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Nuclear Power in the Developing World (1982) explores the issue of nuclear
power policies in developing countries. The sharp oil price rises of the 1970s
attracted widespread attention to nuclear power as an alternative energy
source, while some developing countries began attaining the technological
ability to develop nuclear weapons programmes. While the search for energy
should not be thwarted, the quest for nuclear weapons should not be pro-
moted. The tension between these two goals has often led to confused export
policies in the nuclear supplier nations. The author attacks this confusion at
its source by examining first-hand the motives which drive nuclear policies
in the developing world. He explores how security and economic objectives,
domestic policies and foreign influence shape nuclear policies, enriching his
analysis with examples from South American, African and Asian experiences.
This volume also takes into account those without active nuclear pro-
grammes, to better understand how such programmes are born. This
approach demonstrates that countries such as India, Pakistan and Argentina
entertain different priorities from countries such as Brazil, Taiwan and the
Philippines in promoting nuclear power.
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Foreword

Who, other than the handful of companies seeking to sell nuclear
power plants and the billions of people living in the developing world,
cares about the subject matter of this book? Who need to improve
their understanding of the ways in which developing nations
formulate and implement their nuclear policies? Everyone has an
important stake in these matters, especially those who care about how
governments make decisions, about meeting the world's energy needs
in the decades ahead, about the environmental and public health
implications of increased (or decreased) use of nuclear power, and
about the proliferation of nuclear weapons. Each country's nuclear
policy affects every country's future.

National choices of nuclear policies involve consideration of diverse
and often conflicting objectives. Credible arguments for increased use
of nuclear power can be based upon economics, public health and
safety, environmental protection, foreign policy, and national
security. The same factors can be employed to construct comparably
credible arguments in opposition to nuclear power. For example, in
some situations increased use of nuclear power can reduce the need for
imported oil - a clear economic advantage in terms of balance of inter-
national trade; but the cost of nuclear-generated electricity may be
higher than that produced by the burning of oil - an equally clear
economic disadvantage. Under normal operation, nuclear power
plants are likely to have less adverse effects upon public health and
safety and the environment than coal-burning plants; but, if severe
nuclear accidents turn out to be more likely than anticipated by 'the
experts', the consequences of following the nuclear path could be
catastrophic. Reduced dependence on imported fossil fuels could
provide greater freedom of choice in foreign policy, especially in
relations with oil-exporting countries, but increased dependence on
foreign nuclear technology and imported reactor fuel can only restrict
foreign policy options. Acquisition of nuclear materials and facilities
that could be useful in the production of nuclear weapons might
ultimately enhance national security, but it might instead stimulate a
preemptive attack by a suspicious adversary.

In this study, Daniel Poneman examines objectively and compre-
hensively the panoply of goals and influences bearing upon nuclear
policymaking. His description of the requirements for a nuclear power
program and of the current status of the global nuclear enterprise is
presented in language fully understandable by the nontechnical
reader; his case studies (of the nuclear programs in three developing
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countries: Argentina, Iran, and Indonesia) are particularly well
selected and presented; his analysis is original and insightful; and his
conclusions and recommendations deserve the attention of those who
care about our nuclear future.

Daniel Poneman is my student, my colleague, my friend, and my
teacher. This is his first book. I am confident that readers will join me
in hoping that there will be many more.

ALBERT CARNESALE

Cambridge, Massachusetts
January 1982
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1 Introduction

Developing country governments may want to acquire nuclear tech-
nology for several reasons. They may wish to use nuclear power
stations to increase their electrical generating capacity, or to develop
the capacity to build nuclear weapons, or simply to create the option
to pursue either energy or military routes as future policy requires. It
is also possible that nuclear policies are driven less by rational choice
than by domestic political considerations. Pressure from foreign
governments and corporations may encourage nuclear programs
where otherwise there would be little interest in fission. At the same
time, any of these considerations - energy or military objectives,
domestic politics, and foreign influences - can discourage interest in
nuclear power in any country.

The purpose of this book is to explore why developing country
governments choose the nuclear policies they do. This issue must be
squarely faced because several developments in the last few years have
occasioned grave concern over the possibility that developing country
nuclear energy programs will evolve into military programs. First, on
May 18, 1974, the Indian government detonated a 'peaceful' nuclear
explosive device (PNE) at the bottom of a 107-meter shaft at
Pokharan in the Rajasthan Desert. The plutonium core of the device
was produced in an ostensibly civil nuclear program. All other
members of the nuclear club - the United States, the United Kingdom,
the Soviet Union, France, and China - entered that elite
through explicitly military efforts. Fears multiplied that other
developing countries would follow the Indian cue in abusing nuclear
technology obtained through foreign assistance.

Second, increased technical capabilities in some countries generated
concern that soon their scientists would be able to process atomic
weapons-grade uranium and plutonium. The apparent willingness of
some in the advanced nations to sell these nuclear fuel processing
technologies to the developing world aggravated these concerns. In
1975 and 1976, West Germany agreed to sell Brazil eight reactors and
the facilities required for production of enriched uranium and
plutonium, and France agreed to sell plutonium reprocessing plants to
Pakistan and South Korea. Belief spread that the Atoms for Peace

DOI 10.4324/9781003458173-2
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4 Issues

premise, that technology transfers would be safe so long as safeguards
were applied, had been ill-conceived.

Third, the June 7, 1981 attack on Iraqi nuclear facilities reflected
the creeping apprehension that even a government with impeccable
nonproliferation credentials could develop nuclear weapons. Iraq is a
member of the Treaty on the Non-Proliferation of Nuclear Weapons
(NPT) and has accepted International Atomic Energy Agency (IAEA)
safeguards over all of its nuclear activities. For all that, many believed
along with the Israelis that President Saddam Hussein intended to
build a military nuclear program. Iraqi insistence that France supply it
with weapons-grade, 90 percent enriched uranium supported this
view. The Israeli attack, however, highlighted the prospect not only of
governments openly accepting peaceful use constraints while secretly
harboring military aims, but also of incredulous third parties taking
matters into their own hands, initiating conflicts that could draw in the
major powers.

Growing concern over developing country nuclear intentions led the
suppliers of nuclear technology to begin restricting exports, lest
assistance be diverted covertly to explosive use. Following a Kissinger
initiative, a Nuclear Suppliers Group (NSG) began meeting in London
in 1975 in order to agree on a set of guidelines that would restrict the
export of certain sensitive items and require more extensive use of
international safeguards. The United States, followed by France and
West Germany, forswore the export of plutonium reprocessing tech-
nology. The Canadians used the threat of suspended technical assis-
tance and natural uranium supplies to impose stricter nonproliferation
controls on Argentina, India, and Pakistan. Supplier policy decisively
affects the developing countries because of their extensive dependence
upon outside help.

Increased concern over Third World nuclear policies both reflected
and contributed to a loss of confidence in the IAEA safeguards
system. Behind the creation of the NSG lay the notion that IAEA safe-
guards could not adequately guarantee the peaceful use of nuclear
technology. The utility of any international system, which survives
only by grace of the confidence participants place in it, dwindles as
factions develop within it and seek to go beyond its mandate. What
one group sees as supplementing the system, another sees as circum-
venting it. The nuclear suppliers (and particularly the United States)
faced a dilemma: having promoted the creation of an organization
which had gained the acceptance of 110 member states, how could
they significantly increase its restrictions on nuclear exports without
either offering a corresponding increase in promotional nuclear
exports, or angering the vast majority of IAEA members which were
nuclear technology importers? Conceding that the agency alone could
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not enforce the increased restrictions which many felt were necessary
after 1974, it was extremely difficult for the supplier governments to
go further without undermining the consensus which had already been
achieved. The deep differences of opinion dividing the European from
the American suppliers only aggravated the problem.

Building any consensus on a sensible solution depends upon agree-
ing on the nature of the problem: why do various developing country
governments really want nuclear power? To assist in this effort, this
book will try to answer the following central questions. First, what
traits of nuclear power are most important in the developing world?
Second, what sorts of nuclear policies do different developing
countries adopt? Third, what do these policies tell us about the driving
forces behind them?

Each of the three sections of this book is addressed to one of these
questions. Part One includes a brief sketch of the key features of
nuclear power as they relate to its perceived utility (Chapter 2). Part
Two moves from generic assessment to concrete examples of how
various developing countries approach the nuclear option (Chapter 3).
A glaring omission in some studies is the failure to include govern-
ments which have not yet chosen to build nuclear power stations.
After all, to reject or defer the nuclear option in favor of others is
just as much a decision as to adopt it. Of the developing countries
which have pursued nuclear power programs a broad distinction is
drawn between two approaches. In one, called 'independent', govern-
ments stress the contribution made by nuclear power to economic and
political independence, seek to escape reliance on outside suppliers by
achieving self-sufficiency in the nuclear fuel cycle, and sometimes
adopt strident or at least stubborn attitudes in nonproliferation dis-
cussions. In the second, called 'dependent', governments try to bring
as much nuclear power on line as quickly as possible with extensive
outside help, and appease the nuclear suppliers by accepting inter-
national safeguards over all nuclear activities and not pursuing fuel
cycle independence.

In order to avoid overgeneralization, three case studies are pre-
sented, revealing firsthand the anatomy of nuclear policy development
in each approach. Argentina (Chapter 4) represents the 'independent*
style of development; Iran (Chapter 5), the 'dependent'; and Indonesia
(Chapter 6), the 'nonnuclear' approach. (Readers may omit these three
chapters without losing the thread of the argument.) The sample
countries are sufficiently similar to justify comparison. All are rich in
fossil fuel resources; two are also well endowed with hydropower
potential. Despite disparities in income and industrial capabilities, all
three have suffered from shortages and outflows of talent and, usually,
from economic distress. All three programs received impetus from US
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Atoms for Peace grants. Each has been administered by an atomic
energy commission. All three governments have resorted to national
energy plans and, in each, nuclear power was advocated vigorously.
There the similarities end. The three followed widely divergent nuclear
policies. The Argentine nuclear program commenced around 1950. It
included the indigenous construction of several research reactors and
led to the operation of the first power reactor in Latin America. The
Iranian program lay dormant for over fifteen years before the Shah
decreed that it quickly become one of the world's largest. In
Indonesia, early interest in nuclear energy has yet to result in the
implementation of a serious program.

These three were selected not as typical, but as illustrative; the
existing literature and available data guided the choice. So much has
already been written about India and Brazil that they were excluded
from special consideration, despite their prominence in the developing
world nuclear scene. Indonesia was included precisely because of the
lack of attention accorded its nuclear program. The moribund Iranian
program was more accessible than many others, having been stripped
of the vested interests which so often hide the sources of decision.

Part Three explores four possible explanations for nuclear policies,
drawing upon several examples but especially upon the three featured
in Part Two. Nuclear power may be desired by virtue of its security
benefits (Chapter 7). Governments in precarious positions may seek to
cultivate fission technology in the hope of shoring up public support.
Because fission technology may be applied toward military ends,
governments may wish to use its acquisition to provide leverage in
bargaining with countries, near and far, that oppose the spread of
nuclear weapons. Nuclear weapons themselves provide the most
menacing political incentive for the acquisition of civil nuclear
technology.

Economics is nearly always invoked as the primary justification for
nuclear power programs (Chapter 8). Some view fission as a well-tried
means to expand electricity supplies, desirable for improving both
living standards and industrial production capabilities. Proponents
commend it as competitive with energy alternatives in price and
environmental soundness. Its attraction is enhanced where it can
substitute for the use of oil in electricity generation. In the long run,
the technical expertise gained is hoped to benefit other industrial
activities to which it may be applied.

The chapters on security and economic interests and nuclear
development concentrate on objectives to explain policies. In some
cases, though, the decision to pursue a nuclear power program may
not be reached through a deliberate calculation of costs, benefits,
means, and ends. Instea'd, process may subordinate substance.
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Nuclear plans may represent the outcome of bureaucratic battles
within government or partisan lobbying from without. Of course,
domestic political considerations shape all important government
decisions; the issue to be addressed here is whether such considera-
tions produce policies inconsistent with the expressed objectives of a
government (Chapter 9). Similarly, one may try to explain policies as
the outcomes of foreign influences (Chapter 10). Does pressure from
large corporations and their home governments, eager to expand
markets in the developing world, succeed in forcing the adoption of
nuclear power schemes by Third World leaders who are skeptical of
the utility of fission technology for their poverty-stricken economies?
Alternatively, does pressure from strengthened environmental con-
cerns abroad prevent these leaders from acquiring a technology which
could provide enormous benefit for coming generations?

The conclusion argues that, on balance, objectives prevail over
processes in shaping developing country nuclear policies (Chapter 11).
The security and economic foundations of a program are mutually
dependent. Where potential, long-term economic benefits drive a
policy, nuclear planners face the problem of maintaining govern-
mental support in the short term. Surrounding a nuclear power plan
with an aura of security or prestige can provide immediate political
returns for an undertaking which holds only distant prospects of
economic return, thereby dissuading government leaders from aban-
doning atomic energy. While political concerns are central, economic
concerns cannot be ignored. Nuclear power is far too expensive to be
justified on vague national security considerations alone. Thus, a plan
of long-term economic development through the installation of
nuclear power stations remains politically necessary.

Research for this study could not produce incontestable answers.
Cabinet minutes and other internal memoranda, which unambigu-
ously could show how policies developed, are and probably will
remain inaccessible. Fortunately, a valuable study can be built upon
other sources. The histories of the nuclear power policies have been
pieced together from official statements, documents, and submissions
to international symposia; existing studies and documents from other
countries and international organizations; and press reports. Inter-
view, and correspondence with scores of present and former partici-
pants in the programs provided invaluable guidance. Their biases
could be compensated for but not eliminated, so interview material is
used cautiously. Where inferences are inescapable, an effort has been
made to avoid compounding misconceptions by building conclusions
upon them.

Several terms require definition. In this book, the terms developing
world or countries, Third World, and South are used interchangeably
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to refer to those countries listed as 'developing' by the World Bank,
including low- and middle-income and other capital-surplus oil
exporting categories. Collective reference to the 'South' does not imply
that the governments in it are any more similar than those of the
'North', or that they behave collectively. These terms express neither
judgment nor insult. The phrase 'Third World', for instance, does not
imply inferiority to the 'First' or 'Second'. Offensiveness is a matter of
taste and no effort is made here to keep up with fashions. Countries
from the Council for Mutual Economic Assistance (Comecon) are
also excluded because they are altogether different, hard to penetrate,
and less susceptible to the Western and Japanese nuclear suppliers.

A 'nuclear country' is one in which a nuclear power station is under
construction or in operation. It may seem unfair to classify as
*nonnuclear' a country like Egypt, with its long operating research
reactor and recent conclusion of a contract for two 900 MWe Westing-
house light water reactors. Still, in this area of unfulfilled pledges and
pervasive delays, a power program must be seen to be believed.
'Nuclear suppliers' are those countries whose governments and
industries transfer nuclear technology and equipment to others,
mainly North America, Europe, and Japan, though Argentina and
India are beginning to enter this sphere. Exporters of natural uranium
who do not engage in other nuclear exports - such as Australia, South
Africa, and Niger - are not considered nuclear suppliers. 'Nuclear
power' refers to electricity generation for commercial use, whereas
'nuclear energy' and 'nuclear technology' refer more generally to
studies, laboratory or prototype scale efforts, medical and agricultural
use of radioisotopes, and so on. 'Billion' follows American usage,
equaling 1,000 million in British terms. Except where otherwise noted,
dollars refer to US currency, unadjusted for subsequent inflation or
exchange rate fluctuations.

Finally, several limitations must be noted. The taxonomy described
in Part Two is grossly oversimplified. Classification unavoidably
caricatures reality, the moreso the fewer the categories. Treating each
case as unique, though, so inundates one with data that general
trends, if any there be, become obscured in excessive detail. Here a
middle course is sought, coarsely dividing the developing world into
three 'types' in order to capture essential behavioral differences while
leaving enough leeway within each grouping to give due notice to the
uniqueness of each country's situation.

This book explores neither the process and causes of nuclear
weapons proliferation, nor the overall political systems of the
countries discussed. The conclusions pertain exclusively to compara-
tive nuclear power policies, and so can be expected to illuminate only
those aspects of the policy process which are related directly to nuclear
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power. The book makes no judgments about nuclear power itself,
from technical, economic, or environmental standpoints. It enquires
only into the reasons for, not the wisdom of, different approaches to
nuclear development. Similar judgments concerning the wisdom of
the exploitation of alternative energy sources or of various energy
strategies are beyond the scope of a book of such wide geographic
spread. These judgments must all vary by country. Finally, this is not
a reference book. Readers interested in deeper treatment of the many
fields touched upon should refer to the bibliography. The information
and arguments in this book have been selected to explore in brief
compass the reasons behind developing country nuclear policies,
without trying to be comprehensive.

Despite these limitations, it is hoped that the book has some worth.
The existing literature on the nuclear issue in developing countries has
certain shortcomings. The understandable concern about future Third
World nuclear developments often leads to emphasis on today's
salient issues without understanding their historical sources. Great
interest surrounds the latest proposals for reprocessing bans and
multinational fuel cycles, the Pakistani quest for fissile materials, the
source of the atomic explosive-like flash spotted over the South
Atlantic on September 22, 1979, the preparation of a new test site in
India, the confrontation between Iraq and Israel. Peering too far into
the future or leaders' psyches, however, often proves feckless. The
classic example is the ever-receding forecast of the first Pakistani
nuclear test, always eighteen months or so from 'now'. Without divert-
ing attention from pressing problems, this book seeks to retreat from
speculation about what will happen next, addressing instead the
motives which lay behind past developing country nuclear policies.
This approach may better enable policy-makers to head off problems
before they reach the 'crisis management' stage.

This book also differs from previous books dealing with the subject
of nuclear power in the Third World, by starting from the premise
that nuclear power is the exception there. Many authors, when dis-
cussing nuclear power and the developing countries, naturally con-
centrate on those countries which have nuclear programs. Most
developing countries, however, do not, and by distinguishing these
more explicitly from those that do, a clearer picture emerges of just
how difficult it is to sustain a nuclear power program in the developing
world and how powerful a national commitment it requires.

The greatest hope for this book is that it might give some guidance
on how to achieve some consistency in nuclear export policies without
aggravating relationships either among the suppliers or between North
and South. Consistency cannot easily be achieved so long as percep-
tions remain confused, not only as to the motives behind nuclear
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power policies, but also as to the causes of nuclear weapons prolifera-
tion and the best way to confront them. Dependence of South upon
North turns confusion into a festering source of discord. Patently
peaceful motivations encourage suppliers to relax export policies and
vice versa. This is as it should be. If all political leaders of a given
country have long been opposed to the acquisition of nuclear weapons
in that country, then to hamstring their civil nuclear plans with harsh
antiproliferation restrictions could provoke them unnecessarily,
harming both the nonproliferation cause and the diplomatic relations
between the governments concerned. Conversely if leaders secretly
harbor designs to exploit fission for military purposes, harsh anti-
proliferation restrictions would be justified; the resentment caused
would be unfortunate but necessary. It is hoped that this study will
shed some light on how developing country nuclear policies are
formulated so as to help devise responses which are effective yet do not
appear to be wantonly discriminatory.



2 The Nuclear Option

The most popular use of nuclear energy today is in electricity genera-
tion, though the possibility of channeling nuclear process heat directly
to nearby homes and factories is also being explored. Nuclear power
generally provides base load capacity. Base load stations run continu-
ously, to meet the minimum level of demand. But electrical demand
varies hourly, diurnally, and seasonally, so intermediate and peak
load stations are switched on as demand rises (for instance, in the
evening hours, when lights and appliances are in use, or in the
summer, when air conditioners are in use). Older, less reliable and
efficient fossil fuel plants, which are more expensive to run, are
reserved where possible for peak uses. The comparatively low operat-
ing costs of hydro and nuclear plants well suit them to base load use.

Today, nuclear power contributes only about 2 percent of primary
energy supply and about 7 percent of electricity generated in the
world.1 Its developing world contribution is far less. Due to long lead
times, the role played by nuclear power for the balance of this century
will depend upon today's decisions, which in turn are heavily
influenced by the characteristics of fission technology. These can be
grouped under four headings: capital intensity, complexity, fuel
requirements, and special risks.

CAPITAL INTENSITY

Different forms of energy utilize different proportions of labor, land,
and capital. Pre-industrial forms are usually labor-intensive. Conven-
tional power plants are fuel (land)-intensive, increasingly so as fossil
fuel prices climb. Solar collectors, hydro dams, and nuclear reactors
are capital-intensive, requiring heavier investment in construction
than in fuel. In fact, fuel costs are zero for solar and hydropower.
Capital accounts for roughly 70 percent of the cost of electricity
generated in light water reactors, compared to 30 percent for oil and
from 45 to 60 percent for coal (depending on coal quality and
pollution control equipment).2 A 600 MWe reactor costs three-
quarters, not half, as much as a 1,200 MWe unit.3 Early hopes for the

DOI 10.4324/9781003458173-3
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commercialization of small (100-200 MWe) reactors led the Inter-
national Atomic Energy Agency to convene conferences on small and
medium power reactors in Vienna (1960) and Oslo (1970). Although
smaller reactors were built in a few developing countries (Argentina,
India, Pakistan), by the mid-1970s interest had ebbed and reactor
manufacturers were offering only 600 MWe or larger units for sale.
Technicatome of France developed 125 MWe and 300 MWe models
for export, but how many they will be able to sell (if any) remains to
be seen.

In an electrical supply network, or 'grid', a single unit should not
supply more than 10-15 percent of total capacity, otherwise an
unexpected shutdown of that station could trigger a blackout through-
out the grid. Consequently, with 600 MWe minimal reactor size, it
becomes necessary to have a transmission network connecting around
6,000 MWe generating capacity before nuclear power can be con-
sidered viable. Improved management of grid loads and the main-
tenance of reserve generators, ready to pick up the slack when a
nuclear station trips, can reduce but not eliminate the likelihood of
blackouts. Also, the larger the unit sizes relative to overall grid
capacity, the more reserve generating capacity is required, because one
600 MWe unit is more likely to fail than are three 200 MWe units
(reflecting both sheer probability and the greater susceptibility of
larger, more complex units to mishap). All reserve generators require
maintenance, and 'spinning reserve* (disconnected generators which
are kept spinning so as to be able to replace a failed unit immediately)
consumes fuel as well, so an increased reserve requirement also raises
the per kilowatt cost of delivered electricity. These drawbacks accrue
from any large units, nuclear or otherwise, in grids the size of most in
the developing world. (See Table 2.1.)

