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1 INTRODUCTION & SUMMARY

A decade ago there was less than 4000 MW of
nuclear power plant in operation throughout the
world; an additional 15,000 MW was under construc-
tion or otherwise committed. On March 31 this year
(1974) the corresponding figures were 52,000 MW
installed with an extra 263,000 MW committed,
giving a total installed capacity of some 315,000
MW by about 1981. At today's prices this repres-
ents a capital investment of mere than $100,000
million in power plants with a comparable invest-
ment in the associated fuel cycle services, viz.
uranium extraction and upgrading, uranium enrich-
ment, fuel fabrication and reprocessing, and radio-
active waste disposal. Judging from the published
programmes and expectations o£ the more highly
industrialised nations of the world - the USA,
Japan, Germany, France, etc. - this very high rate
of growth will continue for some considerable time
and by the turn of the century nuclear power is
expected to account for some 507. o£ the world's
total installed electrical generating capacity.

The actial and predicted growth of nuclear
pewer is shown in Table I. Future figures ace
forecasts by the United States Atomic Energy
Commission.

'. TABLE I

GROWTH OF INSTALLED NUCLEAR GENERATING CAPACITY
MW (1000's)

Year

1960

1965

1970

1975

1980

1935

1990

USA

0.3

0.9

6.5

54

132

280

508

Other
Western
Countries

0.5

3.8

9.Z

39

141

303

580

Communist
Countries

0.6

0.9

1.6

8

20

56

146

Total

1.4

5.6

17.3

101 '

293

639

1234

i^ This paper examines the history of the growth
of nuclear power with particular reference to a few
selected countries, the likely trends in the future,
and the factors which appear important. It thert
looks briefly at the situation in Australia and
concludes that because of a relative abundance of
low cost fossil fuel, there is no pressing need to
exploit nuclear power, and that nuclear power is
unlikely to become a generally preferred alter-

native to conventional power before 1990. In the
meantime it proposes that efforts should be
directed toward policy formulation and the overall
planning of energy resources, together with the
development of licensing and regulatory procedures
covering all aspects of nu-lear power. Because of
national and international implications it is
considered that, in line with overseas trends, the
Australian Government will play a major role in all
such matters. ~~ f N . I (\ \

Nc consideration is given to the possible use
of other forms of primary energy such as solar,
fusion or tidal. Until the end of this century at
least, nuclear fission is considered to be the only
viable alternative to fossil fuels for large scale
power generation.

2 HISTORICAL BACKGROUND

\ net yield of energy was first obtained from
a nuclear reactor by Enrico Fermi and his
colleagues in a natural uranium graphite assembly
at the University of Chicago in 1942. During the
war years this new knowledge was exploited purely
for military purposes. In the latter part of 1942
a major effort was mounted in the United States
toward the development of the atomic bomb under
the Manhattan Project. Many scientists, and
engineers from other allied nations participated.

Following the war, .the USA. passed legislation
(the McMahon Act) excluding.other nations from
further access to this technology.. Some nations
(principally the UK, Franceandi the USSR) then
began to devlop their own, weapons .{technology and
to study seriously the prospects for electricity
generation. Because of the military implications,
the secrecy associated with wartime conditions
persisted and there was little international
collaboration or exchange of Information.

In 1955 President Eisenhower announced his
"atoms for peace" programme which led to the first
United Nations Conference on the Peaceful Uses of
Atomic Energy and also to the setting up of the
International Atomic Energy Agency. At this
Conference, a vast amount of information pertinent
to the civil uses of atomic energy became available
in a mood of buoyant optimism that cheap and
abundant powet from nuclear fission would be avail-
able to all mankind within a matter of years.

However, by 1958 at the time of the second UN
Conference there had been an injection of engineer-
ing realism. Although it was clear that nuclear
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power was technically feasible, it was realised that
much more development work would need to be under-
taken before economically acceptable solutions to
numerous engineering/materials problems were likely
to be forthcoming. Commercial nuclear power was
still some years away.

At that time, research and development
projects on civil nuclear power throughout the
world were gaining momentum. Many nations had
established atomic energy commissions, a wide range
of possible reactor systems were being investigated
together with all the phenomena involved, and a
vast body of basic data was being gradually
accumulated.

