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AN AUSTRALIAN NUCLEAR FORCE

Some Economic Considerations

I t is impossible to predict with absolute accuracy the cost of any
major defence project: if anything can be said with certainty, it is that
any official estimate will turn out too low by 50 per cent or 100 per
cent, for such is the British and the American experience. For some
countries, such as Britain and Canada, buying defence ‘hardware’ from
overseas at fixed prices and pocketing national pride has been seen as pre
ferable to putting money into the seemingly bottomless pit of developing
a TSR2, a Blue Streak, or an Avro Arrow. But a country which has
decided to obtain a stockpile of nuclear weapons is not likely to have the
option of buying them.
In addition to its obligations under the Nuclear Non-Proliferation
Treaty,1 the Atomic Energy Act of 1946 places strict limitations on
the circumstances under which the United States may assist other
countries to procure nuclear weapons; as amended in 1958 the Act
1 For a good discussion of the treaty and its importance for Australia see J. L.
Richardson, Australia and the Non-Proliferation Treaty, Canberra Papers on
Strategy and Defence, No. 3., A .N.U . Press, 1968, also Hedley Bull, Australian
Outlook, Vol. 22, No. 2, August 1968, pp. 162-75.
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permits the dissemination of information pertaining to the design of
nuclear weapons only to a nation which is already a nuclear power of
some standing; the United Kingdom, the only power to receive such
information, did so only after it had demonstrated an ability to manufac
ture thermonuclear weapons. The Act goes further than the Nuclear
Non-Proliferation Treaty (NPT) in one respect, in that it probably can
be interpreted as applying to nuclear propulsion reactors for military
purposes.
Other countries are likely to be equally shy about providing Australia
with nuclear weapons. The United Kingdom, in its support for the
NPT, has made it clear that it will not transfer nuclear weapons to
any recipient country whatsoever.2 France, although not associated with
the treaty in any way, has expressed agreement with its broad aims.
China, in spite of its opposition to the treaty, is unlikely to be regarded
as a suitable supplier by Australia.
But nuclear weapons are not enough; without a delivery force, they
are of little use except as a rather expensive form of land mine. Nuclear
delivery vehicles can be classified broadly into two types—bombers and
guided missiles; and of the two, bombers are by far the more readily
available for purchase in world markets. The main exceptions are
bombers of the intercontinental range type which still play a major part
in the nuclear weapon forces of the nuclear powers; here the natural
desire of a country to keep from the enemy as much detail as possible
about its bomber force, for obvious reasons, does much to deter the
sale of even one of these bombers to a third party who does not have the
same motive, or capability, for keeping these details secret. A feeling
that the sale of such bombers would be against the spirit, if not the letter,
of the non-proliferation treaty and a less strong but discernible preference
by the major powers to sell armaments of a defensive type, where
possible, probably add to the inhibitions felt about selling such aircraft.
These have not always proved overwhelming, however: the Soviet Union
at one time supplied Indonesia and Iraq with a small quantity of Tu-16
bombers of the same type as those in the Soviet strategic bomber force,
but the Soviet Union has not repeated the exercise and the Tu-16, which
is subsonic and of rather short range, is now obsolescent and the Soviets
are removing it from their own nuclear bomber fleet.3
As the established nuclear powers turn increasingly to missiles for
their strategic nuclear delivery vehicles, there is a possibility that the
2 For a text of the treaty see Current Notes on International Affairs, June 1968,
pp. 237-40.
3 The Military Balance 1967-1968, The Institute for Strategic Studies.
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inhibitions felt about sale of long-range bombers may in time diminish,
but this may take five or ten years, and in five years’ time the B-52, for
example, will be eighteen years old.
None of these considerations has the same force when smaller bombers
of shorter range are involved (except, perhaps, in the case of France,
where the sole strategic nuclear delivery vehicle is a small short-range
aircraft, the Mirage IV). There is an increasing tendency for the distinc
tion between fighters and bombers to become blurred, certainly in the
case of the so-called tactical nuclear bomber and even in the case of the
F i l l , which is expressly designed to be a multi-purpose aircraft. More
over, bombers capable of delivering conventional weapons can be used
just as well for delivering modern nuclear weapons, and if no country
ever exported an aircraft that could carry a nuclear weapon very few
aircraft would ever be sold at all outside their country of origin; there
is no doubt that the Bleriot monoplane could be converted to carry a tac
tical nuclear bomb a short distance if the need to do so were ever to arise.