Large power stations also take longer to build. For capital intensive
projects, lengthened lead times can significantly increase costs, due
both to increases in interest on capital and in the impact of inflation. A
long lead time is not in itself harmful; so long as the project proceeds
according to schedule, and inflation follows the expected rate, then it
may compare favorably with an otherwise identical, shorter lead time
project, when both are reduced to their present discounted value
(PDV). The problem arises from the unpredictability of longer lead
time projects. Inflation may take a heavier toll than expected. If a loan
is taken out or a piece of equipment is purchased prior to unexpected
delays, then interest on the premature loan and maintenance and
warehousing charges for the equipment will also exceed expectations.
Added costs from delays arise from penalty clauses in project
contracts or, if commencement of reactor operation is postponed,
from the need to purchase power from other utilities to fulfill electrical
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supply commitments. For these reasons, the more accurately a
project's completion date can be predicted, the better. In general, this
tends to favor shorter lead times and off-the-shelf technologies, for
which increased supplier competition also benefits the buyer.

Their size and capital intensity make nuclear projects most attrac-
tive in countries with developed industrial and financial sectors.
Messrs Reinhold and Schweikert, from the German reactor manu-
facturer, Kraftwerk Union, described the basic requirements for a
nuclear project: a reliable communications system; roads, railways,
and shipping routes; transport agencies and harbor facilities,
equipped to unload and transport heavy components weighing several
hundred tons; residential areas for project staff, complete with
markets, schools, hospitals, recreational facilities, sewage treatment,
fire brigade, water and power supply; and installations and personnel
able to deal with nuclear accidents.4 The construction of the nuclear
station itself requires subcontractors for the supply of raw materials,
plates, castings, forgings, pipings, carbon and stainless steel, bearings,
seals, flanges, valves, measuring instruments, screws, and bolts.
Training centers for skilled workers and plant operators are needed, as
are laboratories and construction companies. For a large pressurized
water reactor, Reinhold estimated the requirements listed in Table 2.2.
Though fewer components would be needed for a smaller unit, the
order of magnitude remains the same. These components must be
built to precise specifications, in order to meet the high quality
standards required in a nuclear plant. A government seeking to
expand an established industrial base may hope that a nuclear project
will stimulate demand and technological improvement. A government
in a country with only rudimentary industrial infrastructure faces the
more discouraging prospect of importing a larger share of the
necessary components, draining foreign reserves and diverting scarce
resources from the promotion of domestic industry.

When any nuclear program begins, extensive reliance upon foreign
suppliers is unavoidable, even for the semi-industrialized countries,
due to the extreme specialization of the requirements for nuclear
stations. Large sums of capital must be raised for the purchase of
foreign services and equipment. Since nuclear power stations cost
more than $1 billion, officials in a country limited in foreign exchange
reserves or heavily burdened by existing foreign debt - conditions
widespread in the developing world - must think twice before
increasing major financial commitments to foreign firms. In fact, the
combination of tightened credit (raising dollar interest rates above the
inflation rate) and the 100 percent increase in real oil prices following
the Iranian revolution produced a major balance of payments crisis in
the developing world, slowing down both borrowing and economic
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Table 2.2 Mechanical and Electrical Components for Nuclear Power
Plants with 1300 MWe PWR

Component Estimated quantity per unit
Heat exchanger 350
Tanks 200
Pumps and compressors 550
Valves 10,000
Cranes 25
Transformers 30
HV-motors 70
LV-motors 550
Special equipment 180

Source: H.-K. Reinhold, Transfer of technology', in Problems Associated with the
Export of Nuclear Power Plants (Vienna: IAEA, 1978), p. 161.

growth. Table 2.3 illustrates the seriousness of the debt problem. For
the countries listed in the table, the net oil imports and interest pay-
ments on debt rose from $2.1 billion in 1970 to $56.8 billion in 1980,
or from 11.9 percent to 43.9 percent of the value of exports of goods
and services.5 Featured in the table are countries with both heavy

Table 2.3 External Debt and Oil Imports, Selected Countries

(1980
US$ billion)

Brazil
Argentina
South Korea
Philippines
Chile
Thailand
Taiwan
Colombia
Turkey
Ivory Coast
Bolivia
India
Total

Total
external

debt0

61.2
21.4
27.0
12.1
10.6
7.0
7.5
7.4

19.9
4.1
2.6

18.5
199.3

External
debt owed
to banks*

46.3
19.0
15.7
8.6
6.8
5.1
5.6
4.3
3.7
3.0
1.5
1.0

120.6

Gross Net oil
interest payments imports

Total

7.0
2.8
2.5
0.9
1.1
0.6
0.8
0.6
1.1
0.4
0.2
0.4

18.4

%
Exports0

32
29
11
12
18
6
4
9

21
12
20
4

178

Amount

10.0
0.8
5.6
2.6
2.2
2.7
4.5
0.6
2.9
0.3
0.0
6.3

38.5

%
Export?

45
7

25
36
36
27
20
9

55
9
0

58
327

°A11 maturities estimated at year end.
^Bank for International Settlement data.
''Exports of goods and services.
Source: Far Eastern Economic Review, March 20, 1981, p. 47.
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external debt and major nuclear power commitments: Brazil,
Argentina, South Korea, the Philippines, Taiwan, and India.
Although the size of these debts partly reflects nuclear investments
already made, the continuing commitment to nuclear power in most
of these countries shows that high foreign debt exposure does not
always deter major nuclear power commitments.

COMPLEXITY

Nuclear power stations are among the most sophisticated devices
devised by man. Advanced electronics guide their operation and gauge
their performance. Rigorous specifications are enforced in component
manufacture and installation. Enormous pressure vessels of steel
several inches thick must be cast, and welding must be of high quality.
The presence of radioactivity necessitates perfect seals and remote
handling equipment. Automatically activated emergency core cooling
systems and a host of other safety systems are mandatory. Many fuel
cycle activities are also difficult and potentially dangerous: the
handling of highly corrosive uranium hexafluoride gas, all of the
uranium enrichment methods developed or under development, the
manufacture of the zirconium alloy (zircalloy) tubes which hold the
uranium fuel pellets, the encasement of highly radioactive wastes in an
inert medium (vitrification or glassification), and the permanent dis-
posal of the vitrified wastes in geological structures, where the possi-
bility of leaching from the waste canisters will be minimized.

This complexity entails both costs and benefits. The most obvious
cost is dependence on foreign suppliers. India is the only developing
country which arguably has achieved nuclear self-sufficiency, though
others are moving in that direction. Reliance upon foreign assistance
in reactor construction or fuel supply increases a government's vulner-
ability to pressures from its industrial suppliers. Where the developing
country begins to take over some of the difficult tasks for itself, the
cost is translated from dependence to the diversion of funds and
skilled manpower from other investments. A commercial nuclear
power program may involve thousands of trained workers and
technicians, in countries where skilled labor is scarce.

Complexity also increases risk, at two levels. At the level of the unit
itself, the need for precise system interaction increases the number of
things that can go wrong, while the reduced margin of error in a finely-
tuned process increases the likelihood that they will. A box camera
cannot perform as well as a Nikon, but it is less likely to break down
and if it does it probably will be easier to fix. Nuclear reactors have
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often been unexpectedly shut down by system failures, so that many
units have operated far below expected capacities. Complex systems
may also increase the overall risk to society. Their full implications
cannot be predicted, while the deleterious effects of entrenched tech-
nologies cannot easily be remedied. One analyst, David Collingridge,
recalled how early concerns over the environmental impact of the
automobile focused not upon engine emissions but rather upon the
problem of dust, thrown up from untarred roads. He concluded that,
'By the time a technology is sufficiently well developed and diffused for
its unwanted social consequences to become apparent, it is no longer
easily controlled. Control may still be possible, but it has become very
difficult, expensive, and slow.'6 The measures a government is willing
to take in response to these societal risks depends upon whether it
views technology as a catalyst for progress or as a corrosive to tradi-
tional values and environmental quality. Many view serious concern
with the social implications of technology as a luxury, affordable only
by the already prosperous.

The potential benefits of the introduction of complex technologies,
such as nuclear, center around developing country efforts to accelerate
development and close the 'technological gap'. The introduction of the
IAEA Nuclear Power Planning Study for Indonesia reflected a com-
mon if specious view in the developing countries toward the causes
and significance of this gap:

As is generally known, the gap between rich and poor countries
originated in the nineteenth century when a number of nations
missed the Industrial Revolution. This century has brought about
innumerable scientific discoveries and revelations which have
formed the basis for a rapidly advancing technology, causing
initially a further widening in the gap, but in fact creating also the
possibility for less developed countries to more or less catch [sic] up
with the progress of the industrialized nations.

Planners hope that the technology learned in a nuclear power program
could serve their countrymen well in other sectors requiring similar
skills. For example, steel reinforcing concrete in reactor containment
structures enables domestic industry to learn how to apply that
technique to other construction ventures.

The benefit obtained depends on how well domestic industry can
absorb the acquired technology and apply it to other sectors. Since
most components unique to a nuclear station (such as the reactor core
and instrumentation) are manufactured by foreign contractors, critics
charge that as much or more technology can be transferred through
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nonnuclear electric projects. The turnkey contracts commonly used
for nuclear stations reduce the technology transfer to mere operation
and maintenance. Since many cooperation agreements include
different technological packages, political authorities must decide
which technologies most contribute to their development objectives.

Antagonists in the nuclear debate entertain entirely different notions
toward the proper role of technology in development. Nuclear critics
often believe that the technologies adopted in a developing country
should match present capabilities. By this logic, since most developing
economies have capital shortages and labor surpluses, investment in
labor-intensive technologies represent the most efficient resource
utilization, providing jobs and increasing labor productivity while
conserving capital. A whole school of thought along these lines has
developed, advocating the adoption of appropriate technologies,
which are appropriate in that they (1) rely upon resources most avail-
able in a country, and (2) optimize societal goals, such as per capita
income growth, full employment, or equitable distribution.7 Under-
lying the appropriate technology approach is a desire to redress
inequitable income distributions, to protect dominantly rural popula-
tions from exploitation at the hands of the small landed and industrial
classes, and to avoid the unpleasant urban ghettos, pollution, and
crass commercialism seen as inherent to Western style development.

Proponents of nuclear power, by contrast, often believe that the
technologies selected should surpass present capabilities in order to
stimulate growth. If only appropriate technologies are adopted, they
argue, then development will proceed so slowly that the prosperity of
the North will forever elude the South. To make the quantum leap
required to 'catch up' in development, governments strive in advanced
fields, which become enclaves of modernity from which (it is hoped)
new skills will spill over into other sectors, promoting modernization
throughout the economy. Ascending the 'learning curve' accelerates
growth in productivity and income. Expanded gross national product
improves conditions for all. (Appropriate technologists fear that
wealth increases will largely be appropriated by the rich.) Short-term
efficiency is sacrificed willingly to the goal of long-term prosperity.
The sentiment resembles that expressed by President John Kennedy,
who said that the United States chose to go to the moon not because it
was easy but because it was hard, 'because that goal will serve to
organize and measure the best of our energies and skills'.8 Politically,
this school prefers the maximum diffusion of high technology and the
assimilation of the economic and social patterns characteristic of the
industrialized world into the developing nations. The fecklessness of
many nuclear policy debates is not surprising in light of the divergent
social goals each side cherishes.
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FUEL REQUIREMENTS

The most common nuclear fuel is uranium-235, obtained through
enriching natural uranium. It is possible to split uranium-238 (which
comprises over 99 percent of natural uranium) and thorium-232, but
neither isotope is fissile; they cannot sustain chain reactions. Both,
however, are known as fertile materials, because they are transformed
to fissile isotopes when bombarded with neutrons: uranium-238 to
plutonium-239, thorium-232 to uranium-233. Uranium-235, the only
naturally occurring fissile isotope, occurs in such minute quantities
that some day it may cease to be economically recoverable, at which
time the fertile materials will have to be converted to fissile isotopes if
nuclear power is to survive. All nuclear reactors not only split but also
produce fissile atoms, through the conversion of fertile materials. The
proportion of fuel converted to fuel consumed is described as the con-
version ratio. Thermal reactors produce less fissile materials than they
consume, so their conversion ratios are less than 1.0.

In one type of reactor, the fissile fuel (containing plutonium
dioxide) is densely packed, surrounded by a blanket of fertile
material, and bombarded by unmoderated, or 'fast', neutrons. More
fissile material is produced than is consumed, for a conversion ratio
over 1.0 (typically about 1.15). Such reactors are known as breeders,
and liquid metal usually replaces water as the coolant. Experimental
fast breeder reactors have been operated in France, the Soviet Union,
Great Britain, and the United States. By multiplying by a factor of
sixty the energy value of each kilogram of uranium, breeder reactors
may extend the lifespan of nuclear power indefinitely.

Uranium attracts especially those countries which depend heavily
upon imported oil, which have suffered inflation and reduced aggre-
gate demand through the dramatic price increases of the 1970s. These
governments wish to reduce oil imports, often through diversification
of energy supplies. Where oil is used to generate electricity, cheaper
methods are sought. Coal production in most places has deteriorated
and will require years of investment to revive. Besides, coal is
expensive to transport and its combustion pollutes the air. Hydro-
power resources are often dispersed and remote from consumption
centers. Natural gas deposits may also be remote and difficult to trans-
port. Geothermal, solar, tidal, and wind energy technologies are
decades away from commercialization. These problems enhance the
appeal of uranium. Many oil-exporting governments believe that they,
too, should stop burning oil to generate electricity, considering the
potential profits from petroleum exports. OPEC ministers expect their
new wealth to generate higher rates of economic growth and therefore
of electricity demand. Nuclear power appears a promising alternative;
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some planners in these countries forecast that by the mid-1990s up to
40 or 50 percent of electricity will be nuclear in origin.

The price and availability of uranium and related fuel services
influences both the economic and political acceptability of nuclear
power. The price of uranium fell after 1959, due primarily to the
saturation of military needs, and remained depressed through 1973.
Over the next two years, uranium prices increased nearly fivefold in
real terms, as a result of a complex combination of enrichment and
reprocessing planning and contracting, rising oil prices, oligopolistic
uranium producer behavior, and other factors.9 (See Figure 2.1.)
Since 1978, recession and reduced nuclear power demand have driven
uranium prices back downward. Even large price fluctuations, how-
ever, only marginally alter the economics of nuclear power relative to
its competitors. Nuclear power is so capital-intensive that a 100
percent increase in the price of uranium ore may add only 10 percent
to the price of delivered electricity, whereas an equivalent increase in
coal prices may add 35 percent to electricity prices for that fuel.10

Figure 2.1 Uranium prices, spot deliveries 1968-80, as reported by Nuclear
Exchange Corporation Quarterly Averages. 1975/76 $ are current
dollars deflated by the general dollar GDP deflator for the entire
OECD area. Source: Marian Radetzki, Uranium; A Strategic
Source of Energy (London: Croom Helm, 1981), p. 14.
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The politics of uranium are more pertinent. Around 63 percent of
world uranium reserves reasonably assured at a price of up to $50/lb
uranium oxide are found in Australia, Canada, the United States, and
South Africa.' l The first three of these have already restricted uranium
exports on occasion in their efforts to prevent the spread of nuclear
weapons. For obvious reasons, South Africa cannot necessarily be
counted on to insulate uranium exports from political considerations.
The historical monopoly enjoyed by the United States in providing
uranium enrichment services helped persuade the Argentinians and
Indians to build reactors using unenriched uranium. This monopoly
has ended with the completion of uranium enrichment facilities in
Europe and South Africa, and the entry of the Soviet Union to the
international enrichment market. Uranium reserves in some develop-
ing countries, such as Niger and Gabon, may generate strong export
earnings, but oil importers who lack uranium face the prospect of
merely transferring their dependence on fuel imports from one group
of countries to another. Technological dependence will probably
remain more onerous than fuel dependence, especially as uranium
becomes more available from uranium-rich developing nations. (See
Table 2.4.) If thorium fuel cycles become commercially viable, the
situation will be eased further, especially since India and Turkey have
abundant thorium reserves: 649,000 tonnes reasonably assured, or
approximately 60 percent of the presently estimated world total.12

SPECIAL RISKS

One special risk is radiation exposure, resulting from normal
operation, from nuclear accidents, or from actions taken by criminals,
terrorists, or governments. Radiation is present in all phases of the
nuclear fuel cycle, from uranium mining, fuel production, and
irradiation in the reactor to spent fuel processing and final waste
disposal. The hazards 'include occupational accidents and radiation-
induced disease in workers and the public due both to routine
emissions and to accidents'.13 The task here is not to evaluate the
dangers of nuclear power, but merely to suggest the factors officials in
developing countries must consider.

Risk is inevitable. Certain activities (like driving a car) increase risk
while others (like fastening seat belts) reduce it. Risk cannot be
eliminated from any activity. Consequently, assessments of the
acceptability of risk cannot be made in isolation, on an absolute scale,
but must be made in comparison to other activities. The risks from
nuclear power can be evaluated in relation to the risks (1) from com-
petitive power sources (coal pollutes the air, hydrodams break, gas



Table 2.4 Uranium Resources by Continent" (in thousand tonnes)

Reasonably assured
$80/kg U $130/kg U/J

($30/lb U308) ($50/lb U308)

Estimated additional
$80/kgU $130/kgU>'

($30/lb U,08) ($50/lb U308)

North America
USA
Canada

752
531
215

976
708
235

1,145
773
370

1,904
1,158

728
Mexico 6 6 2.4 2.4
Greenland 0 27 0 16

Africa 609 776 139 263
South Africa 247 391 54 139
Niger
Namibia

160
117

160
133

53
30

53
53

Algeria
Gabon

28
37

28
37

0
0

5.5
0

Central African
Republic

Zaire
18
1.8

18
1.8

0
1.7

0
1.7

Somalia 0 6.6 0 3.4
Egypt
Madagascar
Botswana

0
0
0

0
0
0.4

0
0
0

5
2
0

Australia 290 299 47 53
Europe

France
66
39.6

391
55.3

49
26.2

98
46.2

Spain
Portugal
Yugoslavia
UK

9.8
6.7
4.5
0

9.8
8.2
6.5
0

8.5
2.5
5
0

8.5
2.5

20.5
7.4

Germany (F.R.)
Italy
Austria

4
0
1.8

4.5
1.2
1.8

7
0
0

7.5
2
0

Sweden 0 301 0 3
Finland

Asia
0

40
2.7

46
0
1

0.5
24

India 29.8 29.8 0.9 23.7
Japan
Turkey
Korea

7.7
2.4
0

7.7
3.9
4.4

0
0
0

0
0
0

Philippines
South America

0.3
97

0.3
102

0
99

0
105

Brazil 74.2 74.2 90.1 90.1
Argentina
Chile

23
0

28.1
0

3.8
5.1

9.1
5.1

Bolivia 0 0 0 0.5
Total (rounded) 1,850 2,590 1,480 2,450

aWorld outside communist areas.
^Includes resources at $80/kg U level.
Source: International Nuclear Fuel Cycle Evaluation, Fuel and Heavy Water Avail-

ability: Report of Working Group 1 (Vienna: IAEA, 1980), p. 154.
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tanks explode), (2) from unrelated activities (flying, smoking, swim-
ming, lathe-operating), or (3) within the existing environment (cosmic
radiation, cancer, living in New York City). At heart, risk accept-
ability is a nonscientific judgment, dependent on the values attached
to various benefits (such as the mobility afforded by flight) and risks
(such as the unpleasantness of dying tomorrow from a flood or in
fifteen years from a radiation-induced cancer). Psychological effects
can legitimately be included; the horror of an unlikely nuclear
accident resulting in thousands of deaths may be weighed against the
less dramatic certainty that each year a few people die from lung
cancers induced by coal combustion.

In electricity generation, both health and environment are affected.
Environmentally, coal is a serious offender. The carbon dioxide
emitted in its combustion causes a 'greenhouse effect', a warming of
the earth's climate with unknown but possibly grave long-term conse-
quences. Coal mining takes over vast tracts of land, and water reacts
with coal sulfur to form sulfuric acid which harms surrounding soil.
Acid rain is another problem. Nuclear power entails mining risks
similar to those for coal, but because far less uranium than coal is
needed per megawatt of power, the effects are less severe. Natural gas
pipeline leaks may ignite or suffocate surrounding flora and fauna.
Hydro dams alter the whole surrounding ecosystem, as noted in the
last chapter. Solar power may require that areas as large as those
needed for coal mining, combustion, and ash disposal be covered by
collecting plates.

Personal health effects also vary with energy source.14 Occupation-
ally, coal again appears to be the most dangerous, as illustrated in
Table 2.5. Apart from accidents, coal miners are vulnerable to work-
related respiratory ailments, or 'black lung'. Employees at uranium
mines, mills, and reactors are exposed to more radiation than the
public. With coal, public health is most affected by combustion-
related air pollution, though studies conflict over the precise level of
risk. With nuclear power, the most serious public radiation exposure
arises from uranium mining and milling, and the reprocessing of spent
reactor fuel. Exposure may cause cancers or genetic defects. Other
major health risks stem from the possibility of major accidents - gas
leaks or explosions, dam failures, nuclear plant leaks or core melt-
downs. The environmental calculus is site-specific. In a small,
crowded country like Taiwan, where air quality is already poor,
nuclear power may appear much more ecologically benign than coal-
fired plants.

Nuclear activities also present targets to terrorists or criminals. One
approach is to steal weapons-grade uranium or plutonium and build a
nuclear explosive. Another is to attack or occupy a nuclear facility and
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Table 2.5 Accidental Deaths, Injuries, and Workdays Lost During
Routine Operations, by Energy Source (per gigawatt-plant-year)

Accidental Accidental
Energy Source Deaths Injuries Workdays Lostc

Coal Mining0

Mined underground 4.0 112 15,000
Surface mined 2.6 41 3,000

Oil 0.4 32 3,600
Gas
Nuclear6

0.2
0.2

18
15

2,000
1,500

^Synthetic liquid fuel from coal might be estimated to have a rate equal to that for
coal plus an allowance for the conversion process.

Table assumes once-through fuel cycle, without reprocessing. With reprocessing, the
uranium oxide requirement could be reduced to 1.4 tons. Presumably, the mean extrac-
tion risk would be reduced proportionately, and the processing risk increased. The net
result could be lower total risk.

CA permanently disabling accident was credited with 6000 workdays lost, and a
temporary disability with 100 workdays lost. The figures are for 1977.

Source: Committee on Nuclear and Alternative Energy Systems (CONAES), Energy
in Transition 1985-2010 (San Francisco: W. H. Freeman, 1979), pp. 429-30.

threaten to destroy it or to trigger the release of large quantities of
radiation. The difficulties associated with either approach are
enormous. The radioactivity of the materials themselves protect
against their misuse; the multiple safety systems of a reactor must be
circumvented and physical security forces overcome. Still, an attack
could succeed, if the attackers are well organized, skilled, and fearless.
They could even obtain some advantage by merely threatening hostile
actions, promising not to carry them out if certain demands were met.
Some measures designed to prevent attacks, such as security screening
of prospective employees and domestic surveillance on suspected
terrorists, occasion concerns that civil liberties may suffer in the quest
for nuclear safety, but such concerns have little currency among
developing country governments.