By 1964, the date of the third UN Conference,
nuclear power had been successfully demonstrated in
a number of experimental and prototype plants,
clear trends had become established as to the most
likely commercial systems, and the initiative for
further development and promotion had begun to
shift from governments to industry. Power
utilities, particularly in the USA, and national
organisations had begun to place orders for nuclear
stations, because of concern about the cost and
availability of fossil fuels, or in some cases
simply because of a belief that it was necessary to
get in on the ground floor of such an important new
technology, even though it was not yet clearly
economic.

At the same time fossil fuelled power stations
were increasing in unit size to 500 MW and the
generating costs with which nuclear stations had to
compete were becoming lower. Interest rates began
to edge gradually upwards and militated against
higher capital cost systems. It became increasing-
ly clear that nuclear power was not going to be
universally cheaper than conventional power and
that each utility would have to examine carefully
the factors affecting the choice of plant in its
own particular circumstances.

Since 1964 the commercial nuclear industry has
become firmly established. The most notable
general trends have been:

Unit sizes have increased considerably;
whereas five years ago the largest unit oper-
ating was less than 500 MW, last year several
units-each in excess of 1000 MW were comm-
issioned. The average output of units
curiently being ordered is in excess of
1000 MW. Small,'units - less than 500 MW -
are; not commercially available. One conseq-
uence of this is that nuclear power has not
become available to developing countries since
in general they, can not "accept such large
units in their grids.

. The initiative for the promotion and develop-
ment of "established" nuclear power systems
and associated services has shifted increas-
ingly f ran governments to industry. Govern-
ment agencies have become increasingly concer-
ned with regulatory aspects, the protection of
public health and the environment, the overall
energy management aspects of the industry, and
research and development towards more advanced
future systems.

Although a factor favouring nuclear power in
the mid-sixties :was concern about the environ-
mental effectsof coal1and "oil -burning
stations (particularly those using fuels high
in sulphur) - and/costs penalties associated
with correcting such effects - this concern

became overshadowed in the public arena
towards the end of the decade by possible
hazards associated with nuclear stations under
both normal operating and accident conditions.
This lad to delays wMle acceptable criteria
and procedures to ensure compliance were
established.

As a result of the early concentration of
attention on the scientific and engineering
aspects of nuclear power stations combined
with the rapid increase in orders placed for
them, inadequate attention was given to many
of the associated matters essential to the
large scale growth of the industry. These
included not only environmental and safety
controls, but also resea.ch and planning for
associated services such as enrichment and
waste disposal. Some of these are still not
in a satisfactory state to support the
expected growth of nuclear generating capacity.

The principal developments in the United
States, United Kingdom and Canada in the period
since 1945 are set out below, but only in relation
to the thermal reactor systems which have attained
conanercial acceptance.

(a) United States

As legacies from fc'drtime activities under the
Manhattan Project, the USA possessed:

. The Hanford Piles for production of plutonium-
these wer? very large water cooled, graphite
moderated, natural uranium reactors, with
uranium fuel clad i-i aluminium. Three were
built during the war and six subsequently.

Uranium enrichment plants for the production
of highly enriched uranium-235. Three plants
were built at Oak Ridge, Paducah and
Portsmouth at a cost of $2.4 billion. The
first sections of Oak Ridge were built during
the latter part of the war, tne others sub-
sequently.

. Military incentive to continue classified work
in several areas - development of the hydrogen
bomb, development of more sophisticated
fission weapons, and development of nuclear
propulsion for naval vessels.

. Large national laboratories. - the Argonne
National Laboratory, Oak Ridge National
Laboratory, Los Alamos Scientific Laboratory.

. Established and competent industrial partic-
ipation in nuclear technology.

One of the military incentives mentioned, viz.
nuclear propulsion, was to play an important part
in the development of civil nuclear power plants in
the United States. The prime mover in this was
Rear-Admiral Hiram Rickover, who was in charge of
the naval nuclear propulsion programme. Although
a large number of different reactor proposals were
put forward from the weapons groups towards the
end of the war, and in fact work was done on many
of them, the first promising civil nuclear power
reactor arose from the naval propulsion programme.
It is important to note that because of the coolant
- light water - the technology had much in common
with conventional power engineering.