In recent times the United States has sold short-range fighter-bombers
(F104) to Jordan and F l l l C s to Australia, France has sold fighterbombers (Mystere 4A) to Israel, and the Soviet Union has supplied the
United Arab Republic with light bombers (1128). In the recent past
Britain has sold Canberra light bombers to India and to Australia.4
There seems no doubt that, should Australia wish to purchase light
bombers or fighter-bombers for immediate use in a conventional role or,
tacitly, for future use in a nuclear role, or both, she would probably find
no shortage of suppliers. But it is worth remembering that a Canberra
bomber, which has the greatest operational radius of any bomber yet
disseminated,5 would be stretched to the limit to fly from Darwin to
Djakarta and back without refuelling. There is, too, the real risk that a
combination of modern air defences and a nuclear missile force in the
hands of an adversary could seriously put into question the ability of a
small Australian nuclear bomber force to survive a surprise nuclear
attack in sufficient numbers to penetrate enemy defences in reprisal.
The restraints felt by the nuclear powers on selling long-range strategic
bombers are felt a fortiori where long-range offensive missiles are con
cerned. Indeed missiles of almost any offensive type have become very
closely associated in many minds with nuclear weapons themselves,
because an offensive missile, as against an anti-aircraft or anti-tank
missile, because of its comparative inaccuracy and its high cost of
4 Ibid.
BThe F111C probably has a slightly greater range.
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use, has virtually no military application other than as a nuclear
delivery vehicle. No country has ever supplied strategic missiles to
another,0 and relinquished all control over their use, except the sale
of Polaris missiles, without nuclear warheads, by the Americans to
the British in 1962. This took place in rather special circumstances,
in the glow of the embers of the special relationship, and it had
some elements of a peace-offering to a British government badly
shocked by the American cancellation of the agreement for the supply
of the Skybolt missile.7
If Australia wished to acquire nuclear bombs or warheads it seems
certain, then, that for the foreseeable future it would have to manufacture
them itself. As for a nuclear delivery system, Australia could probably
buy light bomber aircraft from overseas, or adapt those it already owns,
but it may well find that its freedom of action in connection with using
foreign-supplied aircraft in a nuclear role circumscribed by the anti
nuclear dissemination policies of the supplier, which may be reflected,
for example, in the conditions of sale or restrictions on the supply of
spare parts— and there is no conceivable supplier country which actively
supports the proliferation of nuclear weapons.
Australia would find the purchase of long-range missiles extremely
difficult: at present only the United States and the Soviet Union could
supply them and neither is likely to do so. Although France or some
new supplier may, at some future date, be in a position to sell long-range
missiles,8 and although Australia, after the fashion of Israel, might be
able to obtain short-range missiles from France much sooner, it would
scarcely seem prudent of an Australian government to allow the fate of
the large investment of resources that a nuclear weapon program
represents to hinge upon the political goodwill of a foreign government
which does not regard itself as under any special obligation to Australia.
The cancellation of the Skybolt missile showed that even a special
relationship may not be good enough, and the recent French refusal to
fill orders from Israel for aircraft, and possibly for missiles too, has
shown that France, no less than any other nation, regards the commercial
6 However, there have been persistent reports that France has undertaken to
supply Israel with a large number of short-range (200-400 miles) missiles. It has
been suggested that the missiles may be able to deliver a large payload, of a ton
or more, with considerable accuracy. For a detailed account see The Economist,
4 May 1968, p. 67.
7 See Arthur M. Schlesinger Jr, A Thousand D ays, Mayflower-Dell 1967,
pp. 660-8.
8 But not before 1975: see Le M onde (Selection hebdomadaire), 11-17 July
1968.
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benefits of major arms sales as secondary to their role as a means for the
exercise of political influence.
Before attempting to examine in detail the cost to Australia of building
a nuclear weapons force it is worth while looking, from the Australian
point of view, at the economic circumstances in which Britain and
France decided to become nuclear powers. Some lessons may be drawn
from the comparison, provided it is borne in mind that economic
comparisons of this kind between one country and another are, at best,
imprecise, and that the British economy during the early years of her
nuclear weapon program was not very far removed from being on a
wartime footing.