Finally, nuclear programs may accelerate the spread of nuclear
weapons to more governments. While it is true that there are easier,
cheaper, more discreet paths to atomic bomb production than through
civil research or power programs, no one can deny that such programs
may be exploited in the manufacture of nuclear weapons. The tech-
nologies by which atoms are divided quickly to generate heat and very
quickly to generate explosions cannot be neatly compartmentalized,
isolating military from peaceful uses. India proved this in 1974, by
using Canadian and American civil nuclear assistance to detonate a
'peaceful* nuclear explosive device. The possibilities of nuclear
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weapons proliferation, however, are unlikely to deter a government
from beginning a nuclear power program, although they may dis-
courage suppliers of nuclear technology from offering their wares to
regimes with unstable or militant leaders.

Special risks demand special precautions. Regulatory bodies must
rule that a project is safe before issuing sequential permits for site pre-
paration, construction, fuel loading, and reactor operation.
Regulatory personnel must be trained and guidelines promulgated.
The burden can be eased by the adoption of existing nuclear regula-
tions from the advanced nations. Inspections before and during
operations are required for components, and radiation levels in the
surrounding environment must be monitored. Regulation cannot be
simplified; its usefulness inevitably owes much to the judgment of the
regulators, who must make close calls on the acceptability of marginal
variations from specification. Especially since nuclear power has
become so politicized, physical protection for nuclear facilities must
exceed that required for conventional stations.

HISTORICAL INTEREST IN ATOMIC ENERGY

The energy potential from fission was recognized from the outset of
the atomic age. Indian nuclear efforts began in 1948, before those of
many advanced nations, and Argentina entered the atomic energy field
a year later. From 1945 to 1954, however, access to nuclear technology
was constrained by the secrecy of the Americans, who refused to share
their exclusive knowledge even with their wartime allies, let alone the
newly emerging nations. This 'closed door' approach was abandoned
in December 1953 by President Eisenhower in his Atoms for Peace
proposals. By this time, the Soviet and French nuclear programs were
already well underway, and it appeared impossible to arrest the spread
of nuclear technology. The Atoms for Peace approach offered nuclear
assistance to governments that promised to submit their nuclear pro-
grams to safeguards. In international conferences on the peaceful uses
of atomic energy, held in Geneva in 1955 and 1958, large amounts of
fission technology were declassified and disseminated to participants.
The International Atomic Energy Agency, charged with assisting and
regulating atomic programs, was created in 1957. During the 1950s
and 1960s, the United States Government provided personnel train-
ing, research reactors, and fissile materials, often on a grant basis, to
more than a score of developing countries.

By the early 1960s, nuclear power had entered into commercial use
in North America and Europe, but remained out of reach for most
developing countries, which found nuclear power neither economical
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compared to oil-fired stations, nor feasible for their small electrical
grids. Because the supplies required for a nuclear program are often
scarce in a developing country, electricity demand must be sufficient to
merit large investments in their procurement. So long as the real price
of oil was falling, in the 1950s and 1960s, demand for nuclear power
could not induce a comprehensive effort. Indeed, by 1974 only three
developing countries - India, Pakistan, and Argentina - had nuclear
power plants in operation. In each of these countries strategic con-
siderations decisively buttressed the economic arguments favoring
nuclear development. Elsewhere, the investment was judged too
burdensome.

Faced with enormous oil price increases in 1974, Third World
leaders found the nuclear option to be more competitive, and plans to
build reactors increased accordingly. According to the Atomic
Industrial Forum, commercial generating units under construction, on
order, or 'firmly planned' by 1976 had reached the levels of nine for
Brazil, five for Egypt, five for India, three for Indonesia, five for Iran,
ten for South Korea, nine for Mexico, three for Thailand, eight for
Cuba, and two each for South Africa, Yugoslavia, Kuwait, and
Libya.15 Soon, however, this surge abated, as a consequence of several
developments. Rising costs of nuclear power stations eroded their
perceived economic advantage, while high inflation combined with
recession sapped the ability of the oil-importing developing world to
pay for reactors. Confidence in the reliability of some major nuclear
suppliers waned, as countries such as the United States and Canada
conditioned their nuclear exports upon increasingly stringent non-
proliferation policy constraints. The 'demonstration effect' of the
nuclear power programs in the advanced countries had always been
important, but by the mid-1970s earlier demonstrations of the smooth
introduction of reactors had been replaced by displays of effective
opposition to nuclear power (especially in West Germany and the
United States, two of the most aggressive nuclear exporters), and of
the crippling effects of leaks and near accidents on nuclear programs
(capped by the Three Mile Island incident). These deterrents to
nuclear power programs emerged at the same time as development
planners were increasingly urged not to emulate the environmental
recklessness of the industrialized nations, and to consider carefully the
possibility of alternative energy strategies, from the revival of coal
production to the introduction of decentralized, renewable resource-
based systems.

The Atoms for Peace approach was not universally admired even in
the 1960s. Already some analysts feared that the diffusion of nuclear
technology, safeguards notwithstanding, would facilitate the spread
of nuclear weapons, and pointed to China as an example of a poor
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nation which nevertheless had joined the nuclear club. Increased
concern over the further spread of nuclear weapons, following China's
1964 nuclear test, led to the successful conclusion in 1968 of the Non-
Proliferation Treaty. Still the Atoms for Peace approach was en-
shrined in the Treaty, which offered 'the fullest possible exchange' of
nuclear technology in exchange for the nonnuclear weapon states'
pledge to forswear the nuclear option. Nevertheless, the 1974 Indian
nuclear test fatally undermined the Atoms for Peace policy. The fear
that India's test would be contagious provoked a drastic change in
American nuclear policy. The new approach reached full expression
under President Carter, who discouraged 'premature' entry into the
breeder and plutonium economy and insisted that American atomic
cocrperation abroad be more strictly controlled, initiatives which
incurred the rancor of America's allies as well as of the developing
world generally.

The constraints on nuclear power development can only be over-
come when both supply and demand are equal to the task. There must
be sufficient supply of capital for construction, skilled manpower for
operation and maintenance, and electrical grids for the transmission
and distribution of the electricity to be generated. The supply of
assistance - financial, technical, and industrial - from the advanced
nations must be available as must political support -for the nuclear
export in question. There must be sufficient demand for base load
electrical services, smokeless energy, and advanced technology. These
requirements are rigorous, and all must be met simultaneously, a
difficult feat in the erratic 1970s. OPEC stimulated but safety concerns
depressed demand. Reduced domestic demand in the advanced
nations increased the availability of supplies to developing countries,
but increased nonproliferation concerns reduced supplier willingness
to transfer certain nuclear technologies. The supplies within the
developing countries could only be marshaled through concentrated
effort, which was discouraged in the late 1970s by the reduced con-
fidence that domestic demand and foreign supplies could sustain a
major nuclear effort. By 1981, atomic energy advocates in developing
countries hoped that relentlessly increasing oil prices, restored con-
fidence in nuclear power, and the rekindling of American support for
ambitious nuclear power targets would reestablish the confidence
required to get their programs off the ground.
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3 Three Approaches

Their strategic importance guarantees that nuclear policies will be
directed from the highest government levels. These decisions are not
made in a vacuum, wherein each advantage and disadvantage is
assigned a value, and the summation of pluses and minuses determines
the outcome. This is not only because it is impossible to assign specific
values (or even general values on a single scale) to the incomparable,
often psychological, effects of a nuclear program, but also because the
'vacuum' prerequisite to performing such a calculation does not exist
and cannot easily be simulated. Domestic political infighting and
foreign pressures could undermine the evenhandedness of any
weighing of pros and cons. In order to assess how, in fact, nuclear
policies are determined, it is necessary to analyze the different
approaches to nuclear power adopted in developing nations.

Developing country governments may be grouped into three
categories:

(1) those that have not introduced nuclear power to their countries,
(2) those that pursue nuclear power programs with high priority on

developing self-sufficiency and reducing dependence on the
advanced nations, and

(3) those that pursue nuclear power programs with less concern for
independence and more for bringing large quantities of nuclear
power on line quickly.

The first category includes most of the developing world. The distinc-
tion between the second and third is sometimes blurred, as when a
government orders several reactors and the ancillary fuel facilities
which promote self-sufficiency (Brazil), or orders reactors from
abroad while independently carrying out its own nuclear fuel produc-
tion efforts (Pakistan). Nevertheless, India and Argentina may con-
fidently be placed in the class of those most concerned with self-
sufficiency. Israel, Pakistan, and South Africa round out this group.
Governments eager to exploit fission for electricity generation but
content to rely on foreign support in this effort include Egypt, Mexico,
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the Philippines, South Korea, Taiwan, Yugoslavia, and, formerly,
Iran.

Economic circumstances alone do not dictate nuclear policies. A
relatively wealthy developing country, like Venezuela, may contem-
plate nuclear power far less seriously than those more deprived, like
Bangladesh or Pakistan. Oil situations give no sure indicator. Some
oil-rich countries (Iran, Mexico, Argentina) have begun nuclear power
plant construction; others (Venezuela, Nigeria, Kuwait) have not.
Although oil-poor nations display a natural interest in nuclear power,
only a few have taken up the option. One could run down the list of
indicators - uranium resources, technological capability, capital
availability - without finding any that cleave the nuclear from the non-
nuclear nations. Consequently, in order to make some sense out of the
possible motives which induce some governments to accept and others
to reject nuclear power, it is first useful to distinguish between the
broad approaches they take.

NONNUCLEAR COUNTRIES

Too little attention has been devoted to nuclear policy-making in
governments which have either rejected, postponed, or simply not yet
adopted the nuclear option. Though it is natural to focus nuclear
policy studies on countries with nuclear plans, it is also misleading; the
newsworthiness of these countries' programs sometimes conveys an
exaggerated impression that there is a general clamor for nuclear
power in the developing world, stemmed only by the advanced
nations' reluctance to transfer technology. In fact, the difficulties of
nuclear power development have greatly influenced most developing
countries. Admittedly, the impoverished nations of Asia and black
Africa hardly have a nuclear option to reject (though a power reactor
has been under consideration in Bangladesh since at least 1963).}

Others, though, are in many ways comparable to the nuclear develop-
ing countries. In Latin America, the country with the highest per
capita income, Venezuela, has been joined by Chile, Colombia, and
others in abstaining from nuclear power. The most populous African
nation, Nigeria, has followed suit, while outside Egypt nuclear efforts
in the Magreb have never exceeded the desultory. This is also true in
four of the five Asean nations (Indonesia, Malaysia, Singapore, and
Thailand) and in the Middle East, where Saudi and Kuwaiti proposals
for large nuclear complexes to drive desalination plants and other
industries have borne no fruit. The Turkish pattern is typical:
occasional eruptions of interest in buying a reactor, followed by snail-
paced negotiations, perhaps a signature on a letter of intent, further
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haggling over prices and credit arrangements, and so on. Often by this
time the initial impetus behind the project has dissipated, a victim of
the perennial financial crises these countries endure. In 1955, Turkey
began a nuclear collaboration with the United States and six years
later inaugurated its first research reactor. By 1976, Swiss architect-
engineers were on hand, and the Turkish Electrical Authority had
received a license for a 600 MWe reactor. Feasibility studies followed,
along with negotiations with Italian, Swedish, British, American,
French, and German firms. The preferred offer varied with the
political sympathies of the government in power. In 1979, the Soviet
Union reportedly agreed to build two 440 MWe reactors on the Black
Sea coast for around $880 million. The replacement of Bulent Ecevit
by a more conservative prime minister, Suleyman Demirel, scotched
that proposal. Then, talks with Asea-Atom reportedly stalled due to
Turkish insistence that Sweden provide a 100 percent guaranteed
credit for the $1 billion plus project, instead of the 85 percent offered.
In 1981, another one-year delay was announced. As of this writing, no
contract had been awarded.

The pure case against nuclear power in these countries can be
adduced simply by condemning its characteristics; it is too capital
intensive, too complex, too dangerous, and too uranium-dependent.
That this argument is persuasive in most developing countries is not
surprising. Many already face serious foreign debts and foreign
exchange shortages, and look askance at any project that will require
massive payments to foreign contractors. The large scale which under-
pins the competitiveness of fission-generated electricity also deters the
developing countries, which lack the grid capacity to support large
units. The rule of thumb that one unit should not contribute more
than 10 percent of an electrical grid's capacity implies that a 600 MWe
reactor, the smallest size commonly offered, must be placed in a
system of at least 6,000 MWe capacity, which excludes the vast
majority of developing countries. The complexity of nuclear tech-
nology places a premium on one of the scarcest Third World resources
- skilled manpower - while threatening to create enclaves so highly
developed that few if any other sectors will be advanced enough to
benefit from the technology acquired. In countries lacking adequate
uranium reserves, the volatility of the nuclear fuel market can deter
investment.

Environmental considerations exist, but are muted. Traditionally,
developing countries have tended to view environmental protection as
a luxury, affordable only by nations wealthy enough to divert
resources from goods production to conserving clean air and water.
Recently this view has been revised, for two reasons. First, in an age of
increasing energy prices, economic and environmental interests have
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become more coincident. Protecting forests also preserves valuable
firewood supplies and prevents declining crop yields caused by soil
erosion. Using agricultural and animal wastes for fuel may save
money which otherwise would be spent on oil purchases or coal pro-
duction. The environmental lessons of the Three Mile Island (TMI)
accident might be debatable, but it undoubtedly cost General Public
Utility hundreds of millions of dollars in substitute electricity
purchases from neighboring utilities, while leaving a $700 million
reactor standing idle as a wasting asset for at lea,st three years.

Second, environmental concerns increasingly merge with political
concerns. Where environmental issues attract widespread popular
support, a government can ignore them only at its peril. Fragile
governments may lose domestic support to critics articulate enough to
exploit public fears. The Marcos government provides a good
example. The Kalingas tribe displaced by the Chico river basin hydro
development project sparked a major controversy by murdering
government officials. President Marcos, sensitized to such concerns,
suspended construction of a 600 MWe reactor following the TMI
accident, pending the results of an inquiry into the ability of the
Philippine government to cope with a similar incident. (Work there
later resumed). The magnitude of property damage and personal
injury possible in a nuclear accident are too great to be ignored, by
any government. Even if a buyer is incautious, the nuclear suppliers
cannot be, due to concerns for safety, commercial interests in
avoiding business-damaging accidents, and government regulations.
The tangible results of environmental concerns are the limitation of
reactor sites to what are judged to be geologically stable areas, the
imposition of stringent Western safety specifications to developing
country reactor projects, and a consequent increase in the price of
nuclear stations. Though countries can sometimes avoid subjection to
additional safety regulations from the exporting governments, after a
reactor project is already under way, many safety features are non-
discretionary, regardless of the importing government's ecological
sensitivities.

The burden of uranium dependence cannot be viewed in isolation.
The burden of any dependence cannot easily be quantified, since it
hinges upon calculation of amorphous factors: the likelihood that any
supplier will suddenly impose political conditions on or terminate
supplies, or raise prices to unpredictable levels; the possibility that the
offending supplier will be joined by others in its caprice; the probable
evolution of availability, prices, and lead times for various substitutes.
Theoretically, approximations for all these variables can be incor-
porated into economic choices among alternatives. In reality, the
variables are so many and their approximations so encrusted by
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uncertainty, that political judgment becomes the only plausible
recourse.

The uranium (plus technological) dependence implied by nuclear
programs is weighed against oil dependence or, more importantly for
the long run, against the dependence entailed in alternative energy
strategies. In this comparison, domestic fuel resources play a special
role. Those sitting atop plentiful oil reserves may display either little
tolerance for or little concern over uranium dependence. Nigeria and
Malaysia fit the former category; Mexico, the latter. Taiwan, where
dependence on oil imports will increase from 80 to 89 percent of total
energy supplies in the coming decade even with an ambitious nuclear
program, finds uranium dependence a desirable partial substitute for
oil dependence. Thus, natural energy resource endowments power-
fully affect nuclear policy decisions, but in unpredictable directions. In
poorly endowed countries, which cannot avoid energy dependence,
uranium may seem to present no more onerous vulnerability than oil.
Another effect of mineral poverty, however, may be to deprive a
government of the wealth needed to initiate a nuclear program. Better
endowed governments have less need to subject themselves to the risk
of uranium dependence, but also less need to fear such dependence,
and greater financial ability to embark upon the nuclear path.

Since resource endowments can cut both ways, they do not identify
those governments most likely to regard the nuclear option skeptically
as well as do capital shortages, small grids, and skilled labor
shortages. Apart from these obvious features, the nonnuclear
countries often possess one other trait: unglamorous ambitions. The
term 'glamorous' is used here neutrally, connoting neither approval
nor disapproval. The important distinction highlights those govern-
ments willing to devote large sums to assimilating high technology as a
measure of status. Nonnuclear governments on the whole are less
inclined to spend heavily on showy projects, sometimes fearing that
they might appear profligate and lose public support, sometimes
simply more concerned with the basic tasks of supplying their citizens
with food, water, education, health care, irrigation, and roads. Their
ambitions to become major regional or eventual world powers are
either weak or underfinanced, and their notion of the importance of
'status' and what activities do or do not contribute to it vary widely.

Lack of nuclear power construction does not imply a lack of interest
in nuclear technology. Many developing country governments have
supported nuclear research, many possess atomic energy commissions
which eagerly promote nuclear power, and many, at times, have
expressed 'firm plans' to order commercial power reactors. Often,
atomic energy commissions have lobbied vigorously for the adoption
of a nuclear power program, but have not prevailed over the bureau-
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cratic competition. This has been true in Indonesia, Turkey, and
Thailand. To be sure, bureaucratic defeats can be reversed. If rising
energy costs for alternatives inflict increasing economic losses, and the
crisis of confidence in nuclear power passes, reactor plans in developing
countries may revive. Due to its long lead time, however, even if
desires for nuclear power surged immediately, it could not make an
important contribution to electricity supply until the 1990s. The
governments of the South can defer the nuclear option without
penalty, for the nuclear industries of the North will be happy to export
their wares as long as they are able. By contrast, when the US
Congress terminated the supersonic transport project, there was no
other government or entrepreneur in the wings to come to the rescue.
The decision could only be reversed at the enormous cost of reas-
sembling the dispersed staff and other elements of a crumbled effort.
Developing country governments for the foreseeable future will have
the luxury to vacillate at little cost, and proceed with a nuclear power
scheme only when they view the conditions as ideal. In the meantime,
they may continue the relatively inexpensive experimental and training
programs in order to ease the job of introducing nuclear power,
should they decide to do so.

In fact, many developing countries did initiate nuclear research
efforts in the 1950s and 1960s, mostly through American assistance.
The US Atomic Energy Commission and Agency for International
Development provided grants, personnel training, and supplies of
sensitive materials to over a score of developing countries, including
those listed in Table 3.1. By 1975, research reactors could be found
throughout Latin America (Argentina, Brazil, Chile, Colombia,
Mexico, Uruguay, Venezuela), the Middle East (Egypt, Iraq, Iran,
Israel, Turkey), and Asia (India, Indonesia, South Korea, Philippines,
Thailand). (See Table 3.2.) Atomic research programs can be cheap -
a simple, zero-power reactor may cost a few hundred thousand dollars
- and it made sense to governments in these countries to undertake
such modest investments in a technology that could bring great
economic benefit in the future.

One other, more sinister, motive is attributed to developing
countries' research efforts: the desire to be able to build nuclear
weapons. Small research reactors are more dangerous in this regard
than are large power reactors; first, because they can be built without
foreign assistance and therefore without safeguards, and second,
because they often use highly enriched uranium (90 percent
uranium-235), which can be used for nuclear explosives. Power
reactors now available use uranium enriched to only 3 or 4 percent
uranium-235. Plutonium, another weapons-usable fissile substance,
can also be obtained from the reprocessing of research reactor spent
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fuel. Plutonium reprocessing can be mastered more easily than
uranium enrichment, so countries unable to import highly enriched
uranium need not despair of manufacturing nuclear explosives. In
fact, an unsafeguarded Indian facility reprocessed spent fuel,
irradiated in a Canadian-American-supplied research reactor, CIRUS,
to provide the plutonium used in the May 1974 test at Pokharan.
Unsafeguarded, small-scale reprocessing laboratories were built and
dismantled in Argentina and Taiwan, while Israel is also assumed to
have reprocessing capability. Concerns that 'peaceful' nuclear research
may be misused may persist even when a country joins the Non-
Proliferation Treaty and accepts international safeguards. Iraq is the
prime example. The French agreed to supply Iraq with a 70 MW
research reactor, Osirak, which uses 90 percent enriched uranium fuel.
After the core of the Osirak was destroyed by a mysterious explosion
while it sat awaiting shipment in the southern French port of La
Seyne-sur-Mer, the French took the opportunity to urge acceptance of
a substitute design requiring lower enriched uranium. Baghdad
demurred, insisting that Paris honor its commitment to supply the
weapons-usable uranium originally offered. The French agreed,
noting that Iraq was an NPT-party and insisting with IAEA support
that the material was adequately safeguarded.

The Iraqis also proceeded in 1977 to buy four laboratories for
some $500,000 from Italy, including a 'hot-cell' laboratory, which
enables technicians to handle irradiated fuel for plutonium reprocess-
ing. The 1979 agreement for cooperation with Brazil sparked surmise
that the Iraqis sought indirect access to the enrichment and reprocess-
ing technologies promised by West Germany to Brazil. Finally,
reports alleged that the Iraqis had quietly acquired from Brazil a
stockpile of natural uranium, which converts to fissile plutonium
when irradiated. Weighed against the lack of an active atomic power
program, this keen interest in suspicious activities was so premature
that it justifiably provoked grave concern worldwide. Acting on that
concern, on June 7, 1981 Israeli jets bombed the Iraqi research reactor
complex, leaving one French technician dead and the nearly com-
pleted complex in irreparable wreckage.