Although considerable back-up research and
development went on in government laboratories,
Westinghouse Atomic Power Division (WAPD) was the
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prime contractor for the first naval reactor. This
was fuelled with enriched uranium oxide dispersed
in stainless steel fuel plates, and moderated and
cooled by pressurised water, with steam being pro-
duced in a separate heat exchanger. The first
operational reactor was installed in the submarine
NAUTILUS in 1954. This was three years before the
first experimental civil power reactor of this
general type, now known as the pressurised water
reactor (PWR), started up at Shippingport. The
ohippingport reactor had a power of 60 MW (subseq-
uently uprated to 90 MW) and began operating in
December 1957. Further demonstration PWR power
stations followed. Today the PWR is firmly estab-
lished as a commercial nuclear steam supply system,
with more orders being placed for them than for any
other reactor system.

About 1953-54, the United States Atomic Energy
Commission began studying a similar type of reactor
using enriched fuel and light water cooling and
moderation, working toxjards a system in which
boiling occurred in the core, the steam so produced
being passed directly to the turbines. This pro-
gramme at the Ar&onne National Laboratory led to
the commissioning of the experimental boiling water
reactor (EBWR) in 1956 with a power of 4 MW. The
General Electric Company participated in this
project, and in 1957 commissioned its own develop-
mental facility - the *> MW Valecltos boiling water
reactor. This was followed by construction of a
200 MW BWR power station at Dresden, which started
up in 1960 The first truly commercial plant of
this type was the Oyster Creek power station (515
MW), built for the Jersey Central Power Co. in
1968. This project received considerable publicity
because ci its very low cost to the utility - 3bout
the same as that for a coal fired unit of equal
size. BWR's have now taken their place with PWR's
(both referred to as light water reactors) as the
most successful commercial systems to date in terms
of numbers and capacity of units ordered.

In 1966 and 19b7 approximately half of the
electrical generating plant ordered in the United
States was nuclear, and all of the reactots apart
from one developmental unit were of the light water
class. There are now four manufacturers supplying
these two types of reactors in the USA. Agreements
and licenses were established with manufacturers in
other countries, particularly in Europe and Japan.
Some of these manufacturers now market their own
versions of these plants independently.

The only other reactor system to achieve
commercial acceptance in the USA is the high temp-
erature gas cooled reactor (HTGR) developed by Gulf
General Atomic. Based on the performance of a
small demonstration reactor at Peach Bottom, and a
330 MW unit at Fort St. Vrain, orders for 5360 MW
of commercial plant in sizes up to 1140 MW have
been placed, and there is now a collaborative
programme involving European interests, particular-
ly German, in this type of system.

The official USAEC cost estimate for single
1000 MW light water reactor stations published
early in 1967 was US $134/kW, excluding any escala-
tion provision. From then on a rising trend in
delays and in construction and equipment costs for
new stations has been a matter of increasing
concern to the entire utility industry. These
causes have been varied and often interrelated and
included:

Increased standards of safety and quality.

New environmental standards.

Licensing and regulatory delays. (Additional
Federal, State and local regulatory bodies
became involved).

Equipment delivery delays and higher prices.

Greater complexity of construction work than
anticipated.

Increased construction labour wage rates and
fringe benefits.

Declining productivity of construction labour.

Labour shortages.

Higher interest rates.

Current estimates of nuclear stations costs
vary widely according to the source and assumptions
made, particularly regarding escalation, but for •
units of 1000 MW capacity to be commissioned in the
early 1980's the specific cost is generally estima-
ted to be in excess of $0S 500/kW.

Despite all these problems, the greater
uncertainties concerning future availability and
cost of fossil fuels has resulted in a considerable
upsurge in orders for nuclear plant by United
States utilities over the past 3 years, as indica-
ted by the following Table:

TABLE II

Year

1969

1970

1971

1972

1973

No. of Units
Ordered

7

14

20

36

38

Capacity
MW

7,255

14,366

19,921

39,705

43,068

During each of the past 3 years, the capacity of
nuclear plant ordered has exceeded that for fossil
fired plant.