In 1946, when Britain can be said to have begun nuclear research and
development with an eye to procuring its own nuclear force, the British
GNP, at the 1946 exchange rate, was a little over $30 billion.0 In 1951
when, according to a French government White Paper, ‘nuclear arma
ments were perfectly conceivable for a country like France’, the French
GNP was only $27 billion.10 Australia’s GNP for 1966 was $25 billion.11
Of course it would be wrong to conclude from these figures that Australia
now holds a position in the world economy comparable with that of
France or Britain fifteen or twenty years ago. For one thing, nearly every
country has become much richer since then; and prices have risen. But
the figures give the strong impression that, if we leave aside for the
moment all considerations of the availability of skills and manpower,
Australia can probably afford a nuclear weapon force of some kind.
There are other indications which point in the same direction. Austra
lia, like Britain, has a tradition of a fairly high total level of government
spending, particularly in the sectors of health and education; her
traditionally low level of spending on defence has been more than
compensated by large expenditures in the other two sectors; indeed, the
annual expenditure of Australian government on health is the fifth
highest in the world (absolutely, not per capita).12
Some authorities have attempted to estimate the minimum GNP
below which no country would be economically capable of supporting a
program for the manufacture of nuclear weapons, leaving aside the
question of a delivery system. The highest level at which this minimum
9 U.N. Statistical Yearbook 1948 (one $U.S. is equivalent to 90c Australian):
costs throughout are expressed in $U.S.
10 U.N. Statistical Yearbook 1953.
11 U.N. Statistical Yearbook 1967.
12 U.N. Statistical Yearbook 1965.
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has been put is $10 billion (U.S.);13 Australia, with a GNP in excess of
$20 billion, clearly qualifies, but countries such as Israel and South Africa
do not, whereas countries such as Mexico and Pakistan do. Clearly, as I
have already hinted, the GNP criterion is not enough; a country which
derives a large portion of a small GNP from manufacturing industries is
obviously in a better position to manufacture its own nuclear weapons
than a country with a GNP twice as large but derived in the main from
the toils of peasantry in padi fields.
This limitation of the crude GNP figure as a guide to a country’s
ability to manufacture nuclear weapons is well known, and it has been
suggested by Kramish that as well as a minimum GNP of $10 billion, a
country must also be spending at least 0-8 per cent of its GNP on
industrial and scientific research and development (R and D) in order to
be sure of being able to manufacture a stockpile of nuclear weapons from
its own resources;14 to build a nuclear delivery system as well, would
probably demand a somewhat larger GNP, between $10 and $20 billion
say, depending upon the type of delivery system required, and an R and
D expenditure perhaps in excess of 1 per cent.
R and D expenditure is widely recognised as a measure of a country’s
technological maturity and as a measure of its scientific and technical
manpower and expertise. Many countries publish a figure for their annual
R and D expenditure: Canada spends 1 per cent GNP, the West European
countries and Japan spend, typically, somewhere between 1 and 2 per
cent, France spends over 2 per cent, and Britain nearly 3 per cent; and
fifteen or twenty years ago Britain and France were probably spending
somewhere around 1 per cent. The United States spends over 4 per cent
and the Soviet Union presumably spends a comparable figure.15
Australia does not publish an official figure, but I have estimated that
she probably spends a total of a little over 0-8 per cent GNP on R andD;
other estimates have put the figure at somewhere between 0-7 and 1 per
cent of the GNP.16 So, at best, on the Kramish R and D criterion
Australia would appear to be a borderline case, scarcely mature enough
technologically to undertake a program for the manufacture of nuclear
weapons. This impression is supported by the obviously small market in
13 Quoted by Richard A. Brody, ‘Nuclear Proliferation and International
Politics: a review’. Journal of Conflict Resolution, Vol. XI, No. 2, lune 1967.
14 Ibid.
“ See OECD report on U.S. Science Policy quoted in N ew York Times,
13 January 1968.
16 See The Bulletin, 14 October 1967; The Australian Financial Review, 16
August 1968; R. G. Ward, Public Administration, June 1968, Vol. XXVII, No. 2
(Sydney).
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Australia for technically qualified men, for Australian universities
produce only half as many science and engineering graduates per head
of population as do West European countries, and only a third as many
as the United Kingdom, and although there are signs that this number
is growing, many still seek employment overseas.17
The reasons for Australia’s comparatively low level of technological
effort are not hard to find: they stem mainly from the fact that Australia’s
place in the world economy is as a primary producer, well able in the
past to make her way in the world without having to be constantly
innovating new types of aircraft or ship or computer. At least 40 per
cent of Australia manufacturing industry was estimated in 1964 to be
under foreign control,18 and those industries under foreign control are,
by and large, the very industries which may be described as technology
intensive, such as electronics and the chemical and automobile industries.