THE NUCLEAR COUNTRIES

The standard case for nuclear power in developing countries proceeds
from the premise that since energy demand grows in step with national
income, energy supply must increase rapidly to sustain rapid income
growth. This theory also holds that integration of the national market
and replacement of barter by a monied economy are essential to
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Table 3.2 Research Reactors and Critical Assemblies under IAEA
Safeguards or Containing Safeguarded Material, December 31, 1979°

Abbreviated Capacity
Country name Location Type MW(th)

Argentina RA-1 Constituyentes Tank 0.07
RA-2 Constituyentes MTR 0.00
RA-3 Ezeiza MTR 5.00
RA-4 Rosario SUR-100 0.00

Brazil IEAR-1 S§o Paulo MTR 5.00
UMG Belo Horizonte Triga I 0.10
RIEN-1 Rio de Janeiro Argonaut 0.01

Colombia IAN-R1 Bogota MTR 0.02
Chile La Reina Santiago Herald 5.00

Lo Aguirre Santiago MTR 10.00
Indonesia PRAB Bandung Triga II 1.00

Gama Jogjakarta Triga II 0.25
Iran TSPRR Tehran Pool 5.00
Iraq IRT-2000 Baghdad

Tuwaitha Pool 2.00
Israel IRR-1 Soreq Pool 5.00
South Korea KRR-TRIGA II Seoul Triga II 0.10

KRR-TRIGA III Seoul Triga III 2.00
Mexico Centre Nuclear

de Mexico Ocoyoacac Triga III 1.00
Training reactors

facility Mexico City SUR 100 0.00
Pakistan PARR Rawalpindi Pool 5.00
Peru RP-O Lima Tank 0.00
Philippines PRR-1 Diliman, Quezon

City Pool 1.00
South Africa SAFARI- 1 Pelindaba Tank 20.00
Thailand TRR-1 Bangkok Pool 2.00
Turkey TR-1 Istanbul Pool 1.00

TR-2 Istanbul Triga II 0.25
Uruguay RU-1 Montevideo Lockheed 0.10
Venezuela RVI Altos de Pipe Pool 3.00
Yugoslavia Triga II Ljubljana Triga II 0.25

Boris Kidric R. Vinca Tank 6.50
RB Vinca Critical

assembly 0.00
Zaire Triga-Zaire Kinshasa Triga II 1.00

aFor unsafeguarded facilities, see Table 4.1 of IAEA, The Annual Report for 1979
(Vienna: IAEA, 1980), pp. 47-50.
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development. Accordingly, planners seek to commercialize the energy
sector, most visibly through rural electrification schemes. Important
advantages achieved in the transition from traditional to more soph-
isticated energy use patterns include relief of peasant abuses of over-
harvested forests, reduced fuel waste by the introduction of more
efficient stoves, and better use of biomass either by burning or
fermentation into carbon fuels.

Electricity plays a special role, symbolically and economically.
Widespread electrification symbolizes technical progress and national
integration. Electricity transports heat in a highly concentrated and
flexible form. It can be used in tasks ranging from the lowest to
highest grades, from space-heating to motor drives to arc welding.
Not surprisingly, to deliver energy in such a versatile form is costly.
Three watts of heat are required to generate one watt of electricity.
This one-to-three ratio means that electricity has a thermal efficiency
of roughly 33 percent. A further 10 percent of the electricity generated
may be lost in its transmission through cables and wires.

Electricity may be generated in several ways, through wood or fossil
fuel combustion, nuclear, geothermal, or hydro stations, photovoltaic
cells, windmills, or other unconventional technologies. Proponents of
fission power naturally find the alternatives sorely lacking. Oil is
expensive. Coal is dirty and difficult to mine and transport. Hydro
resources are often remote from consumption centers and need even
more capital investment for exploitation than do nuclear. Collecting
and transporting natural gas is difficult and expensive, and many wish
to conserve it for petrochemical uses. Geothermal resources may also
be remote and insufficient to anticipated demand, given present tech-
nologies. Wood or charcoal could be used, but at the moment it is
more important to restrain pressure upon their supplies. Biomass and
solar technologies are so far from commercialization that they are still
known as 'exotic' technologies.

The paramount advantage of nuclear power is its cost. The cost
differential cannot be quantified generically, because it varies by
country, according to land, labor, and capital availability for various
technologies. In general, where its low lifetime fuel costs outweigh the
large initial outlays, nuclear power becomes economical. These
factors will be more fully considered in Chapter 8. The pure case for
nuclear also argues that it is a well-established technology, after over
two decades of commercial use, and that its large scale will accelerate
poorer countries' efforts to improve their position relative to the
North. The environmental and health risks of nuclear power are
judged acceptable, especially when viewed in light of the severe air
pollution which already defiles crowded urban areas in developing
countries. Where possible, fission can take advantage of domestic
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uranium and eventually thorium deposits. When the cost differential
compared to alternatives is marginal, an important concomitant
advantage for fission is that it builds up a country's technological base.
Also, if the cost differential marginally favors nuclear power or even
decisively favors alternatives, a popular strategy is to forecast energy
demand increases so vast that all feasible alternatives (including
nuclear) must be deployed, if growth is not to suffer.

This pure case applies generally to countries already embarked on
the nuclear path. Although every case is unique, enough similarities
exist to draw one major distinction, between the 'independent' and
'dependent' approaches toward nuclear power development. These
adjectives are only relative. No developing country has ever been able
to carry out a truly independent nuclear program. Only the govern-
ments of the United States, Canada, Great Britain, France, and the
Soviet Union can claim that achievement. Of these, only the United
States, Canada, and the Soviet Union are self-sufficient; the others
depend on uranium imports. Also, France abandoned its own gas-
graphite reactor in 1969 in favor of the Westinghouse pressurized
water reactor design, and Great Britain may yet follow suit, having
encountered serious problems in seeking to develop a successor to its
first-generation gas-graphite reactor, the Magnox. Most European
nations and Japan have proceeded as far, or nearly so, in nuclear
capabilities. Only after this large group do we reach even the most
advanced developing countries. Nuclear plants operable, under con-
struction, or on order in the developing world are shown in Table 3.3.

THE INDEPENDENTS

Then why use the term 'independent' at all? It does usefully distinguish
between significantly different approaches to nuclear power develop-
ment. A government may view atomic energy as a potentially impor-
tant contributor to economic development, but one whose develop-
ment should be guided by the same criteria as any other activity, to be
introduced only when its costs and net benefit compare favorably to
competitive alternative activities. In this view, noneconomic factors,
such as prestige or political leverage, are not decisive. Alternatively,
atomic energy may be viewed symbolically, not merely as an engine of
growth, but also as a litmus of independence, sophistication, or
status, a technology whose mastery divides strong from weak, rich
from poor, exploiters from exploited. Governments sympathetic to
this perspective sometimes subordinate economic evaluation criteria
to political goals. This politicized approach is relatively 'independent',
in that governments which adopt it proclaim the importance of their
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independence and the contribution nuclear power makes to it. The
independent approach entails some expense, both in opportunity cost
for resources diverted from more productive but less glamorous uses,
and in the inefficiency unavoidable when a complex technology is
introduced prematurely. Proponents of the independent approach
reply that short run opportunity cost and inefficiency are outweighed
in the long run by the 'leapfrogging' nuclear power permits to higher
levels of productivity and development, but their argument must
remain speculative until time casts its verdict.

Defining the term 'independent' does not solve the difficult taxo-
nomical tasks of placing countries into this contrived category.
Although none are independent, many aspire to independence: India,
Argentina, Pakistan, South Africa, Brazil, South Korea, and Taiwan.
The latter three, however, seek that goal through intimate cooperation
with suppliers across the whole range of nuclear reactor and fuel cycle
activities. These governments willingly submit their programs to
extensive international safeguards. South Korea and Taiwan yielded
to American pressures to cancel reprocessing efforts. Although the
Brazilians have resisted similar pressures, there seems to be no rush to
build the reprocessing plants they have ordered from West Germany.
Brazil's refusal to sign the NPT distinguishes it from the other depen-
dents, but this must be considered in light of the Argentine refusal to
do the same. Meanwhile, Brazil has gone further than its major South
American nuclear rival by ratifying the Latin American Nuclear
Weapons Free Zone agreement, the Treaty of Tlatelolco.

The more determined independence seekers are less pliant. The
governments of Argentina, India, Israel, Pakistan, and South Africa
have long clothed their nuclear endeavors in the rhetoric of national
independence. The Israelis are still planning their first nuclear power
project and so fall naturally into the nonnuclear category as defined in
this book, as do the South Africans, who are just completing con-
struction of their first nuclear power units, Koeberg-1 and -2. The
justification for grouping them with the other independents derives
from their independent, secretive, and apparently ambitious develop-
ment of nuclear technology, especially as it relates to the fuel cycle.
Also, both of these states are pariahs, diplomatically and atomically.
This status ineluctably leaves them much more to their own devices
than the nations grouped under either the nonnuclear or the depen-
dent nuclear headings.

The countries in the 'independent' category often generate intense
press interest and speculation over their ultimate atomic aims. Their
prominence stems, first, from the improved capabilities, achieved in
the quest for independence, to build nuclear weapons or to help others
to do so. Concern arises not only from the nuclear weapons potential
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in these three countries, but also from the prospect of Pakistan
helping Arab nations create an Islamic bomb. Many were alarmed
when India signed nuclear cooperation agreements with Argentina
and Libya, even though neither pact resulted in serious technological
exchange. Second, these nuclear programs are prominent because
their governments seek prominence. Amidst strident exclamations of
sovereignty, all of them (except Israel) berate the hegemonic powers
for constraining supplies of nuclear technology in order to thwart less
privileged nations.

These nations, however, have far more in common than notoriety.
Their approaches to the development of atomic power display striking
similarities. First, Argentina, India, and Pakistan were the earliest
developing countries to enter into nuclear power generation. The
Tarapur power station (TAPS) near Bombay commenced operations
in 1969, followed in 1972 by the Karachi Nuclear Power Plant
(KANUPP) and in 1974 by the Atucha-1 unit near Buenos Aires.
Planning for all three of these units began in the early 1960s. India and
Argentina had initiated nuclear research efforts by 1950, inaugurating
their first research reactors in'1956 and 1958, respectively. Pakistani
research began later, with the 1955 creation of the Pakistan Atomic
Energy Commission and 1965 commissioning of the PARR research
reactor at Pinstech.

Second, the independent atomic energy efforts have all enjoyed high
government priority. Given the possible utility of nuclear weapons in
defense of Israeli national survival, it would be surprising if the
government there did not at least explore the option. The cloak of
secrecy draped over the Dimona research facilities suggests the impor-
tance the Israeli government attaches to, or at least to others'
perceptions of, its nuclear program. Official statements have hewn a
carefully ambiguous line. In 1968, for example, Prime Minister Levi
Eshkol was quoted as saying that Israel had the technical knowledge
to produce a nuclear weapon but that a significant gap existed between
the technological knowledge and a weapon design.2 In South Africa,
Prime Ministers H. F. Verwoerd, B. J. Vorster, and P. W. Botha have
all strongly supported nuclear development. At the 1965 inauguration
of South Africa's first research reactor, Safari-1, Verwoerd pro-
claimed 'the duty of South Africa not only to consider the military
uses of the [fissile] material but also to do all in its power to direct its
uses to peaceful purposes'. Five years later, Vorster announced that
the Atomic Energy Board (AEB) had developed a new process,
'unique in its concept', to enrich natural uranium, an achievement
'unequaled in the history of our country'.3 This pattern of prime
ministerial support was mirrored in Pakistan, especially under
Zulfiqar AH Bhutto and Zia ul-Haq.



Three Approaches 51

Dr Homi J. Babha, father of the Indian nuclear program, enjoyed
the intimate support of Prime Minister Jawaharlal Nehru. This
enabled him to transform the Department of Atomic Energy into what
became widely known as a 'state within a state', due to its great clout.
Admiral Oscar A. Quihillalt directed the Argentine nuclear program
almost continuously between President Juan Peron's 1955 ouster and
1973 triumphant return. During that time, he survived eight govern-
ments and presided over the construction of the first research and
power reactors in Latin America. After the 1976 military coup,
Admiral Carlos Castro Madero took up Quihillalt's mantle, and has
continued to obtain governmental approval for investment in nuclear
power station construction. Indeed, in countries so strained for
resources, unflagging leadership support has been essential to the pro-
vision of budgets adequate to pursue vigorous atomic energy efforts.

Third, these countries share a common strategy: vociferous
assertion of independence. Government leaders have consistently
excoriated the nuclear weapon states for their invidious efforts to
'disarm the unarmed', relegating countries without nuclear weapons to
second-class status, while continuing to augment their own arsenals of
mass destruction. None has signed the Non-Proliferation Treaty, on
the grounds that it perpetuates this pernicious discrimination
(Argentina, India, Pakistan), risks exposure of commercial secrets
(South Africa), or does not guarantee that nuclear weapons will not be
acquired by hostile states (Israel). This strategy has an important
corollary: use foreign help where necessary but domestic talent where
possible. These governments all devoted years to the training of
hundreds of technicians in European and American universities and
laboratories. India and Pakistan benefited from the educational base
laid down by the British Raj. Argentina's population, more than 90
percent of which is European by birth or descent, is also well-
educated. Indigenous industrial or personnel capabilities could
therefore be cultivated with some success.

These programs are notable for their relatively slow pace. More
than twenty years passed before India and Argentina, the acknow-
ledged atomic leaders of the developing world, inaugurated their first
power reactors. In Pakistan, KANUPP was built more quickly,
though commencement of the second planned power reactor, a 600
MWe light water model to be built at Chasma, has been deferred
repeatedly. Israel has yet to begin power plant construction, while
South Africa is just completing construction of its first two. The
generally modest scale of nuclear plans advanced in the independent
countries in the late 1970s is shown in Table 3.4. The nuclear targets in
the independent countries are modest relative not only to other
countries but also to their own overall energy plans, as Table 3.5
reveals.
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Table 3.4 Operating and Projected0 Nuclear Power Capacities
(in MWe)

Existing (1978) Projected

Argentina 360 6,065
Brazil 0 30,986
India 587 7,174
Iran* 0 41,530
Israel 0 3,600
Mexico 0 14,490
Pakistan 125 8,825
Philippines 0 3,052
South Africa 0 9,844
South Korea 0 19,469
Taiwan 0 14,122
Yugoslavia 0 10,032

"To the year 2000. These projections have since been modified.
^Program now suspended.
Source: B. Fox, J. J. Stobbs, D. H. Collier, and J. S. Hobbs, International Data

Collection and Analysis (Atlanta: Nuclear Assurance Corporation, April 1979).

It may seem paradoxical that the developing countries categorized
here as most independent should have such relatively small nuclear
power targets. In fact, the very quest for independence, vital to their
political advocacy of nuclear development, leads atomic energy com-
missioners to avoid commitment to high targets for installed nuclear
generating capacity. Large nuclear power programs cannot be carried
out without extensive dependence. The large investments at stake
intensify the vulnerability caused by that dependence. Instead, the
independents concentrate on achieving fuel cycle self-sufficiency, in
order to insulate themselves from foreign pressures. Even here,
foreign contractors must be hired to build some facilities, such as
heavy water plants for India and Argentina and a reprocessing plant
for Pakistan. These arrangements have often generated controversy,
but this can be advantageous to governments seeking attention. Some-
times these arrangements collapse. When Pakistan refused to accept
French-proposed design modifications to neutralize the proliferation
risks of plutonium separation, the French refused to go through with
the reprocessing plant export.4 In such a case, less harm is done than
when a power station contract falls through, because electricity
supplies do not suffer directly, and because a fuel cycle facility may
cost an order of magnitude or two less than a power station.

The operating power reactors in the independent countries (as well
as Israel's Dimona research reactor) are all of the heavy water variety,
which do not require uranium enrichment services, the most difficult
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step in the nuclear fuel cycle. All but Israel possess uranium mining
and milling facilities, and since the early 1950s the Israelis have been
extracting uranium from indigenous phosphates. India also has plants
for the production of zircalloy, fuel element fabrication, heavy water
production, and plutonium reprocessing. The Argentine National
Atomic Energy Commission (Comision Nacional d'Energia Atomica,
or CNEA) has prided itself on manufacturing its own fuel elements
for its five research reactors, but has yet to complete long-planned
commercial-scale facilities for zircalloy production and fuel element
fabrication. It briefly operated an unsafeguarded reprocessing plant
and is now building a larger version at Ezeiza.

One should not be blinded by the rhetorical flourish of these 'inde-
pendent* atomic efforts. Their boasts conceal a great deal of
inefficiency and delay, while their impressive appearances depend on
the obfuscation of many failures. In the Indian case, every power
reactor apart from Tarapur (constructed by US General Electric on a
turnkey basis) has been delayed four to six years, as have the Tarapur
and Kalpakkam reprocessing plants. Heavy water plant construction
schedules have slipped two to four years. Meanwhile, costs on most
projects have, in general, doubled. Reactors have been in operation
far less than expected, with a resultant escalation in the cost of
generated electricity, as shown for India in Table 3.6.

Argentine efforts have also suffered. The cost of the Atucha-1 and
Embalse stations roughly doubled and quadrupled between contract
signature and completion (though Argentina did not pay any of the
Atucha-1 overrun). An overconfident decision in the late 1960s, to
decline a German offer to build a fuel element fabrication plant for
Atucha, in favor of indigenous development, left the CNEA ten
years later still without a commercial fuel fabrication facility. Plans
for commercial-scale heavy water production also receded continually,
until agreement with a Swiss firm to build a 150 ton plant finally trans-
formed plans into action. This is not to belittle Indian and Argentine
achievements; even the most advanced nations stumbled on the road to
nuclear independence. Nevertheless, it is important to distinguish
propaganda from fact when the rhetoric of nuclear independence
underpins governmental support for the program.

Pakistan's quest for nuclear independence began later and was
catalyzed by the Indian nuclear test. Subsequently, the country's
independence has become increasingly compulsory, as its nuclear pro-
gram has been internationally ostracized due to the program's
evidently military objective. This image arose largely from Prime
Minister Bhutto's famous statement that his countrymen would eat
grass in order to match Indian capabilities, and his directive that
Pakistani scientists fulfill that pledge. His determination has been
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Table 3.6 Estimation versus Realization Indian Nuclear Program

A Estimated Actual Capital Outlay on Power Reactors (in millions of rupees)

7964 1968 1977

TAPS 485" 971.2
RAPS I 340" 525° 733.4
RAPS II 581.6" 942.6
MAPS I and II
NAPS I and II

 2,034.8"
 2,098.9"

B Expenditure Estimate for the Decade 1970-80 (in millions of rupees)

1967 1970 1977

Heavy water plants
Nuclear fuel complex
Thermal reactors (1,000 MWe)
Fast breeder test reactor and Reactor

 100
 950*

 130
 1,300

 1,728<
 733.8
 2,774.6

Research Center, Kalpakkam 500 534.2^

C Price of Output

1964 (est.J 1977

TAPS
RAPS I

3p/kWh? 13.38p/kWh
2.64p/kWh 18.21p/kWh

^Estimated figure.
^For plants with a production of 400 tons of heavy water annually.
cFor plants with an annual production of 300 tons of heavy water.
^Expenditure for the years 1975-78 only.
ep = paise; 100 paise= 1 rupee.
Sources: Indian Department of Atomic Energy and Atomic Energy Commission

reports, cited in R. Tomar, The Indian nuclear power programme: myths and mirages',
Asian Survey, vol. 20, no. 5 (May 1980), p. 523. .

shared by his successor, General Zia. Growing alarm in the West over
Pakistani nuclear intentions prompted termination not only of French
assistance in reprocessing, but also of Canadian nuclear and American
military and economic assistance. Bereft of spare parts and short of
fuel, the KANUPP station was forced to operate below capacity,
when it was in working condition at all. Some estimates indicate that
KANUPP operated at a miserable load factor of 15.6 percent of
capacity from 1976 to 1980, and only 5.5 percent in the latter half of,
that period. At this rate, KANUPP displaces less than 2 per cent of
Pakistan's oil consumption.5 A contract negotiated between the
PAEC and Westinghouse of Canada for a $3 million fuel fabrication
plant went by the board. In response, Pakistan built its own fuel
fabrication facility, and in 1980 PAEC Chairman Munir Ahmad Khan
proudly announced that Pakistan had become self-sufficient in
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natural uranium fuel production and would thereby save around $40
million annually in foreign exchange.6 Unlike the Argentinians and
Indians, who excluded enriched uranium reactors from their nuclear
plans, the Pakistanis have retained an interest in light water reactors,
and thus a justification for their most widely criticized nuclear
construction project: a uranium enrichment plant at Kahota.

In early 1979, while dust from the reprocessing imbroglio was
settling, surreptitious Pakistani efforts to buy the components for a
centrifugal enrichment facility came to light. Dummy companies were
set up to buy the necessary parts in the United States, Canada, Great
Britain, and Switzerland, sometimes on the pretext that these sophisti-
cated electrical converters and the like were required for textile pro-
duction. Directing the project is Dr A. Q. Khan, who apparently had
violated security regulations while working on the Urenco centrifuge
project in the Netherlands, by making off with the blueprints for the
plant. The Pakistanis have rebuffed foreign pressures to stop this
project, insisting that their intentions are benign. The Reagan
Administration claimed to have received informal assurances that, in
exchange for US military assistance, Pakistan will not test nuclear
weapons. Few, least of all their subcontinental neighbors, are
assuaged. Dr K. Subrahmanyam, Director of the Indian Institute for
Defence Studies and Analyses, noted with concern that the centrifuge
project was *a special project under the Pakistan Ministry of Defence,
headed by Major-General Anis Syed', modeled somewhat on the
American Manhattan Project.7

The South Africans have driven toward nuclear independence
through uranium enrichment, a process first promoted to add value to
their natural uranium export. Following the 1970 announcement of
their new enrichment technology, similar to the Becker jet nozzle
process, a large, five million SWU plant was planned, whose capacity
could accommodate domestic needs while leaving a large surplus for
exports.8 No outside help was expected. The combination of cost
escalation, financing difficulties, reduced demand, difficulty in obtain-
ing the necessary parts from the United States and other advanced
nations due to political sensitivities, and the anticipated glut of
enrichment capacity in the world market convinced the South
Afrjcans to cut back their plans drastically. This decision was rein-
forced by the uncertainty that sufficient raw uranium feed could be
mined domestically to fill the plant's capacity. Plans for the large plant
were replaced by a more modest proposal to expand an existing pilot
enrichment facility at Valindaba, to the scale needed to supply the two
Koeberg reactors near Capetown.9 Indigenous ability to fuel these
reactors had become essential in the light of South Africa's increasing
diplomatic isolation and the possibility that it could at any time be cut
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off from outside enriched uranium sources. Another measure of inde-
pendence was enforced by the American termination of the supply of
93 percent enriched uranium-235 for the Safari-1 research reactor. In
late April 1981, the South Africans announced that they had manu-
factured their own 45 percent enriched uranium fuel elements to run
Safari.10 Uranium of this quality is just sufficient to fashion a crude
nuclear explosive.