(b) United Kingdom

As legacies from the 1939-45 war, Britain had
many people experienced in nuclear science but
relatively few with much experience in the associa-
ted technologies, and of course possessed no
nuclear facilities. Apart from her desire to
develop nuclear weapon capability, she also had a
strong interest in civil nuclear power, particular-
ly as at that time coal was in short supply.

Under these circumstances, the United Kingdom
initiated its own programme for the development of
the necessary technology. Early consideration was
given to the construction of plutonium producing
piles similar to those in operation at Hanford, but
because of siting problems in the U.K. and the
additional development and time required it was
decided to use direct air cooling rather than water
cooling. Two large reactors (graphite moderated,
aluminium clad natural uranium metal fuelled, air
cooled) were subsequently built at Windscale in
Cumberland solely for the production of military
grade plutonium. They first commenced operating in
1950. Efforts were then directed toward extending
this technology for power production purposes.

i
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Carbon dioxide operating in a close circuit under
high pressure and circulated through steam raising
heat exchangers was selected as the coolant and a
magnesium alloy (Magnox) was developed for cladding
the metallic uranium fuel. Four reactors designed
along these lines-were subsequently built at Calder
Hall and later a similar four unit station was
built at Chapelcross in Scotland. Although the
operation of all these units was optimised for the
production of military plutonium, they were
designed essentially as power producers. Each unit
produces about 50 MW net electrical output. Calder
Hall was officially opened in October 1956 and was
the first nuclear station to supply a significant
amount of power to an electricity supply system.
This was the prototype for the so-called MAGNOX
series of civil nuclear power plants.

In I*i5, the British Government published a
White Paper describing a 10-year programme for
nuclear power and proposing that by 1965 nuclear
power would contribute 2000 MW of electricity and
replace some 5 million tonnes of coal a year by a
few hundred tonnes of uranium. The Suez crisis in
1957 with forecasts of severe fuel shortages led to
an upward revision of the size of this programme
from 2000 MW to 5000 MW. The White Paper stated
that the nuclear stations would be built in the
normal way by competitive private industry but at
that time there was no effective private nuclear
engineering industry; Calder Hall had been
designed almost entirely by government scientists
and engineers. This led to private industry form-
ing consortia of traditional heavy electrical
machinery manufacturers, boiler makers, civil
engineers, etc. In the prevailing optimism of
these early years, four of these consortia were
formed. In retrospect this was unwise as it led to
duplication of effort, diverse designs, delays and
higher costs.

There are now nine civil MAGNOX stations in
the U.K. with an aggregate capacity approaching
5000 MW. (The first two were Bradwell and Berkeley
followed by Hunterston, Hinkley Point, and others,
working up to Dungeness A and the last, Wylfa).
Over the development period of the nine stations,
the power output per twin reactor station Increased
from 280 MW for Bradwell to 1000 MW at Wylfa
(subsequently derated to 730 MW). Two single
reactor stations of the MAGNOX type were sold over-
seas, -one to Italy (Latina) and one to Japan (at
Tokai Mura). Although these stations have perform-
ed -will (aparc from some de-rating to reduce
corrosion problems), this type of reactor had two
maior disadvantages - a low exit gas temperature,
about 400°C, and a large physical size - leading to
low thermal efficiencies and high capital costs.

To reduce capital cost and increase thermal
efficiency, a more compact system known as the
advanced gas cooled reactor was developed by the
UKAEA. Higher gas and therefore steam temperatures
were achieved by changing the uranium fuel from
the metallic form to uranium dioxide, and cladding
with stainless steel. These changes and the
smaller physical size of the reactor core necess-
itated some enrichment of the uranium fuel. A
prototype advanced gas cooled reactor of 30 MW
(AGR) was built at Windscale in 1963.

In 1964 the nuclear power programme was re-
assessed and a second programme based on the AGR
concept was introduced. This provided for another
5000 MW to be commissioned between 1970-75; in the
following year this was increased to 8000 MW. Five
twin unit stations each designed for 1200 to 1260MK
output are under construction but are all behind

schedule. The first station, Dungeness B, was
started in 1966 and completion is now estimated to
be in 1976, by which time the capital cost will he
in excess of twice the original estimate. Although
the designs of all civil AGR's were derived from
the Windscale AGR, each consortium proceeded indep-
endently. In retrospect it would have been better
for one full-scale prototype to have been bjjilt and
then to replicate it.