R and D in the private sector in such industries appears to be virtually
non-existent within Australia,19 and there is no apparent reason why this
situation should change so long as companies with international interests
choose to have their research and development work done elsewhere.
There is little doubt that, given the opportunity to purchase a suitable
nuclear reactor overseas, Australia could probably manufacture nuclear
weapons, of a sort, within a few years, provided the economy had been
placed on a war-footing and the energies of the nation had been bent
towards this single goal; but it is inconceivable that such a course would
be politically feasible short of an immediate and unmistakable threat of
armed invasion, and then it would almost certainly be too late.
What does appear to be true is that Australia probably could afford a
long-term program for the acquisition and possible subsequent con
struction of nuclear reactors and plutonium processing plants, along the
lines of the early French and British nuclear energy programs, and,
once established, such a program would enable Australia to manufacture
plutonium-based nuclear weapons within a year or two of the decision
to do so. But the success of the venture would depend upon the availa
bility in the future of men with scientific and engineering skills, above
and below as well as at graduate level, in numbers greater than at present.
As for a modern nuclear delivery system, Australia has for many years
maintained a quiet interest in rocket propulsion and space science
17 L. Beaton, Must the Bomb Spread?, Penguin, 1966, Appendix 2.
18 J. B. Condliffe, The Development of Australia, Ure Smith, 1964, p. 167.
19 According to The Australian Financial Review, 16 August 1968, it amounts
to less than 0-15 per cent GNP; in most advanced nations R and D expenditure
is divided about equally between private industry and government.
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through co-operation with Britain and the United States and within the
European Launcher Development Organisation (ELD O ). Australia
spent $30 million on rocket launching facilities and the like in 1967,
almost half as much as Britain spent on civilian space projects in the
same year.20 It may be true that this experience could be of some value
if Australia chose at some future date to develop, in a modest way, a
modern nuclear delivery system of its own, such as a stand-off missile
carried by an aircraft or a short-range ship-borne missile, but this too
would hinge upon there being the skilled personnel available.
To carry on a nuclear weapons program beyond the plutonium stage
and/or to build delivery systems of the Minuteman or Polaris type is
wholly beyond Australia’s capacity in terms both of dollar cost and of
expertise for the next twenty years at least. France is now spending
somewhere between $1 -1 billion and $2 billion per annum on its nuclear
force,21 i.e. possibly as much as twice the total Australian defence budget,
and it has only recently exploded a thermonuclear device: up to the
explosion of its first plutonium device, eight years ago, its annual nuclear
expenditure was probably less than $80 million.22

DETAILED COSTS
T h e P l u t o n iu m W a r h e a d s

If it is accepted that the costs, both financial and in terms of skilled
manpower, of a thermonuclear weapons program are at present wholly
beyond Australia’s capacity and will remain so for many years to come,
we need to be concerned only with the detailed costs of a program for the
constructed of plutonium-based bombs.
20 The Economist, 20 April 1968, p. 67: it should perhaps be stressed that the
Australian expenditure was wholly on ground facilities.
21 Judith H. Young, ‘The French Strategic Missile Programme’, Adelphi Paper,
No. 38, Institute for Strategic Studies, July 1967.
22 The greatest single extra item required for a thermonuclear program is
the gaseous diffusion plant, which costs over $1 billion to build and over $100
million in annual running costs and presents formidable problems of design. It
is used for the production of the rare isotope of uranium, U235, without which
thermonuclear weapons ( ‘H ’-bombs) are well nigh impossible; other, cheaper,
production methods have been suggested, notably the gas centrifuge (see The
Economist, 9 March 1968, also N ew Scientist, 15 February 1968), but they
remain of unproven worth; every thermonuclear power so far has chosen the
gaseous diffusion method.
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Apart from the strictures imposed by the habit of secrecy all govern
ments to varying degrees adopt in these matters, published estimates for
the cost of building a nuclear force are further bedevilled by the causes
their authors wish to promote. At one extreme there is the recent
document submitted to the U.N. by a panel of nuclear experts whose
purpose is partly, at least, to strengthen the hand of supporters of the
non-proliferation treaty,23 and the costs quoted therein must be expected
to err, if at all, on the excessive side. At the other extreme, there are the
occasional statements released or inspired by the French government
which tend to extol the cheapness of its nuclear program.24 Thus the
accompanying figures must be expected to err, if at all, on the low side.
