drain from a large tank located at the
top of the shield building on to the steel containment
The AP1000 plant’s passive safety systems include features shown in Figure 3.2-4, namely:










Passive Core Cooling System
Containment Isolation
Passive Containment Cooling System also shown in Figure 3.2-4
Main Control Room Emergency Habitability System
High Pressure Safety Injection with Core Makeup Tanks.
Medium Pressure Safety Injection with Accumulators
Low Pressure Reactor Coolant Make from the in-containment refuelling water storage
tank
Passive Residual Heat Removal
Automatic Depressurization System

3.2.3.2.3

Advantages of the AP1000 for South Australia

1. Well proven established design with US NRC certification. Westinghouse has 8 units
under construction and is working towards achieving their customers’ projected
commercial operation dates
2. Westinghouse has advised that subcontracted equipment manufacture for AP1000 could
be carried out in South Australia. that is aligned with the AP1000 Plant Approach to
Localization as discussed in Part 2 of the Introduction to Westinghouse and the AP1000
Plant.5
3. Will lift the South Australian workforce into nuclear plant fabrication techniques and
standards.
4. Benefits from contracting to US suppliers in terms of commercial, legal and cultural
commonality.
3.2.3.2.4

Disadvantages of AP 1000

1. Power output of 1110MW will require an extensive enhancement of the grid capacity and
the interconnectors to Victoria. It's clear however that these enhancements are required if
clean electricity generation is to displace the use of fossil fuels including those used in
transport and industrial processes.
2. Reactor trip. In a system where it carries a large portion of the system load there is the
potential for having a delay in the restart in the event of a reactor trip.
5

Conversation with Danny Roderick, CEO Westinghouse, 6th June 2015
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3.2.3.2.5

AP1000 costs

Recent example of prices for AP1000 reactors quoted in US dollars are:
1. In 2009 Florida Power and Light expansion at Turkey Point 2 x 1100 MWe AP1000
US$2444 to US$3582/kW
2. Progress Energy Levy county 2 x 1105 MWe AP1000 $3462/kW
3. Plant Vogtle in Georgia, two reactors costing US$6.76 billion = US$2,888/kW
In the "second division" are reactors that are either:


unsuited to South Australia by virtue of being too large or



have not yet been deployed or



do not yet have an established business case.

3.2.3.3 Atmea 1 marketed by AREVA.
This is a medium-sized (1100 MWe) Generation III design being developed under a 2006 joint
venture by AREVA NP and Mitsubishi Heavy Industries. It would be a competitor to the
Westinghouse AP1000. The reactor is intended for marketing primarily to countries embarking
upon nuclear power programs such as Australia although there is speculation that the
construction of an initial Atmea1 in France will be considered. The commencement of
construction of four reactors at the Sinop site in Turkey is being considered.
3.2.3.4 AP - 1400 marketed by Korea Electric Power Corporation .
This is a 1,400 MWe Generation III Advanced Pressurised Reactor developed from two systems,
namely:


Combustion Engineering System 80 nuclear steam supply system and a



Balance-of-plant design developed by Duke Power Co.

The System 80+ design's safety systems provide emergency core cooling, feedwater and decay
heat removal. The design also has a reactor depressurization system, a gas-turbine generator as
an alternate AC power source beyond the required emergency diesel generators, and an incontainment refuelling water storage tank to enhance the reactor's safety and reliability.
The System 80+ has US Nuclear Regulatory Commission design certification as a thirdgeneration reactor. In its AP 1400 specification it offers enhanced safety with seismic design to
withstand 0.3 g ground acceleration, and has a 60-year design life. It is 1455 MWe gross in
Korean conditions according to IAEA status report, 1350-1400 MWe net with 2-loop primary
circuit. In a warm climate such as UAE, gross power is about 1400 MWe. The first APR-1400
units – Shin-Kori 3&4 – are under construction, and operation was expected in 2013 and 2014. A
48-month construction period is envisaged normally. Four APR1400 reactors are under
construction in the UAE.
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The reactor is likely to be too large for use in South Australia.
3.2.3.5 Small Modular Reactors (SMR's)
Small Modular Reactors are undergoing continued interest due partly to the high capital cost of
large power reactors and partly to the need to service small electricity grids such as that of South
Australia 4 GWe system. These may be built independently or as modules in a larger complex,
with capacity added incrementally as required. Economies of scale are provided by the numbers
produced. There are also moves to develop independent small units for remote sites. Small units
are seen as a much more manageable investment than larger units whose cost often rivals the
capitalization of the utilities concerned.
They also offer the potential to be constructed at inland locations either to service large mining
projects or to maximise economic benefit of the existing grid. This involves a trade off between
the cost of extending the grid to coastal sites or accepting a loss of output through dry cooling.
a. United States SMR's
No Small Modular Reactor designs have yet been submitted to the US Nuclear Regulatory
Commission (NRC) for certification. Four "front running" designs exist which are compact
reactors using the Pressurised Water Reactor technology. They derive enhanced safety in part by
having lower fuel loadings and larger heat sinks to absorb decay heat in the event of a core
excursion. Additionally they have far fewer reactor vessel penetrations and exposed pipe work
than in large reactors.
The business case for SMR's needs to address a continuous order book to ensure factory scale
manufacture is justified. They will likely require a new operational and regulatory regime if
staffing and security resources are to be effectively matched to their reduced output. The NRC
continues to examine policy issues regarding all small modular reactor designs.


mPower - This is a 180MWe water cooled or 155MWe air cooled reactor. On April 14,
2014, Babcock & Wilcox announced the restructuring of its small modular reactor
program to focus on mPower technology development continues to examine policy issues
regarding all small modular reactor designs.



NuScale - The NuScale design comes in 50MWe modules of up to 12 modules per
generating unit totalling 600MWe. NuScale notified the NRC in a March 2014 letter it
intends to submit its small modular design for certification in the second half of 2016.



SMR-160 - Holtec notified the NRC in a January 2014 letter that the company has yet to
determine a date for submitting its small modular SMR-160 design for certification.



Westinghouse SMR - The Westinghouse SMR produces 225MWe in its wet cooling
configuration. Westinghouse notified the NRC in a January 2014 letter that it is reevaluating the date for submitting its small modular design for certification but has been
authorised to proceed with testing. The units are stated as being capable of economically
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handling the challenges of providing baseload power on smaller grids and those with
non-steady power sources. Daily load follow can be performed from 100% to 20% power
at a rate of 5% change per minute. In continuous load follow, the plant can perform load
changes of ±10% power at a rate of 2% per minute.

Other SMR designs exist and some such as the fast spectrum PRISM have excellent technical
credentials however their deployment is best undertaken in nations with existing nuclear energy
experience.
b. Chinese SMR's
It's likely that the first SMR to be deployed will be the Chinese ACP100 which will see a
completion of preliminary design in 2014, with construction start in 2015 and operation in 2017.
The design is based on the larger ACP (and CNP) units, or AP1000, has passive safety features
and will be installed underground. Seismic tolerance is 0.3g. It has 57 fuel assemblies 2.15m tall
and integral steam generators (287ºC), so that the whole steam supply system is produced and
shipped a single reactor module. It has passive cooling for decay heat removal. Its 310 MWt
produces about 100 MWe, and power plants comprising two to six of these are envisaged, with
60-year design life and 24-month refuelling.
The anticipated construction period is 36 to 40 months though final "go ahead" has not yet been
received.
c. Korean SMR's
The Korea Atomic Energy Research Institute (KAERI) has been developing the SMART
(System-integrated Modular Advanced Reactor) – a 330 MWt pressurised water reactor with
integral steam generators and advanced passive safety features. It is designed for generating
electricity (up to 100 MWe) and/or thermal applications such as seawater desalination. Design
life is 60 years, with a three-year refuelling cycle. While the basic design is complete, the
absence of any orders for an initial reference unit has stalled development and frustrated export
intentions.
KAERI has licensed the design (standard design approval) and planned to build a 90 MWe
demonstration plant to operate from 2017. In mid-2010 a consortium of 13 South Korean
companies led by Kepco pledged 100 billion won ($83 million) to complete the design work.
US-based engineering company URS is providing technical services to KAERI. Cost is expected
to be about $5000/kW. In March 2015 an agreement was signed to build at least two SMART
reactors in Saudi Arabia and possibly more. The cost of building the first SMART unit in Saudi
Arabia was estimated at US$1 billion. The agreement is seen by South Korea as opening
opportunities for major involvement in Saudi nuclear power plants, and it also calls for the
commercialization and promotion of the SMART reactor to third countries.
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3.2.4 What are the nuclear technologies, and what are their characteristics that make
them technically suitable for connection to the NEM

3.2.4.1 Medium scale nuclear reactors
The key issues pertinent to medium scale nuclear power reactors such as the Candu EC6 or the
Westinghouse AP1000 for their prompt connection to the NEM are outlined below. The values
in GWh and MW quoted for retirement or replacement in the following text are derived from
Table 3.2-1 and Table 3.2-2 on page 19. The numbers are approximate and provide a useful
however an accurate evaluation would require a more detailed analysis.
1. Reactors will be available either immediately or be so near term that planning and
application could commence promptly.
2. The economic evaluation, contractual supply mechanism and reactor construction time
frame would all be realistically assessable and tied to verifiable project delivery.
3. Nuclear power would allow retirement of a substantial portion of the existing fossil fuel
generators within the SA generating system. Given that the coal generators have largely
departed this leaves the various gas generators which combined generate some 6,786
GWh per annum and will now have to make up the 2,238 GWh generated by coal.
4. A single AP1000 reactor would generate 8,916 GWh per annum operating at 87%
capacity factor.
5. A single CANDU EC6 would generate 5,519 GWh per annum operating at 90% capacity
factor.
6. If the existing 941 MW of wind power capacity is to be fully utilised it will need to be
supported by around 800MW of gas power to balance out the fluctuations in generated
power. The remaining 1,972 MW of the existing gas capacity could be retired.
7. Therefore, the retirement of gas and coal generating capacity would result in a deficit of
approximately (2,238 coal + 5,008 gas) GWh or 7,246GWh per annum.
8. This could be made up using a single AP1000 nuclear plant and exporting the surplus
1,669 GWh or using a single CANDU EC6 and not retiring as much gas power.
9. The use of nuclear power would result in 24% of the state's reliable generating capacity
of around 3000 MW being allocated to a single CANDU EC6 or 40% in the case of an
AP1000. When refuelling or in the case of an unplanned reactor trip the existing
interconnectors to Victoria would not be able to make up the deficit.
10. The connection of these medium scale nuclear power reactors to the NEM would require
a modest upgrade of the interconnectors to Victoria. The combined despatchable
generating capacity of South Australia and Victoria after de-rating the wind power
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capacity by 90% is about 2,895 MW for SA and 9,900 MW for Victoria or 12,796 MW.
A single Candu EC6 represents 5.8% of this total while the AP1000 represents 8.6 %.
The interconnector to Victoria would likely need a capacity of between 600MW and
900MW depending on which reactor is selected. The current combined capacity is
870MW and so only a modest upgrade to ensure reliability would be required.
3.2.4.2 Small Modular Reactors
1. A more flexible nuclear deployment would consist of three or four Westinghouse SMR's
of 225MW capacity. A greater number of smaller SMR's such as the NuScale or mPower
would be required. The maximum size of a single generator is 7.8% of the SA grid
capacity or only 1.8% of the combined SA and Victorian capacity. These units are able to
load follow and thereby maximise the low carbon emissions benefits of South Australia's
wind power capacity. Daily load follow can be performed from 100% to 20% power at a
rate of 5% change per minute; in continuous load follow, the plant can perform load
changes of ±10% power at a rate of 2% per minute.
2. Note that no SMR's have yet been deployed and they all rely upon a significant number
of orders to enable factory production.

In conclusion, nuclear power is a realistic option to connect the grid in SA provided the
interconnector to Victoria is upgraded.
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3.3 Are there commercial reactor technologies (or emerging technologies
which may be commercially available in the next two decades) that can
be installed and connected in an off-grid setting?
If so, what are those technologies, and what are the characteristics that
make them technically suitable?
What are the characteristics of any particular off-grid setting that
determine the suitability of a reactor for connection?

We have no comment on this section
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3.4 What factors affect the assessment of viability for installing any facility to
generate electricity in the NEM?
How might those factors be quantified and assessed?
What are the factors in an off-grid setting exclusively?
How might they be quantified and assessed?
3.4.1 Feasibility guidelines for installing a nuclear power generator in the NEM?
The IAEA has published a technical report (No. NG-T-3.3) that provides guidance on the
preparation of a feasibility study for a nuclear power project. The technical report addresses the
relevant issues related to the preparation of a feasibility study for a new nuclear power plant.
The main goals of the guide are to:


Provide an effective guideline for the preparation of a feasibility study in support of
prospective organizations of countries that are embarking on their first nuclear power
project under either a turnkey contractual approach or a split package approach;



Define and explain government and prospective owner duties in the preparation of a
feasibility study for the introduction of a nuclear program with particular emphasis on the
country’s infrastructures, electrical grid, budget and financing, and interrelated issues;



Present effective feasibility study models, methods and approaches that have been
developed and successfully adopted in the past 25 years, including the growing use of
computerized tools.

The IAEA technical report (No. NG-T-3.3) can be found in the APPENDIX A.
3.4.2 Defining the NEM
The response to this question requires that the National Electricity Market (NEM) be defined.
The NEM is firstly a market place which, apart from the trading locations exists as a place for
electronically transacted agreements to supply electricity from generators to customers for prices
determined by the administrator of the NEM under the market rules.
Secondly the NEM is the power system though its ownership rests with various governmental
and private organisations
The Australian Energy Market Operator (AEMO) manages the NEM. A key aim of AEMO is to
provide an effective infrastructure for the efficient operation of the wholesale electricity market,
to develop the market and improve its efficiency and to coordinate planning of the
interconnected power system. AEMO’s primary responsibility is to balance the demand and
supply of electricity by dispatching the generation necessary to meet demand.
With respect to the electricity market AEMO has two core roles namely to be the:
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•

Operator of the power system and

•

Operate the market

3.4.3 Viability of electricity generation on the NEM
The NEM under its market role is an attempt to create a Liberalised Electricity Market.
As observed by Professor Tony Owen from UCL Adelaide the older market structure changed
significantly with the creation of the NEM1.
Before market liberalisation
Vertically-integrated monopolies with


largely capacity-driven investment,



average cost pricing, and



consumers bearing market risks.

The Discount rate = social rate (social opportunity cost of capital).
After market liberalisation
Investment and market risks borne by the investor, with


short-run marginal cost (SRMC) pricing thus generating price uncertainty.

Discount rate = commercial rate (private opportunity cost of capital).

Generating plant has now split into two sectors:
1. High capital cost. In the case of coal or nuclear, these plants last for many decades and in
the case of nuclear the fuel cost is low.
2. Low capital cost. Wind and gas plants - gas has a high and possibly unpredictable future
fuel cost. The plants have shorter lives than the higher capital cost options.
Volatility and investment uncertainty now rules our energy sector caused by:


Short run marginal cost plants such as wind having an advantage in a risk averse market,



Mandatory renewable energy schemes result in certainty of investment and profit return
for those generators in a volatile market.



Uncertain political response to abating carbon emissions. Investor uncertainty as to
existence in short and long term of carbon taxes, carbon prices or proscribed limits.

1

Liberalised Electricity Markets and Nuclear Power: The case of Australia’s NEM Presentation to the Nuclear Engineering
Panel, Engineers Australia (Sydney), 27 March 2013
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Growing public opposition to coal and now gas. Gas is traditionally the fuel used to back
up intermittent renewables such as wind or solar.