Two other advanced reactor systems which could
have future potential have been investigated in.
Britain. One, the steam generating heavy water
reactor (SGHWR) uses heavy water as moderator, and
boiling light water as the coolant flowing in
zirconium alloy pressure tubes over slightly
enriched UO2 fuel also clad in zirconium alloy.
Steam is separated in steam drums and sent direct
to the turbines. A prototype reactor of 100 MW
has been operating at Winfrith Heath since 1967.
The other system, known as the high temperature
reactor (HTR), draws on technology developed under
a collaborative project (the 20 MW (thermal) DRAGON
experimental reactor at Winfrith Heath) by a number •
of OECD nations, including the U.K. It is cooled
by helium, moderated by graphite and is similar in
many respects to the HTGR reactor developed in
America.

At present (Jims 1974), Britain has made no
decision about the type of reactor to be employed
in the next stage of its nuclaar programme.
Reports indicate that the Central Electricity
Generating Board expects to order approximately
20,000 MW of nuclear plant over the next six years
and favours lit'it water reactors and in particular
PWR's. However, there is some controversy over
their acceptability for installation in the U.K.
from a siting/safety standpoint.

(c) Canada

Following the 1939-45 war, Canadian scientists
continued their wartime work on the use of heavy
water as a moderating material and by 1947 had
constructed a high flux research reactor, NRX (40
MW Th). This vat, followed by a more powerful
facility, NRU (200 MW Th), which was completed
1957. These have proved extremely useful tools m
the development of their power reactors, all of
which have been based on the use of heavy water as
the moderator with natural uranium fuel.

The first power reactor, a small demonstration
unit of 22 MW (NPD) was constructed at Rol^hton on
the Ottawa River, and completed :n 1962. It was a
pressure tube design (as distinct from a pressure
vessel) and used heavy water as both coolant and
moderator. It was the forerunner of a whole series
of basically similar units known as CANDU PHWR's.
However, before NPD had been completed and hence
before any operational experience had been obtained
with it, a decision was taken to build a 200 MW
station at Douglas Point. This station was
completed in 1966, but in the earlier years of
operation it was plagued by many technical problems
although most of these have since been satisfactor-
ily solved.

The commercial exploitation of the CANDU PHWR
system really started with the construction of a
' x 512 MW station at Pickering near Toronto.
Construction commenced in 1966 and the four units
came on line between 1971 and 1973. This station
has been an outstanding success. In 19-69 Ontario
Hydro commenced construction of another major;
station - the Bruce station - of 4 x 75^ MW units
near Douglas Point. These units are scheduled-to
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TABLE III

NUCLEAR POWER UNITS IS OPERATION, UNDER CONSTRUCTION OR ON ORDER IN VARIOUS COUNTRIES
AS AT MARCH 31, 1974

Country

Argentina
Austria
Belgium
Brazil
Bulgaria
Canada
Czechoslovakia
Finland
France
East Germany
West Germany
Hungary
India
Italy
Japan
Korea
Mexico
Netherlands
Pakistan
Poland
Spain
Sweden
Switzerland
Taiwan
O.K.
U.S.A.
U.3.S.R.
Yugoslavia

TOTALS

In Operation

No.

1
-
-
-
-
7
1
-
11
2
7
-
3
3
9
-
-
2
1
-
3
1
3
-
28
45
15
-

142

MWe

319
-
-
-
-

2,536
112
-

2,961
510

2,197
-

582
556

3,765
-
-

512
125
-

1,093
440

1,006
-

4,492
27,891
3,010

-

52,107

Under
Construction

No.

1
3
1
2
4
2
3
2
1
9
2
4
2
16
1
1
-
-
-
5
9
2
2

10
53
il
-

146

MWe

.

700
1,650
600
880

3,008
880

1,540
1,800
440

7,504
800
841
785

12,742
564
600

_
-
-

4,500
6,909
1,860
1,208
6,213

49,189
7,800

-

113,013

On Order

No.

1
-
-
_
2
1
2
-
6

7
-
1
2
-
1
1
_
_
1
2

1
-

112

1

144

MWe

600

-

880
600
880
.

5,700
880

".,479
_

235
2,000

-
600
660

440
1,875

_

1,800

124,489
_

600

150,718

"otal

No.