Between these extremes, cost estimates have been made by various
writers, most of whom are committed to supporting attempts to slow
down the spread of nuclear weapons but who, nevertheless, are inclined
to stress either the expense or the cheapness of nuclear weapons accord
ing to whether they wish to influence the non-nuclear countries against
their manufacture or to exhort the nuclear countries to redouble their
anti-proliferation efforts.
The task of compiling a reasonably accurate estimate from such
sources is not easy, but I have endeavoured to take a middle way whereever possible. (However, no pretence of precision is made. In most
instances I have expressed the cost of a particular item in the form of
estimates placed upon its upper and lower bounds rather than as a single
figure.)
For a plutonium-only program there are three main elements in the
capital cost: the reactor itself, the plutonium separation, or extraction,
plant, and the bomb-assembly plant. If a production rate of, say, 100
kilograms of plutonium per year is aimed for, which is sufficient for
approximately ten 20-kiloton weapons or perhaps three or four 60kiloton weapons,25 this could be obtained as a by-product from virtually
any type of nuclear power reactor whose capacity was greater than about
23 ‘Report of the Secretary-General on the effects of the possible use of nuclear
weapons and on the security and economic implications for States of the acquisition
and further development of these weapons’ (A/6858) October 1967—henceforth
referred to as Report.
24See e.g. New York Times, 13 August 1967, also Aviation Week, and Space
Technology, 9 September 1968.
25 Six kilograms appear to be ^he minimum amount of plutonium which, with
careful design, will produce a 20-kiloton explosion; a simple design needs more,
up to 15 kg (Physics Today, September 1965, p. 47).
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150 megawatts of electricity (M W (e)).26 This is about the size of the
natural uranium reactors bought by Japan and Italy from the United
Kingdom, and is of the same order of size as the French natural uranium
reactor complex at Marcoule, which produces electricity for the national
grid and plutonium for the force de frappe. The cost of such a reactor
depends upon details of its design, but it will be somewhere in the region
of $75 to $150 million, with probably at least half of that amount spent
in foreign exchange. There is no question of there being enough Austra
lian expertise available within the next ten years, at the least, for the
construction of such a reactor entirely from national resources, but
buying abroad will certainly entail safeguards on its operation whether
or not Australia becomes party to the NPT (except that if the reactor
were purchased from France, it might be free from safeguards, but it
should be noted that France is not a prominent manufacturer and lacks
the wide range of experience in reactor production of the United King
dom, Canada, and the United States).27
But, leaving aside the political difficulties of producing plutonium for
weapons, there are, naturally, economic penalties involved too; to produce
plutonium suitable for weapons the reactor’s spent fuel must be pro
cessed more frequently than would be necessary if electricity production
were the prime consideration. Moreover, design features incorporated to
maximise the rate of plutonium production will, in general, detract from
the efficiency of electricity production. Most important of all, to ensure
self-sufficiency a separate plant must be constructed to extract the
plutonium metal from the plutonium-uranium mixture in the spent fuel.
The total extra capital cost incurred thereby will be somewhere in the
region of $30 to $40 million:2S if the reactor were being run for peaceful
purposes only it would be far cheaper to have the plutonium separated by
the supplier country, at any rate until the number of reactors in the
country warranted a local separation plant.
Another necessary item of capital expenditure, which would be hard to
justify in terms of the normal commercial operation of one medium28 Because of the greater degree of self-sufficiency entailed in being able to fuel
a reactor from purely national resources, and to simplify the discussion, it is
assumed that Australia will choose to purchase or build at least one reactor of
the natural uranium type; the fuel for an enriched uranium reactor would have
to be obtained from overseas.
27 However, Spain has concluded an agreement with France for the purchase
of a power reactor.
28 See R eport; also Howard Simons, Daedalus, Vol. 88, No. 3 Summer 1959,
pp. 385-409, and Bertrand Goldschmidt, The A tom ic Adventure, Pergamon Press
Oxford, 1964, p. 113.