The current market volatility has resulted in a lowest risk investment scenario with an
unacceptably high emissions intensity. Wind power with its intermittent output is supported by
gas fired generation. The accurate life cycle emissions (LCA) for wind plus gas are not reported
in the AEMO literature and very little data is available as to the fugitive emissions from gas.
These have a very significant impact on the greenhouse gas emissions intensity.
As noted in section 3.11.8. The impact of wind upon the gas generating system needs to be
properly assessed however an approximate analysis of 27% wind power with 73% gas power
would result in a GHG intensity for the system of 0.27*10.5+0.73*589 = 432 g CO2/kWh.
3.4.4 Quantification and assessment of NEM factors
From the AEMO website, its stated role as manager of the NEM covers both the power system
management and the electricity market.
Under the Rules, AEMO’s charter focuses specifically on efficiency, security and reliability of
power supply and excludes favouring one fuel source over any other. Consequently, AEMO has
neither the power nor the authority to make decisions based on considerations of sustainability
and or to balance resources. This means that generating facilities that do not fit into the current
environment of high volatility, mandated access (RET) and low investor confidence will be shut
out.
This has flowed over into an aversion to forthright action on greenhouse gas mitigation and we
note the statement on page 10 of the issues paper "that until 2023-24 South Australia will have
an excess of approximately 600 MWe of installed capacity meaning that this much capacity
could be withdrawn without affecting stable supply".
This assumption is a strong impediment to expansion of low carbon generation on the grid
because no firm policy is in place to expand emissions reductions into all segments of our
primary energy sources as shown in Figure 3.4-1 - Australia's CO2 emissions by sector 2011-12.
In an attempt to quantify the viability of low carbon generating facilities on the NEM we have
provided two examples where an expansion of the sector is required in Sections 3.7.3 Electric
vehicles and 3.7.4 Gas replacement and Industry.
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Figure 3.4-1 - Australia's CO2 emissions by sector 2011-12
3.4.5 Concluding comment
In summation in its current form the NEM does not appear to be to provide a viable place for
investment in long term, capital intensive, low carbon generating capacity.
As Professor Tony Owen concludes2:
"Liberalised electricity markets such as the NEM have raised the risks faced by investors in highcapital-cost, low-operating-cost generation. In addition, such market structures may not
encourage low-carbon-technologies. A key question for governments, therefore, is whether to
use targeted measures to ensure capital cost recovery for low-carbon investments, or whether to
impose market-based policies such as long-term contracts-for-difference payments that cover
selected generation technologies."

2

Liberalised Electricity Markets and Nuclear Power: The case of Australia’s NEM Presentation to the Nuclear Engineering
Panel, Engineers Australia (Sydney), 27 March 2013
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3.5 What are the conditions that would be necessary for new nuclear
generation capacity to be viable in the NEM?
Would there be a need, for example, for new infrastructure such as
transmission lines to be constructed, or changes to how the generator is
scheduled or paid?
How do those conditions differ between the NEM and an off-grid setting,
and why?
3.5.1 Market Conditions on the NEM
From Section 3.4.5 Professor Tony Owen has raised concerns about the ability of the NEM in its
current form to provide a viable place for investment in long term, capital intensive, low carbon
generating capacity.
As Professor Tony Owen concludes1:
"Liberalised electricity markets such as the NEM have raised the risks faced by investors in highcapital-cost, low-operating-cost generation. In addition, such market structures may not
encourage low-carbon-technologies. A key question for governments, therefore, is whether to
use targeted measures to ensure capital cost recovery for low-carbon investments, or whether to
impose market-based policies such as long-term contracts-for-difference payments that cover
selected generation technologies."

1

Liberalised Electricity Markets and Nuclear Power: The case of Australia’s NEM Presentation to the Nuclear Engineering
Panel, Engineers Australia (Sydney), 27 March 2013
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3.6 What are the specific models and case studies that demonstrate the best
practice for the establishment and operation of new facilities for the
generation of electricity from nuclear fuels?
What are the less successful examples?
Where have they been implemented in practice?
What relevant lessons can be drawn from them if such facilities were
established in South Australia?
There are a number of models and case studies available to Australia to demonstrate how a
“newcomer” to the industry can or should proceed. The best known of the “newcomers” is the
United Arab Emirates (UAE) which began in 2007 to develop four units, with an eye toward 6 or
8, including the entire required infrastructure such as a regulatory body, university training
programs, operator training programs and near-site associated development and residential
communities. Working thru consultants and following IAEA guidance for “newcomers”
including the IAEA’s 19 criteria roadmap. The UAE program is viewed by the industry as the
new “gold standard” for nuclear plant program development.
Another “newcomer” program is that being developed by Jordan thru its Jordan Atomic Energy
Commission. Jordan has reached agreement with Rosatom to deploy two VVER’s at a site in
eastern Jordan that will use treated waste water as makeup water to a closed cycle cooling tower
system. Jordan is also building a research reactor and has an expanding uranium exploration
program underway. They are active participants in all of the IAEA programs for “newcomers,”
an effort that Australia should consider.
Turkey also has a “newcomer” program underway with plans to build up to four VVER units
along the south coast at Akkuyu, two Atmea units at Sinop on the Black Sea Coast and possibly
multiple PWR units along the Black Sea Coast to the west of the Istanbul in the direction of
Bulgaria. Turkey is in the process of developing their regulatory program and is a major
participant in “newcomer” programs at the IAEA. The Turkish Model includes a “build own
operate transfer” program with Rosatom for the units at Rosatom, but this program is unlikely to
be duplicated at the second and third sites in Turkey.
There are no current nuclear “newcomer” development programs that fall into the category of
“failed,” but a number of contemporary programs have been slowed by political events or
nuclear infrastructure development. Included in this group are the programs in Saudi Arabia,
Lithuania, Poland, Vietnam, Indonesia, Thailand and Chile. Countries who are not considered to
be “newcomers” per se, but are ramping up for new NPP projects include the United Kingdom,
Brazil, Mexico, Sweden, Finland, India, Hungary, Czech Republic, Slovakia, Slovenia, South
Africa, Argentina, Netherlands, France, China, Switzerland, Kazakhstan and the United States,
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The most important to be learned from the successful “newcomer” programs is the need to
develop a nuclear infrastructure program consistent with IAEA’s 19 criteria roadmap within the
IAEA Nuclear Infrastructure Development Programme shown in Figure 3.6-1.
Figure 3.6-1. IAEA Nuclear Infrastructure Development Program

Figure 3.6-1 - IAEA Nuclear Infrastructure Development Programme
For example, it is imperative to have an independent regulatory body in place early in the
process to win public acceptance of a program. An effective independent regulatory body is the
best means, perhaps the only means, to gender public support for a program. Added to this is the
need for a full commitment of the government and the support of the academic/intelligencia
community in a “newcomer” country. The IAEA Guide No. NG-G-3.1 Milestones in the
Development of a National Nuclear Infrastructure for Nuclear Power in APPENDIX C provides
the details about the three critical milestones in a development program along with the 19
criteria. Figure 3.6-2 shows the IAEA milestones and 19 criteria that must be considered by
“newcomer” countries.
Utilizing lessons learned from current projects, Westinghouse state that they have developed a
proven delivery model for its AP1000 plant projects.
More information regarding the delivery model can be found in page 17 in Part 2 – Engineering,
Procurement, and Construction: Describing a Proven Delivery Model for the AP1000 Plant in
APPENDIX B - Westinghouse and AP1000 Plant containing the Introduction to Westinghouse
and the AP1000 Plant.
Legislative Imperative
Finally the Australian Government needs to urgently amend the ARPANSA Act 1998 to remove
the prohibition on ARPANSA regulating and licensing nuclear power plants. This is required to
enable ARPANSA to be involved as the potential regulator in discussions of the nuclear power
option.
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Figure 3.6-2 - IAEA 19 Criteria for a New Nuclear Program
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3.7 What place is there in the generation market, if any, for electricity
generated from nuclear fuels to play in the medium or long term? Why?
What is the basis for that prediction including the relevant demand
scenarios?
3.7.1 Introduction
The place for electricity generated from nuclear fuels will be central to enabling large reductions
in fossil fuel use in the medium and long term.
The reasons are closely linked to the comparative advantages and disadvantages outlined for
nuclear power in Question 3.8. Nuclear power will be central to our long term need because it
has an established, safe and reliable track record in achieving emissions reductions. The
comparison of German and French emissions and energy mix as shown in Figure 3.8-2 and
Figure 3.8-3 in Section 3.8 provided evidence of the comparative success of large amounts of
nuclear energy within the generating mix.
Underpinning the need for electricity generated by nuclear fuels is its very low level of
greenhouse gas emissions. As shown in Figure 3.8-1 in Section 3.8 nuclear energy has an
established ability to reliably deliver electricity generated with emissions below 70 g CO2/kWh
e. This is the magnitude required to meet climate change goals by 2050 as shown in Figure 3.8-4
which is based on figure 12.1 of the Garnaut report.

Figure 3.7-1 - Australia's CO2 emissions by sector 2011 - 12
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3.7.2 Commercial, Manufacturing and Residential Electricity
Meeting only our current narrow perception of the market for electricity will not address our
climate change goals. The market for clean energy itself needs to be expanded to displace fossil
fuels to cover more of the areas shown in Figure 3.7-1.
Within the NEM commercial, manufacturing and residential electricity demand accounts for
35.5% of Australia's CO2 emissions. Wind and solar in South Australia displace around 31% of
emissions generated by electricity or about 11% of the total primary energy emissions generated
in the state. This assumes a similar mix of sectoral emissions in SA as the rest of Australia.
After making some allowance for the life cycle emissions of wind and solar at least 90% of
South Australia's greenhouse gas emissions are not yet addressed by low carbon energy
generation.
This is the source of future demand scenarios and we now outline a couple of examples.
3.7.3 Electric vehicles
We need to displace the use of imported fossil fuel within our transport sector which accounts for
17% of our greenhouse gas emissions. Within the EU and France in particular we are seeing
infrastructure being built and tax incentives being offered to roll out the electric vehicle industry.
We provide here an approximate impact of the introduction of electric vehicles.
In South Australia, annual fossil fuelled power in the light commercial and passenger vehicle
sector amounts to 1,673 million litres of imported fuel which generates 3.9 million tonnes of
greenhouse gases1. Now the transition of the light vehicle fleet to electric power could take the
best part of three decades to implement but the increased demand for electricity is large and
would add an additional 2,703 GWh/annum to the existing 13,330 GWh/annum. This additional
electricity demand could readily be met by the suggested medium scale pressurised water
reactors.
Most dramatically however are the benefits with 3.9 million tonnes of carbon emissions per
annum being taken out of the primary energy system. The electricity demand is calculated on the
basis of averaging the electricity use of a Tesla S model at 3.43 km/kWh with a diminutive
Mitsubishi i Mev at around 9 km/kWh. This results in a combined consumption of 6.2 km/kWh
for passenger vehicles and 3.5 km/kWh for light commercial.
The really big economic factor to take into account is that of the comparative costs of the two
fuels.


1

Imported petroleum - At a notional wholesale price if $1.10 per litre the imported fuel is
costing South Australia $1.84 billion dollars per annum

ABS Survey of Motor Vehicle use 2012
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gas emissions and this is an area where low carbon nuclear power generation can offer not only a
replacement of current fossil fuel use but also a direct incentive for industry to grow within
South Australia.
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at 1990 levels by 2000, and this was reaffirmed in 1995 at the first Conference of Parties to the
United Nations Framework Convention on Climate Change (UNFCCC) in Berlin. The fact that
those levels in 1990 were only 60% of those of the 1970s was due to nuclear energy replacing
most oil for electricity generation.1
Switzerland operates 5 nuclear reactors and in 2013 nuclear power contributed 26.0 TWh, 37%
of Swiss total production, with hydro supplying 40.0 TWh (57%)2
France derives about 75% of its electricity from nuclear energy, due to a long-standing policy
based on energy security. This is provided by 58 power reactors. France is the world's largest net
exporter of electricity due to its very low cost of generation, and gains over €3 billion per year
from this3.
Both Sweden and Switzerland have lower emissions than France due to very high levels of
hydropower. This energy source has low emissions and is also able to load follow to maximise
the benefits of both nuclear energy and any intermittent renewables such as wind or solar. France
uses hydropower to a lesser degree and also generates emissions from gas powered generation a
Evidence for nuclear energy's comparative advantage in reducing emissions can be seen by
comparing the generating capacity and electricity production proportions in 2013 for Germany as
shown in Figure 3.8-2 with that of France shown in Figure 3.8-3.
The emissions intensity of the electricity produced is also shown with Germany at 672 gr.
CO2/kWh being nearly 10 times higher than those of France are 71 gr. CO2/kWh. These
emissions dates are for 2011.
Note that these two emissions factors used for France and Germany differ from those published
by the International Energy Agency (IEA). They are in fact the emissions factors compiled by
"Ecometrica" for "consumed" electricity and take account of factors such as4:


Transmission and distribution losses,



Removal of factors for heat generation so that we are only accounting for electricity
consumed,



Amalgamation of all greenhouse gases emitted such as CO2, CH4 and N2O.

The "consumed" electricity value for Australia using the "Ecometrica" data set is 992
kgCO2/kWh

1

World Nuclear Association http://www.world-nuclear.org/info/Country-Profiles/Countries-O-S/Sweden/

2

World Nuclear Association http://www.world-nuclear.org/info/Country-Profiles/Countries-O-S/Switzerland/

3

World Nuclear Association http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/France/

4

Electricity Specific emission factors for grid electricity, August 2011, Matthew Brander, Ecometrica
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Figure 3.8-4 - Garnaut Figure 12.1 - Australian emissions reductions
trajectories to 2050 (reduction in total emissions)
Currently our media and political debate focuses is on intermittent renewable energy as our
primary carbon abatement strategy. Renewable Energy Targets, Solar photovoltaic systems and
battery storage all draw considerable attention however solar PV contributes only 3 petajoules to
Australia's 6,100 petajoule domestic primary energy supply while wind contribute 21 petajoules.
Between them, they make up 0.4% of our primary energy use in 2011. and about 2.7% of our
electricity consumption5. No effective reductions or strategies are yet in place to address carbon
emissions in Australia.
Australia's electricity consumption has levelled off and according to an analysis carried out by
the Australia Institute6, the three largest factors contributing to the recent dramatic changes in
demand for electricity are:
1. the impact of (mainly regulatory) energy efficiency programs,
2. structural change in the economy away from electricity intensive industries, and
3. since 2010, the response of electricity consumers, especially residential consumers,
to higher electricity prices.

5

Australian Bureau of Statistics
http://www.abs.gov.au/ausstats/abs@ nsf/Products/4655.0.55.002~2013~Main+Features~Chapter+3+Energy?Open
Document

6

"Power Down - Why is electricity consumption decreasing? Institute Paper No 14 December 2013 - Hugh Saddler
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The Australia Institute states that their findings point to a number of changes in the drivers of
increased electricity consumption. They state that "The logical conclusion is that, although
growth in consumption may resume in the next few years, it will then continue at much lower
annual rates than those that prevailed for more than a century up to about 2004".