2
1
3
1
4
12
5
3
19
5

23
2
8
7

25
2
2
2
1
1

10
10
5
4
38

210
26
1

432

MWe

919
700

1,650
600

1,760
6,144
1,872
1,540
10,461
1,830
18,180

800
1,658
3,341
16,507
1,164
1,260
512
125
440

7,468
7,349
2,866
3,008
10,705

201,569
10,810

600

315,838

come on line progressively between 1975 and 1978.

Following Lne successful operation of the
Pickering units, Ontario Hydro announced a major
expansion of its nuclear power programme. Four
more 500 MW class CANDU units are to be installed
at the Pickering site for commissioning in 1980-82,
four more 750 MW units at Bruce for 1980-83 start-
up, and four more units <?ach of 750 MW capacity at
a new site at Bowmanville on Lake Ontario for
1982-84 start-up. Hydrc-Quebec has also contracted
to build a 600 MW CANDU PHWR station to come on
line in 1979. The Canadians have also had some
success in the export field.

The backbone of the Canadian programme is
Atomic Energy of Canada Ltd. (AECL), which is a
Crown company. It is responsible for the develop-
ment of most aspects of the peaceful uses of atomic
energy, including the design and construction of
prototype reactors; and the supply of commercial
stations on the domestic and international market,
independently, or in collaboration with the
utilities and private industry.. An outstanding
feature of the Canadian effort has been the close
collaboration between AECL as nuclear developer and
the utilities Ontario Hydro and Hydro-Quebec.

3 CURRENT SITUATION

Nuclear power stations with an aggregate out-
put of approximately 315,000 MW are in operation,
under construction or on order in 28 countries.
The position is summarised in Table III. By 1981
most of these stations will be in operation and

will represent about 157. of the world's total
generating capacity.

A number of power reactor systems currently in
operation or under construction are now considered
to be obsolete and/or to have no commercial future.
These include the early natural uranium MAGNOX
types; the British AGR; and the natural-uranium
heavy-water moderated boiling light water reactors.
Of the remaining systems under construction or
otherwise committed, it will be found that over 90%
are of the light water type - either PWR's or BWR's
- with PWR's considerably outnumbering BWR's.
Judging from the plans of the mora industrially
advanced nations, this position seems unlikely to
change significantly during the next decade or two.

In the shorter term, two other commercial
systems could capture a somewhat larger share of
the market than at. present. They are the CANDU
PHWR and the HTGR. The forme? has an appeal to
those countries wishing to remain independent of
others for supplies of nuclear fuel; it is also
less affected by rising fuel cycle costs. The
latter offers certain technical advantages over
water cooled systems (the use of gas turbines and
modern steam plant providing higher efficiencies)
and is generally considerei to have greater
commercial potential. However, it has a more
complex fuel cycle requiring specialised facilities,
the construction of which would in most areas out-
side the USA, prove difficult: to justify.

Ultimately fast breeder reactors are expected
to play a major role. With further development
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they are expected to compete economically with the
thermal reactor systems and in addition to achieve
over 50 times better utilisation of uranium
resources! thereby providing an almost limitless
source of energy. At present this type of system
offers the only technologically feasible solution
to the world's future energy needs and not
surprisingly, the development of such reactors is
receiving high priority in the USA, UK, Europe and
the USSR. However, the technology is highly
sophisticated and it is by no means clear when
solutions to 'he major technological problems will
be found which will be acceptable both commercially
and in terms of safety. Certainly it appears
unlikely that fast breeder reactors will have any
impact on t')e commercial market before 1990.

4 FUTURE SITUATION

The figures quoted in Tables I am? Ill do not
truly reflect a new trend towards an incisasing
commitment to nuclear power. This has arisen as a
consequence of an intense and world-wide review of
energy resources brought about by increasing prices
and possible shortages of fossil fuels, particularly
oil, and catalysed by the Arab oil embargo in
December 1973.