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sized reactor, would be a plant for the conversion of uranium fuel from
the ore concentrate to a form suitable for insertion in the reactor;
depending upon the reactor type, and on details such as whether metallic
uranium or dioxide pellets were to be used, the capital cost of such a
plant would be somewhere between $5 million and $10 million. But, to
produce weapons grade plutonium, because of the rapid turnover in fuel,
a running cost of $15 to $20 million would be incurred in producing
plutonium at a rate of 100 kilograms per year. The reactor running costs
(over and above those normally incurred in power production) and those
of the plutonium separation plant would amount only to another $10
million or so. The capital cost of a bomb assembly plant would be,
roughly speaking, another $10 million, with a running cost of less than
$5 million a year.29
Thus, to sum up, the total capital outlay for facilities to produce up to
ten 20-kiloton plutonium bombs a year is somewhere between $45 and
$85 million, with annual running costs of $30-35 million— this is on
the assumption that the capital and day-to-day running costs of the
reactor itself are borne in large part, at least, by the commercial
electricity authority, who will sell the electricity at normal rates.30 The
additional costs of bomb design and testing are likely to be relatively
small, of the order of $5 million a year over one or two years, for, unlike
a thermonuclear weapon, the design of a plutonium bomb holds few
difficulties for a reasonably competent team of scientists. Thus, taken
over a period of ten years the annual cost of producing ten 20-kiloton
bombs or their equivalent would probably be less than $45 million, or
less than 4 per cent of the 1967/8 Australian defence budget of $1.4
billion. Even allowing for a 100 per cent underestimate, the cost would
still be under 8 per cent of the defence budget.
In practice, however, it is extremely difficult to see how Australia
could implement this relatively simple program as it stands, at any rate
in the short term. The present low level of Australian technological
endeavour means that several years’ experience of running a foreignbuilt reactor will be necessary before Australia could hope to embark
upon construction of a reactor and the ancillary fabrication and pro
cessing plants of its own design and, therefore, free from safeguards, save
20 See Simons, op. cit., and Report.
30 This may be too sanguine an assumption: the Marcoule complex, theoretically
capable of supplying 150 MW(e) to the grid, supplies only a net of 70 MW (see
The Atomic Adventure, p. 99). Moreover, it is now widely believed that larger
reactors, of 500 MW(e) and above, offer a better prospect for the economic
production of electricity.
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those accepted as part of Australia’s adherence to the non-proliferation
treaty. Even then there would be the danger that the construction of
fuel element fabrication and plutonium separation plants (both essential
for a self-sufficient nuclear program) to serve only one or two reactors
would be widely construed overseas as preparatory moves in the process
of manufacturing nuclear weapons;31 economic justification for the
construction of fabrication and processing facilities normally comes only
with the establishment of four or five medium-sized (200 M W (e))
reactors or their equivalent.
During the entire period of operation of the foreign-built reactor, the
plutonium produced, although Australian property, will almost certainly
be subject to safeguards on its use for peaceful purposes, implemented
by the country of origin of the reactor,32 whether or not Australia had
signed the NPT. Anyway, the overall quality of the plutonium it produces
will be such as to make it virtually useless for weapons,33 as is inevitable
when a reactor is operated for the economic production of electricity.
It is hard to say exactly how much experience in running a foreignbuilt reactor would be needed before Australia could contemplate
designing and building its own. As a centre for the instruction of
graduates in nuclear engineering and related subjects the reactor could be
producing its first generation of scientists and engineers of post-doctoral
level within three years of starting up. If Australia were then to decide
to build its own reactor and ancillary plant, a process which would take
up another two or three years, and provided there had been an all-round
steady growth in the Australian R and D effort, it would be possible,
31 As indeed has happened with India.
32 Unless France were the supplier.
33 There has been a see-sawing of expert opinion in this matter; it was once
thought that normal reactor operation produced plutonium (Pu) too rich in the
isotope Pu240 for it to be of value for weapons. American pricing policy, of
offering $45 per gram for Pu with less than 8-6 per cent of Pu240, and $30 per
gram for Pu with any greater Pu24 content, seemed to confirm this. However, the
Americans changed their policy in 1962 to a flat rate for all plutonium, and this
was interpreted by some observers as implying that there were no longer any
obstacles to using plutonium of any kind for weapons (see Beaton, op. cit., and
Arnold Kramish, The Peaceful A to m in Foreign Policy, Harper and Row, New
York, 1963). Opinion has now, to some extent, swung the other way, and there
is a feeling that the Pu240 content in plutonium obtained by normal operation
of a reactor, some 30 per cent, is too great to be readily useful for weapons
(V. Gilinsky, ‘Fast Breeder Reactors and the Spread of Plutonium’, Memorandum
RM 5148 PR, Rand Corporation, 1967; also J. R. Schlesinger, Rand Corporation
Paper P-3557, 1967). The physics of the matter supports the Gilinsky point of
view and I am inclined to favour it. The value of the plutonium for fast breeder
reactors is, however, relatively unaffected by Pu240 content.