Figure 3.8-5 - Australia's CO2 emissions by sector 2011 - 12
The Australia Institute analysis is quoted because it reported on the current reality and policy
settings where no deep carbon emissions of the type required to properly address climate change
are contemplated. Domestic coal consumption has plateaued however both gas and oil continue
to grow significantly. 7
If we are to achieve meaningful emissions reductions Australia we must address all sectors of
our carbon emissions shown in Figure 3.8-5. An energy production system that can meet this
challenge would have the following characteristics:
a. It would ensure reliable availability and despatch and not be dependent on fossil fuel
backup. This is essential because energy production is only the first step in carbon
abatement. The energy needs to be integrated into new industrial processes and
applications such as steel and cement manufacture and transport systems.
b. It would have a successful precedent of being implemented in a short time frame, namely
the 35 years over which Australia must make the required emissions reductions. As a
7

Australian Bureau of Statistics
http://www.abs.gov.au/ausstats/abs@ nsf/Products/4655.0.55.002~2013~Main+Features~Chapter+3+Energy?Open
Document
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precedent France built an entire nuclear generating system of 58 reactor units over 22
years from 1977 to 1999 which produce fifty percent more power than Australia's
electrical output.
c. It would have a readily assessable and competitive cost and not be "first of a kind". We
will only get one chance.
d. It would have proved itself capable of abating carbon emissions to the required level.
There are lessons to be learned from the low emitting countries shown in Figure 3.8-1
and especially those of Sweden, Switzerland and France.
e. It would be readily deployable in South Australia and have a high content of local labour
and resource use.
3.8.3 Efficient resource use
Another measure of the benefit of nuclear power versus intermittent renewables is the energy
society invests in the system compared to the energy obtained. The economic efficiency and
wealth of a society strongly depend on the best choice of energy supply techniques which
involves many parameters of quite different significance. The “energy returned on invested”,
EROI (often also called ERoEI), is a most important parameter because it describes the overall
life-cycle efficiency of a power supply technique, independent from temporary economical
fluctuations or politically motivated influence distorting the perception of the real proportions.
The EROI answers the simple question “How much useful energy do we obtain for a certain
effort to make this energy available” The calculation of these numbers can be somewhat
subjective because its calculation is highly dependent on the boundary conditions however
nuclear performs very well in most comparisons. One well documented German study by
Weissbach and others found that nuclear power's EROI of 75 units shows a clear benefit over the
lower returns for wind of only 16 for and 4 for solar for each unit invested.vii The results of this
study are summarised in Figure 3.8-6.
We see that society obtains more energy for an equal resource allocation from nuclear power
than just about any other power system. The lower values for wind and solar reflect what we
intuitively expect for diverse low energy intense sources of energy.
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Figure 3.8-6 - EROI for electricity generating systems
3.8.4 Readily deployable in South Australia
Nuclear energy power systems such as the AP1000 and Candu EC6 reactors and balance of plant
require substantial local content.
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3.9 What are the lessons to be learned from accidents, such as that at
Fukushima, in relation to the possible establishment of any proposed
nuclear facility to generate electricity in South Australia?
Have those demonstrated risks and other known safety risks associated
with the operation of nuclear plants been addressed?
How and by what means?
What are the processes that would need to be undertaken to build
confidence in the community generally, or specific communities, in the
design, establishment and operation of such facilities?
3.9.1 Introduction
The Great East Japan Earthquake of magnitude 9.0 hit at 2.46 pm on Friday 11th March 2011. It
was a rare and complex double quake giving a severe duration of about 3 minutes. An area of the
seafloor extending 650 km north-south moved typically 10-20 metres horizontally. Japan moved
a few metres east and the local coastline subsided half a metre. The subsequent tsunami
inundated about 560 sq km and resulted in a human death toll of over 19,000 and damaged
coastal ports and towns with over a million buildings destroyed or partly collapsed.1
At Fukushima a 15-metre high tsunami disabled the power supply and cooling of three
Fukushima Daiichi reactors, causing a nuclear accident on 11 March 2011. All three cores
largely melted in the first three days.
The means by which operational and design risks in reactors have been addressed are discussed
in the next two sections dealing with Operational and Design lessons.
3.9.2 Operational Lessons
Working in a isolated scene of massive devastation with all power lost to the reactors would have
driven the operators to the limits of human ingenuity. A study into the lessons learned at
Fukushima Daiichi was presented in August 2012 by the Institute of Nuclear Power Operators
(INPO) and the following are considered the most significant operational lessons from the event:
1.

1

Safety reports. TEPCO, owner and operator of the Fukushima Daiichi power plant
periodically reviewed the possible Tsunami heights and in 2008 a hypothetical study
revealed an event that could give rise to a Tsunami with a maximum level of sea level plus
15.7m at the Daiichi site. Such a height would render the seawater pumps inoperable
though no further evaluation on the supply of AC or DC power to the facility was
undertaken. The study was based on hypothetical assumptions and was given low priority
to mitigating actions because of the low confidence in the underlying parameters. At the
time of the March 2011 event the hypothetical study was still under review.

http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Fukushima-Accident/
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As a result a key finding of the INPO report is that when periodic reviews or new
information indicates the potential for conditions that could significantly reduce safety
margins or exceed current design assumptions, a timely, formal, and comprehensive
assessment of the potential for substantial consequences should be conducted. An
independent, cross-functional safety review with a plant "walkdown" should be considered
to fully understand the nuclear safety implications. If the consequences could include the
potential for common-mode failures of important safety systems, compensatory actions or
countermeasures must be established without delay.
2.

Core Cooling. Emergency and accident response strategies and implementing actions must
give the highest priority to maintaining core cooling. Emergency response centres must
maintain continuous awareness of the status of core cooling; changes to the method of core
cooling must be made deliberately and with a clear strategy to establish an alternate
cooling method; and, when there is reason to question the quality or validity of core
cooling information, deliberate actions must be taken immediately to ensure a method of
cooling is established.

3.

Human resources. Plans must address the immediate emergency response needs for
human resources, equipment, and facilities in the first few hours of an event, as well as the
need for a long-duration response capability. In addition, plans should address how to
engage the domestic and international nuclear industry to obtain needed support and
assistance during an event.

4.

Realistic Training. Training and periodic drills must be sufficiently challenging and
realistic to prepare operating crews and emergency response personnel to cope with and
respond to situations that may occur during a multi-unit nuclear accident, including a
nuclear accident resulting from a natural disaster.

5.

Emergency response. Because the specific sequence of initiation events for beyonddesign-basis events is unknown, emergency response strategies must be robust and provide
multiple methods to establish and maintain critical safety functions using a defence-indepth approach.

6.

Strategies and Procedures. Optimum accident management strategies and associated
implementing procedures (such as emergency operating procedures and accident
management guidelines) should be developed through communications, engagement, and
exchange of information among nuclear power plant operating organizations and reactor
vendors. Decisions to deviate from these strategies and procedures should be made only
after rigorous technical and independent safety reviews that consider the basis of the
original standard and potential unintended consequences.

7.

Human Trauma. Emergency response strategies for extreme external events should
consider the traumatic human impact of such events on individual responders and leaders
and provide for appropriate training, assistance, and contingency plans.
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8.

Safety Culture. Nuclear operating organizations should consider the safety culture
implications of the Fukushima Daiichi event, focusing on strengthening the application of
safety culture principles associated with questioning attitude, decision-making, the special
and unique aspects of the nuclear technology, and organizational learning.

3.9.3 Design Lessons
The IAEA Report on Reactor and Spent Fuel Safety in the Light of the Accident at the
Fukushima Daiichi Nuclear Power Plant, is based on the deliberations of an International Experts
Meeting in March 2012 in Vienna. This emphasizes that the application of the defence in depth
concept should be improved at two levels — the prevention of severe accidents, including
through decay heat removal from the reactor core and spent fuel, and the protection of
containment integrity.
1. Passive Reactor Core Cooling Systems. Passive core cooling systems can cool a reactor
core without requiring AC electric power. They rely on combinations of gravity, natural
circulation, DC power and compressed gas to transfer heat to either evaporating water pools
or to structures cooled by air or water convection. Variations are summarized in this section:
1.1. Pressurized core flooding tanks (accumulators) Pressurized core flooding tanks, or
accumulators, are already used in some currently operating reactors as part of their
emergency core cooling systems. They typically consist of large tanks about 75% full of
cold borated water. The remaining volume is filled with pressurized nitrogen or an inert
gas. In the event of a loss of coolant accident the cool boranated water provides an
emergency boost prior to the longer term emergency system starting up.
1.2. Elevated tank circulation loops (core make-up tanks). Some new designs now under
construction include elevated tank circulation loops. The tank is filled with cold borated
water and normally isolated from the reactor by a valve in the discharge line at the
bottom of the tank. The inflow line at the top of the tank is connected to the reactor
cooling system. In an emergency, the bottom valve is opened to allow the cold borated
water to flow into the loop. The cold borated water flows down into the core where it is
heated, rises and flows back into the tank through the inflow line. Since the tank includes
no heat exchangers or other means to remove heat, core make-up tanks also provide only
short-term discharges to buy time for other cooling systems to start up. They do not
provide continuing heat removal.
1.3. Elevated gravity drain tanks. Elevated gravity drain tanks are like the accumulators
described in 1.1, except they are driven by gravity rather than pressurized gas. They
therefore are effective when the pressure in the reactor core is not greater than the weight
of the water in the tank. They may be ineffective if the core is uncovered and generating
high pressure steam. In some advanced designs, the volume of water in the tank is
sufficiently large to flood the entire reactor cavity. Elevated gravity drain tanks also
provide only a one-time discharge of water to buy time.
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1.4. Passively cooled steam generator natural circulation. Some advanced pressurized
water reactor (PWR) designs incorporate an emergency passive, natural circulation
cooling loop to remove heat from the steam generators either to a large water-filled
cooling tank or to the air through cooling towers Both options could provide continuous
rather than short-term cooling during an emergency.
1.5. Passive residual heat removal (PRHR) heat exchangers PRHR heat exchangers are
incorporated into several advanced PWR designs (Fig. B-6). They work like the
passively cooled steam generator natural circulation loops described in Section B.4,
except that they would remove heat directly from the reactor core, not the steam
generators. They would thus provide continuous cooling during an emergency.
2. Passive Systems for Containment Cooling and Pressure Suppression
Passive systems can also be used to cool the containment and suppress pressure in the
containment without requiring electric power. Three variations are summarized in this section.
2.1. Containment passive heat removal / pressure suppression systems. This approach uses
natural circulation cooling loops and an elevated pool as a heat sink.

2.2. Passive containment spray systems. Following a LOCA the steam in contact with the
inside of the steel containment would condense. Heat would be transferred through the
containment wall to the air outside the wall, which would rise as it is heated. It would be
discharged through the top of the structure and replaced by cooler air continually
entering at the bottom. containment would provide a gravity driven spray of cold water
to accelerate the cooling if DC power is available. This system is included in some new
plants currently under construction.
3. Further Technology Options
3.1. Strengthening the containment by using steel and concrete layers or double walls.
Core catchers are also added to spread and cool any molten core material to prevent its
escape from the containment.
3.2. Prevention and mitigation of hydrogen explosions. Hydrogen igniters require power
and are thus active, not passive, systems. Autocatalytic recombiners do not require
power and are therefore passive.
3.3. Containment venting systems combined with filters to prevent the escape of fission
products but allow the release of high pressures and reduce hydrogen build up.
3.4. Improvements to instrumentation to enable it to monitor the reactor condition in
regions of high temperature and radiation build-up.
3.5. Spent fuel pools. Improve the reliability of spent fuel cooling and the robustness of pool
structures. Possibly even locate pools in containment like structures.
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3.9.4 Evacuation and radiation exposure
The operational and design aspects of the Fukushima Daiichi reactors were not able to withstand
the impacts of a category 9.0 earthquake induced Tsunami. The perception of radiation risk by
the public, media and government was greater than the actuality. This contributed considerably
to the harm that improved education and public awareness would have avoided.
By December 2011, government health checks of some 1700 residents who were evacuated from
three municipalities surrounding the reactors showed that two-thirds received an external
radiation dose within the normal international limit of 1 mSv/yr, 98% were below 5 mSv/yr, and
ten people were exposed to more than 10 mSv.
In May 2013 UNSCEAR reported that "Radiation exposure following the nuclear accident at
Fukushima Daiichi did not cause any immediate health effects. It is unlikely to be able to
attribute any health effects in the future among the general public and the vast majority of
workers.
In a comment from Roy Shore, head of research at the Radiation Effects Research Foundation in
Hiroshima, and a co-author of the WHO report of 20132:
"Given the projected very low frequency, 3.2 per 10,000, of radiation-associated thyroid cancer
among young people, it is unlikely that any excess would be detectable by the usual
epidemiologic approaches,". Most emergency workers were estimated to have minimal increased
risks but around one-third had a small but significant increase in cancer risks.
In support of the UNSCEAR conclusion, literature reviews indicate that although radiation may
cause cancers at high doses and high dose rates, currently there are no data to establish
unequivocally the occurrence of cancer following exposure to low doses and dose rates – below
about 100 mSv.3 The most widely accepted model posits that the incidence of cancers due to
ionizing radiation increases linearly with effective radiation dose at a rate of 5.5% per sievert
however this may not apply at low dose levels.4
The psychological trauma of evacuation was a bigger health risk for most evacuees than any
exposure from early return to homes, according to some local authorities.5 Some 160,000 people
were evacuated from the region around the reactors as a precautionary measure. This has resulted

2

http://www.nature.com/news/much-of-fukushima-s-fallout-was-gone-with-the-wind-1.12528

3

http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/bio-effects-radiation.html

4

ICRP 2007 "The 2007 Recommendations of the International commission on Radiological Protection, ACRP
Publication 103 37, (2-4) 2007
5

http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Appendices/Fukushima--RadiationExposure/
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in approximately 1100 deaths due to the stress of moving, prolonged dislocation and disruption
of medical and social welfare facilities.6
It's clear in hindsight that an improved radiation exposure and evacuation plan needs to be put
into place for communities living close by nuclear reactor sites. It would need to involve
extensive public education regarding the risks associated with various levels of radiation and
may well require that a simpler system of units to be used for the general public. The combined
reporting of Grays, sieverts and Bequerels is confusing and for the general public a relative unit
such as the "comparison with normal background" would be more useful as it would also put the
dose into better perspective. For example "One third of background radiation" means a lot more
to the general public or journalists than 500 µSv.
3.9.5 Community Confidence Building
The risks and rewards need to be equated so that the public perceives a net benefit.
Currently different segments of society have varying views on the benefits of nuclear energy.
This list has been compiled as a result of significant experience within the Australian community
in forums dealing with both nuclear energy and climate change:
1. Eco-pragmatists who see climate change as a major threat and are prepared to pragmatically
adopt technical measures to repower our society. Generally in favour of nuclear energy.
2. Traditional Greens who see climate change as a major threat but who see nuclear power as a
morally bankrupt, flawed technology and a tool of corrupting elites. Generally insulated from
arguments in favour.
3. The largely uncommitted centrists who have a sense that it is a dangerous technology that
may have benefits but prefer to oppose it on a precautionary principal. They are open to
reconsideration.
4. The industrially aware centrists who see economic and employment benefits and see
environmental benefits as a desirable but secondary issue.
5. Strong conservatives who favour nuclear energy but avoid linkage with climate change.
Group 3 is the largest and currently make up the group that can swing the issue either way.
Building up public confidence needs to happen as a part of dialogue within communities and
needs to cover:


environmental benefits and energy independence,



safety in operations and treatment of wastes



future jobs and an intellectually enriched society

6

http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Nuclear-Radiation-and-HealthEffects/
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Industrial growth and low and reliable power costs



Proliferation resistance,



Speed of delivery and costs of deployment.