In th<= U.S.A., the Administration and industry
are urging a 307, increase in the official 1985
target (Table I) even though delays have caused a
downward revision of the 1980 estimate by 121 over
the past year. Most European countries, in
particular the U.K., France, Germany, Spain and
Sweden, have raised their estimates; likewise the
USSR and Japan. There have also been indications
that Egypt, Israel, Thailand and the Philippines
will make an early start on the construction of
their first stations. The rising interest in
nuclear power by the major oil producing nations is
also interesting in terms of the economic comparison
of uranium and petroleum as fuels. As part of a
trade agreement concerning oil supplies, Iran has
agreed to purchase nuclear power stations totalling
5000 MW from France as the first stage of a 20,000
MW nuclear programme over the next 20 years.

If oil prices remain high, and this situation
is coupled with doubts about availability, it could
have a significant effect on the competitiveness of
relatively small nuclear stations. In turn, this
could bring about a significant penetration of
nuclear power into developing countries and into
smaller grids. An IAEA market survey of fourteen
developing countries in August 1973 using January
1973 oil prices showed that nuclear units in the
200-400 MW range were uneconomical compared with
oil fired plants. When the findings in the survey
were updated in early 1973, the new figures showed
that nuclear stations in unit sizes as low as 100
MW could be attractive if oil prices were above $6
per barrel. These findings, of course, only relate
to the general ground rules used in the study, and
could be modified considerably by local conditions.
Moreover, no stations are commercially available
today in these smaller unit sizes; nevertheless,
the findings and the trend cannot be ignored.

Such a large-scale future nuclear power pro-
gramme poses many problems. These include:

. The estimated low cost reserves in the Western
World amount to 1,200,000 short tons of D3O8,
which on the basis of the forecast in Table I
would be exhausted by about 1986. New and
significant reserves of uranium will need to
be found by about 1980.

Existing nuclear power programmes in all
countries are seriously delayed; this
situation will have to improve to meet an
expanded future programme. In the United
States the average delay in nuclear power
plant schedules is 2k months per unit. The
estimated total lead time is 9 to 10 years, of
which the first two years is taken up by site
selection, plant design and application for a
construction permit, the next two years by
construction permit review, five years for
actual construction, and then one year for
operating licence review.

Existing facilities for the large-scale
implementation of all stepi in the fuel cycle
- mining and milling of uranium, uranium
hexafluoride production, uranium enrichment,
fuel fabrication, and fuel reprocessing - will
be completely committed by about the end of
this decade. Because of the lead time
required for the construction of new plants,
the predicted future nuclear power programme
will not be met unless action is taken over
the next few years to provide large-scale
industrial fuel cycle facilities. In some
fuel cycle areas, industry has been unwilling
to commit major facilities until regulatory
and licensing aspects are clarified. Current-
ly the definition of clear and adequate
regulatory controls is a priority task for
government agencies concerned with atomic
energy.

5 AUSTRALIAN SITUATION

Unlike many countries overseas, Australia has
relatively large fossil fuel resources and there
are not pressures of supply and cost which would
cause us to immediately exploit nuclear powei on a
large scale. Thus the opportunity exists to plan
its introduction, and the use of our uranium
resources, in a sensible and efficient manner.

Reserves of uranium in Australia, recoverable
at less than US $10 per pound, total nearly 157. of
the non-Communist world's present reasonably
assured resources of 1.2 million short tons of
uranium oxide. It is estimated that not more than
35,000 tons will be required for local consumption
to the year 2000. Options therefore exist for the
export of uranium either as yellowcake or as up-
graded products 5 'luding enriched uranium.

Large-scale uranium industries could therefore
develop in Australia during the present decade, but
again in these fields there are requirements for
the planning of regulatory procedures and controls
necessary for the protection of the environment and
safety of the public.

It is still not clear when nuclear power
stations will be Installed in Australia, or which
reactor system will be adopted; but it is not
expected that construction of the first station
would commence before 1978.