The prospect for attaining independence is enhanced by a fourth
and final characteristic common to the independent countries:
favorable resource endowments. As Table 2.4 showed, South Africa,
India, and Argentina possess significant uranium reserves, enough for
South Africa to export extensively and for India and Argentina to
supply all their own nuclear power plants, at least to the end of the
century. Israel and Pakistan are less well placed, but Israel's needs to
date have been minimal and the PAEC claims that it has enough
uranium to keep KANUPP in operation, which is particularly impor-
tant to a nuclear pariah. The skilled labor endowments of these
countries also permit nuclear development, so long as it enjoys high
government priority. Meanwhile, relatively favorable natural resource
endowments in other energy sectors permit India, Argentina, and
South Africa the 'luxury' of the large front-end investment required
for nuclear power programs. Argentina is nearly self-sufficient in oil,
while India produces roughly one-third of its own. Both have
extensive, unexploited hydro sources. Total coal reserves in India -
proved, indicated, and inferred - have been assessed at around 81
billion tonnes. By 1977, India was the seventh leading coal producer in
the world, behind the United States, Soviet Union, China, Poland,
and West Germany. South Africa is tenth, behind Czechoslovakia and
Australia.11 Argentina also has some coal, but so far has not needed to
resort to its use. This good fortune may shape the style of nuclear
development, both by relieving pressures on domestic financial
resources needed for oil imports, and by relieving nuclear power of the
need to bear the brunt of future energy generation expansion.
Otherwise, the independent path of modest power capacity goals
combined with ambitious fuel processing goals could appear intoler-
ably expensive.

Israel, of course, does not share this favorable position, but because
of the reduced scale and energy objectives of its nuclear effort, it does
not require separate treatment. Pakistan does. It possesses far fewer
resources, and imports 90 percent of domestic oil requirements. Coal
reserves are extensive but low in quality, mostly high in moisture, ash,
and sulfur content lignites which are 'usually noncoking and suscep-
tible to spontaneous combustion'.12 Exploitation of hydro resources
will continue but is constrained by high seasonal flow variations, the
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priority of irrigation over power uses, and the inaccessibility of
potential dam sites. Good natural gas reserves exist in the Upper Sind.
Overall, Pakistani development of nuclear power policy is driven by
the paucity of alternatives rather than their surfeit, and one might
reasonably expect it to have followed the dependent path described
below, which is more conducive to these circumstances. Pakistan's
preference for the independent route can best be understood in the
light of the powerful example of its Indian neighbors, and the intense
regional rivalry to which Islamabad is susceptible.

Having described the characteristics of the independent nuclear
programs, one is left with a nagging question: what is the value of
independence? It is expensive. Diversification of energy supplies and
energy autonomy both require that resources be allocated by political
rather than by competitive market forces, real or simulated. The inter-
national trade theory of comparative advantage says that even if
country A can produce all goods more cheaply than country /?, both A
and B could be better off if each specializes in producing the goods it
makes best and trades with the other. Even under these extreme cir-
cumstances, trade is more profitable than autarky. Ideal conditions,
though, do not exist in developing countries, none of which enjoys
country A's enviable position of being able to produce all goods more
cheaply than the competition. The OPEC nations obviously have an
important comparative advantage in oil production, but the oil im-
porting developing countries cannot hope to fulfill domestic energy
needs more cheaply on their own than with the help of others. There-
fore, energy independence can hurt the economy, in three ways. First,
it requires that some comparative advantage be sacrificed for the sake
of diversification or autarky. Second, more expensive domestic energy
resources must be developed and purchased. Third, the funds devoted
to these domestic energy resources, above and beyond what would
have been spent on energy imports, represent an opportunity cost of
capital lost from investment in other economic growth activities.

Since it costs more to build nuclear fuel facilities than to buy fuel
services from large-scale suppliers, and to acquire the indigenous
capabilities over many years to help build reactors than to buy them
wholly built by foreign contractors, there must be compensating
advantages. The most obvious is energy security. The extra costs may
be viewed as insurance premiums in a policy to cushion the damaging
effects of an energy supply cutoff. Another benefit could be prestige.
Atomic fission is the flower of twentieth century science, and still
invests those able to exploit it with an image of competence and
achievement. Especially in many developing countries, where the
legitimacy of the political regime is often attacked, a competent image
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could be used by political leaders to rally popular support, or to build
nationalism by calling upon factions to unite in order to bring a
challenging endeavor to fruition.

So long as a developing country depends on an industrialized
trading partner, it suffers a weakened bargaining position. After
Argentina had committed itself to purchase a 600 MWe CANDU
reactor from the Canadians, it was forced to renegotiate financial
terms and accede to more stringent antiproliferation conditions.13

These concessions were costly and distasteful, but to insist that the
Canadians abide by the terms originally agreed could have led to the
suspension of the entire project, a development even more damaging
politically than renegotiation. The lesson learned: avoid or reduce
technological dependence in such a politically volatile field. Indigen-
ous capability, say, to reprocess plutonium can offer a strong counter
to use against otherwise indomitable powers, which fear the growth of
nuclear weapons-grade stocks in Third World countries. If depen-
dence is inescapable, at least its harmful effects can be neutralized
through the political leverage afforded by possession of sensitive
technologies.

THE DEPENDENTS

Other developing countries with nuclear power plans pursue a
different strategy. They are less concerned with the painstaking culti-
vation of an independent nuclear effort, and more concerned with the
rapid completion of nuclear power stations. Of course, all nations
welcome independence in any field, because it increases freedom to act
in accordance with one's own perceived best interests. But in weighing
the costs of seeking early nuclear self-sufficiency against its benefits,
many nations find that the heavy investment required could be more
productively employed elsewhere. Efforts at nuclear independence in
all of these countries except Brazil and Mexico are limited by the lack
of enough indigenous uranium reserves to fuel all their planned
reactors. Besides, where the attraction of nuclear power is perceived in
its electricity output rather than in its prestige, political, or techno-
logical spillover benefits, it makes sense to purchase nuclear reactors
from foreign firms experienced in nuclear plant construction. These
firms can build nuclear stations more cheaply and efficiently alone
than with extensive local participation, and can provide greater con-
fidence that the completed reactor will perform well. Shared projects
imply delays, mistakes, extensive training, and ambiguous burdens of
responsibility. Such drawbacks are compensated by improvement of
local skills; at issue is how much is gained and at what cost. The
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dependent nuclear countries have all concentrated on reactor installa-
tion more than fuel cycle independence.

The dependent countries adhere to the same logic for expanding
electricity supplies as the independents. Growth in the use of energy is
correlated to growth in national product; thus primary energy demand
forecasts in these countries range up to 10 percent per annum over the
next two decades. Electrical power growth is often expected to keep
pace with or even exceed the rate for primary energy. Meanwhile, the
costs of fossil alternatives will continue to rise unremittingly. These
countries all depend heavily upon imported energy supplies, and view
nuclear power both as handmaiden to growth and escape from depen-
dence. The use of electricity is projected to expand quickly enough to
accommodate the necessarily large increments of nuclear power, the
nuclear units themselves providing the cornerstones for the expanded
national grids. These governments have judged the comparative
environmental risks acceptable, and although placing less emphasis on
indigenous technological development, they hope to benefit gradually
from the assimilation of nuclear and related technologies.

Of course, apart from the affinity of their energy policies, the
dependent nuclear countries are a diverse group, spanning three conti-
nents and more races. Per capita national incomes range from $510 in
the Philippines to $1,160 in South Korea. Technological abilities,
industrial infrastructures, and skilled labor availability are similarly
varied, as are fossil fuel resource endowments. Here again, Taiwan
and South Korea pose a serious proliferation threat since, in addition
to their technical sophistication, the strong threats to national survival
which they face could induce these governments to acquire nuclear
weapons. Despite their heterogeneity, however, it is important to dis-
tinguish these countries as a group from the independents, along the
lines of program size, energy alternatives, truculence, and technology
transfer techniques.

The dependent countries generally plan to introduce more nuclear
power more quickly than do the independents. This was apparent in
Table 3.4. Some of these plans, it is true, have fallen prey to attack,
mishap, or reduction, but what is surprising is the resilience of these
high targets in the face of enormous problems. Government policy
vacillation plagued construction of the first two Mexican power
reactors at Laguna Verde, where construction began in 1972 but had
fallen six years behind schedule by 1980, 'if indeed it can be considered
to have a schedule any more'. Nevertheless, the 1981 energy program
confirmed Mexican optimistic intentions to build twenty nuclear
plants in as many years.14

In Brazil, the site of the first (American Westinghouse) reactor -
Itaorna, an Indian word meaning 'strange rock' - was accepted for the
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site of the second (German KWU) reactor without resurveying, despite
serious drainage and stability problems encountered in Angra-1 con-
struction. Instead of the shallow, solid foundations expected, the
bedrock turned out to be thirty meters below surface and interrupted
by Brazil's only seismic fault, a forty meter sheer drop to the continu-
ing bedrock. As a result, the project has been delayed three years while
extra foundation pilings have been sunk. The project will cost at least
50 percent more than expected. After five years of criticism at home
and abroad of the delays and cost overruns which have plagued con-
struction of both reactors and Angra dos Reis, the Brazilian govern-
ment merely shifted back the scheduled completion of the nine
planned reactors from 1990 to 2000.15

The ambitious East Asian programs have fared better. By late 1979,
one Korean and two Taiwanese reactors had entered commercial
operation. In an optimistic moment, Korea nearly doubled its nuclear
target to forty-four reactors to be completed by the year 2000. This
revised projection has since been abandoned, but in the meantime
construction continues on one Canadian HWR and five Westinghouse
PWRs, in addition to the operating Ko — R i 1, near Pusan City. By
1991, thirteen nuclear plants are expected to link 11,000 MWe
capacity to the grid. In Taiwan, all six of the reactors of the first phase
of the nuclear program are either in operation or under construction,
and construction on the second tranche of six 900 MWe units, to be
completed by 1993, has also begun.

The dependent nuclear countries' energy resource pictures differ
from those in their independent counterparts. The Philippines, Brazil,
South Korea, and Taiwan all possess relatively poor fossil fuel endow-
ments, and import 85 percent or more of their oil. This is a costly
process. Over all, the share of energy supplies (as measured in energy
equivalents) which are imported annually reaches 80 percent for
Taiwan, 95 percent for the Philippines, and 100 percent for South
Korea.16 Brazil and Mexico are the best endowed of this group. Brazil
has oil shale deposits second only to the United States in scale, but
their development prospects remain uncertain. Brazil also has
extensive hydroelectric resources, whose development commands top
priority. Mexico has oil, but wishes to maximize its value by saving it
for export and petrochemical uses. Significantly, these two countries,
which could be considered to have better alternatives to nuclear power
than the Asian dependents, also happen to have extensive uranium
deposits. (See Table 2.4.) Mexico's uranium occurs near the surface
and can easily be exploited. Whenever the Brazilian and Mexican
governments waver in their commitments to what has become for each
an extremely exasperating nuclear program, these uranium reserves
help restore their vigor.
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The dependent country governments behave less truculently than
their independent counterparts. All have accepted international safe-
guards on all existing facilities, and all but Brazil are NPT members.
The Brazilian government argues, not surprisingly, like the Argen-
tinians, that the NPT is unfairly discriminatory. Brazil has been more
accommodating than Argentina, however, both in accepting IAEA
safeguards and in ratifying the Treaty of Tlatelolco. (Argentina has
yet to redeem its pledge from the 1977 UN Special Session on
Disarmament to sign this accord.) The South Korean government
yielded to heavy US pressure to cancel its contract with the French for
the import of a reprocessing facility, even though it had already
accepted IAEA safeguards of unprecedented stringency, covering not
only the plant itself but any other plant that used the same technology
for fifteen years. The Taiwanese do not merely accept international
safeguards, their Atomic Energy Council insists on them as a pre-
condition of sale. This compliant attitude supports the preference of
the dependent countries to build up their nuclear capacity with
minimal hindrance.

The technology transfer policies of the dependent nuclear countries
differ from those of the independents. In general, a more gradual
approach is favored. The hard way of learning by doing is deferred
until a period of learning by watching and studying has been com-
pleted. Often governments in the South will simply commission a con-
sortium from the North to build a power plant or other large project,
and then 'turn the key' over to local authorities. Turnkey' contracts
are not confined to the poorer countries, and in fact many utilities in
the industrialized nations have resorted to the same practice, at times
vesting more confidence in an experienced reactor manufacturer than
in their own construction divisions. Between 1963 and 1972, thirteen
nuclear power plants were built on a turnkey basis in the United
States. The turnkey approach is faster and cheaper than the indepen-
dent approach. Technology transfer still takes place, but in a more
gradual process of learning by watching and then, as more and more
domestic labor is substituted for foreigners, learning by doing.
Countries such as Taiwan and South Korea are already well along the
learning curve, and their governments plan to become self-sufficient,
or nearly so, in the nuclear field by the 1990s. Brazilians share this
hope.

For all that, the style of efforts to achieve independence distin-
guishes the dependents from the independents. The Argentinians
obtained 35 percent participation in the construction of their first
power reactor, although this admittedly was confined to the non-
nuclear parts of the project. The Korean Electric Company (KECO)
did not plan to reach the 35 percent level for local fabrication of
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station components until construction of its fifth and sixth units.17

These figures are not directly comparable, since the definitions and
valuations of local components vary, as does the composition of the
35 percent. The Korean figure includes local fabrication of 10 percent
of the core of the reactor, the nuclear steam supply system, which the
Argentinians left entirely to their German contractors. Nevertheless,
the point is illustrative, especially since the distinction between the
independent and dependent nuclear countries stems as much from the
different ways in which each type chooses to present itself as from the
different ways in which each behaves.

In the Republic of China, the national electrical utility, Taipower,
has a great deal of experience in building conventional power stations.
So when it came to building the first nuclear station, the equipment
was purchased from US General Electric, and Taipower employees
built the unit themselves, with the help of foreign consultants. One
Atomic Energy Council official estimated that fewer than fifty
Americans came over to work on the project. At peak manpower,
around 3,000 workers could be found at each site. Still, although the
Argentinians obtained a technology transfer agreement from Canada
with their second reactor purchase, the Taiwanese waited until inviting
tenders for their ninth and tenth reactors to seek a technology transfer
package. The difference between Taiwan, South Korea, and the inde-
pendents is thus less one of capability than of emphasis and rhetoric.
The Koreans and Taiwanese have demonstrated keen interest in fuel
cycle technologies, but have subordinated fuel cycle to power develop-
ment, especially when faced with US government pressure.

One vehicle for technology transfer is the joint company. The
Brazilian government explicitly considered the possibility of
developing 'by its own means, reactor and fuel cycle industries, with
foreign technical assistance', but decided instead to 'import tech-
nology to accelerate the process of nuclear development and absorb it
in medium range'.18 To that end, its 1975 multibillion dollar agreement
with West Germany involved a number of jointly-owned subsidiaries
of the German reactor manufacturer, Kraftwerk Union, and the
Brazilian semipublic company, Nuclebras, as Table 3.7 details.

The Korean government pursued a similar policy. After acquiring
their first reactor on a turnkey basis, the Koreans decided that their
large industrial group, Hyundai, should eventually achieve the cap-
ability to design and manufacture complete nuclear reactor systems in
the country. In late 1978, Westinghouse announced its intention to
become a minority partner in this venture, essentially to serve as
conduit for the desired technology. Within eighteen months, Hyundai
had received the coveted N-stamp from the American Society of
Mechanical Engineers, which signified its ability to manufacture com-
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Table 3.7 Brazilian Nuclear Companies

Brazilian ownership
Name Role share (%)

Nuclep Heavy components (NSSS) manufacture 75
Nuclam Uranium exploration and mining 51
Nuclei Build and operate demonstration Becker

jet nozzle enrichment plant 75
Nustep Commercialization of enrichment

technology (in Germany) 50
Nuclen Power station engineering services 75
Nuclemon Heavy minerals exploitation 100

Source: 'Nuclebras Annual Report for 1979', in Correio Braziliense (Brasilia),
April 18, 1980, pp. 9-12.

ponents to the rigid specifications required for nuclear reactors.19 One
of the independent countries, Argentina, in 1980 followed these
precedents by establishing ENACE (Empresa Nuclear Argentina
Centrales Electrificado), a company held jointly with KWU for design
and engineering. The Argentine government owns 75 percent of
ENACE. The impetus for its creation was Argentine dissatisfaction
with the poor performance of Atomic Energy of Canada Limited in
fulfilling the terms of its 1973 technology transfer agreement. Of
course, independent nuclear fuel cycle development activities
proceeded as before.

CONCLUSION

Countries never fit neatly into categories. In this chapter, a great deal
of overlap has been noted between the independent and dependent
countries, and occasionally between the nuclear and nonnuclear
groupings. No country represents a pure or ideal case. The blurred
edges, however, should not obscure the importance of these distinc-
tions. Many developing country governments have so far been unwill-
ing to commit themselves to the development of nuclear power. Con-
versely, others have embraced the nuclear power option. Of these,
some stress the political significance of nuclear technology, and are
sometimes willing to seek a measure of nuclear fuel cycle indepen-
dence at the price of some economic inefficiency, diplomatic hostility,
and reduced nuclear cooperation with suppliers concerned with
nuclear weapons proliferation. The others tend to be more concerned
with introducing nuclear power as cheaply and quickly as possible,



Three Approaches 65

with less emphasis on independent development of self-sufficiency in
the nuclear fuel cycle. These distinctions are not merely cosmetic. In
Part III, it will become clear how the nonnuclear, nuclear indepen-
dent, and nuclear dependent countries are differently motivated.

Another point has emerged clearly in this chapter. Some of the con-
fusion between categories results from the contagious effect of nuclear
policies. Policies are sometimes negatively motivated, by governments
wishing not to fall behind their neighbors. The atomic contagion helps
explain why, for example, Pakistan has chosen the independent route.
Countering the resource scarcities, which tend to favor the dependent
route, has been the powerful example of its subcontinental adversary,
India. The Brazilians' zealotry in their fuel cycle commitments - they
ordered the Becker jet nozzle enrichment technology, even though it
had never been commercially demonstrated anywhere - can be better
understood in the light of the long-standing competition with
Argentina.

Which approach has been most successful? That depends upon how
one defines success. India and Argentina have achieved a great deal in
assimilating technology and improving industrial capabilities in the
nuclear field, but it has cost them plenty of labor and capital. There
have been notable failures, and after thirty years of development,
nuclear power still contributes only 2 percent of their energy supplies.
Perhaps their greatest returns to the nuclear investment still lie in the
future. Nonnuclear countries have avoided large expenditures without
foreclosing the nuclear option, but if their oil situations deteriorate or
their alternative energy resources cost more to develop than expected,
they may later pay for their present caution with reduced income
growth.

The performance of the dependents has varied, with Taiwan and
South Korea faring better than the others. The variations reflect the
different levels of experience brought to bear at the initial stages of
nuclear cooperation. The Philippine government, for example,
appears to have been severely disadvantaged by its nuclear station
contract with Westinghouse, as will be shown in Chapter 10. If
nuclear weapons proliferation resumes, and fuel services from the
industrialized countries again become subject to political intervention,
the dependent countries' governments may well regret the faith they
placed in the North.

This chapter has provided only general descriptions, without indi-
cating how nuclear policies in fact develop. The purpose of the next
three chapters is to show what nuclear programs actually look like.
For purposes of illustration, one country from each of the three
categories has been included: Argentina from the independents, Iran
from the dependents, and Indonesia from the nonnuclear countries.
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4 Argentina

Just one month after atomic weapons were used at Hiroshima and
Nagasaki, the Argentine military junta proclaimed that the 'excep-
tional importance' of uranium affected 'the general interest of the
nation', and that the use of the mineral 'for industrially applicable
energy' could be foreseen within a relatively brief period.1 Under the
patronage of President Juan Peron, Dr Ronald Richter, an Austrian
emigre from the Nazi fusion program, set up a research laboratory. In
1949, Peron established an experimental fusion plant, secluded on an
island in Lake Nahuel Huapi, near San Carlos de Bariloche in northern
Patagonia. He conferred executive authority over the island to Richter,
in order to free the physicist from bureaucratic harassment.2

Over the next two years, Peron's regime grew troubled. Labor
unrest, army discontent, friction between followers of the President
and followers of Senora Eva Peron, inflation, and increasing political
opposition afflicted the country. A joint Congressional committee in
1951 ordered the arrest of the publisher of the respected national
newspaper, La Prensa, creating a potentially explosive situation.
Reigning circles in the country were reportedly filled with 'fear, uncer-
tainty, tension, and conflict'.3 Since Peron faced elections within a
year, he wished to quell internal opposition quickly and salvage his
precarious position.

On March 24, 1951, he summoned a press conference to announce a
stunning development. Perhaps coincidentally, the revelation
occurred on the eve of a Washington conference of foreign ministers
of the Pan-American states. Only reporters usually assigned to the
Casa Rosada, the presidential residence, were invited; foreign
journalists were unwelcome. Peron read a prepared statement, which
was broadcast simultaneously to the nation: 'On 16 February 1951, in
the atomic energy pilot plant on Huemul island at San Carlos de
Bariloche, thermonuclear [i.e. fusion] experiments were carried out
under controlled conditions on a technical scale.'4 Instead of copying
known processes of fission development at great expense, he con-
tinued, Argentina had risked failure in an attempt to create a better
system. Uranium had not been used.5 What was this better system?
Peron explained that reactive nuclei were injected into a zone heated
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to millions of degrees, triggering atoms to fuse in a chain reaction. His
peroration illustrated the tenor of the announcement:6

I wanted to inform the people of the Republic with the seriousness
and veracity which is my custom concerning a happening which will
be transcendental for their future life and, I have no doubt, for that
of the world. In so doing, I hope to exhort all Argentinians to
collaborate in this great project which will redound so much to the
enormous benefit of our country.

Each one must do his part to help in so far as he is capable to
bring about the final triumph of this project, destined exclusively to
the greatness of our country and the happiness of her sons.

Each one of us must with his knowledge, his studies, his self-
effacement, his material assets, bend his work and effort toward
making this effort successful. The country will owe them in the
future a greatness which today we cannot begin to imagine. So be it.

Peron turned the press conference over to Richter, who boasted, 'I
control the explosion. I make it increase or diminish at my desire.'7

That the announcement was timed to distract attention from the La
Prensa controversy or to make a splash at the Pan-American foreign
ministers conference cannot be proved. That political hyperbole
masked scientific triviality cannot be gainsaid. Within hours of the
announcement, leading physicists throughout the world began
registering their skepticism. Enrico Fermi, father of the first self-
sustaining fission reaction, labeled the claim 'rather strange', while two
German Nobel Laureates, Otto Hahn and Werner Heisenberg, termed
it 'fantastic'. US scientists discounted the report as, in the words of
one, '95 percent propaganda'.8 These doubts stemmed from the
physical impediments to attaining temperatures of several thousand
degrees without fission. In all known chemical processes, any
materials containing the reaction would melt and evaporate before
such temperatures could be reached. For perspective, the first
uncontrolled fusion reaction - an American thermonuclear weapon
test - did not take place for another year and a half. Thirty years later,
scientists still struggle to contain fusion reactions for controlled,
peaceful purposes.