Finally the dialogue within communities should be clear and specific regarding the technology to
be deployed. For too long the issue has been clouded by "future technologies' and "just around
the corner ideas". Intermittent renewables and nuclear energy are both beset with this problem.
From battery storage to thorium and fusion reactors we give ourselves reasons to procrastinate.
Clear plans need to be discussed with the communities rather than have them precipitously
imposed upon them - otherwise we will see more disappointments like the failed "Carbon
Pollution Reduction Scheme" of the previous Federal Government.
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3.10 If a facility to generate electricity from nuclear fuels was established in
South Australia, what regulatory regime to address safety would need to
be established?
What are the best examples of those regimes?
What can be drawn from them?
Australia has much of the regulatory regime in place to establish a nuclear power generator. The
following sections review the key elements of the regulatory regime and touch on important
safety concepts before looking at an example of excellence on operations at one of Frances's
older nuclear power plants.
3.10.1 IAEA.
The International Atomic Energy Agency (IAEA) is the world's "Atoms for Peace" organisation
within the United Nations Organisation. The Agency works with its member states and multiple
partners worldwide to promote the safe, secure and peaceful use of nuclear technologies. The
IAEA also acts as the international inspectorate for the application of nuclear safeguards and
verification measures covering civilian nuclear programs. As such, it plays a vital role in
verifying that nuclear material is not diverted from civilian uses to military or explosive purposes
Australia was one of the founding members of the IAEA upon its formation in 1957, and has
held a designated seat on the Board of Governors since formation. Australia is a major
contributor to the IAEA's Regular Budget, and to the Technical Cooperation Fund which
provides funds for cooperation in peaceful nuclear uses. Australia also participates in numerous
regional activities through the IAEA, focused on peaceful nuclear cooperation
The IAEA has produced an extensive set of publications and protocols fully supported by nuclear
experts to guide countries through the process of implementing nuclear energy. Amongst the
Safety Standards is "The Governmental, Legal and Regulatory Framework for Safety" No. GSR
Part 1
3.10.2 Independent Regulator
Australia is already a member country of the international regulatory agencies and has an
established and operating independent nuclear regulator in the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA). This is the Australian Government's primary authority
on radiation protection and nuclear safety.
Requirement 3 of the IAEA framework mandates the establishment and maintenance of a
regulatory body through its legal system. It shall confer on the regulator the legal authority and
provide it with the competence and the resources necessary to fulfil its statutory obligation for
the regulatory control of facilities and activities.
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Importantly Requirement 4 requires the government to ensure that this regulatory body is
effectively independent in its safety related decision making and that it has functional separation
from entities having responsibilities or interests that could unduly influence its decision making.
Legislative Imperative
Finally the Australian Government needs to urgently amend the ARPANSA Act 1998 to remove
the prohibition on ARPANSA regulating and licensing nuclear power plants. This is required to
enable ARPANSA to be involved as the potential regulator in discussions of the nuclear power
option.
Nuclear Security
Nuclear security is the responsibility of the Australian Safeguards & Non-proliferation Office
(ASNO). Its goal is to enhance Australia’s and global security through activities which
contribute to effective regimes against the proliferation of nuclear and chemical weapons.
Further detail on ASNO activities is provided in Section 3.14.
ASNO is responsible for:
1. Application of safeguards in Australia
Submission of reports to IAEA on nuclear materials and facilities
Administration of permits and authorities
2. Physical protection and security of nuclear material, technology and facilities
Issue permits and monitor compliance
3. Operation of bilateral safeguards agreements
Tracking and reporting for Australian obligated uranium exports and foreign obligated
materials in Australia
4. Advice to Government
5. Development and effective implementation of International Safeguards
SAGSI, APSN, ASSP and outreach
3.10.3 Precedent in Australia
Australia has a significant infrastructure to support any future nuclear power program. As well as
ARPANSA Australia has experience with:


the Australian Nuclear Science & Technology Organisation (ANSTO), which owns and
runs the modern 20 MWt Opal research reactor where there is a world-ranking safeguards
set-up.



the Australian Safeguards & Non-proliferation Office (ASNO) looks after security
matters and is Australia's contribution to preventing the spread of weapons of mass
destruction.
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the Convention on the Physical Protection of Nuclear Material (CPPNM) and



Australia's various bilateral safeguards agreements (of which there are currently 20).



and a well-developed uranium mining industry.

ASNO ensures that Australia's international obligations are met under:


the Nuclear Non-Proliferation Treaty (NPT),



Australia's NPT safeguards agreement with the International Atomic Energy Agency
(IAEA),

3.10.4 Defence in depth
To achieve optimum safety, nuclear plants in the western world operate using a 'defence-indepth' approach, with multiple safety systems supplementing the natural features of the reactor
core.
Key aspects of the approach are:


high-quality design & construction,



equipment which prevents operational disturbances or human failures and errors
developing into problems,



comprehensive monitoring and regular testing to detect equipment or operator failures,



redundant and diverse systems to control damage to the fuel and prevent significant
radioactive releases,



provision to confine the effects of severe fuel damage (or any other problem) to the plant
itself.

These can be summed up as: Prevention, Monitoring, and Action (to mitigate consequences of
failures)
3.10.5 Peer Reviewed Monitoring
The World Association of Nuclear Operators (WANO) is a key organisation which has an
overriding priority for the assuring of safety and excellence in nuclear power plant operational
performance.
WANO was founded in 1989 and membership is voluntary. At the end of 2013, there were 133
members and 517 WANO member reactors including those operating, under construction, or
permanent shutdown (decommissioning). This includes 136 affiliated with the Atlanta Centre, 90
in the Moscow Centre, 153 in the Paris Centre and 138 in the Tokyo Centre. In addition, two
reprocessing facilities and an icebreaking fleet of ships are represented among the WANO
membership.
The organisation carries out peer reviews of power plant operations and key tools are:
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Identification of best practices and areas for improvement by a team of peers from
outside organisation



43 plant reviews completed in 2013.



Efforts continue to ensure each plant receives a peer review every six years or more
frequently. WANO plans to move to peer reviews every four years such that between
October 2015 and October 2019 every operating unit will receive a peer review.



The reviews focus on operating experience and learning from events. Reports are
circulated through the members and technical support and exchange of information
provides valuable national and international feedback.

Figure 3.10-1 - Typical WANO performance indicator
The organisation also offers a Technical support mission to review difficult issues and identify
potential solutions and it fosters technical training and developments through workshops and
seminars.
Performance indicators for facilities are published and publicly available on line at the WANO
website. A typical example of published data is shown in Figure 3.10-1 for collective radiation
exposure in member's pressurised water reactors.
3.10.6 Best Examples of Safety Culture and lessons learned
EDF outlined their culture of safety during a visit to Tricastin power station in May 2015 by the
Australian Nuclear Association
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Tricastin has 4 power units of 900MW each. The plant was commissioned between 1980 and
1981 and produces power for 3.5 million people. It is now approaching 35 years of age and it is
planned to continue production for a further 25 years. Between now and 2020 a very large Post
Fukushima grand reconstruction will take place. EDF are spending 10 billion euro on Post
Fukushima upgrades. At Tricastin for example the diesel generators have been moved to the top
of services buildings adjacent to the reactors and emergency core water makeup pipes have been
added to the reactors. A further 40 billion euro is being spent on modernising the entire 58
reactor fleet operated by EDF.
Nuclear safety inside the EDF Group rests on the principle of clarity of responsibility and
control. There is also a clear "no blame" philosophy which was quite evident in practice on the
day of the inspection. Employees are encouraged to use their initiative in safety improvement
reporting. There is an ingrained belief within the staff that nuclear is "different" and that a higher
standard of endeavor exists at every level of the enterprise.
An in-house independent nuclear safety assessment function is put in place at power station
level, company level and Group level. Each reports independently of all line functions and has
not only the right, but also the duty, to notify senior management of inappropriate or
inadequate line management response.
The level of safety oversight is intense. Safety assessments are carried out by:
1. EDF Nuclear Inspectorate for Overall Excellence assessment
2. EDF - General Inspectorate for Nuclear Safety - Survey's visit
3. French Safety Authority periodic inspections
4. WANO Peer review
5. IAEA OSART inspections
Each year at Tricastin some 150,000 man-hours are spent on training the 1420 employees and
600 permanent subcontractors on site.
In summary, Tricastin is an example of excellence in terms of continuous assessment, reevaluation and upgrading particularly post Fukushima. The operations and construction
personnel perform their duties with a "no blame" culture where a safety monitoring and
assessment team works in parallel with production team. They have independent reporting
streams but operate openly with their evaluations.
Their management and culture of safety could be their greatest export.
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3.11 How might a comparison of the emission of greenhouse gases from
generating electricity in South Australia from nuclear fuels as opposed to
other sources be quantified, assessed or modelled?
What information, including that drawn from relevant operational
experience should be used in that comparative assessment?
What general considerations are relevant in conducting those
assessments or developing these models?
3.11.1 Introduction
An accepted method used to compare environmental benefits, in this case green house gas
emissions is through the use of detailed life cycle assessments. Lifecycle Assessment (LCA)
measures the environmental impacts of a generating system by modelling the processes,
materials consumed and emissions at each stage of the system's lifecycle, extending beyond the
conventional operational boundaries of any one company or process stage. The process of
conducting an LCA is standardized under ISO 14040, consisting of a four-step process including
goal and scope definition, inventory analysis, impact assessment, and interpretation1. The
generalised system boundaries of a life cycle assessment are shown in Figure 3.11-1.
There is a very extensive data base of life cycle analyses that has been compiled for nuclear,
fossil fuels and renewable energy sources. The best use of using compilations of LCA's is to
adapt their outcomes to address the specifics of a particular locale such as South Australia. They
can provide good insights when used as a "first pass" tool.
This section identifies that the risk of not diversifying the South Australian Power generating system
by using nuclear energy with its greenhouse gas emissions of 18 gr. CO2/kWh is to lock the state's
greenhouse gas emissions into an ongoing tug of war between gas with its escalating prices and
intermittent wind. A likely outcome would be to lock into place a continuing emissions intensity in
the region of 400 g CO2 /kWh where the required target is under 50 g CO2/kWh by 2050 as identified
in Section 3.11.8.

3.11.2 Definition of Emissions scope
In this section, reference will be made to Scope 1 and Scope 2 greenhouse gas emissions. These
are defined as follows.2
Greenhouse gas (GHG) emissions are an important measure of sustainability within an
organisation. The separation of GHG emissions into scopes is designed to avoid ‘double-

1

Canadian Nuclear Association - Meta-analysis LCA of Power Generation Lifecycle Assessment Literature Review of Nuclear,
Wind and Natural Gas Power Generation - October 9, 2014 Figure 20 from HATCH report page 3
2

http://www.icomplisustainability.com/index.php/ask-the-expert/ghg-management/item/63-what-are-thedifferences-between-scope-1-2-and-3-greenhouse-gas-emissions
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counting’ of emissions, and is also intended to help organizations categorize GHG into those that
they control (e.g. Scope 1) versus those that they can influence (e.g. Scope 3).
Scope 1 are also referred to as Direct GHG, and are defined as ‘emissions from sources that
are owned or controlled by the organization’, such as:


Stationary Combustion: from the combustion of fossil fuels (e.g. natural gas, fuel oil,
propane, etc.) for comfort heating or other industrial applications



Mobile Combustion: from the combustion of fossil fuels (e.g. gasoline, diesel) used in
the operation of vehicles or other forms of mobile transportation



Process Emissions: emissions released during the manufacturing process in specific
industry sectors (e.g. cement, iron and steel, ammonia)



Fugitive Emissions: unintentional release of GHG from sources including refrigerant
systems and natural gas distribution

For the majority of organizations the stationary and mobile combustion sources of Scope 1 GHG
will be the most relevant.
Scope 2 are also referred to as Energy Indirect GHG, and are defined as ‘emissions from the
consumption of purchased electricity, steam, or other sources of energy (e.g. chilled water)
generated upstream from the organization’.
Scope 3 are also referred to as Other Indirect GHG, and are defined as ‘emissions that are a
consequence of the operations of an organization, but are not directly owned or controlled by the
organization’. Scope 3 includes a number of different sources of GHG including employee
commuting, business travel, third-party distribution and logistics, production of purchased goods,
emissions from the use of sold products, and several more. Based on data from many companies
that have conducted comprehensive assessments of their Scope 3 emissions, it is evident that
Scope 3 GHG are by far the largest component of most organizations’ carbon footprint.
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3.11.3 Greenhouse gas emissions and Life Cycle Analysis

Figure 3.11-1 - General System boundary for a life cycle analysis - HATCH3
Local characteristics of the expansion of low carbon power in SA has resulted in4:
1. Very high generation of wind power, namely 27% of the total demand within a small
supply system.
2. Low capacity factors for fossil fuel generators with South Australian coal powered
generation ultimately abandoning the market.
3. Low capacity for reliability achieved by wind of approximately 8.7% of available
capacity.
These local characteristics demonstrate a complete interdependence of wind with gas power.
The GHG intensity is generally reported using parameters from the Clean Energy Regulator5
which do not include the "lifespan" emissions shown in Figure 3.11-1. When comparing two
energy sources an accurate comparison of greenhouse gas intensity must take into account the
full LCA. The appropriateness can be clearly seen from Figure 3.11-2 where the GHG emissions
have a very different profile for wind, nuclear and natural gas combined cycle. It is entirely
inappropriate to limit comparisons to Scope 1 and 2 emissions.

3

Hatch supplies engineering, project and construction management services, process and business consulting and
operational services to the mining, metallurgical, energy and infrastructure industries. https://www hatch.com.au/

4

AEMO report - 2013 South Australian Electricity Report

5

http://www.cleanenergyregulator.gov.au/NGER/Published-information/Published-NGER-data/Reportedgreenhouse-and-energy-information-by-year/Greenhouse-and-Energy-information-2013-14#Publication-ofgreenhouse-and-energy-information-in-the-National-Greenhouse-and-Energy-Reporting-NGER-data-publication
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By way of example there is of the order of 6.5 times more concrete and steel in wind farms
operating at 27% availability compared to a nuclear power plant operating at 91% availability.
This does not even account for the resources in the gas generator backup.
National boundaries also need to be accounted for in LCA's. It is not appropriate to limit the
system boundaries at national borders. The LCA for all systems needs to take account of the off
shore manufactures if a sensible comparison is to be made. This should also factor in the
emissions intensity of the country of origin.
Our response to this section has taken account of the following extensive literature reviews of the
Life Cycle Analyses (LCA) of the Nuclear Fuel Cycle:
1. Chapter 9 of the IPCC Special Report on Renewable Energy Sources and Climate
Change Mitigation (SRREN),
2. Canadian Nuclear Association - Meta-analysis LCA of Power Generation Lifecycle
Assessment Literature Review of Nuclear, Wind and Natural Gas Power Generation October 9, 2014 by HATCH6
3. Life Cycle Greenhouse Gas emissions of Nuclear Electricity Generation Systematic
Review and Harmonization Ethan S. Warner and Garvin A. Heath
These references summate and normalise the data from a significant number of existing life cycle
analyses. However comparing the greenhouse gas emissions of generating sources in isolation
tells us little about the entire power system. This is often a contested issue by advocates for
intermittent renewables, gas and nuclear.
The next section will look at the potential changes to the reference values of the nuclear power
LCA as a result of building a reactor in South Australia. Following that we will comment upon
the comparative emissions from other generating sources in the state.
3.11.4 LCA detailed description
An example of a relevant method used to carry out the comparison of greenhouse gas emissions
for a range of generators is provided in the second reference - that of the report prepared by
HATCH for the Canadian Nuclear Association. Its results appear in Figure 3.11-2. This figure
helps us to understand at which stages in the nuclear fuel cycle greenhouse gas emissions
actually occur. It apportions the different lifespan process stages and the supply chain process
stages shown in Figure 3.11-5 to the life cycle analysis results.

6

Hatch supplies engineering, project and construction management services, process and business consulting and
operational services to the mining, metallurgical, energy and infrastructure industries. https://www hatch.com.au/
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Figure 3.11-2 - Percentage Contribution of Lifespan and Supply Chain Process
Stages to Total Lifecycle Emissions7
The HATCH study includes generating systems using wind, nuclear, natural gas combined cycle
(NGCC) and of particular relevance to South Australia is a hybrid using 20% wind with 80%
NGCC.

7

Canadian Nuclear Association - Meta-analysis LCA of Power Generation Lifecycle Assessment Literature Review of Nuclear,
Wind and Natural Gas Power Generation - October 9, 2014 Figure 20 from HATCH report page 50
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Figure 3.11-3 - Summary of Total Lifecycle Emissions from HATCH

Table 3.11-1 - Statistical Mean Total Lifecycle emissions from HATCH
Scenario

GHG

PM

NOX

SOX

(gCO2e/kWh)

(g/kWh)

(g/kWh)

(g/kWh)

Onshore Wind
Turbine

10.5 ± 0.9

0.015 ± 0.003

0.028 ± 0.003

0.025 ± 0.003

Nuclear Power
Plants

18.5 ± 1.7

0.008 ± 0.003

0.039 ± 0.006

0.023 ± 0.003

NGCC Power Plants

478 ± 10

0.021 ± 0.012

0.62 ± 0.03

0.007 ± 0.001

Mix Wind-NGCC

385 ± 8

0.02 ± 0.01

0.50 ± 0.02

0.011 ± 0.001

The summary findings of the HATCH study are shown in Figure 3.11-3 and Table 3.11-1.
Functionally "standalone" wind and nuclear generators have very similar GHG emissions. Wind
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power however is not a standalone generating system and on its own is not readily despatchable.
Wind power sits within a fossil fuelled backup system which provides:
 the majority of the electrical power


grid frequency regulation and spinning reserve backup



reliability of supply to ensure 99.9% availability.