The maximum demands expected on the various
State systems are shown in Table IV. These are
largely AAEC predictions made following discussions
with the State generating authorities. Installed
generating capacities would be 15 to 257. higher
then the system demands shown.
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TABLE IV

MAXIMUM DEMAND (MW)

New South Wales

Victoria

Queensland

South Australia

T>?-.u-\nia

Western Australia

Northern Territory

1975

5)

3,

1,

1,

1,

13,

500

:;»oo
8̂ 10

IC'O

ooa
900 \

50

850

1980

7,400

4,700

2,800

1,600

1,300

1,400

100

':9,300

1990

12

8

6

3

2

3

36

,800

,600

,100

,100

,300

,600

300

,600

2000

21,100

I'I.IOO

12,100

5,900

3,800

7,500

900

65,400

The optimum unit size of'generating plant
depends on many factors - the 'size of a utility's
system, types of generating pl'mt, policy regarding
reliability of supply, variation of specific cost
with size, rate of load growth,, and so on. On
Australian State systems the optimum size of fossil
fired plant has been found to be. about 10-157. of
the system peak demand at the titfe of commissioning.
With nuclear plant there has beei a tendency over-
seas to install somewhat larger utiits than is the
case with fossil fired plant. -;

The future fo;r nuclear power in Australia will
depend to a large extent on future-fossil fuel
prices - prices that will apply over the economic
life of a station, v..e. over 20-30 years following
start-up. In general the cost of fossil fuel to
overseas utilities now installing nuclear power
plants is considerably higher thfn cests presently
applying in Australia and this is likely to remain
so.

Referring to Table IV, it would appear that
none of the States with smaller power demands -
South Australia, Tasmania, Western Australia or the
Northern Territory - are likely to install units of
600 MW capacity or larger until the 1990's unless
some unforeseen major change occurs. Thus, on the
baais of presently available commercial systems,
nuclear power is unlikely to be introduced into
these; States before about 1990, Of the other
States, Queensland and New South Hales both have an
abundance of low-cost black coal, and although
generating costs will increase with increasing coal
prices and increasing environmental protection
measures, it is difficult to see nucibair: power
providing significant cost savings much before 1<59O.

In Victoria, despite the enormous reserves of
low-cost brown coal, nuclear power could prove
attractive for operation by the mid to latu 1930's
for a number of reasons including: the high cost
of brown coal fired plant and associated coal
developments; the practical limitation on boiler
size; technical problems associated with t;<e
utilisation of brown coal; environmental problems
associated with the reclaiming of coal and its use;
and the demands for cooling water in the Latrobe
Valley.

Thus there appears to be no prospect that
nuclear power will, be a generally preferred alter-
native to conventional power .before the 1990-'s, but
in certain areas (e.g. Victoria) some plant: could
be installed earlier than this, in .order-to gain
experience prior to embarking on a major programme.

However, the position in each State will need to be
continually reviewed in the light of changing
circumstances. Some factors which will affect the
situation are:

the availability and price of fossil fuels
versus nuclear fuels;

the effect on relative plant costs of escala-
tion and changes in currency exchange rates;

the possible availability of nuclear stations
in unit sizes appreciably-smal-ler than 6.00 MW;

the costs - direct and indirect - of environ-
mental pollution and its control associated
with the two types of plant;

the importance attached to the value of fossil
fuels for other uses;

the importance attached to issues such as the
consequences of accidents in nuclear power
stations and the problems associated with the
disposal of radioactive waste;

the availability and cost of money;

the availability of an agreed national
licensing and regulatory framework between
Commonwealth and States for nuclear stations
including the siting, environmental and
safety criteria and standards which are to be
applied.

In any country, the generation of electrical
power is a major industry, and has important
implications in terms of economic growth, indus-
trial development, the use of capital and other
basic resources, the quality of the environment and
public health. With nuclear power there are
further considerations such as international agree-
ments; safeguards on nuclear materials; the
consequences of nuclear accidents - no matter how
unlikely - and the underwriting of third party
insurance against this eventuality; and matters
related to the transport of radioactive materials
and disposal of radioactive wastes.

In the past, the choice of new generating
plant has been left generally to power utilities
and has primarily been a matter of negotiating the
best deal for plant which offered the best
economics within the framework of their operations.
Today, however, there is an increasing awareness of
national and international implications and,
certainly overseas, central governments are playing
a much more active role than in the past, and are
having a considerable influence on utility
decisions.

In Australia, the Government niust necessarily
play a similar role, and in the nuclear power field
increasing attention must be directed toward:

overall planning and. policy formulation for
nuclear energy to take its appropriate place
with other energy resources in best satisfying
national energy requirements;

. licensing and regulation of nuclear installa-
tions to ensure that adequate safeguards are
provided to protect the public and the
environment.
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