Nevertheless, the Peronist press lauded the alleged achievement.
Peron, of course, was irked at the insulting world reaction. He
claimed that he was 'not interested in what the United States or any
other country thinks . . . . They have not yet told the first truth, while I
have not yet told the first lie'.9 Richter attempted to substantiate his
claim by describing that the reaction was contained in a huge 'solar
kiln', and conceded that the Argentinian process might not provide
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proportionate results on a larger scale. His boss appeared satisfied;
within a week, Richter received an honorary doctorate and a Peronist
Medal, pinned on by the President.

Publicly, Peron maintained a confident air. In his State of the
Nation address, he asserted that 'if the experiments now being carried
out keep their present pace, the Argentine Republic will have within
two years their first atomic plants producing power for the entire
country's electrical network'.10 Privately, however, he must have been
prey to doubt, even from within his own scientific community. He
took personal charge of all nuclear research and development.
Internal pressures against Richter mounted. A National Atomic
Energy Commission (Comision Nacional de Energia Atomica, or
CNEA) had been established by presidential decree in 1950, partly in
order to investigate Dr Richter's experiments.11 Finally, in November
1952, the staff on Huemul Island was purged and Richter cashiered.
After the 1955 overthrow of Peron's government, President
Aramburu declassified the project documents, which convinced an
investigating committee unanimously to brand Richter a fraud who
had squandered some $70 million.12

Details of the Richter affair convey both the magnitude of the gaff,
which generated press interest for years, and the consequent depth of
Peron's humiliation. He had wanted to appear powerful, not oafish.
To show that Argentina was indeed a leader in nuclear technology,
Peron ordered the CNEA to hire qualified personnel, regardless of
their political creed. The timing was fortuitous, as his purges of other
institutions created a large pool of highly qualified unemployed.
Largely due to the Richter affair, the Commission became a haven to
anti-Peronists, providing a nonpartisan legacy which set the tone for
much subsequent development of nuclear energy in Argentina.

BUILDING THE FOUNDATIONS

In 1952, Army Colonel Enrique P. Gonzalez was succeeded by Navy
Captain Pedro E. Iraolagoitia as CNEA president. The naval captain
hired able men of any political stripe, facilitating the commencement
of the first serious development of nuclear technology in Argentina.
Laboratories were installed for the study of cosmic radiation, elemen-
tary particles, nuclear spectrometry, isotope separation, and heavy
water. Scientific-technical groups were also established for chemistry,
geology, and electronics. In 1953, the first course on nuclear reactors
was held. In 1955, physics and metallurgical institutes were created.13

Within three years, Iraolagoitia had converted the Argentine nuclear
program from a laughingstock into a serious, if small, research effort.
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With Peron's departure, the CNEA was restructured and given
autonomy in determining its objectives and regulations.14 Exclusive
Commission control over radioactive mineral ownership and produc-
tion (the latter began in 1953) was enforced.15 The Commission's
objectives were redefined: to promote and perform studies and
scientific and industrial applications of nuclear reactions, with
minimal hazards to the public.16 The man selected to chart the new
course was another naval captain, Dr Oscar A. Quihillalt, director of
the High Temperature Experimental Plant at Bariloche (reopened
after Richter's ouster). Promoted to admiral, he was designated as
president not only of the CNEA, but also of its board of directors,
giving him the authority to shape as well as execute policy decisions.

When the CNEA decided to acquire an American-built research
reactor, Quihillalt visited New York to sign the contract. Once there,
he decided that Argentine scientists would be able to construct a small
unit like the one he was shown at Argonne National Laboratories.17

So, using American plans, the components of the RA-1 research
reactor were manufactured in Argentina and swiftly assembled. From
this time, the Commission sought independence in the nuclear field,
never importing what could be produced domestically. The RA-1
became the first operating reactor in Latin America.

Few would have expected that more than eight years would pass
before another research reactor would be commissioned. Hopes for
rapid nuclear development, however, were soon stifled by the new
president, Arturo Frondizi, who ejected Quihillalt and his board of
directors. The new Commission head, Rear Admiral Helio-Lopez, did
not appoint his own board, as had his predecessor, and found it
uncooperative. Moreover, as part of his austerity program,
Frondizi slashed the CNEA budget from nearly $10 million to about
$4.5 million in 1960, the lowest level in the Commission's history.18

Interviewees provided a consistent view of Helio-Lopez as a com-
petent scientist, but neither an energetic leader nor a capable admini-
strator. Beleaguered from within and without, his uneventful tenure
lasted only a year and a half, before Frondizi reinstated Quihillalt.

The CNEA was again reorganized and became a direct agent of the
President, who declared its programs of 'high national interest'.19

Since 1956, responsibility had diffused as new departments were
created ad hoc to accommodate the organization's expanding
activities. Now it was divided into five divisions, covering raw
materials, technology, energy, research, and radiological protection
and safety. The management team appointed in 1960 survived nearly
intact for over a dozen years, giving enough continuity for Argentina's
nuclear program to maintain clear superiority among the agencies of
the government as well as among the nations of Latin America.
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ATUCHA-1

By 1964, the CNEA was considering the construction of a nuclear
power station for the Greater Buenos Aires-Littoral electrical system.
In April of that year, a national commission for the coordination of
large electrical works authorized a feasibility study, for which
President Arturo Illia appropriated $600,000.20 Eschewing the
common practice of commissioning a foreign consulting firm to
provide independent assessment of major investment projects, the
CNEA decided to conduct the entire study in-house. One of the
study's directors attributed this decision to the desire to 'learn by
doing' and to demonstrate to others that foreign consultants were
dispensable for work 'that could be done perfectly well using
indigenous talent'.21 Though unstated, a probable additional reason
for keeping the study inside the CNEA was the desire for better
control over the results. The Commission had faith in its aims, and
would not have welcomed criticisms of them by unpredictable
outsiders.

Within fourteen months, the Commission completed a study which
concluded that the Greater Buenos Aires-Littoral electrical power
system would be large enough to accommodate a 500 MW nuclear
power station, that such a station could enter operation by 1971, and
could be as efficient and safe as any conventionally powered station.22

Further, the study concluded that Argentine industry could participate
in an estimated 40 to 50 percent of the construction and operation of
the station. This large element of local participation would elicit the
support of businessmen and government officials who wished to
stimulate the scale and quality of industrial development. Adequacy
of indigenous uranium resources added to the appeal of nuclear
power, as did the expected stimulation of scientific and technological
activities. Calculating that, in Argentina, light water reactors would
cost 22 percent less than conventional power plants, the 1965 study
concluded that it was 'technically feasible, economically convenient,
and financially sound to install a 500 MW nuclear power plant, to
supply electricity beginning in 1971 to the Greater Buenos Aires-
Littoral Area'. German, Canadian, American, British, and French
firms sent bids. Initially, the CNEA had to decide whether to purchase
a light or a heavy water reactor. Light water stations used enriched
uranium, while the heavy water versions used natural uranium for fuel.
At the time, the United States was the sole world supplier of enriched
uranium. Zealously independent Argentinians looked askance upon
direct dependence upon their North American neighbors.

Both the British and the US suppliers offered enriched uranium
reactors. Despite their strong preference for independence, the CNEA
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entertained bids for these reactors for two reasons. First, light water
were less expensive than heavy water reactors, and were dominating
the markets of the United States, Europe, and Japan. A principal
author of the Atucha feasibility study recalled that the CNEA pre-
ferred independence, but not at any cost. The second reason was
tactical: since more bids stiffened the competition, better terms would
be offered by firms eager to gain a foothold in a new market.

The Canadian and German offers were most attractive. The German
offer was for a natural uranium reactor, with 100 percent financing, 35
percent local participation, and the shortest delivery time. Its biggest
disadvantage was the lack of commercial experience with the reactor
design, based only on a 50 MW prototype at Karlsruhe. The Canadian
natural uranium reactor design was superior in many respects.23 It was
better engineered and tested than the German alternative, as were its
fuel elements. Looking toward the future, the Canadian design held
greater promise for technology transfer. The German reactor core was
contained in a thick metal pressure vessel, difficult to weld and cast.
The pressure vessel was replaced in the Canadian reactor by a matrix
of pressurized metal tubes interspersed among the fuel rods. These
pressure tubes could be manufactured by Argentine indus t ry far
sooner than could a large pressure vessel.

The bid by the electrical giant, Siemens AG, of Germany was
chosen for its superior financing terms, delivery time, and local
participation. The better Canadian design was outweighed by the con-
venience of buying from a traditional trading partner, the reliability of
Siemens (which had long had a branch in Argentina), and the full
support for the sale by the German government - critical factors in a
country where projects often foundered in political and economic
turbulence.24 The CNEA felt that, in extremity, the Germans would be
more likely to carry through than would the Canadians. (This belief
was confirmed by later experience with the Canadian-supplied second
power reactor.)

The DM360 million ($70 million) contract signed, construction
began at Atucha, a site on the Parana River about one hundred kilo-
meters northwest of Buenos Aires.25 The civil engineering structures
(those outside the central nuclear steam supply system) were
completed by 1971, but delivery of the pressure vessel and steam
generators was delayed nine months. Further delay occurred when,
during the final tests before starting up the reactor, technicians dis-
covered that fuel rods were jiggling. Design changes were imple-
mented, and 5,000 rods replaced. Without protest, Siemens paid all
additional expenses as well as the financial penalties which the
contract stipulated for delays. Nearly two years overdue, the Atucha-1
power station began delivering electricity on March 17, 1974. Official
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figures for the cost overrun were not published, but sources indicated
that it approached 100 percent, for ak loss of about $70 million to
Siemens.26

EMBALSE AND THE PERONS

In 1967, the CNEA adopted a ten-year plan, later extended to 1980.
Its major goals were to complete three nuclear power stations, to
install most facilities necessary for the manufacture and disposition of
nuclear fuel, and to stay abreast of world progress in plutonium
reprocessing and breeder reactor technology.27 During the military
regime of General Ongania (1966-70) the CNEA expanded its
technical base in order to meet the third objective. No breeder
activities took place, but a small reprocessing facility was designed
domestically, built, and operated, yielding the first plutonium ever
produced in Latin America.28 By 1971, five research reactors had
entered into operation.

Success in achieving the second objective, fuel cycle self-sufficiency,
eluded the Commission. This was not for want of effort. Much
boasting had accompanied the development in CNEA laboratories of
a new process to reduce uranium from the gaseous form used in
enrichment processes to the solid form used in reactors. But technical
advance did not translate easily into commercial production. Plans to
increase uranium ore mining and milling and to acquire commercial
heavy water production plants were deferred repeatedly from the
1960s throughout the 1970s. Uranium ore had been mined sporadi-
cally, with production increasing to over 20,000 tons in 1958, plum-
meting to around 5,000 tons during the Frondizi regime, soaring to
58,000 tons in 1965, and collapsing to 13,000 tons in 1966.29

Production of the uranium concentrate extracted from the ore
paralleled the undulations of the mining effort. Fluctuations con-
tinued in the 1970s, a decade which closed with neither a commercial
fuel element production nor a heavy water plant in operation.30

Progress toward the first goal, power plant construction, com-
menced in 1967 with a feasibility study for a second station, under-
taken on the initiative of the Cordoba province energy utility. The
CNEA was authorized to call for bids on a 600 MWe station, nearly
double the size of the 317 MWe Atucha reactor, by President
Alejandro Lanusse in 1972. By then, competition had intensified.
During the Atucha-1 bidding, some had doubted whether Argentina
would in fact complete the project. Political chaos and economic
stagnation tended to wreck major long-term capital investment
projects, particularly those with large foreign exchange components,
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such as nuclear power. By 1973, with Atucha-1 nearing completion,
the Argentinians had demonstrated their earnestness. Three changes
in government had not prevented the project from succeeding.

Reactor manufacturers expected that the second reactor selected
would indicate the government's final choice of a reactor type, and
perhaps, if the Germans won again, of a permanent partner in nuclear
power development. The Commission welcomed bids for heavy and
light water reactors. If a heavy water reactor were again chosen, light
water reactor vendors probably would abandon all efforts in
Argentina. The contest was fought fiercely. The field had narrowed by
two-thirds since the Atucha round, to a half-dozen bidders. The
American firm, Westinghouse, was a leading contender. Ironically,
the Germans, whose aggressiveness had contributed significantly to
their initial success, did not even offer an HWR of the requested 600
MWe rating, although Argentine enthusiasm for the natural uranium
fuel cycle had not diminished.31 Kraftwerk Union (KWU) tried to
convince CNEA officials that they, too, should go the light water
route, and attempted to get the Anglo-Dutch-German uranium enrich-
ment consortium, Urenco, to pledge to supply an Argentine LWR.

The Argentine priority on independence could no longer justify
automatic preference for heavy water reactors. HWRs entailed depen-
dence upon the Canadians, who alone continued to build and promote
them. Dependence upon foreign enriched uranium supplies would be
traded for dependence upon foreign heavy water supplies. Though at
the time there remained only one exporter of enriched uranium, the
US monopoly was doomed by impending competition from new
enrichment facilities being built by Urenco and the French enterprise,
Eurodif, financed in partnership with Belgium, Iran, and Italy. The
only reason why use of enriched uranium would reduce independence
vis-a-vis dependence on heavy water would be if demand grew so
quickly that it exceeded even these added supplies, allowing the United
States to continue to control the market.

Little public discussion had attended the Atucha-1 decision, when
ministerial councils considered CNEA recommendations confiden-
tially. This was not so for the second reactor decision, as debate
erupted over the choice between reactor types, involving the univer-
sities, utilities, newspapers, television commentators, and even the
'man in the street.'32 High stakes magnified the controversy. Energetic
lobbying reflected energetic competition, with opposing sides leaking
details favorable to their advocacy. Leaks provided the grist for public
discussion. Moreover, after four years of press coverage on Atucha-1,
the subject of nuclear power had ceased to be esoteric. Many people
now felt qualified to express judgments upon nuclear technology. To
the extent that controversy divided military officers, interservice
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rivalry might have afforded the protection for conflicting viewpoints
necessary for a flourishing public debate.

A final possible explanation for the increased public debate over the
second reactor was that, objectively, this decision was more difficult
than that for the Atucha-1, when an excellent offer had been made
with excellent terms. The persuasiveness of 100 percent financing had
been unassailable. This time, though the Canadians had offered the
lowest price possible, the LWR bids still cost 10 percent less. Never-
theless, the joint armed forces command then controlling the govern-
ment selected the natural uranium line, and awarded the contract to a
consortium of Atomic Energy of Canada Ltd (AECL) and the Italian
electrical manufacturer, Italimpianti.33 The price tag for this CANDU
(for Canadian-Deuterium-Uranium) reactor was reported to be
around $250 million. The reactor would serve the Cordoba province
and was sited at Embalse, on Rio Tercero Lake. A prime attraction of
the Canadian offer had been an ancillary technology transfer agree-
ment, which the CNEA considered a valuable stepping stone toward
independence in nuclear power production.

Before the final contract could be signed, Juan Peron returned
tr iumphant ly from eighteen years exile and recaptured the nation's
highest office. But the chaos which distressed the country throughout
his tenure and that of his wife and successor, Maria Estela Martinez
(Isabel) Peron, wrought the worst internal upheaval the CNEA had
yet known. As usual, with the change in government, Admiral
Quihillalt tendered his resignation. This time, it was accepted. Peron's
earlier CNEA chief and founder of the tradition of apolitical hiring,
retired Admiral Pedro Iraolagoitia, succeeded the man whom he had
preceded. Any hopes that the nonpartisan tradition would survive
were soon dashed. In 1953, he had followed Peron's command to
assemble the best agency possible, ignoring applicants' political
beliefs. Now he was asked to install loyal Peronists. Former CNEA
officials estimated that about sixty top Commission officials were
replaced by supporters of the new government.

The results of the politicization of the CNEA were disastrous.
Earlier, Iraolagoitia had presided over the Commission when it was a
small research group, with a couple of hundred employees and a
handful of scientists. The Commission had since begun to operate on
an industrial scale, with a staff of 4,000 or so, nearly a quarter of
whom were professionals.34 Whether the retired admiral could have
effectively handled the increased scale of operations even in the best of
circumstances is an open question. In the event, he was denied
adequate authority even to make a serious effort, as his access to his
former mentor and then to Isabelita was eliminated. CNEA decision-
making collapsed. Bootless management of daily affairs was
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attempted through large committee meetings. Only the powei
program continued to progress. Its director, Dr Jorge O. Cosentino,
had survived the purges due to his Peronist leanings. These had not
cost him his job during the anti-Peronist regimes because of his
discretion and ability, and Quihillalt's apolitical approach. Under
Cosentino's direction, Atucha-1 was inaugurated and the Embalse
reactor agreement was ratified, two lonely highlights in a period other-
wise barren of accomplishment.

Dispute plagued the Embalse agreement from the start. Sensitized
by the use of a Canadian-supplied reactor as the source of the plu-
tonium used in the Indian nuclear test of May 1974, the Canadian
government insisted that Argentina accept additional safeguards on
the Embalse plant to prevent another nasty surprise. Meanwhile,
Peron's economic policies generated 200 percent annual inflation and
precipitated massive currency devaluations. As a result, within
eighteen months, AECL had sustained some $200 million in losses.35

AECL declared in late 1975 that, without renegotiation of financing
terms, work at the reactor site might be stopped.

Haggling over the safeguards and financing issues continued into
1976, with the CNEA finally accepting a safeguards agreement ban-
ning the reexport from Argentina without Canadian permission of any
materials produced in the reactor, banning also the use of supplied
technology or materials for the manufacture of any nuclear explosive
(peaceful or otherwise), and extending safeguards coverage from
fifteen years to the (roughly thirty-year) lifetime of the reactor.36 The
March 1976 military coup delayed for another year the final approval
of a renegotiated contract which cut losses to AECL and Italimpianti
to $40 million apiece. By summer, however, the loss had again
doubled.37 As the project cost approached the $1 billion mark, the
Canadians again asked for renegotiation. The plant had nearly quad-
rupled in price.

Construction at Embalse, as elsewhere in Argentina, virtually
ceased in the last months of Isabel Peron's embattled government.
Scores of people left the Commission, as salaries and working condi-
tions deteriorated. To improve matters, the CNEA submitted a bill to
Congress to convert itself into a state corporation, with a fixed income
source and greater operational flexibility. Reportedly, CNEA
autonomy had become so compromised in this period that every
move, down to hiring and firing, required executive decree. The bill
languished without approval for the remaining year of Senora Peron's
regime.38
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THE VIDELA REGIME AND ATUCHA-2

The CNEA was swiftly reordered under the new military government,
headed by General Jorge Rafael Videla, which came to power on
March 29, 1976. Navy Captain (later Vice Admiral) Carlos Castro
Madero, a doctor of nuclear physics, became CNEA president. Soon
he announced that the Embalse reactor was to become operational by
1981, to be followed by a third nuclear station slated for 1985 com-
pletion, and that the most important link missing from the Argentine
nuclear fuel industry, a commercial heavy water plant, was to start up
by 1984.39

Another round of housecleaning took place, primarily to reverse the
one that had taken place three years earlier. Many who had left the
Commission now returned to their former positions of authority.
These purges were more heavy-handed than Peron's. In 1973, some
CNEA officials resigned through harassment and frustration, while
others were content to have their jobs transformed into sinecures.
Outright firings were rare. In 1976, firings were the norm, and allega-
tions arose that several Peronists who had become involved with the
Commission disappeared.

The first orders of business were to get on with Embalse construc-
tion and with plans for a third station. In order to reduce costs, the
already prepared Atucha site was picked for the location of the next
reactor, Atucha-2. During Iraolagoitia's tenure, the CNEA expressed
the intention to buy another 600 MWe CANDU reactor, but subse-
quent aggravation over the Embalse accord reduced the appeal of
future cooperation with AECL. The unhappy relations with the
Canadians also softened the memory of the mistakes and delays made
by the Germans at Atucha-1.40

Meanwhile, shortage of funds delayed the entire Atucha-2 project
one year. Such delays were the bane of the Commission, fundamen-
tally threatening its central objectives. Progress was seen to be neither
inevitable nor indelible. Cosentino speculated that 'it is possible to run
the risk of losing [domestic capability], should an intermediate period
elapse during which there were no projects approved' to satisfy
increasing electrical demand.41 Fears that a dangerous torpor might
stultify the government's commitment to nuclear power were relieved
when the Secretary of Energy's 1977 electrical power installation pro-
gram included the contribution of the Atucha-2 station within ten
years.

Presidential decrees cemented the nuclear commitment. One in
October 1977 called for the installation of more nuclear power plants
and the attainment of complete self-sufficiency in the nuclear field.42

The next year, a presidential decree commenced a new round of
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bidding for the Atucha-2 station. In November 1978, the Cabinet
appointed an interministerial commission to evaluate both a proposed
CNEA fifteen-year plan and the bids for Atucha-2. The inter-
ministerial commission approved and the president ratified the plan,
which guaranteed that the CNEA would remain busy for the rest of
the century.43 It gave the CNEA a mandate to build, commission, and
operate four 600 MWe heavy water reactors, to be completed by 1997,
as well as to build all necessary facilities to achieve self-sufficiency in the
nuclear fuel cycle by that date. That such a major plan was approved
despite Argentina's relentless economic plight documents the depth of
the political commitment to nuclear power.

The decree committed the nation, once and for all, to the natural
uranium cycle. Though coming as no surprise, this need not have
happened. The picture of the world supply of enriched uranium,
which had begun improving before the Embalse decision, had become
brighter still. Lowered nuclear power projections everywhere, and the
disappearance from the enrichment market of one of its biggest pro-
spective consumers (Iran), made it clear that there would be, if
anything, a glut of enrichment capacity. The Commission could easily
have counted on supplies from Eurodif, since Iran had renounced its
10 percent share, and perhaps Urenco. Moreover, the nuclear power
market was so starved for orders by 1979 that even those LWR manu-
facturers which had failed twice in CNEA competitions probably
would have been willing to field serious bids yet again. But building an
enrichment plant in Argentina would have been nearly impossible, so
long as all nuclear suppliers continued their pledges not to export
facilities or technology that could lead to nuclear weapon production.
(Uranium enrichment was used to provide the explosive material in the
Hiroshima bomb.) This would have prevented the Argentinians from
completing an LWR fuel cycle domestically, so they decided instead to
obtain a heavy water production plant, and obtain freedom from all
dependence upon foreign suppliers.