Figure 3.11-4 - Estimates of lifecycle GHG emissions (g CO2eq/kWh) for broad categories
of electricity generation technologies,8
Wind energy's performance is in contrast with modern nuclear reactors such as the AP1000
which have the ability to meet grid load demands and are designed to withstand a series of
operational occurrences without the generation of a reactor trip or actuation of the safety related
passive engineered safety systems. The logic and setpoints for the nuclear steam supply system
control systems are developed in order to meet the following operational transients without
reaching any of the protection system setpoints.


± 5%/minute ramp load change within 15% and 100% power



± 10% step load change within 15% and 100% power



100% generator load rejection

1.

8

From Chapter 9 of the IPCC Special Report on Renewable Energy Sources and Climate Change
Mitigation (SRREN) - Figure 9.8
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100-50-100% power level daily load follow over 90% of the fuel cycle life



Grid frequency changes equivalent to 10% peak-to-peak power changes at 2%/minute
rate



20% power step increase or decrease within 10 minutes



Loss of a single feedwater pump9

These features mean a modern light water reactor can operate on the South Australian Grid
without being dependent on hydropower or gas power for daily peaks in demand. Its greenhouse
gas emissions can be relied upon without being compromised by fossil fuel backup.
3.11.5 Nuclear fuel cycle emissions
Reference 3 provides a detailed evaluation of the life cycle emissions for the nuclear fuel cycle.
Values from existing studies were assembled and these provided results for light water reactors
averaging 25 g CO2-eq/kWh which, after normalising for all the boundary conditions such as
thermal efficiency, reactor age and waste disposal etc became:


18 g CO2-eq/kWh and with a



25th quartile value of 6.8 g CO2-eq/kWh and a



75th quartile value of 24 g CO2-eq/kWh.

These values accord with those shown in Figure 3.11-4 and shown in from Reference 1 - the
IPCC report on renewable energy.
Modelling of the life cycle emissions of a reactor would conform with the supply and life span
tree shown in Figure 3.11-5.Having established the average and range of greenhouse gas
intensities from the established literature factors are now listed could cause this to change for a
reactor deployed in South Australia?
3.11.5.1 Uranium Ore Concentration
Based upon currently identified uranium resources the continued use of the "once through" fuel
cycle will exhaust readily available uranium in 80 years at current usage rates. Less conventional
and lower grade resources could see this period extend to 270 years.10 If conventional
excavation, processing and separation technologies continue to be used in very low grade
uranium deposits of say U3O8 then only a marginal increase in the greenhouse gas intensity of
LWR's would result. This would be a negligible issue when recycling of "first pass" fuel has
been implemented in Generation IV reactors.

9

https://aris.iaea.org/sites/..%5CPDF%5CAP1000.pdf

10

Walter, Todd and Tsvetkov, Fast Spectrum Reactors, Table 1.5 P 16
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Other technologies such as in-situ leaching offer the promise of reducing the greenhouse gas
intensity and extending the economies of low concentration extraction.
Finally the greatest potential for greenhouse gas reductions in the mining and processing of
uranium through to its export as uranium dioxide would be to extend the use of nuclear power to
the processing plant via the existing grid. In this way, substantial amounts of diesel generation
could be removed.

Figure 3.11-5 - System Boundaries for Nuclear Lifecycle Assessment
3.11.5.2 Enrichment
The introduction of centrifuge technology has resulted in significant reductions in energy used
for uranium enrichment. For example the recent commissioning of the Georges Besse II
centrifuge enrichment plant at Tricastin in France has resulted in a 50 fold reduction of power
compared to the old Eurodiff gaseous diffusion process. This has resulted in the four power
reactors of 900 MW each at Tricastin to be directed to generating electricity for the French grid
and export. This now supplies 3.5 million people rather than supplying the diffusion plant.
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The next major reduction in energy consumption may see laser enrichment replace centrifuges
with a further reduction in energy requirements.
South Australia would therefore need to factor into the fuel purchase the source of the uranium
enrichment and fuel fabrication if minimising greenhouse gas emissions is the key performance
parameter. Purchasing of fuel whose delivery process is powered by electricity derived from
nuclear reactors would be especially significant.
3.11.5.3 Fuel design and closing the fuel cycle
For the sixty year period that a reactor would operate in South Australia incremental
improvements to fuel design will occur.
It could be expected that new fuels would be used to extend the life of uranium resources. This
could include fuels such as Lightbridge's advanced metallic fuel made from a zirconium-uranium
(Zr-U) alloy which can operate at a higher power density than uranium oxide fuels in use today.
The recycling of uranium and plutonium into MOX fuels could become an enduring and
repeatable process if advances in laser separation of Pu240 from Pu239 become feasible. This
would result in a significant reduction in the production of minor actinides via Pu241. If Pu240 is
removed before the recycled plutonium is fabricated into mixed-oxide (MOX) fuel, it would
dramatically reduce the build-up of higher plutonium isotopes and americium, curium and
neptunium. In this way a closed fuel cycle could be applied to existing thermal spectrum
reactors.
Other feasible methods to extend the availability of nuclear fuel include the use of fast spectrum
breeder reactors to breed and burn plutonium and burn up minor actinides. These reactors will
increase the utility of uranium some 60 fold and possibly usher in the viability of sea water
extraction of uranium.11
All these advances will reduce the demand on limited uranium resources and create a technology
which is functionally renewable.
3.11.5.4 Reduction in non-renewable construction resources
Being a new type of reactor it is unlikely that the AP1000 reactor had any impact on the
historical life cycle assessments used in the data sets. From Figure 3.11-2 derived from the
HATCH report, the construction and decommissioning phase contribute 20% of the GHG in the
life cycle analysis. The data compiled in Table 3.11-2 - AP1000 resource reduction indicates that
the modern PWR contains only 40% of the resources used in the previous generations of
reactors. It is therefore likely that the GHG emission of this type of reactor would be reduced by
approximately 4 g CO2eq/kWh.

11

Walter, Todd and Tsvetkov, Fast Spectrum Reactors, Sect 1.4.1 P 15
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Table 3.11-2 - AP1000 resource reduction
Simplified AP1000 construction, fewer components, cables and building size
Component

1000 MWe
reference plant

AP1000 PWR

Reduction

Pumps

280

180

36%

Safety Class valves

2,800

1400

50%

Safety Class Piping (metres)

33,500m

5,800m

83%

Cable in thousands of metres

2,800

365

87%

Seismic building volume m3

360,000

159,000

56%

3.11.5.5

Summary of nuclear fuel cycle LCA

For purposes of comparison with other power sources, nuclear power has an average value of 18
g CO2-eq/kWh.
Technical advances in mining, conversion, enrichment and fabrication will be led by nations
requiring national energy security. Closing the nuclear fuel cycle either by using fast spectrum
reactors or minimising selected plutonium isotopes and minor actinides in thermal reactors may
occur provided the economic and strategic pressures are in place.
It is quite possible therefore that the GHG intensity of the nuclear fuel cycle will remain at its
current low level regardless of the quantity of high grade uranium reserves.
3.11.6

Wind power emissions - stand alone

Scope 1 emissions from the Clean Energy Regulator all report near zero emissions for wind
power which does not reflect the full picture given by a LCA. Reference 2 from the Canadian
Nuclear Society provides an evaluation of the life cycle emissions for wind power.
Values from existing studies were assembled and these provided results for wind power
averaging 10.5 g CO2-eq/kWh which is also in accordance with the range of values for
renewable energies reported in the IPCC reference 1 of 4 - 46 g CO2-eq/kWh
These values accord with those shown in Table 3.11-1 and shown in Figure 3.11-3 and Figure
3.11-4.
Modelling of the life cycle emissions of wind energy would conform with the supply and life
span tree shown in Figure 3.11-6 - System Boundaries for Wind Power Life Cycle Analysis from
HATCH.
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Figure 3.11-6 - System Boundaries for Wind Power Life Cycle Analysis from HATCH
3.11.7 Natural gas Combined Cycle - stand alone
Scope 1 emissions for the more regularly used gas power stations in South Australia are listed in
Table 3.11-3 and have a weighted emissions value of 483 g CO2-eq/kWh:
Table 3.11-3 - CO2 output SA gas power stations 2013
Power Station

g CO2-eq/kWh Output GJ

Torrens

585

6,241,443

Osborne

417

5,240,191

Pelican Point

402

6,724,650

Dry Creek

1,167

10,524

Hallett

983

122,209

Quarantine

671

829,838

Ladbroke Grove

511

832,759

Weighted value 483

Scope 1 values are at variance from the actual LCA emissions from gas fired power plants.
According the Reference 2, GHG emissions from NGCC power plants are mainly generated
during the operational stage due to the combustion of natural gas, contributing 82% of total
lifecycle emissions. Most of the balance of GHG emissions stem from the upstream extraction
and processing of natural gas, emitted as fugitives and during flaring. On this basis the scope 1
value of 483 g CO2-/kWh for South Australia would become 589 g CO2/kWh.
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This however is not the whole picture. Gas power GHG equivalence is HIGHLY subject to leaks
and fugitive emissions. South Australia has a varied mix of gas plants including older steam
turbines at Torrens Island and a newer co-generation plant at Osborne. According to Ref 2,
values from existing studies show that natural gas combined cycle plants average 478 g CO2eq/kWh which is also in accordance with the range of values for natural gas reported in the IPCC
reference 1 of 275 - 950 g CO2-eq/kWh
These values accord with those shown in Table 3.11-1 - Statistical Mean Total Lifecycle
emissions from HATCH and shown in Figure 3.11-3 and Figure 3.11-4.
Natural gas GHG emissions intensity can cover a wide band depending upon transport to the site
and fugitive emissions. The greenhouse gas intensity of unburned methane is 25 times that of
carbon dioxide. Therefore after using the National Greenhouse accounting factors and assuming
an average thermal efficiency of South Australian gas power stations of 35% the impact of
methane losses is shown in Figure 3.11-7. 1213
Actual GHG intensity for South Australian plants may vary from these calculations which are
indicative of the impact of methane loss at even very low levels.

Impact of methane leakage on GHG intensity
1,600
1,400

gr CO2/kwh

1,200
1,000
800

600
400
200
0

gr CO2/kwh

Coal

LNG

LNG 1.5%
loss

LNG 3%
loss

LNG 7%
loss

953

526

724

921

1,447

Figure 3.11-7 - Impact of methane losses on GHG Intensity
Therefore any quoting of GHG emissions from gas plants should only be done after a full audit
of the upstream fugitive emissions has been carried out. At only 3% losses, gas is as GHG
intense as coal.
Modelling of the life cycle emissions of gas plants would conform with the supply and life span
tree shown in Figure 3.11-8 - Natural gas combined cycle system boundaries from HATCH.
12

national-greenhouse-accounts-factors-2014.pdf

13

http://epa.gov/climatechange/ghgemissions/gases/ch4.html
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Figure 3.11-8 - Natural gas combined cycle system boundaries from HATCH
3.11.8 Wind Power blended with gas and coal power
In addition to the stand-alone wind, nuclear and natural gas power generation scenarios, the
impact of wind upon the gas generating system needs to be assessed.
Notionally the production of 27% wind power with 73% gas power would result in a GHG
intensity for the system of 0.27*10.5+0.73*589 = 432 g CO2/kWh.
It is however not so straightforward. With increasing levels of wind generation, grid instability
increases and the frequency and depth of sudden changes in wind output increases. The lack of
correlation between electricity demand and supply from wind constrains the ability to retire
despatchable generators from the grid14. This is evident from the AEMO2013 report where in
Table 3.11-4 the capacity for reliability of wind only represents 8.7% of its total capacity.

14

Beyond Wind: Furthering development of clean energy in South Australia, Heard, Bradshaw and Brook 2015
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Table 3.11-4 - SA scheduled and semi-scheduled availability and capacity for reliability

From a GHG emissions perspective, as higher levels of wind power enter the generating system
it can be expected that:
1. GHG intensity of gas power stations may increase due to reduced efficiency as their
capacity factor is reduced.
2. A certain level of grid stabilising power from Victorias brown coal stations will be
required to maintain grid stability.
Careful and accurate auditing of the gas supplied from the source should be used to underpin the
GHG intensity of electricity used to generate electricity rather than relying on the metered value
at the generator boundary.
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3.12 What are the wastes (other than greenhouse gases) produced in
generating electricity from nuclear and other fuels and technologies?
What is the evidence of the impacts of those wastes on the community
and the environment?
Is there any accepted means by which those impacts can be compared?
Have such assessments making those comparisons been undertaken, and
if so, what are the results?
Can those results be adapted so as to be relevant to an analysis of the
generation of electricity in South Australia?
3.12.1

Wastes from nuclear energy - Used Nuclear Fuel

This submission has been prepared on the basis that nuclear energy will be deployed to promptly
mitigate climate change. It assumes the use of existing thermal spectrum reactors such as the
Westinghouse AP1000, Candu EC6 or other suitably available reactors. Wastes from the mining
of uranium are assumed to be dealt with in Issues Paper 1.

Figure 3.12-1 - Impact of actinides management strategy on the radio toxicity/activity
of ultimate waste (wide international consensus)1

1

Actinide and Fission Product Partitioning and Transmutation OECD, Eleventh Information Exchange Meeting San
Francisco, California, USA 1-4 November 2010
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A pressurised water reactor of the AP1000 type would generate approximately 18 tonnes of used
fuel per year. This fuel spends 5 to 7 years in a spent fuel pool such as that shown in Figure
3.12-2 where the initial high rates of decay heat are removed before being placed in dry cask
storage as shown in Figure 3.12-3.
For a power reactor that operates for sixty years the mass of used nuclear fuel will be around
1,080 tonnes held in approximately 1,800 fuel assemblies and ultimately stored in around 60 dry
casks. Some reactor vendors such as the Russian VVER may offer to take back used fuel for
permanent storage or reprocessing.
Used fuel from light water reactors (at normal US burn-up levels) contains approximately:


95.6% uranium, over 98.5% of which is U-238 (the remainder consists of: trace amounts
of U-232 and U-233; less than 0.02% U-234; 0.5-1.0% U-235; around 0.5% U-236; and
around 0.001% U-237 – which accounts for nearly all of the activity)



2.9% stable fission products which have no activity.



0.9% plutonium



0.3% caesium & strontium (fission products)



0.1% iodine and technetium (fission products)



0.1% other long-lived fission products



0.1% minor actinides - neptunium, americium, curium, berkelium, californium,
einsteinium, and fermium The most important isotopes in spent nuclear fuel are
neptunium-237, americium-241, americium-243, curium-242 through -248, and
californium-249 through to -252.)

Proposals to partition and transmute or "burn up" all used fuel products are well advanced and
have been proven to work, though at less than perfect rates in fast reactors, such as Phenix and
EBR-II. These processes do not transmute fission products which are non-fissionable. Spent fuel
radio-toxicity can be reduced in both duration and activity by treating both the major and minor
actinides as shown in Figure 3.12-1.
1. Plutonium removal - takes about 10 half lives or 240,000 years to decrease in radiotoxicity comparable to the original uranium ore. Therefore, this step reduces the elevated
radio-toxic period from 240,000 years to 10,000 years. Ref Figure 3.12-1
2. Minor actinides are actinide elements other than uranium and plutonium. These take
10,000 years to decay to reach a radio-toxicity comparable to the original uranium ore.
Ref Figure 3.12-1.
3. Fission products have the shortest period of radio-toxicity which is in the region of 300
years to become comparable with the original uranium ore.
The French have an ongoing research programme at the Atalante facility at Marcoule where
organic compounds are developed with the specific purpose of stripping the actinides out of
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solutions made from the used fuel rods. This partitioning process will then enable actinide rich
fuel rods to be designed to maximise the transmutation or "burning up" of these isotopes into
short lived fission products in a fast spectrum reactor.
France through the CEA propose to build the ASTRID reactor at Marcoule. Its main goals are
the multi-recycling of plutonium, aiming at preserving natural uranium resources, minor actinide
transmutation, aiming at reducing nuclear waste, and an enhanced safety comparable to
Generation III reactors, such as the EPR.