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given the political decision to do so, to start producing plutonium
weapons within four or five years of the decision to construct a reactor
of Australian design. That is to say a minimum time of approximately
seven or eight years after the start up of the first power reactor bought
from overseas.
T h e D e l iv e r y V e h ic l e s

Bearing in mind the arguments already advanced against the use of
Australia’s small bombing fleet as a nuclear delivery force, namely its
absolute dependence upon foreign suppliers, its shortness of range, its
obsolescence, and its vulnerability both to pre-emptive attack and modern
defences, it is worth investigating what alternative delivery vehicles are
available to Australia. It goes almost without saying that the costs and
complexities of intercontinental ballistic missiles (ICBMs) of the Minuteman type and sea-launched ballistic missiles (SLBMs) of the Polaris
type place them well beyond Australia’s manufacturing capacities; the
United States is thought to have spent over $30 billion on developing its
strategic missile forces alone up to 1965.34
This is not to say that a missile force of any kind is beyond Australia’s
reach, however. The Soviet Union has gone some way towards matching
the highly complicated and costly Polaris missile by mounting a much
simpler short-range missile on the deck of a submarine.35 The funda
mental reason why two nuclear missile types of widely disparate sophisti
cation are of roughly equal value to opposing strategic forces, provided
both are well protected against pre-emptive attack, lies in the extreme
difficulty of defending a target against any ballistic missile (or for that
matter a supersonic cruise missile)— the problems of defending Moscow
against Minuteman are very little different from those of defending
London against the V-2 attacks of twenty-five years ago, and scarcely
more difficult to solve.
Nevertheless, both Britain and France chose to imitate the American
model in strategic nuclear delivery systems. Their reasons were partly
concerned with prestige, partly the inertia of traditional habits of military
thought, and partly because the geography of the Soviet Union is such
34 During 1959, when the U.S. spent $3-5 billion on missiles, about one-third of
a million persons were employed on missile work; if only 5 per cent of these were
qualified scientists or engineers (QSE) the number of QSEs employed exceeds
half the total number of QSEs in Australia (Lincoln P. Bloomfield, ed., Outer
Space, The American Assembly, Prentice Hall, 1962, p. 75).
35 Jane’s A ll The World’s Aircraft 1967-1968, Sampson Low, London, p. 524.

14

as to make short-range sea- or air-launched missile attacks rather
difficult. Britain eventually found the task of building an intermediate
range strategic missile too much for her, and France is spending more
than $200 million a year on a program the eventual aim of which is a
few tens of ICBMs and SLBMs.36
The cost of a missile program like that of France is clearly beyond
Australia’s means, but Australia’s needs could be satisfied with a much
less ambitious program. Certainly Australia does not feel the same urge
to assert herself as a great power, and against whomever Australia may
choose to deploy nuclear weapons it is unlikely to be concerned with the
western part of the Soviet Union. All other countries in the South-East
and South Asian region have large population and/or industrial centres
within 500 miles of their coastlines.
The cost of developing a missile is highly dependent upon the range
required; the greater the range the more need for very precise guidance,
powerful fuels, and expensive research into the techniques of re-entry
vehicle design. The cost of developing the Minuteman ICBM, with a
5,000 nm range, ran into billions of dollars, but the cost of developing the
V-2 short-range missile, of about 200 nm range, was probably not much
in excess of $50 million, and the development of the V-l subsonic cruise
missile probably cost under $1 million.37
As for nuclear weapons, precise figures for the cost of strategic missiles
of modern type are not available. But it can be said with some confidence
that the cost of developing and producing one hundred solid fuel ballistic
missiles, launchable at sea, with a 500 nm range and capable of deliver
ing a nuclear warhead with an accuracy of one or two miles CEP,3S would
probably be somewhere between $200 and $500 million. This is between
five and ten times the cost of developing the V-2 and is typical of the
sort of increases in the cost of military ‘hardware’ since World War II.
It also sits well with the figures published by the U.N. and others.39 The
38 A small country searching for ways of acquiring any modern weapons system
from its own resources is well advised to look as much towards the example of
the Soviet Union as to the United States, whose unique wealth and competence
permits the luxury of preferring a system 100 times the cost of an alternative
90 per cent as good.
37 These estimates are based upon data given by David Irving, The Mare’s Nest,
Corgi, 1966, London, p. 313 and W. Churchill, The Second World War, Vol. 9,
Cassell Paperback, London, 1965, p. 205.
38 i.e. with a 50 per cent chance of falling somewhere within a circle one or
two miles in radius, with the target at the centre.