Through the summer of 1979, the interministerial commission
considered the bids for both the Atucha-2 reactor and a commercial
heavy water plant. Agreement had been reached between the Germans
and the Canadians not to relax international safeguards requirements,
but to insist that the Argentine government promise to accept safe-
guards on all its nuclear facilities, so that the decision would be based
only on the relative technological, financial, and other merits of the
offers.44 The CNEA then decided to divide the reactor from the heavy
water plant contract in order to prevent, they said, too much depen-
dence upon a single supplier.45 The Swiss firm, Sulzer Brothers, was
awarded the heavy water contract and the Germans, dropping their
insistence that Argentina pledge to submit to comprehensive safe-



80 Policies

guards, won the contract for the Atucha-2 reactor.46

Some charged that the Atucha-2 decision had favored KWU
because the German government insisted upon fewer safeguards than
did the Canadian government. First, critics noted that the KWU
exceeded the AECL offer in price by over $500 million, $1.579 billion
to $1.075 billion.47 Second, the CANDU reactor remained techno-
logically superior to the KWU design. Twenty-seven CANDU stations
had been built. The KWU design, a scaled-up version of Atucha-1,
had never been used. It contained the large pressure vessel which, as
noted, was less conducive to technology transfer than the CANDU
pressure tube design. Moreover, the KWU reactor would have to be
shut down for refueling, while the CANDU could be refueled while in
operation and so reduce electricity generation losses. Third, the Sulzer
Brothers heavy water plant offer was also claimed to be inferior to the
Canadian version. Criticisms focused on the Sulzer Brothers' past per-
formance, particularly on one of its plants, at Baroda in India, which
was largely destroyed by an explosion, and another one in France
which could not be put into operation. More concern arose because
the plant was to produce ten times more heavy water than the largest
existing Sulzer Brothers facility.48

Many suspected that the CNEA had divided the package into
separate reactor and heavy water contracts in order to break supplier
solidarity on safeguards. Because the Argentinians would be able to
extract weapons-grade plutonium from the heavy water reactor fuel
elements, these efforts to evade international controls elicited concern
over possible intentions to develop nuclear weapons.

CNEA President Castro Madero vigorously denounced these asper-
sions. With respect to price, he noted that the German and Canadian
packages were different and could not be compared directly.
Specifically, he noted that the two proposals offered different net
power levels, different fuel fabrication costs, different efficiencies of
conversion from thermal to electrical energy, and different operation
and maintenance costs. He discounted superior Canadian technology
against superior German contract performance, remarking on 'the
excellent operating experience of Atucha-1 and the advantages of
using stations from the same supplier'.49 Siemens had stuck to their
agreement, absorbing a loss which might have exceeded the initial
contract price of the whole project. The firm had not demanded
renegotiations to increase price and safeguards requirements after the
agreement was signed. By contrast, relations with AECL and the
Canadian Government had been marred by aggravation caused, in the
Argentine view, by repeated Canadian reneging on commitments. In
short, the decisive advantages leading to preference of the German
over the Canadian bid for Atucha-1 - the convenience of buying from
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a traditional trading partner, the strength of Siemens, and the support
of the German government - had been vindicated by experience with
the Canadians.

In defense of the selection of the Sulzer Brothers bid for the heavy
water station, Castro Madero stated that the Indian heavy water plant
explosion did not occur in the part of the plant where the heavy water
was produced and was not caused by the method of production. He
reiterated that the CNEA had applied 'the basic principle of
diversifying sources of supply to avoid possible monopoly situations
or exclusive political domination', and added that the Sulzer bid was
$100 million cheaper than AECL's. Apparently, direct cost compari-
sons were more important for the heavy water plant than for the
reactor.

All factors considered, one cannot prove that Argentina sub-
ordinated concerns for product quality and economy to desires to
remain unfettered by international safeguards. Yet even Argentine
officials privately admitted that the Atucha-2 decision swung on
strategic and political rather than economic grounds, while after
KWU had been awarded the right to build Atucha-2, disputes arose
over German insistence on more extensive safeguards than were
acceptable to the CNEA.50 Clearly, wherever the Commission is able
to avoid safeguards, it does.
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5 Iran

In Iran, as in developing countries the world over, interest in the use
of fission was sown by the US Atoms for Peace program in the 1950s.
In 1957, at the opening of an American Atoms for Peace exhibit in
Tehran, the Shah announced the signing of a proposed agreement for
cooperation in research on the peaceful uses of nuclear energy.1 Initial
cooperation was limited to some technical assistance and the lease of a
few kilograms of enriched uranium. A year later, a nuclear training
center under Central Treaty Organization (CENTO) auspices was
moved from Baghdad to Tehran. From that moment, nuclear energy
interested the Shah personally. In 1959, he ordered the establishment
of the Tehran University Nuclear Center, which the next year pur-
chased a 5 MWt research reactor from the United States. In his 1961
autobiography, the Shah described in detail the training activities at
the CENTO Institute of Nuclear Science and the possible medical,
agricultural, and industrial applications of radioisotopes.2 The Inter-
national Atomic Energy Agency, as usual, sent an expert to assist in
installing the reactor, and the United States pledged the standard
$350,000 Atoms for Peace grant toward the cost.

As with similar projects elsewhere, little else happened. Able tech-
nicians were hard to find. In a country richly endowed with oil, with
far too little installed electrical capacity (360 MW) to accommodate
even a single power reactor, and no national grid, there seemed little
urgency to pursue nuclear fission studies, even less to consider nuclear
powered electricity generation. Consequently, it was not until 1967 that
the small research reactor, over five years behind schedule, was com-
missioned for use. A Van de Graaf generator, purchased in 1957, was
not installed for fifteen years. Even then, the laboratory was hardly
furnished with power outlets, let alone the electronics necessary to
perform atomic research.3 By the early 1970s, still no clear program of
research had been adopted at any level, and equipment was barely
used.

Equally dormant was a small, policy-making Atomic Energy Com-
mission, established in the 1960s. Divorced from Tehran University,
the hub of the nation's minimal nuclear activity, the Commission lan-
guished. The Shah, dissatisfied with the lack of progress, asked the
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Ministry of Water and Power in 1972 to assess the feasibility of
building a nuclear power station within five years.4 Yet again, the
effort stagnated. The Ministry lacked familiarity with nuclear tech-
nology, and sought assistance from the Tehran University Nuclear
Center, whose staff did not know how to administer commercial scale
power programs. The expected symbiosis failed to materialize, and no
major proposals emerged from the study. Simply finding enough
experiments to keep their laboratory in use seemed to overtax the
capacities of resident scientists.

Before 1964, most electric power facilities in Iran were small diesel
units owned by local private and municipal companies, or attached to
industrial installations. In the late 1950s, the central government
initiated a hydropower-based power development program. Still, only
one quarter of the population had access to electricity by the early
1960s.5 In 1963, a power authority was created which was replaced a
year later by the Ministry for Water and Power. Ten regional electrical
companies were set up to help administer the growing public power
sector and coordinate the existing network of small, private stations
scattered throughout the country. The government nationalized many
of these stations and rapidly expanded the power system during the
Third and Fourth Plans.6

A GRAND EFFORT

The massive price increases imposed on oil in late 1973 and early 1974
presented opportunity and challenge to the government of Iran. After
the 1971 departure of British forces from the Persian Gulf, the Shah
had sought to establish Iran as the bulkhead of Western interests in
the region. The quadrupling of oil revenues provided him extensive
means with which to try to translate that wish into reality. The
challenge was to find good use for an immense income in a country too
li t t le developed to absorb it. With aspirations for rapid modernization
at home and increased projection of influence abroad, the Shah
decided to augment drastically the project budgets in the country's
Fifth Plan for economic development. The annual military budget
reached $10 billion.7 The Shah also decided to act upon his long-held
belief that oil was far too valuable in petrochemical production (and
for export) to continue to burn for domestic energy consumption.8 In
his words:

The oil we call the noble product will be depleted one day. It is a
shame to burn the noble product for the production of energy to
run factories and light houses. About 70,000 products can be
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derived from oil. We plan to get, as soon as possible, 23,000 MWe
from nuclear power stations. Added to the electricity generated by
our dams, this will give us one of the highest per capita supplies in
the world.9

Three other major justifications were adduced in support of the
'recourse to nuclear energy on a grand scale'.10 First, nuclear power
was deemed the best long-term energy alternative, since water
resources were too feeble for a significant hydropower program, and
neither fusion nor solar technologies would mature before the end of
the century. Second, nuclear energy required heavy investments which
only a few countries could commit. It was 'natural' that Iran should
profit from the ability to make them. Third, long-term forecasts
showed that the cost of conventionally fired plants would inevitably
continue to climb, leaving nuclear power in an advantageous position.

Frustrated by the failure of his earlier encouragement of nuclear
technology development, the monarch decided that only a grand effort
could make nuclear power become a reality in Iran. 'Critical mass' in
commitment had to be achieved. To execute a program of this scale, a
new, powerful, autonomous agency was needed. In March 1974, the
Shah established the Atomic Energy Organization of Iran (AEOI)
under Dr Akbar Etemad, and affirmed that 'the matter is of high
importance so the commission will operate under my direct super-
vision'. Within a week, in his New Year's speech, the Shah announced
that Iran would begin using nuclear power as soon as possible.11

Etemad faced an intimidating task. The Shah wanted results,
quickly. The question was how to begin. In Argentina and India, the
most successful developing countries in the nuclear field, scientific
infrastructure had been developed assiduously and patiently. Experi-
ence with research reactors led to a gradual introduction of nuclear
power generation. But in both cases more than twenty years elapsed
before their first power reactors went critical. Etemad could not afford
such an unhurried pace when he had orders to build about twenty
power reactors in as many years. Nor could Iran emulate the
developed countries' nuclear development pattern. Though the AEOI
budget was large (increasing from $30.8 million in fiscal year 1975 to
over $1 billion in fiscal year 1976)12 in no other respect could Iran
approach the effort mounted in even the smallest European nations.
The country lacked a large electrical grid. Skilled manpower was in
chronic short supply. Iranian industry was overtaxed, and could not
contribute all the pumps, valves, and reinforced concrete needed in a
nuclear station, let alone the specially designed components unique to
reactors.

The only alternative was to purchase reactors and the services of
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their constructors. Nuclear reactor vendors were eager to make sales.
Even before the AEOI was established, tentative accord had been
reached for the French to build five 1,000 MWe reactors for Iran.
Once Etemad took office, more negotiations quickly followed. In May
1974, US Atomic Energy Commission Chairman, Dr Dixie Lee Ray,
visited Tehran. The next month, provisional agreement was reached
for the United States to supply two reactors and the enriched uranium
fuel for them. Projected cooperation was expanded in 1975, when
Secretary of State Henry Kissinger and Finance Minister Hushang
Ansary signed a $15 billion trade agreement, which envisaged the
purchase of eight reactors for $6.4 billion.13

The high hopes for American cooperation fell prey to legal compli-
cations. Section 123 of the US Atomic Energy Act required that
cooperation with other countries be based on an agreement for co-
operation, which set forth the bounds and conditions of bilateral
nuclear relations.14 The 1957 US-Iran agreement (due to expire in 1979)
covered cooperation only for nuclear research, and could not simply
be extended to apply to cooperation for nuclear power development.
Negotiations on the new research and power agreement became
bemired in disagreement over the right of Iran to reprocess the
plutonium and other elements from the spent fuel extracted from its
reactors.

A major stumbling block to agreement was removed when the Shah
agreed that any reprocessing plant in his region be subject to inter-
national control.15 Etemad went further, announcing that Iran had no
immediate plans to reprocess its spent fuel. By this time, however, the
election of President Jimmy Carter had caused further delays. As a
candidate, Carter had stressed the importance of preventing the pro-
liferation of nuclear weapons, and his concern led to a more restrictive
US nuclear export policy. Negotiations were also delayed due to
uncertainty: the US Congress was considering a bill that would further
restrict the conditions under which US nuclear exports would be per-
mitted. To avoid concluding an accord that immediately would be
rendered obsolete by new US statute, negotiators waited.

Official Iranian policy on nuclear weapons could not account for the
delay, for the government of Iran had consistently and unambigu-
ously rejected nuclear weapon acquisition. As early as 1961, the Shah
wrote that, 'our philosophy is well expressed by the CENTO Institute
of Nuclear Science, which is devoted entirely to peaceful applications
of nuclear energy'.16 The government quickly signed and ratified the
Limited Test Ban Treaty of 1963 and the Non-Proliferation Treaty of
1968. All nuclear facilities were placed under IAEA safeguards. The
Shah sponsored initiatives in the United Nations to bar all use and
possession of nuclear weapons in the Middle East.I7 Admittedly, there
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was little cost in offering such a hopeless initiative, but the gesture was
positive. The government did not retreat from this position after the
nuclear program began in earnest. In 1975, the Iranian delegate to the
Geneva Disarmament Conference reiterated his nation's renunciation
of nuclear weapons. That year, the Shah branded the prospect of
Iranian nuclear weapons as 'ridiculous' in the light of existing Soviet
and US arsenals.18 Rather, the monarch's stated military objective was
to accumulate enough conventional strength to defeat any attack short
of one using nuclear weapons.19 For that contingency, Iran relied
upon security arrangements.

Finally, talks in Tehran between President Carter and the Shah in
January 1978 resolved all major outstanding issues.20 The new agree-
ment would neither promise reprocessing rights for Iran nor permit a
US veto over them. Rather, the United States pledged that Iran would
receive 'most favored nation' status for reprocessing. In other words,
the American government would not discriminate against Iran as com-
pared to other countries in requests for permission to reprocess
plutonium from enriched uranium fuel of US origin. The Americans
were also locked in controversy with the Japanese and the Europeans
over this issue. The Iranian government agreed to accept some safe-
guards, beyond those required by the IAEA, which were demanded by
Washington. Still, negotiations dragged on without conclusion until
the Shah's ouster, after which they became irrelevant.

GERMAN COOPERATION: BUSHEHR AND BEYOND

The AEOI initiated more fruitful partnerships. In contrast to the
sluggish discussions with the United States, negotiations with the
Germans were swiftly concluded. Keen to gain a preeminent position
in what appeared to be the best virgin market for nuclear reactors in
the world, a Kraftwerk Union team offered to match any offer from
competitors. In just two months, a detailed letter of intent for the
supply of two 1,240 MWe reactors was drawn up with the AEOI.

This created an awkward situation. The Iranians did not want the
German agreement to upstage the earlier commitment to the French.
The preliminary agreement with France for the purchase of five 1,000
MWe reactors had been ratified during a June 1974 visit to Paris by
the Shah and Etemad. The $5 billion accord provided for a French
supply of uranium, industrial equipment, gas pipelines, and a nuclear
research center.21 At the same time, Foreign Ministers Abbas AH
Khalatbari and Jean Sauvagnargues signed an agreement for coopera-
tion in the peaceful uses of atomic energy.

Translation of this umbrella agreement into commercial contracts
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had not yet occurred. In July, Iran agreed to extend a $1 billion line of
credit with Banque de France for use over three years at commercial
interest rates toward reactor payments.22 But, according to AEOI
officials, the French appeared ill-prepared to negotiate contracts for
reactor exports. The Organization had to deal separately with manu-
facturers of the nuclear steam supply system, turbogenerators, and
constructors of the civil works (such as the roads and houses at the
reactor site). The German approach was more effective, with KWU
leading the negotiations for the entire project, even though it sub-
contracted large segments of the work. When alerted to the quick
results of the negotiations with KWU, the French at once revived and
signed a letter of intent in order to protect their market position.

As noted, the Shah wanted nuclear power to come on stream as
quickly as physically possible, so as to maximize oil diversion from
domestic consumption. His goal was to multiply Iranian electricity
supplies tenfold by the mid-1990s, to over 50,000 MW installed
capacity. Roughly half of this was to be nuclear. Meanwhile, electri-
city shortages were already occasioning discontent in Tehran. Conse-
quently, KWU took the unusual step of commencing reactor site
work, in August 1975, on the basis of only a letter of intent rather
than a contract. Contracts for the two reactors, under construction at
the Persian Gulf port of Bushehr, were signed the following summer.
The capital cost for the pair, including infrastructure, was about
DM7.8 billion (about $3 billion).23

The package was 'super-turnkey'. A turnkey project is one wherein
the contractor takes all responsibility for design, engineering, and
construction of a plant, and then simply 'turns the key' over to the
customer, who is responsible only for operation and maintenance.
Many developing countries choose turnkey contracts for projects that
involve advanced techology, high quality control standards, specially
skilled workers, or which for some other reason exceed the capabilities
of the customer's industries. A turnkey contract drains foreign
reserves more than does a contract in which local industry plays an
important part, but, on the other hand, it increases efficiency, since a
single, experienced contractor administers the whole project. Overall
price may be lower than when inexperienced, inefficient local firms
attempt to make a significant contribution.

Super-turnkey contracts exclude local participation to an even
greater extent. In turnkey projects, the infrastructure of houses, port
facilities, hospitals, schools, and roads are usually built at least partly
by the industries of the developing country. But at Bushehr, even these
items were built by foreigners. Again, the reason was the Shah's desire
for speedy execution.24 Iranian industry, though capable in many
fields, was overcommitted by the revised five-year development plan
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of 1974. Iranian contributions to the Bushehr project might have been
delayed by the need to obtain governmental approval and licenses. To
avoid possible bureaucratic entanglements, the AEOI decided to steer
clear of any possible governmental interference.

In June 1977, with final agreement for the first two French reactors
still pending, negotiations opened with KWU for the second tranche
of German reactors. The Iranians were pleased with the progress at
Bushehr. Most reactors planned or under construction in developing
countries and those developed countries with serious opposition to
nuclear power (virtually all outside France and the Eastern bloc) fell
drastically behind schedule. Work at Bushehr was running three
months ahead. By November, a 'qualified' letter of intent was signed
for the supply of four more 1,200 MWe pressurized water reactors,
for an estimated DM19 billion ($5 billion).25 The 'qualified' letter
amounted to a firm contract for the supply of all equipment for the
plants, leaving siting, civil works, and financing arrangements to later
settlement. The Federal Cabinet guaranteed a DM10.8 billion credit,
to cover more than half of the total price.26

It was more difficult to find suitable sites than sellers. Nuclear power
stations are usually built along rivers or coastlines in order to obtain
ample supplies of water to cool the superheated reactor core. The
problem in Iran was that nearly all potential sites - along the Caspian
Sea, Persian Gulf, and Karun River - were seismically active. Reactors
could not be built in the most active spots, and required twice as much
concrete reinforcement in the rest. Caspian sites were especially poor,
because of the immense difficulty of transporting huge reactor com-
ponents over the Elburz Mountains. Sites along the Persian Gulf or
Karun River also required installation of long transmission lines to
Tehran, Isfahan, Tabriz, Bandar Abbas, and points between, which
would have been costly. AEOI officials conceded that site constraints
would have limited maximum nuclear capacity in Iran to between
12,000 and 15,000 MWe, far short of the 23,000 MWe target.

The desire to find stable sites and to avoid concentrating installed
power capacity along the Gulf and the Karun (source of most hydro-
power potential, too), which were far from the major consumption
centers of Tehran and Tabriz, led the AEOI to select inland sites for
the next German reactors. The reactors, to be built near Tehran and
Isfahan, would still be the light water version, with water cooling and
moderating the reactor core. The turbogenerators, however, were to
be air-cooled. This approach engendered some risks, since the 600
MWe turbogenerators (two for each reactor) were twice the size of the
largest for which air-cooling had ever been tried in a nuclear reactor.27

The system was costly and reduced thermal efficiency (less electricity
would be produced per unit of heat generated in the reactor core), but
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would at least partially compensate by the reduced need for concrete
reinforcement at these seismically stabler sites.

In other ways, the agreement for these air-cooled reactors was
expected to differ markedly from those under construction at Bushehr.
Remarkably, for a multibillion deutschmark contract, the Bushehr
reactors were paid for in cash. By late 1977, however, slackened world
oil demand had reduced Iranian revenues below expectations, causing
a cash flow squeeze which precluded further strictly cash arrange-
ments. Instead, the AEOI requested, and the German Federal Cabinet
guaranteed, credits to finance 80 percent of the cost. Another
difference was that Iranian local participation was expected to rise
from 0 percent to 20 percent. Site work began in 1978.

FRENCH COOPERATION: THE LONG ROAD TO AHWAZ

The Germans had concluded arrangements for the Bushehr reactors
before fiscal strain set in, and so were able to obtain cash financing
terms. By 1976, Iranians were urging the French to supply reactors in
return for oil supplies, to reduce the cash transfer needs. The prospect
of a barter arrangement found no favor in Paris, where the govern-
ment was apprehensive of becoming too tied down through long-term
contracts with a single oil supplier. The proposal ran counter to the
traditional French desire to maintain maximum policy independence
by spreading its commitments among many states. In October of that
year, President Valery Giscard d'Estaing visited Tehran, and obtained
agreement for France to build two reactors as soon as possible, and six
more later on.

This agreement notwithstanding, signatures for even the first two
reactors proved elusive. Negotiations deadlocked on price and the
method of payment. The AEOI felt that the French were asking for
too much at exorbitant credit terms, a belief which was reinforced by
the French sale of two reactors to South Africa for much less than the
price presented to Iran. The French justified the discrepancy by noting
that Iran was a new customer and had yet to establish the high degree
of reliability necessary to obtain the best credit terms. Iran rejoined
that, of all countries, few had better long-term prospects for the
ability to meet financial obligations. Finally, France yielded on price,
lowering the tag by an estimated 30 percent for the two reactors, but
held firm in opposition to payment by oil barter.

Delays continued. Under the basic agreement, Iran would pay 40
percent in cash, while France extended seven-year credits for the
remainder, through a consortium of Societe Generate, Banque de
rUnion Europeenne, and Banque Frangaise du Commerce Exterieure.
Finalization was prevented by contention over the interest rate for the
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credit and over the insurance premium charged by the Compagnie
Frangaise d'Assurance au Commerce Exterieure (COFACE), a public
company under the French Finance Ministry which covered export
risks. Without COFACE insurance, the French reactor manufacturers
would have been unable to line up bank credits at reasonable interest
rates, if at all.

With negotiations approaching a possibly fatal impasse, Giscard
dispatched a trusted lieutenant, Michel Poniatowski, to overcome the
remaining obstacles in Tehran. With the help of senior Finance
Ministry officials, Poniatowski succeeded in closing the deal in
October 1977, after more than three years delay. Separate contracts
covered the financing terms, the power plants, and the fuel supply. A
fourth agreement provided for the control of spent fuel arising from
plant operation, a sensitive matter because of the plutonium contained
in each spent fuel rod.28 The site selected for the reactors was Ahwaz,
forty-five kilometers north of Abadan on the east bank of the Karun
River. Soon, a community of 2,500 had gathered to work there.