Figure 3.12-2 - Spent fuel pool
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Figure 3.12-3 - 30 years of dry cask spent fuel storage at Vermont Yankee

Similar concepts for partitioning and transmutation are proposed around the pyro-processing
techniques to be used with the PRISM fast reactor.
In summary therefore using partitioning and transmutation waste material will still need to be
placed in a geological repository but it will be limited to the fission products and possibly small
amounts of intractably difficult minor actinides. Its mass will likely be less than 2 percent of the
current amounts per reactor. The dry cask storage would therefore be a temporary measure
lasting a few decades until the fast reactors were in place.
3.12.2 Wastes from nuclear decommissioning - Decommissioned reactors
components
The International Atomic Energy Agency (IAEA) has defined three options for
decommissioning.2


2

Immediate Dismantling This option allows for the facility to be removed from regulatory
control relatively soon after shutdown or termination of regulated activities. Final
dismantling or decontamination activities can begin within a few months or years,
depending on the facility. Following removal from regulatory control, the site is then
available for re-use.

http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Nuclear-Wastes/Decommissioning-Nuclear-Facilities/
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Safe Enclosure or deferred dismantling: This option postpones the final removal of
controls for a longer period, usually in the order of 40 to 60 years. The facility is placed
into a safe storage configuration until the eventual dismantling and decontamination
activities occur after residual radioactivity has decayed.



Entombment. This option entails placing the facility into a condition that will allow the
remaining on-site radioactive material to remain on-site without ever removing it totally.
This option usually involves reducing the size of the area where the radioactive material
is located and then encasing the facility in a long-lived structure such as concrete, that
will last for a period of time to ensure the remaining radioactivity is no longer of concern.

Significant advances are being made through robotising of excavation and demolition techniques
to enable safe and cost effective removal of facilities.
The process of treating high, intermediate and low level wastes occurs throughout a reactor's life
time. At regular levels such as every ten years much of the interior structure of a reactor is
removed and refurbished. Control rod drives and top forgings may be replaced and the region
surrounding the reactor facility builds up a specialised workforce of contractors capable of
handling all levels of nuclear waste. Reactor decommissioning is therefore part of an orderly
transition in its normal lifespan.
Within a reactor about 99% of the radioactivity is associated with the fuel which is removed
following permanent shutdown. Apart from some surface contamination of the plant, most of the
remaining radioactivity comes from "activation products" in steel which has long been exposed
to neutron irradiation, notably the reactor pressure vessel. Stable atoms are changed into different
isotopes such as iron-55 (t 1/2 2.7a), iron-59(t 1/2 45d), and zinc-65(t 1/2 245d),. Several are highly
radioactive, emitting gamma rays. However, their half lives are relatively short such that after 50
years from closedown their radioactivity is negligible and the occupational risk to workers
largely gone.
3.12.3 What is the evidence of the impacts of those (nuclear) wastes on the
community and the environment?.
The global occupational exposures to radiation from the nuclear fuel cycle are shown in Table
3.12-1. These provide one attempt to quantify impacts upon the community and the environment.
The data in the next three tables has been extracted from United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) 2008 report on the "Sources and Effects of
Ionising Radiation". This is a reliable and exhaustive attempt to quantify the impacts of ionising
radiation from all sources including natural and manmade sources such as power production and
therapeutic.
We are using data in these comments that reports on emissions from all steps in the nuclear fuel
cycle and not just the nuclear "wastes" accumulated in used fuel rods. Wastes are also deemed to
include categories such as tailings at mines, fission gas releases from reactors or reprocessing.
July 2015
Page 87 of 126

Australian Nuclear Association submission to the South Australian
Nuclear Fuel Cycle Royal Commission - Issues Paper Three - July 2015

Table 3.12-1 - Global occupational exposures due to the nuclear fuel cycle and natural
sources of radiation3
Nuclear Fuel Cycle
2000-2002
Monitored
Workers (103)

Average annual
collective dose
(man Sv.)

Average annual
effective dose to
monitored workers
(mSv)

Mining

12

22

1.9

Milling

3

3

1.1

Enrichment

18

2

0.1

Fuel fabrication

20

28

1.6

Reactor Operation

437

600

1

Reprocessing

59

68

0.9

Research

90

36

0.4

Total

600

800

1.0

Natural Sources of radiation
1995-1999 and 2000-2002
Coal Mining

6,900

16,560

2.4

Other Mining

4,600

13,800

3.0

Workplaces other than
mines

1,250

6,000

4.8

Aircrew

300

900

3.0

Total

13,050

37,260

2.9

3

From table 91 "Sources and Effects of Ionising radiation UNSCEAR 2008 report Annex B Exposures of the public
and workers from various sources of radiation"
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From Table 3.12-1 it is evident that the average annual effective dose to the workers in the
uranium fuel cycle is about one third of the dose to workers in other industries. The classification
of "workplaces other than mines" is meant to be inclusive of all industries however its
calculation appears to be imprecise and may include a disproportionate number of workers from
the spa and water treatment industry. Its especially significant to note that the average annual
dosage to uranium miners is less than that of coal and other miners and of aircrew.

While Table 3.12-1 shows the low levels of radiation exposure to workers, Table 3.12-2 is an
attempt to quantify the impacts of all aspects of the uranium fuel cycle upon local populations.
Data provided in Table 3.12-1 and Table 3.12-2 puts the impact of "waste" or reprocessing of
used fuel into a more relevant comparison with other processes that the community has come to
accept. These tables identify that the impact of "waste" is very small. Further, as processes are
refined, these impacts continue to decline.
Table 3.12-2 - Normalised collective effective doses (man Sv/(GW a)) to local and regional
population groups due to radionuclides released in effluents of the nuclear fuel cycle 4
Source

1970-1979

1980-1984

1985-1989

1990-1994

1995-1997

1998-2002

Mining

0.19

0.19

0.19

0.19

0.19

0.19

Milling

0.008

0.008

0.008

0.008

0.008

0.008

Mine and mill tailings

0.04

0.04

0.04

0.04

0.04

0.04

0.003

0.003

0.003

0.003

0.003

0.003

Airborne effluents

2.8

0.7

0.4

0.4

0.4

0.22

Liquid effluents

0.4

0.2

0.06

0.05

0.04

0.05

Airborne effluents

0.3

0.1

0.06

0.03

0.04

0.028

Liquid effluents

8.2

1.8

0.11

0.1

0.09

0.081

Transportation

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Total (rounded)

12

3.1

0.97

0.92

0.91

0.72

(releases over 5 years)
Fuel fabrication
Reactor Operation

Reprocessing

4

From table 22 "Sources and Effects of Ionising radiation UNSCEAR 2008 report Annex B Exposures of the public
and workers from various sources of radiation"
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For all activities related to the production of nuclear energy, a normalised collective effective
dose of 0.72 man Sv/(GW a) was determined.
Using this coefficient, with an average of 278 GW(e)/a per year produced in the 1998 - 2002
period an annual collective dose of about 200 man Sv is estimated for all operations related to
energy production.
The annual per capita doses to representative local and regional populations surrounding nuclear
power stations are less than 10 µSv. This can be compared to the natural background radiation of
Australian's typically being an annual dose of 1,500 µSv.
3.12.4 Wastes from other fuels and power generating technologies
Mining is an essential part of our economy however resource use especially associated with
mining activities generates wastes which have impacts upon surrounding populations. This can
extend far beyond health issues and encompass financial and cultural concerns.
Intermittent renewable energy systems use more non renewable mined resources in their
construction than does nuclear energy. A comparison of steel and concrete use in nuclear energy
with wind and solar energy is provided in Table 3.12-3.
Table 3.12-3 - Comparison of steel and concrete in renewable generating systems and
nuclear generators. 5
Materials (tonnes per output
GWh)

Cap
Factor

Years

Concrete

Steel

Wind Onshore

30%

20

8.24

2.21

Solar Thermal (Parabolic
Trough)
Solar PV large scale

25%

20

29.75

9.18

20%

20

2.17

0.49

Nuclear

85%

40

1.08

0.15

A more recent exercise takes account of the lower resource use required by the Westinghouse
AP1000 power plant is provided in Table 3.12-4 - Comparison of steel and concrete in civil
component of wind and nuclear generators and resultant CO2 emissions to highlight the reasons
behind this.

5

As reported by Nicholson from Sydney University and NEEDS – New Energy Externalities Development for
Sustainability
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This brief comparison has been carried out to demonstrate to convey the idea that all energy
systems use non renewable resources. "Renewable" has become a value laden term and if we are
to limit carbon emissions more analytic tools such as Life Cycle Analysis should be carried out.
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3.13 What risks for health and safety would be created by establishing
facilities for the generation of electricity from nuclear fuels?
What needs to be done to ensure that risks do not exceed safe levels?
The risks for health and safety caused by establishing nuclear generating capacity are
exceedingly small and becoming even smaller as the technology progresses. The risk of an event
in engineering assessments is equal to the probability of its occurrence multiplied by the
consequence. Risks however need to be balanced against positives and negatives. What is the
risk of not proceeding?
The risk of not diversifying the South Australian Power generating system by building a nuclear
power reactor is to lock the state's greenhouse gas emissions into an ongoing tug of war between
gas with its escalating prices and intermittent wind. A likely outcome would be to lock into place
a continuing emissions intensity in the region of 400 g CO2 /kWh where the required target is
under 50 g CO2/kWh by 2050.
To outline the risks created by establishing a nuclear power generator we look at the history to
date and the prospects of near term reactor facilities.
Among large centralized power technologies, modern nuclear and OECD hydropower plants
show the lowest fatality rates.
Until 2011 five core melt events have occurred in nuclear power stations, one at Three Mile
Island 2 (TMI-2, USA, 1979) and one at Chernobyl (Ukraine, 1986) and three at Fukushima
Daiichi. 1 Of these events only Chernobyl resulted in fatalities however, the Chernobyl accident
is neither representative of operating plants in OECD countries using other and safer
technologies, nor of today’s situation in non-OECD countries.
Existing Generation II power plants such as those operating in Europe and the USA actually
have achieved the safest power generation of any large centralised facility as shown in Table
3.13-1 - Deaths per TWh for different electricity generating sources.
Newer Generation III and III+ reactors are expected to have significantly lower fatality rates than
these. For example the Westinghouse AP1000 reactor has the improved safety characteristics
shown in Table 3.13-2 - AP1000 safety goals.

1

Chpt. 9, Energy in the Context of Sustainable Development. Sect 9.3.4.7 Accidents and risks.
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Table 3.13-1 - Deaths per TWh for different electricity generating sources2
Energy Source

Comment

Mortality
Rate(deaths/trillion kWh)

Global average (50% global
electricity)

170,000

Coal

China (75% China’s electricity)

280,000

Coal

U.S (44% U.S. electricity)

15,000

Oil

36% of energy, 8% of electricity

36,000

Natural Gas

20% global electricity

4,000

Biofuel/Biomass

21% global energy

24,000

Solar (rooftop)

1% global electricity

440

Wind

1% global electricity

150

Hydro

Global average - 15% global
electricity

1,400

Nuclear

Global average 17% with Chern. &
Fukushima

90

Coal

Table 3.13-2 - AP1000 safety goals

CDF

NRC req.

Current plants

URD req.

AP 1000 PWR

1 x 10-4

5 x 10-5

1 x 10-5

5 x 10-7

CDF = core damage frequency, events per year, URD = Utility requirements document, PRA = Probabilistic risk
assessment.

At the other end of the size spectrum small modular reactors (SMR's) such as the Babcock and
Wilcox "mPower" 180 MWe has an even lower probability of a core damage frequency of 1 x
10-8/year and an emergency protection zone (EPZ)"behind the fence", namely at around 300
metres.

2

James Conca, Forbes Business Jun 10, 2012 compiled from World Health Organization, the Centre for Disease
Control, the National Academy of Science
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Reference to the previous section 3.12 dealing with the comparative radiation emissions from
the nuclear fuel cycle is relevant to this section. Table 3.12-1 and Table 3.12-2 both show these
comparatively low levels of radiation exposure.
Conclusion on Additional Risk from Nuclear Generation
The calculation of additional risks to the public or workforce is made difficult by the occurrence
of only one significant event from the type of reactor currently in use within the OECD. The
newer types of reactors such as the Westinghouse AP1000 have features that would eliminate the
cause of the type of events that occurred at Fukushima. Notwithstanding this it's worth reflecting
on the radiation impacts from that event which caused three meltdowns while considerable
disruption had occurred as a result of the tsunami.
To the General Public To date no member of the general public has died or been injured from
the Three Mile Island or Fukushima reactor meltdowns. Projected deaths from radiation releases
are often calculated on the basis of the Linear No Threshold (LNT) hypothesis. Use of the LNT
model is either misinterpreted in its application or fails to recognise its limitations below an
exposure of 100 - 150 mSv.
The only incident within the OECD where a significant amount of radiation escaped from the
plant was at the site of three nearly simultaneous meltdowns at Fukushima. At this location by
December 2011, government health checks of some 1700 residents who were evacuated from
three municipalities surrounding the reactors showed that two-thirds received an external
radiation dose within the normal international limit of 1 mSv/yr, 98% were below 5 mSv/yr, and
ten people were exposed to more than 10 mSv.
There is no basis for making any projections for ill health at Fukushima caused by radiation
emissions from the meltdowns. The following qualifying statement regarding the application of
the LNT concept from International Commission on Radiological Protection
However, the Commission emphasises that whilst the LNT model remains a scientifically
plausible element in its practical system of radiological protection, biological/
epidemiological information that would unambiguously verify the hypothesis that
underpins the model is unlikely to be forthcoming (see also UNSCEAR, 2000, NCRP
2001). Because of this uncertainty on health effects at low doses, the Commission judges
that it is not appropriate, for the purposes of public health planning, to calculate the
hypothetical number of cases of cancer or heritable disease that might be associated with
very small radiation doses received by large numbers of people over very long periods of
time (see also Sections 4.4.7 and 5.8).
The ICRP are saying that the statistical health impact of 1000 people receiving 1mSv is NOT the
same a 1 person receiving 1000mSv. The use of the LNT model for health projections such as
those made for populations at Fukushima who all received less than 10mSv is not appropriate.
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To the workforce, by 31 December 2011, Tepco had checked the radiation exposure of 19,594
people who had worked on the site since 11 March. It reported that 167 workers had received
doses over 100 mSv of whom 32 exceeded 150mSv.
Of these:135 had received 100 to 150 mSv, 23 150-200 mSv, three more 200-250 mSv, and six
had received over 250 mSv (309 to 678 mSv) apparently due to inhaling iodine-131 fume early
on. 3
On the basis of 5.5% probability of 1 case of cancer occurring per 1 Sv, then these doses total
24.5 man Sv which could give rise to between 0.4 and 1.3 additional cancer cases. The
uncertainty is due to the contribution of doses in the 100 to 150mSv region. The workforce is
being closely monitored.
No radiation casualties (acute radiation syndrome) occurred, and few other injuries.
On the basis that risk of an event in engineering assessments is equal to the probability of its
occurrence multiplied by the consequence, it is hard to conclude that the installation of a reactor
such as a Westinghouse AP1000 would add any additional risk to the population.