39 Report-, also John H. Hoagland and John B. Teeple in Disarmament and
W orld Economic Interdependence (E. Benoit, ed.), Columbia University Press
New York, 1967, pp. 139, 145.
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cost of developing a supersonic cruise missile with similar range and
accuracy would probably be a good deal less, perhaps $50 to $100
million. For either type of missile about one-third of the cost goes for
testing, another one-third for guidance and launch platform electronics,
and the final one-third for propulsion, airframe, and launch-support
costs.40 Spread over ten years the cost, depending upon the missile built,
would be between less than 1 per cent and 4 per cent of the current Aus
tralian defence budget, including running and deployment costs.
Thus the alternative missile types likely to be within Australia’s means
for the next ten years are those of a short range, less than 500 nautical
miles, and either of the solid-fuelled ballistic type (liquid rocket fuel is
difficult to handle at sea) or of the turbo-jet or ram-jet supersonic
cruise type, which is slightly more vulnerable to defensive measures. The
geography of Australia rules out the possibility of their being land-based,
except for certain tactical purposes, for the nearest foreign capital is
over 1,000 nm from Australian shores. The alternative of basing them
at sea could be taken up in three ways: on submarines, on surface naval
vessels, or on surface merchantmen manned by the naval authorities.41
The final choice will naturally depend upon factors other than economic;
e.g. some thought will have to be given to the question of vulnerability to
a pre-emptive first strike, and this will depend, among other things, on the
forces available to the enemy. It can be said, however, that each of the
three naval deployment possibilities has at some time received serious
consideration from one or other of the existing nuclear powers, and none
can be easily dismissed on grounds of vulnerability.
But there is little doubt that Australia’s fund of skilled manpower
would at present be scarcely sufficient to undertake either project with
much hope of success; Australia has not yet a sufficiently wide base of
industrial technology. However, either project would entail several years’
development work during which Australia’s capability for manufacturing,
in industrial quantities, specialised fuels and electronic guidance equip
ment may grow. Given a reasonable annual growth rate in R and D
expenditure, particularly in the private sector, Australia could be in a
position to manufacture either missile type by the late 1970s.
CONCLUSION
the extremely important political and strategic issues raised by an
Australian decision to build a nuclear force are outside the scope of the
40 Ibid.; also Outer Space, p. 73.
41 The Australian shipbuilding industry has demonstrated in the past its ability
to produce modern warships up to and including those of the destroyer class.
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present study and they have therefore been almost wholly ignored.42
The purpose of this study has been to establish only whether or not such
a program would be economically feasible.
It is concluded that:
(1) there is virtually no likelihood that Australia would be able, within
the foreseeable future, to purchase or otherwise obtain nuclear
bombs or warheads from overseas;
(2) Australia would find the purchase of long-range strategic missiles
from overseas very difficult, and might find that the use of bombers
obtainable from overseas as nuclear delivery vehicles would involve
unacceptable penalties and risks;
(3) the cost, both in terms of cash and of skilled manpower, of building
missiles of the intercontinental range type with thermonuclear war
heads is wholly beyond Australia’s means for the next twenty years
at least.
However, the dollar cost of building a small-scale nuclear weapon
force, limited to 100 plutonium warheads (probably no greater than
60 kilotons of TNT equivalent) and 100 short-range (less than 500 nm)
ship-borne missile delivery vehicles, is probably within Australia’s reach.
Taken over ten years the annual cost of producing the warheads would
almost certainly amount to less than $45 million, and the cost of pro
ducing the missile would probably be less than $50 million annually.48
The total cost over ten years would be less than 8 per cent of the present
defence budget (or 16 per cent if we allow for a 100 per cent under
estimate).
Whether Australia has, at the present time, the necessary industrial
and technological base is much less clear, but the acquisition of the
nuclear force would inevitably be a slow process. If the first nuclear
power reactor were purchased in 1970, it would not come into operation
much before 1975, and the earliest an Australian-built power reactor
could be expected to come into operation would be 1980. A small, 5
per cent, annual growth rate henceforth in the fraction of GNP spent on
R and D could be enough to provide Australia with a sufficient base to
permit a start on the production of warheads and missiles to be made
sometime in the early 1980s.
42These questions receive some attention from Richardson, Australia and
the Non-Proliferation Treaty.
43 This figure does not include the cost of building warships specially for the
strategic nuclear role but does take some account of the possible cost of providing
ships with a missile launching capacity.
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