3

World Nuclear Association website - Fukushima
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What needs to be done to ensure that risks do not exceed safe levels?
The experience of the events at Chernobyl, Three Mile Island and Fukushima have led to certain
essential conditions to achieve the required safety goals:
1. Culture of safety with nuclear oversight at all levels (Assessment and Support). The
oversight personnel must remain independent from line management and have direct
reporting to senior management. The safety personnel must be recognised by line
managers as a valuable source of credible and realistic challenge and advice. This issue
can appear to be in conflict with some cultural norms however a key element is that of
"no blame".
2. EDF adopt the following principles in their successful reactor operations:
a) Nuclear safety inside the operating company rests on the principle of clarity of
responsibility and control.
b) An in-house independent nuclear safety assessment function is put in place at
power station level and company level.
c) Each safety assessor reports independently of all line functions and has not only
the right, but also the duty, to notify senior management of inappropriate or
inadequate line management response
3. Reactor design and operations must have "defence in depth" built into the process.
Failure of a layer must not compromise the next layer and it must compensate for
component failures and human failures. Effective barriers to the release of fission
products must be maintained by the avoidance of damage to the plant and barriers. The
public and the environment must be protected from harm in the event that these barriers
are not fully effective
4. Overall safety assessments would borrow from the successful programmes such as that of
EDF. A programme and for a new power reactor in South Australia this would include
measures such as:
a) Guidance by IAEA in establishing a new reactor monitoring programme and
transitioning from the commissioning period into the continuing operation period.
Refer to SUMMARY OF CONDITIONS TO ACHIEVE THE MILESTONES in APPENDIX
C
b) Operating company to carry out periodic "Overall Excellence Assessment". EDF
carry these out every 4 years with a follow ups every 1.5 years.
c) World Association of Nuclear Operators (WANO) peer review at least every 4
years with follow ups after 2 years and in accordance with
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d) Australian regulator (ARPANSA) would carry out ongoing assessments with a
significant number being unplanned. It will also be essential that ARPANSA has
personnel with the required level of training.
e) Embark on an IAEA inspection programme in accordance with APPENDIX F OSART Guidelines
5. Learn from issues at other facilities. In this respect there are clear advantages to be
gained by operating an established type of reactor but the lessons have to be passed on
and acted on. For example an established fault in a type of valve used at another plant
was a contributing factor at Three Mile Island. This was known had existed but no
upgrade had been carried out. Things have changed and following Fukushima a audit of
existing reactors was carried out to incorporate lessons learned.
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3.14 What safeguards issues are created by the establishment of a facility for
the generation of electricity from nuclear fuels?
Can those implications be addressed adequately?
If so, by what means?
In determining the proliferation safeguards that are required its worth first looking at the
potential for weaponisation of used reactor fuel and what issues exist for its security in South
Australia. The used fuel in this case is likely to have come from a conventionally operated
pressurised water reactor which is relevant because it establishes the isotope complex within the
fuel.
Used fuel rods when placed in ponds or dry cask storage represent a difficult but not
insurmountable resource for use in weapons production.
The used uranium is a mix of isotopes dominated by U238 with U235, U236 and very small
amounts of U232, U233, U234 and U237 being present. This isotope mix comes from trace amounts
in the original fuel together with neutron absorption and subsequent alphas particle decay within
the reactor. The uranium will give off gamma radiation which makes its use and fabrication
hazardous and prevent its isotopic separation. It is not therefore an especially attractive material
for further enrichment to weapons grade standards nor for fabrication into a weapon.
The plutonium likewise is a blend of isotopes of Pu237, Pu238,Pu239, Pu240, Pu241 and up to Pu242.
The plutonium can be chemically separated from the fuel rod materials and the blend of resultant
isotopes can be assembled into a weapon however its yield and initiation will be uncertain.
Plutonium weapons manufactured by using reactor grade plutonium face formidable obstacles:1


Chemical separation of plutonium is required



The plutonium must be machined, shaped and assembled in a subcritical array with a
surrounding reflector. Any mistake could prove disastrous for the personnel making the
device.



The implosion mechanism must be rapid and symmetric if a high yield is to be obtained.



Heat generation of reactor grade plutonium renders assembly difficult with the
conventional initiating explosives

Therefore neither the plutonium nor uranium components can be readily used for weapons
manufacture. To manufacture a simple nuclear weapon a more conventional route of uranium
enrichment bypasses many of the difficulties encountered with used reactor fuel.
Therefore used pressurised water reactor fuel left in its unprocessed state in reactor ponds or dry
casks offers its own proliferation resistance.

1

Nuclear Energy, Bodansky, Sect 17.4.2 p 496
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Within this context the operation of a power reactor in South Australia would benefit from the
existing safeguards authorities that are in place as a result of the operation of ANSTO's OPAL
reactor and the earlier reactors such as Hifar.
Australia is already a member country of the International regulatory agencies and has an
established and operating independent nuclear regulator in the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA). This is the Australian Government's primary authority
on radiation protection and nuclear safety.
Looking after security matters we have the Australian Safeguards and Non-proliferation Office
(ASNO) which is Australia's regulator responsible for preventing the spread of weapons of mass
destruction.
ASNO ensures that Australia's international obligations are met under:


the Nuclear Non-Proliferation Treaty (NPT),



Australia's NPT safeguards agreement with the International Atomic Energy Agency
(IAEA),



the Convention on the Physical Protection of Nuclear Material (CPPNM) and



Australia's various bilateral safeguards agreements (of which there are currently 20).

ASNO has four main areas of responsibility in the nuclear area: the application of safeguards in
Australia; the physical protection and security of nuclear items in Australia; the operation of
Australia's bilateral safeguards agreements; and contribution to the operation and development of
IAEA safeguards and the strengthening of the international nuclear non-proliferation regime.
The key roles of the IAEA are to build confidence that a state is not diverting nuclear materials
for nuclear weapons purposes. It has early warning mechanisms which then require a response
by international community.
IAEA teams of inspectors carry out detailed and often unannounced inspections. For example
they regularly visit sites and carry out audits verifying the displacement of material involved in
international transfers and will examine tamper proof seals used and spent fuel in a storage vault.
Environmental swabs taken in hot cells for analysis to determine if unauthorised diversions are
taking place.
In summary therefore, the used fuel generated by a nuclear power reactor is not an attractive
resources for weapons proliferation. Despite this however Australia is currently a ready and
active participant in organisations such as the IAEA and the Nuclear Suppliers Group. We have
an independent nuclear regulator in place and a separate security agency ensuring the nations
obligations are met under the NPT and CPPNM.
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3.15 What impact might the establishment of a facility to generate electricity
from nuclear fuels have on the electricity market and existing generation
sources?
What is the evidence from other existing markets internationally in
which nuclear energy is generated?
Would it complement other sources and in what circumstances?
What sources might it be a substitute for, and in what circumstances?
What impact might the establishment of a facility to generate electricity from
nuclear fuels have on the electricity market and existing generation sources?
In Section 3.4 we discussed limitations and problems with the design and operation of the NEM
for any capital intensive low carbon base load energy system that is not included in a mandated
Renewable Energy System. As Professor Tony Owen1 advises the investment environment must
change if a nuclear energy generator is to enter the market. It may be time for Government to
reassess the liberalised energy market.
Other factors that could play out on the market include:
1. Entry of a true price on carbon.
2. Increases in the price of gas
3. Loss of the economic viability of gas to support intermittent renewable energy.
Should the combined impacts of a price on carbon and increasing gas prices make gas generators
unviable then wind and solar will struggle to increase their market share. Larger nuclear plants
such as the Candu EC6 or the AP1000 have modest load following capability unlike the small
modular reactors.
Intermittent renewable energy systems have higher levels of energy invested for the energy
returned (EROI). This expended energy is a proxy for the increased use of non-renewable
resources such as steel or concrete.
The EROI answers the simple question “How much useful energy do we obtain for a certain
effort to make this energy available”
A comparison of the energy invested for the energy returned or EROI for different energy
systems is shown Figure 3.15-1. The more concentrated energy generating systems such as
nuclear power and fossil fuels use fewer non renewable resources than do intermittent
"renewables". In effect From the figure the EROI value of nuclear PWR reactors is 75 while that
of wind is 16. The higher the EROI the more benefit society obtains from the alternate use of the
steel, concrete and labour resources.
1

Liberalised Electricity Markets and Nuclear Power: The case of Australia’s NEM Presentation to the Nuclear Engineering
Panel, Engineers Australia (Sydney), 27 March 2013
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Figure 3.15-1 shows an economic threshold EROI value of 7 which has been calculated by the
researchers as applicable to Germany, the USA and other similar economies. Below this value
we are diverting too many resources to energy production and preventing enterprise elsewhere in
the economy. Refer to APPENDIX G - Energy intensities, EROIs for a detailed discussion.

Figure 3.15-1 - Energy Returned on Energy Invested (EROI)
It's possible therefore that in a market where the incentives for long term investment exist and
where all low carbon emissions technologies are dealt with on their technical, environmental and
economic merits that the EROI could be a determining factor in the generating price.
Coal Powered Generation is known to emit harmful pollutants2, not only in the form of
greenhouse gases but also particulates that cause immediate health impacts. For example Pushker
A. Kharecha* and James E. Hansen look at this issue in their paper "Prevented Mortality and
Greenhouse Gas Emissions from Historical and Projected Nuclear Power" wherein they state:3
Because nuclear power is an abundant, low-carbon source of base-load power, it could
make a large contribution to mitigation of global climate change and air pollution. Using
historical production data, we calculate that global nuclear power has prevented an

2

Markandya, A.; Wilkinson, P. Electricity generation and health. Lancet 2007, 370, 979−990.

3

Kharecha, P.A., and J.E. Hansen, 2013: Prevented mortality and greenhouse gas emissions from historical and
projected nuclear power. Environ. Sci. Technol., 47, 4889-4895, doi:10.1021/es3051197
http://pubs.giss nasa.gov/abs/kh05000e html
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average of 1.84 million air pollution-related deaths and 64 gigatonnes of CO2-equivalent
(GtCO2-eq) greenhouse gas (GHG) emissions that would have resulted from fossil fuel
burning. On the basis of global projection data that take into account the effects of the
Fukushima accident, we find that nuclear power could additionally prevent an average of
420,000-7.04 million deaths and 80-240 GtCO2-eq emissions due to fossil fuels by
midcentury, depending on which fuel it replaces. By contrast, we assess that large-scale
expansion of unconstrained natural gas use would not mitigate the climate problem and
would cause far more deaths than expansion of nuclear power.
A 2009 report by the Australian Academy of Technological Sciences and Engineering (ATSE)
examined "THE HIDDEN COSTS OF ELECTRICITY: Externalities of Power Generation in
Australia. It attempted to take account of environmental and health impacts and ranked power
generating technologies in Australia as shown in Figure 3.15-2. This put nuclear energy in quite
a favourable ranking especially considering the difficulty in setting accurate boundary conditions
for the study.

Figure 3.15-2 - External costs of some electricity generation technologies
Nuclear energy would therefore displace resources hungry and high carbon emitting sources of
energy in such a market.
Wind energy with a sufficiently high capacity factor may complement nuclear energy provided
the reactors are able to load follow with suitable fast ramp rates and are not rendered
uneconomic.
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What is the evidence from other existing markets internationally in which nuclear
energy is generated?


Nuclear energy has proven to be cost competitive in the European market where its
generation in France makes it almost half the price of Germany's blend of coal,
intermittent renewables, gas and some hydro.



France is the world's largest net exporter of electricity due to its very low cost of
generation, and gains over €3 billion per year from this.



With 58 reactors France has been very active in developing nuclear technology. Reactors
and fuel products and services are a major export.



About 17% of France's electricity is from recycled nuclear fuel4

Figure 3.15-3 - Electricity prices in Europe, 2014 5

4

http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/France/

5

http://strom-report.de/strompreise/#strompreise-europa
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3.16 How might a comparison of the unit costs in generating electricity in
South Australia from nuclear fuels as opposed to other sources be
quantified, assessed or modelled?
What information, including that drawn from relevant operational
experience, should be used in that comparative assessment?
What general considerations should be borne in mind in conducting
those assessments or models?
A comparison of unit costs for different electricity generation types in South Australia should use
a levelised cost of electricity (LCOE) approach. An LCOE analysis takes into account the initial
capital cost, ongoing operations and maintenance costs, financing costs, and decommissioning
and remediation costs.
What information, including that drawn from relevant operational experience,
should be used in that comparative assessment?
The remainder of this section provides a published cost estimate for the Westinghouse AP1000
nuclear plant together with an apportionment of costs throughout the project development and
construction. It has been compiled by Westinghouse for inclusion within this response and is
agreed with and provided by the Australian Nuclear Association
The U.S. Energy Information Administration (EIA) published a capital cost estimate of
$5500/kWe in the Analysis & Projections Assumptions to AEO2014 Electricity Market Module
(Electricity Market Module) in APPENDIX D - EIA annual Energy Outlook 2014.
The $5500/kWe cost translates to a price of approximately $12.5 billion for a twin-unit plant in
the United States, which includes Owner’s costs and the initial fuel load, and is consistent with
publicly available AP1000 plant cost projections for a twin-unit nuclear plant. If a more detailed
assessment is made relative to local requirements, Owner’s scope, and site specific
characteristics, a more relevant price/cost structure can be determined for Australia.
However for initial assessment purposes, the $5500/kWe cost will provide a directionally correct
estimate. The one adjustment recommended to the published cost data is removal of the 5 percent
adder, titled “Technological Optimism Factor,” which is applied to only the first four units, and
replacement of it with the initial fuel load cost, which is not included in the U.S. Government
overnight costs. This adjustment does not impact the estimated total dollars per kWe.
As shown in Table 3.16-1 - AP1000 Typical Plant Cost Breakdown, the $5,500/kWe is
approximately 20% ($1000/kWe) Owner’s cost and 80% ($4,500/kWe) EPC Contractor cost.
The total project capital cost can be split into the three major categories: standard plant, site
specific, and Owner’s costs. Table 3.16-1 depicts a standard AP1000 single-unit plant.
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Figure 3.16-1 AP1000 Standard Plant and Cost Breakout
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The typical AP1000 plant major scope categories can be further divided into subcategories
such as: Equipment, Construction, Commissioning, First Fuel Load, and Other Costs. Table
3.16-1 shows the percentage of total capital investment cost that can be allotted to each
subcategory.
Table 3.16-1 - AP1000 Typical Plant Cost Breakdown
Scope Split
Equipment
Standard Plant
Site Specific
Construction (Civil Works/Assembly)
Commodities
Standard Plant
Site Specific
Construction Labor
Standard Plant
Site Specific
Other
Standard Plant
Site Specific
Commissioning
Other (includes Engineering/Project
Management)
First Fuel Load
Other Owner’s Cost

Percentage of Total
Investment Cost
25-30%
2-5%

3-8%
<3%
15-20%
5-15%
5-10%
<3%
<3%
5-10%

5-10%
10-15%

Westinghouse believes that it is important for a utility developing a nuclear power plant
project to understand the amount of certainty associated with a project’s cost profile. At
different points on a project’s timeline, the costs associated with the scope categories and
subcategories have varying degrees of certainty.
The three key points in time where Westinghouse sees distinct certainty profiles are:


Project Announcement,



Initial Estimate and



Post Site Development.

Table 3.16-2 shows the cost certainty progression at the three key timeline points.
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Table 3.16-2 - AP1000 Plant Cost Certainty by Project Phase
Scope Split
Equipment
Local
Standard Plant
Site Specific
Construction (Civil Works/Assembly)
Commodities
Standard Plant
Site Specific
Construction Labor
Standard Plant
Site Specific
Other
Standard Plant
Site Specific
Commissioning
Other (includes Engineering/Project
Management)
First Fuel Load
Other Owner’s Cost

Project
Announcement

Initial
Estimate

Post Site
Development

High
Low

High
High

High
High

Medium
Low

High
Low

High
High

Low
Low

Medium
Low

Medium
Medium

Low
Low
High
Medium

High
Low
High
High

High
High
High
High

High
Low

High
Medium

High
High

As shown in Table 3.16-2, the Standard Plant equipment has the highest cost certainty since
the Standard Plant design is well defined. The most significant unknown is the construction
labour costs and labour productivity. These risk factors will be partially mitigated during the
cost development process for the initial estimate. The site-specific cost category includes
developing the detailed site designs, cooling water design, and detailed site layout and
infrastructure. The cost certainty for the site-specific category is low until the detailed site
design is completed.
If the detailed site design development can be performed before the initial estimate as an
early works project, the cost certainty of the site specific work can be greatly improved
earlier in the project timeline. As described in Figure 3.16-1, the Owner’s cost includes the
initial fuel load, switchyard, and connection of the plants to the grid, as well as the Owner’s
staff to support construction and operation and commissioning. As with the plant construction
cost, the Owner’s cost will become more defined as the project is developed.
Table 3.16-3 combines the information from the cost breakdown and cost certainty tables to
show the percentage of project cost that has high, medium, and low certainty. At project
announcement, Westinghouse would only be able to provide high certainty regarding a third
of the entire project cost. Over half of the projects costs would be uncertain at that time. By
the time the detailed site design would be completed and site development activities started,
over 70 percent of the project would have a high certainty and no costs would be in the low
category. The Owner would have a much higher degree of confidence in the project cost
profile post site development. Early works activities can significantly impact these estimates
and reduce price uncertainties.
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Table 3.16-3 - Percentage of Cost Certainty by Project Phase
Cost
Certainty
High
Medium
Low

Project
Announcement
33%
12%
55%

Initial
Estimate
54%
34%
13%

Post Site
Development
71%
29%
0%

Localisation
In order to determine a $/kWe cost specific to South Australia and bring more certainty to an
overall project cost, a localization strategy will need to be identified for a project. Part 3 –
Strategies and Approaches to Localization in the Introduction to Westinghouse and the
AP1000 Plant in
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APPENDIX B which provides information regarding localization strategies that are
recommended for an AP1000 plant project.
Post-Operating Cost Estimates
Westinghouse views post-operating costs in two categories:
a) standard outage O&M costs and
b) investment costs.
The publically available document, a Study of Construction Technologies and Schedules,
O&M Staffing and Cost, Decommissioning Costs and Funding Requirements for Advanced
Reactor Designs prepared by Dominion Energy Inc. (Dominion study) and located in
APPENDIX E, provides estimates of outage O&M costs. The Dominion study estimates that
outage O&M costs per unit for an AP1000 plant are approximately $12M in 2004 dollars. An
AP1000 plant planned outage occurs every 18 months.
A utility will need to invest in the replacement of certain turbine island components over the
life of the plant to optimize output capacity and improve equipment performance. The
components will need to be replaced approximately halfway through the AP1000 plant’s 60year life. Table 3.16-4 - AP1000 Plant Post-Operating Cost Estimates provides a consolidated
view on post-operating cost estimates.
Table 3.16-4 - AP1000 Plant Post-Operating Cost Estimates
Cost Type
Component
Estimated Cost
$12.0 mil/outage/unit
Outage O&M
Turbine (high pressure and low
$128 mil/unit*
Investment
pressure steam path)
Generator (rotor and stator rewind)
$25 mil/unit*
Heat exchanger
$100 mil/unit*

Interval
18 months
35 years
30 years
35 years

* Investment costs in 2009 dollars

Operation and Maintenance Cost Estimates
Westinghouse considers O&M costs in two categories: fixed and variable. Westinghouse
refers utilities to the Dominion study for estimates on fixed O&M costs. The Dominion study
provides estimates for a single unit AP1000 plant on a greenfield site and a brownfield site.
Table 3.16-5 shows the Dominion fixed cost breakout.
Table 3.16-5 - AP1000 Plant Fixed O&M Cost Estimates
O&M
Category
Material,
services, and
other
expenses
Labor

Component
Materials, supplies, services, and
upgrades
Administrative and general cost
overhead
Depreciation expense site service
Site staff cost (salaries)

AP1000
Brownfield
Single Unit
$15,000,000

AP1000
Greenfield
Single Unit
$15,000,000

$3,000,000

$3,000,000

$78,898
$22,825,504

$78,898
$36,191,584
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expenses
and benefits

Fees

Insurance

Offsite staff cost (salaries)
Staff overtime (7.5%)
Staff retirement and benefits (38.5%)
Staff bonus and incentives (8%)
Staff payroll tax (7.7%)
U.S. Nuclear Regulatory Commission
fees
Institute of Nuclear Power Operations
(INPO) fees
Nuclear Energy Institute (NEI) fees
Other fees
Insurance
Fixed O&M Operating Cost

$2,697,760
$1,914,245
$9,826,457
$2,041,861
$2,112,688
$4,071,000

$3,525,600
$2,978,789
$15,291,116
$3,177,375
$3,287,590
$4,071,000

$176,586

$706,344

$304,327
$3,000,000
$1,362,000
$68,411,326

$304,327
$3,000,000
$4,683,000
$95,295,623

Approximately two-thirds of the fixed O&M costs are associated with labour expenses and
fees. The fees in Table 3.16-5 are typical for a U.S. plant. Each customer should include
location specific fees in fixed O&M costs for planning purposes.
The Dominion study also provides projections for the number of offsite and onsite staff
needed for a single-unit AP1000 plant.
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Table 3.16-6 shows the breakout of the number of staff estimated for each category in the
Dominion study. Note the Dominion study does not reflect utility or market specific
operating practices or optimization of operating staff positions.
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Table 3.16-6 - AP1000 Plant Staffing Estimates during Operation
Brownfield AP1000 Unit
Scope Split
Configuration Management
Equipment Reliability
Loss Prevention
Materials and Services
Operate Plant
Management & Support
Services
Training
Work Management
Officers/Executives
Totals

Greenfield AP1000 Unit

Onsite
16
29
38
7
79
23

Offsite
27
0
4
2
0
5

Onsite
25
41
139
24
85
46

Offsite
27
0
7
2
0
15

14
197
0
403

0
0
0
38

24
262
1
647

0
0
0
51

In addition to fixed O&M costs, certain variable O&M costs related to production also should
be considered. The EIA provides variable O&M estimates in its Electricity Market Module.
The current estimate is $2.14/MWh in 2012 dollars. The EIA’s variable O&M costs are
production-related costs, which vary with generation. Table 3.16-7 provides examples of
components in the variable O&M estimate.
Table 3.16-7 - Components of Variable O&M Cost
Cost Component
Raw water
Waste and wastewater disposal expenses
Purchase power, demand charges, and related
utilities
Chemicals, catalysts, and gases
Lubricants
Consumable materials and supplies
Fuel Cost Estimates
Fuel reload costs need to be incorporated into an O&M analysis. Westinghouse has
performed an internal analysis to project the average cost in 2014 dollars for the 18-month
fuel reload. Table 3.16-8 shows the average cost for fuel per reload.
Table 3.16-8 - AP1000 Plant Cost Estimate for an 18-Month Fuel Reload
Cost Component
Uranium, conversion, and enrichment
Engineering, fabrication, and core
components

Average Cost per Reload
($million)
$120.0
$22.3
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Decommissioning Cost Estimates
Costs for decommissioning activities will need to be estimated. In the United States, utilities
collect 0.1 to 0.2 cents/kWh in a fund for decommissioning. The NRC requires utilities to
report regularly on the status of their decommissioning funds.
Export Credit Agency Financing
Financing from export credit agencies (ECAs) usually provides the most attractive rates for a
nuclear power plant project. ECAs are key to overcoming market liquidity issues and to
optimizing the financing in terms of cost and access to funds. ECAs also provide longer term
financing compared to other forms of financing. In the nuclear field, ECAs provide political
and commercial risk cover to lenders through Buyer’s Credits tied to the sourcing of specific
equipment and services. Since ECAs provide a project with longer-term, lower cost access to
funds, the access to type of funding from these sources is a key element of the financing plan.
Under the terms of the Organization for Economic Co-operation and Development (OECD)
consensus, ECAs allows repayment tenors of up to 18 years with mortgage style equal
instalments. These tenors are usually unavailable from commercial banks. Alternatively,
tailor made repayments are possible, but with some limitations. Elements for export credit
cost evaluation include interest rate, repayment period, commitment fees, and a management
fee. Credit premiums or exposure fees may be applicable depending on specific ECA
requirements. In line with Organization for Economic Co-operation and Development
(OECD) guidelines, ECA financing is typically available for 85 percent of the export portion
of the overnight capital cost (ONC) of the EPC Agreement scope depending on the amount of
localization.
Most ECAs allow for borrowers to choose from two interest rate approaches: fixed or
floating. The minimum rates that OECD ECAs can charge are the Commercial Interest
Reference Rates (CIRR). The CIRR are adjusted on a monthly basis. Example rates from
March 15, 2015 – April 14, 2015 can be found in Table 3.16-9.
Table 3.16-9 - AP1000 Plant Cost Estimate for an 18-Month Fuel Reload
Repayment Terms
>= 11 to <=12 years
>12 to <=13 years
>13 to <=14 years
>14 to <=15 years
>15 to <=16 years
>16 to <=17 years
>17 to <=18 years

Japanese Yen
1.16
1.44
1.51
1.51
1.63
1.68
1.68

Currency of Country
US Dollar
2.79
3.05
3.11
3.11
3.23
3.28
3.28

Euro
1.14
1.43
1.52
1.52
1.66
1.71
1.71

Additional information on ECA financing can be found in Part 4 – Export Credit Agency in
the Introduction to Westinghouse and the AP1000 Plant in the appendix.
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Working Capital
The cash requirements for a project vary over time and help to influence the type of financing
needed. The annual cash requirements peak during construction in the middle years of a
project, commencing with the first nuclear concrete (FNC) pour and subsiding with the first
fuel load. For an AP1000 plant, one can assume the time between FNC and the first fuel load
is 48 months. A six-month start-up period is assumed between first fuel load and the
commercial operations date. The gap between the construction start for each unit is one year.
Table 3.16-10 shows the overnight cost profile, including EPC and Owner’s costs and major
milestones, for a twin-unit project over the project’s duration. Figure 3.16-2 - AP1000 Plant
Overnight Cost Curve shows the related cost curve.

Table 3.16-10 - AP1000 Plant Overnight Cost Profile

Year
1
2
3
4
5
6
7
8
9
10

Major Milestone
Begin procurement of long-lead and early-need
equipment
Commence Preconstruction Activities (site
preparation)
First Nuclear Concrete (first unit)
First Nuclear Concrete (second unit)

Fuel Load (first unit)
Fuel Load (second unit), Commercial Operation
(first unit)
Commercial Operation (second unit)

Percent of
Total
Overnight
Cost
2%

Cumulative
Percent
2%

7%

9%

14%
16%
17%
16%
13%
8%
5%

23%
39%
56%
72%
85%
93%
98%

2%

100%
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3.17 Would the establishment of such facilities give rise to impacts on other
sectors of the economy?
How should they be estimated and using what information?
Have such impacts been demonstrated in other economies similar to
Australia?
The remainder of this section provides a commentary on the impacts of the construction of a
Westinghouse AP1000 on other sectors of the South Australian economy. It has been
compiled by Westinghouse for inclusion within this response and is agreed with and provided
by the Australian Nuclear Association.
Building an AP1000 will ensure safe, reliable, and environmentally-friendly energy that will
boost South Australia's economy and quality of life. New nuclear power plant projects can
provide sustainable economic growth and benefits to South Australia and the entire nation
while diversifying and broadening its energy matrix. Building new nuclear power projects
provides training, jobs, and technical careers for the people of the host country, which
translates into the following benefits:


Higher state gross domestic product



Higher number of jobs



Higher personal income



Better educated and trained workforce



Improved infrastructure



Improved educational facilities and services



Improved social outlook

A large infrastructure project like a nuclear power plant creates specific and extended
localization opportunities simply due to the sheer size of the undertaking. Based on economic
impact studies conducted by the Brattle Groupviii, the U.S. nuclear industry provides
approximately 475,000 incremental primary and secondary jobs and contributes $60 billion
annually to GDP as shown in Table 3.17-1ix. Table 3.17-2x splits the out impacts across the
different sectors of the economy
Table 3.17-1 - Net Contribution of U.S. Nuclear Industry
Average Annual (2015-2024)
Direct and Secondary Employment (jobs)
Direct and Secondary Output (2015 dollars)
Direct and Secondary GDP (2015 dollars)

475,000
$103 billion
$60 billion
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Table 3.17-2 - Net Economic Output Impacts by Sector
(Average Annual Direct and Secondary Impacts, 2015-2024)
Sector

Direct and Secondary Output
(billions of 2015 dollars)

Manufacturing

26.4

Construction

11.6

Real Estate and Rental & Leasing

9.4

Finance and Insurance

8.7

Retail Trade

7.0

Profession, Scientific, and Technical Services

5.9

Health Care and Social Assistance

5.8

Wholesale Trade

4.9

Information

4.7

Mining

4.3

Other

14.7

Total

103

Both the federal and state governments receive considerable tax revenues because of the
nuclear industry. Average annual federal tax revenues are almost $10 billion while average
annual state tax revenues are just over $2.2 billion as shown in Table 3.17-3xi.
Table 3.17-3 - Net Contribution of U.S. Nuclear Industry to
Federal and State Tax Revenues
Average Annual
(2015-2024)
Direct and Secondary State Tax Revenues (2015 dollars)

$2.2 billion

Direct and Secondary Federal Tax Revenues (2015 dollars)

$9.9 billion

Total Federal and State Tax Revenues (2015 dollars)

$12.1 billion

Overall, the nuclear industry has made a significant contribution to the U.S. economy through
increased GDP, tax revenues, and most importantly job for the American public.
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APPENDIX A - IAEA Feasibility Study for New Nuclear Power Plant
Preparation of a Feasibility Study for New Nuclear Power Projects IAEA, Vienna,
2014
Available at
www-pub.iaea.org/MTCD/Publications/.../Pub1633Web-39794849.pdf
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APPENDIX B - Westinghouse and AP1000 Plant
Introduction to Westinghouse and The AP1000® Plant
Please double click on the page to view the entire file
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APPENDIX C - IAEA Milestones in the Development of Nuclear Power
Milestones in the Development of a National Infrastructure for Nuclear Power, IAEA,
Vienna, 2007.
Available at:
www-pub.iaea.org/MTCD/publications/PDF/Pub1305 web.pdf
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APPENDIX D - EIA annual Energy Outlook 2014
U.S. Energy Information Administration | Assumptions to the Annual Energy Outlook
2014
Available at:
APPENDIX D EIA annual Energy Outlook 2014.pdf
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APPENDIX G Energy intensities, EROIs.pdf

125

Australian Nuclear Association submission to the South Australian
Nuclear Fuel Cycle Royal Commission - Issues Paper Three - July 2015

i

http://www.world-nuclear.org/info/Safety-and-Security/Safety-of-Plants/Nuclear-Power Plants-andEarthquakes/
ii

Atlas of Seismic Hazard Maps of Australia Seismic hazard maps, hazard curves and hazard spectra.
GEOSCIENCE AUSTRALIA RECORD 2013/41
iii

UK AP1000 Environment Report, UKP-GW-GL-790, Revision 4 Westinghouse Electric Company LLC
Consideration of Candu and other Medium Size PWR reactors (600 to 700 MWe Class, Low Emissions
Strategies and Clean Energy Development in E&E, by Tetra Tech ES for United States Agency for International
Development, Dec 2014
v
AES-2006 – new design with VVER reactor and INPRO methodology, INPRO Forum, IAEA, Vienna, 19-22
November, 2013
iv

vi

US NRC Westinghouse AP1000 Design Control Document Rev 19, Chpt. 2 Site Characteristics.

vii

Energy intensities, EROIs (energy returned on invested) and energy payback times of electricity generating
power plants by D. Weißbach a,b,*, G. Ruprecht a, A. Huke a,c, K. Czerski a,b, S. Gottlieb a, A. Hussein a,

viii

The Brattle Group, “The Nuclear Industry’s Contribution to the U.S. Economy”,
http://www.nuclearmatters.com/resources/reports-studies/document/Nuclear-Matters-Report Value-ofNuclear.pdf.
ix

Ibid.

x

Ibid.

xi

Ibid.

126