THE PROGRAM FALTERS

Having succeeded in sealing their first reactor deal, the French could
begin discussing the six additional units proposed in the October 1976
agreement between the two heads of state. Reversing policy at Iranian
insistence, France agreed in 1978 to buy more Iranian crude in return
for the supply of the first four of these units.29 In the spring of that
year, KWU had begun preliminary talks for a seventh and eighth
reactor during a visit to Tehran by President Scheel.30 Hopes persisted
that six to eight reactors would be bought from the United States. All
told, trade analysts envisaged sales of up to eight reactors apiece from
these three suppliers, for a total exceeding the 23,000 MWe target set
by the Shah. The Shah also suggested that Sweden and eventually the
Soviet Union would become involved in the Iranian nuclear
program.31 Reports circulated that the 23,000 MWe by 1994 goal
might even be revised upward.

For technical reasons (such as the shortage of good sites and skilled
manpower), however, it was unreasonable to expect that the nuclear
plan target would even be reached, let alone surpassed. An important
loss to nuclear power advocates was the resignation of Prime Minister
Amir Abbas Hoveyda, after thirteen years in office. During the 1960s,
prior to the existence of any nuclear program of note, Hoveyda sup-
ported a nuclear research center as a lodestone to draw young Iranian
scientists together. Throughout his tenure, Hoveyda continued to
support the nuclear program, to the benefit of the AEOI during inevit-
able Cabinet disputes.
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His successor as prime minister, Jamshid Amouzegar, had been the
Oil Minister and did not share his predecessor's enthusiasm for
nuclear power development. The nuclear program was particularly
vulnerable on the issue of its coordination with overall energy policy.
As noted, the AEOI had been isolated from bureaucratic interference
by grace of the Shah, so that it could surmount the impediments which
had prevented nuclear power from taking root earlier. In one sense it
had succeeded: reactors were at last under construction. The Organ-
ization's isolation, though, had also permitted a serious problem to
worsen; the network to transmit the electricity from the station to the
centers of consumption and to distribute the electricity within those
load centers was not expanding sufficiently to keep pace with the con-
struction of new generators. Tavanir, the state enterprise responsible
for building this transmission and distribution network, through 1977
had installed neither the 230,000 volt line to bring power to the
Bushehr site nor the four 400,000 volt lines which would carry the
stations' output.32 Obviously, better coordination between AEOI and
the Ministry of Energy (of which Tavanir was a subsidiary) was
needed.

Problems for the AEOI mounted in late 1977, as Prime Minister
Amouzegar sponsored a small group of energy specialists and
economists which charged that the Organization was not fully assess-
ing or reporting 'the growing costs and risks involved in a substantial
Iranian commitment to nuclear power'.33 Mr Bijan Mossavar-
Rahmani, energy correspondent for Kayhan International and a
member of this group, adduced three sets of objections to the AEOI
program. First, he contended that the limited availability of uranium
worldwide, the political restrictions usually attached to its sale, and
the uncertainties of the 'highly politicized, highly unstable and
cartelized market' for enrichment services, would force Iranians to
depend upon *a small group of highly politicized and commercially
aggressive suppliers'. This argument was flawed. The reduced electri-
city and especially nuclear power demand forecasts in the late 1970s
justified confidence that supplies would be abundant, as indicated by
the falling price of uranium after several boom years. A country with
Iran's nonproliferation credentials - party to the NPT, selection of the
most proliferation-resistant reactor, forbearance in the acquisition of
enrichment and reprocessing facilities, acceptance of IAEA safe-
guards on all facilities - could easily purchase uranium even from
countries with the strictest nonproliferation conditions. Both con-
tracts for the first German and French reactors included the initial fuel
cores and ten reloads. Iran had also purchased uranium contracts with
other suppliers.34

With respect to enrichment services, again, the Iranians' nonpro-
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liferation credentials combined, if necessary, with the threat to buy
their own plant if they could not purchase another's services, would
probably have guaranteed continuous supplies. The AEOI had signed
major enrichment contracts with the United States, France, and West
Germany. Moreover, the Organization had purchased a 10 percent
share in the Eurodif plant, built by the French at Tricastin, and
planned to take a 25 percent share in a second French enrichment con-
sortium, Coredif.35

Second, Mossavar-Rahmani claimed that the electrical infra-
structure of Iran could not safely and reliably incorporate the planned
reactors. The electrical grid was too small for thousand megawatt-
scale reactors. The problem was aggravated by the lack of any reserve
capacity in the Iranian national grid. Utilities usually operated
stations which were not connected to the grid, so that during
unexpected generator failures, the reserve station could immediately
be connected to replace the loss of supply, thereby avoiding a black-
out. The lack of reserve capacity was particularly serious in Iran,
where the prolonged power cuts of 1976 and 1977 in Tehran and the
government's inability to stop them were extremely damaging politi-
cally to the Shah's regime.36

Third, Mossavar-Rahmani charged that nuclear power was grossly
expensive in Iran: over $3,000 per kilowatt, easily triple the installed
per kilowatt costs of nuclear power in the developed countries and of
gas-fired stations in Iran. This rate was also three times greater than
AEOI estimates of the costs at Bushehr and Ahwaz. Part of the
problem was that because installed electrical capacity was projected to
reach 10,000 MW by 1980, too little to accommodate the full load of
the 2,480 MW to be generated at Bushehr, these reactors would have
had to have been operated below capacity. This in turn would have
increased the cost of the electricity produced.37

AEOI officials denied these estimates of inflated costs, claiming that
per kilowatt they were even less than $1,000, excluding the costs of the
houses, roads, hospitals, schools, and harbor facilities provided in the
contracts. Whether this was fair accounting practice is dubious, but
nuclear advocates contended that these costs were unrelated to electri-
city but beneficial somehow to the commonweal. Without quibbling
over tallies, however, it seems clear that there was in fact serious
inflation related to the Iranian nuclear projects. Alternatively, AEOI
officials argued that since the per kilowatt costs of smaller plants were
much higher than those for the larger plants, the latter would compen-
sate in the long run for their short-term inefficiency. They added that
Iran also benefited from buying the supplier's main-line reactor - the
1,240 MWe model - because they would be assured of the advantages
from continued improvements in the system. This claim seemed too
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modest; with commitments to buy up to six or eight reactors, any unit
size the AEOI selected would have become a main-line system de
facto. So long as the possibility for additional orders remained, the
manufacturers had good reason to perfect their products.

The nuclear critics supported greater reliance upon Iran's natural
gas resources. The country possesses the second largest known gas
reserves (1,700 km3) in the world,38 and these reserves were not being
well used. Of the natural gas which surfaced in association with oil
production in 1973, only 42.6 percent was utilized.39 The rest was
wasted.

There were plans to increase natural gas use, but these took a back
seat to the nuclear program. True, it would be expensive either to
build gas pipelines or to transmit power, generated at a gas turbine
located in the gas fields, over long distances to cities clamoring for the
electricity. Nevertheless, this investment within the country could have
provided employment and the opportunity to learn trade skills. More-
over, some or all of the expenses relative to nuclear power were
countered by savings in capital costs. For two immense gas-fired
power stations under construction at Rey and Neka, they were
estimated to range between $300 and $500 per kilowatt, or about a
third of the lowest estimates for the Bushehr stations.40

Other advantages attributed to gas in comparison with nuclear
power included its greater siting flexibility, easier location of smaller
units near consumption centers (which would reduce transmission and
distribution losses), reduced dependence on foreign technology and
materials, reduced pollution, swifter construction, and greatly
reduced foreign exchange requirements through reductions in both
capital investment and the import of fuel services.

In the event, these criticisms took their toll, as Amouzegar decided
in a review of the nuclear program to emasculate the AEOI, by trans-
ferring responsibility for the planning, construction, and operation of
the reactors to the Energy Ministry.41 This left the AEOI concerned
primarily with safety regulation and procurement of nuclear fuel and
services. The Organization was able only to ensure that its vice
president and director of the power program, Dr Ahmad
Sotoodehnia, would head the new bureau responsible for nuclear
power in the Ministry. By the end of June, the enabling legislation had
been passed by the Majlis, and a Cabinet decision implemented the
change.

THE END

Despite this draconian reorganization, criticism of the nuclear power
program continued unabated. In October 1978, discussions on its fate
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were held between Sotoodehnia, the Atomic Energy Committee (the
Ministers of Energy and of Finance, and the head of the Plan and
Budget Organization), and other members of government. Negotia-
tions with the French for more reactors were suspended. The Shah
faced growing condemnations of profligacy in purchasing arms and
reactors, as the cash squeeze worsened with the large pay raises
awarded to 600,000 civil servants. As a result of these October discus-
sions, he decided to postpone the purchase of the four air-cooled
KWU reactors,42 but work on the four reactors already under con-
struction was to continue. Etemad resigned when the government
failed to denounce reports that he was guilty of mismanagement and
embezzlement. Sotoodehnia replaced him, and stated that 'there will
be some place for atomic energy, but whether it will be 23,000 MWe I
cannot say'.43

The program disintegrated. A long strike interrupted work at the
Ahwaz site in November and December. Three monthly payments on
the French and German reactors were missed. The Shah's last prime
minister, Mr Shahpour Bakhtiar, in January 1979 announced the
annulment of the contracts for the two French reactors under con-
struction, citing Iran's natural gas reserves, the reactors' exorbitant
prices, the shortage of available funds, and the likelihood that the
reactors would 'be outmoded in a dozen years' as justifications.44

AEOI gave its remaining twenty-five expatriate staff notice, and
closed its offices in England, the United States, West Germany, and
France.

In March, the French reactor manufacturer, Framatome (which had
been working since October without payment), closed operations in
Iran and brought all 450 of its remaining employees home. KWU
recalled most of its staff of 2,100 from Bushehr and laid off about
6,400 of the 7,000 workers there, blaming the lack of delivery of
building supplies to the site for several months. The attitude of the
new Islamic Republic of Iran was summed up by the new AEOI
president, Mr Fereydun Sahabi: 'We would have to bring in help from
abroad [to continue the nuclear programme] which would bind us
economically and industrially to those countries.'45 He claimed that
the cost for Bushehr had nearly doubled, to $7 billion. In August,
KWU formally terminated the Bushehr project, with the two reactors
approximately 85 and 70 percent complete. Subsequently, the only
visible AEOI activity was the demand for restitution from France and
West Germany for the allegedly illegitimate contracts.46 The prospects
for nuclear power in Iran had vanished.

Ultimately, the economic case for nuclear power in Iran did not rest
upon specific calculations of per kilowatt costs. Rather, it rested upon
a vision of Iran, vaulting to prosperity at the van of high technology,
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an electrified economy that would derive continued sustenance from
oil sold by the ounce (for petrochemical production) rather than by
the barrel (for burning). Pragmatism was not the hallmark of this
vision, and it was on practical grounds that the nuclear plan was most
vulnerable. It was expensive, and executed feverishly at the expense of
alternatives, such as natural gas. It was so rapidly paced that techno-
logical benefits could not easily be absorbed in other economic sectors.
As the vision of the Shah's government contracted to the daily struggle
for survival, pragmatism prevailed.
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6 Indonesia

Indonesian interest in the atomic field was prompted first by concerns
about the radioactive fallout caused by US thermonuclear weapon
tests in the Pacific. A State Commission of Radioactivity and Atomic
Energy was established in 1954 to study their effects on the health of
inhabitants of this 3,000-mile long archipelago. The Commission was
headed by a radiologist, Dr Gerrit Augustinus Siwabessy, who
directed the Indonesian nuclear effort for the next twenty years. His
study coincided with the beginning of the US Atoms for Peace pro-
gram. The Radioactivity Commission, however, was designed to
study, not to promote. The decision to become more active in nuclear
activities was signified in 1958 by the replacement of the Commission
by a Council for Atomic Energy, which advised the Cabinet. Early in
1959, an Institute of Atomic Energy was created to serve the Council
by developing and regulating atomic energy uses.

Also in 1959, an IAEA mission to Indonesia evaluated the govern-
ment's plans to introduce use of radioisotopes in agricultural research
at Bogor and at Gadjah Mada University in Jogjakarta, to establish a
radioisotope therapy unit at a projected cancer inst i tute in Jakarta,
and to develop a national center to provide health physics services at
Pasar Minggu. Some Indonesian authorities optimistically felt that
'the installation of a small power reactor in a remote eastern region of
the country might be feasible in the near future'.1 The Agency report
was encouraging, but concluded that outside assistance would be
needed for all projects, and that a program to develop uranium
resources, thought to exist on the islands of Kalimantan (Borneo) and
Sumatra, should be preceded by a strengthening of the country's
scientific staff and the establishment of experimental facilities.

From the outset, the shortage of competent staff plagued
Indonesian nuclear efforts more than any other factor. More serious
than shortages at the doctoral level were shortages of technicians and
administrators. To compensate, Indonesian students were sent to
foreign universities and special training seminars in more advanced
countries whenever possible. The IAEA played a leading role in pro-
viding technical assistance. Bilateral technical assistance was offered
by all of Indonesia's partners in nuclear development. In 1960,
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Indonesian students began training at educational establishments in
the Soviet Union in subjects that included nuclear physics, radio-
chemistry, and radioactive isotope applications. Three dozen received
training in the United States. Technical 'exchange' agreements were
also concluded with France, West Germany, and Japan (though these
extended also to many nonnuclear fields).

In May 1960, the possibility of introducing nuclear power was
explored seriously for the first time at a seminar on electrical energy
technology held at Bandung, on Java. In July, Indonesian Prime
Minister Djuanda signed a nuclear cooperation agreement in Moscow
with Vice Chairman Mikoyan of the USSR Council of Ministers,
pursuant to earlier discussions held in Jakarta with Khrushchev. In it,
the Soviet Union agreed to supply $5 million of necessary equipment,
materials, and radioactive isotopes for a one to two megawatt research
reactor and for a subcritical mass assembly to be used for training
purposes.2 The subcritical assembly was installed at the Gadjah Mada
Research Center, but the research reactor project was unsuccessful.

Also in the early 1960s, the US government promised the
Indonesians a $350,000 Atoms for Peace grant and $141,000 from the
Agency for International Development. In April 1961, President
Sukarno laid the cornerstone of an atomic laboratory at Bandung.
The product of American assistance, a Triga-Mark II research reactor
built by General Atomic, became the nucleus of the Bandung Center
and, in fact, of the entire nuclear program. For fifteen years the only
operating Indonesian reactor, the Triga achieved criticality in October
1964.3 It was upgraded in power from 250 kWt to 1,000 kWt in 1971,
and was devoted to uses such as isotope production and neutron
physics experiments.4

SUKARNO BOMB THREAT

Despite the small scope of its nuclear effort, in 1965 President Sukarno
asserted that Indonesia would detonate a nuclear weapon before the
end of the year. With singular irony, he announced that, 'God willing,
Indonesia will make her own bomb shortly', and brazenly told a
World Congress Against Atomic and Hydrogen Bombs session in
Tokyo that countries opposed to imperialism should make it their
business to obtain nuclear weapons 'for the sake of peace and
freedom'.5 In a program where even assembling a small research
reactor took years, Sukarno's belligerent rhetoric raised more eye-
brows than fears. Even if the most sinister military and scientific
extremists combined to administer an aggressive regime, the country's
limited technical base would still reassure potential adversaries that
they had little reason to fear for Indonesian nuclear weapons. The
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central obstacle to an Indonesian atomic weapon was obtaining
enough fissile material for the warhead. BATAN could neither extract
plutonium from the Triga research reactor fuel nor enrich uranium to
the 90 percent uranium-235 content needed for even a crude device.
These materials were not easily obtained elsewhere.

American-Indonesian nuclear cooperation was not immune to the
strains attending the overall relationship at that time. As Sukarno's
nuclear weapon threats and anti-Americanism increased, extension of
the nuclear cooperation agreement became jeopardized. Concerns
arose in both capitals that the US Joint Committee on Atomic Energy
might not renew the agreement, and that safeguards obligations would
not be transferred from the United States to the IAEA. If the agree-
ment were terminated, American officials feared that Sukarno might
abrogate his obligation to return, on request, the low enriched
uranium supplied by the United States. If he did, the credibility of the
Atoms for Peace program and the international safeguards system
would have suffered 'both with those who have never sympathized
with either and those who represent a new line of thought in Washing-
ton that the Atoms for Peace idea is aiding proliferation'.6 American
efforts to persuade Sukarno to accept IAEA safeguards included the
withholding 'in protective custody' of the $350,000 Atoms for Peace
grant promised the Indonesians.

Following the army takeover which began on September 30, 1965,
Sukarno ceased to be in a position to make military threats. In
October, the government accepted IAEA safeguards in principle and
then received its $350,000 grant. The final IAEA safeguards agree-
ment was signed in June 1967. Meanwhile, the Soviet-sponsored
research reactor project at Serpong also suffered. It had not been
started until 1965, as the Soviets had become annoyed at Sukarno's tilt
toward China. They had sent the parts to the reactor, but the Indo-
nesians did not construct a building to house the unit, so it sat
unassembled in crates for years after the 1967 departure of the few
Soviet technicians at Serpong. Under the new regime of General
Suharto, communist assistance was no longer welcome, as it had been
under Sukarno. The project was officially abandoned in 1971. It is
unclear whether stinginess in government support or mismanagement
by the project directors was most responsible for this failure. The
important point is that, throughout the 1960s, a research reactor could
not even be assembled and housed in Indonesia.

BATAN AND THE SEARCH FOR URANIUM

In 1965, 'in recognition of the growing importance of atomic energy,
and in step with the progress and expansion in this field', the Institute
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of Atomic Energy was upgraded to the level of government depart-
ment and renamed the National Atomic Energy Agency (or BATAN,
for Badan Tenaga Atom Nasional).7 Siwabessy remained director
general and was promoted to Cabinet ministerial rank. He was
succeeded in 1973 by Dr Achmad Baiquni, a leading Indonesian
nuclear physicist since the mid-1950s and director of the atomic
laboratory at Gadjah Mada University.

BATAN was given regulatory as well as promotional responsi-
bilities for nuclear energy.8 The director general reported directly to
the President of the Republic. The Council for Atomic Energy was
reconstituted by Suharto in 1968, and was scheduled to review
BATAN policy quarterly. In reality, since the Council members were
the most important ministers, it seldom met and mattered little.
BATAN administered the Bandung Reactor Center; the Pasa Jumat
Research Center, established in 1966 near Jakarta; and the Gadjah
Mada Research Center, located at Gadjah Mada University in
Jogjakarta, and home of the Soviet-built subcritical assembly. By the
mid-1970s, about one-third of the 1,000 BATAN employees were pro-
fessionals. A large proportion of their activities concerned the use of
radioisotopes in agriculture, an extremely important field in a country
with a burgeoning population and insufficient rice to feed it without
resorting to imports.

Foreign assistance remained the keystone to Indonesian nuclear
development in the Suharto era. Improved relations with the Western
nations after 1965 expanded opportunities for cooperation. The
clearest area of potential mutual benefit was uranium exploration.
Advanced nations possessed the technical and economic resources to
develop nuclear power, but sometimes lacked assured access to
sufficient uranium resources. Indonesia lacked these technical and
economic resources, but possessed geological formations which might
have contained commercially exploitable uranium reserves. Nuclear
power advocates in Indonesia recognized that in their country, so well
endowed with alternative fuel resources, the availability of sufficient
indigenous uranium for their program could prove indispensable in
lobbying for its acceptance.

Grounds for agreement were clear: in exchange for prospecting
rights, foreign partners would underwrite the costs of exploration,
provide technical assistance, and support Indonesian development
through employment and building the rail and telephone lines, harbor
facilities, roads, and so forth, required for uranium mining and
transport. Pursuant to the 1964 Atomic Energy Law, which reserved
all uranium exploration and exploitation rights to the national govern-
ment, the first agreements were signed with France in 1969. The
French Commissariat of Atomic Energy (CEA) won exclusive rights
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to prospect in Kalimantan for seven years, and to recover their finds
for thirty years. In 1975, the Indonesian-French team announced the
discovery of ore between 0.3 and 1.0 percent in uranium content, in
the Kalan area of West Kalimantan.9 Final results, however, were
disappointing. Uranium was not found in sufficient quantities and
concentrations to justify its extraction and transport from remote
jungle locations.

Negotiations with West Germany, whose domestic uranium reserves
could barely sustain a single reactor-life, resulted in a 1976 agreement,
signed in Jakarta by Foreign Ministers Adam Malik and Kurt Muller,
which pledged the German Federal Office for Geology and Raw
Materials to prospect with BATAN for six years in West Sumatra.10

The Germans agreed to contribute over two million deutschmarks
(less than one million dollars) in the first year and 90 percent of overall
expenditures. They also promised to train Indonesian personnel. In
return, the German government was guaranteed an interest in any
uranium developments and in subsequent production in surplus of
Indonesian requirements. This search also proved fruitless, and the
German team returned home ahead of schedule. Negotiations with the
Japanese for another uranium search fell through, probably because
of the evident lack of success of other efforts. In January 1980, the
Indonesian government shifted its hopes to the remote province of
Irian Jaya, instructing BATAN to continue its uranium exploration
efforts there.11

BUILDING AN ENERGY STRATEGY

Prior to the first five-year development plan, REPELITA I (1969-74),
efforts to design an overall energy strategy were virtually nonexistent.
Responsibilities in the energy sector were divided among nearly a
dozen ministries, three major state companies, and two agencies
(BATAN and the National Development Planning Board, or
BAPPENAS [for Badan Perencanaan Pembangunan Nasional]).
During the preparation and implementation of REPELITA I,
BATAN and the National Electrical Authority (or PLN, for
Perusahaan Umum Listrik Negara) organized seminars to discuss the
possibility of constructing a nuclear power station in Java. The second
seminar led to the 1972 creation, by BATAN and the Ministry of
Public Works and Electric Power, of a Joint Preparatory Committee
for the construction of nuclear power plants. The Joint Preparatory
Committee was instructed to study and review the Java power system
expansion program, nuclear power development in other countries,
and comparisons of generation costs from nuclear, coal, and oil-fired
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plants, as well as the feasibility of geothermal power. Accordingly, the
Committee directed a Seminar on the Economics and Technology of
Nuclear Power in 1973, and held workshops on other aspects of
nuclear power in the following years.12

Indonesian officials became more sensitive to the need for better
overall energy policy coordination.13 The first step was taken in
research and development, with the 1973 creation of a State Ministry
for Research. The first minister was the eminent Dr Sumitro
Djojohadikusumo, whose ministerial service extended back to the first
government in the Republic of Indonesia, in 1950. The year 1973 also
witnessed the beginnings of centralized energy planning in the form of
a ten-week seminar entitled 'Oil and Gas in Indonesia in the Year
2000*. The seminar was sponsored by the national oil company,
Pertamina, the National Military Institute, and the Ministry of
Mining's Directorate of Oil and Gas (MIGAS). At the closing
ceremony, seminar chairman H. A. Gozali reported the conclusion
that by the century's end the annual energy needs of Indonesia would
reach four barrels per capita of oil or oil equivalent, requiring a total
of 2.5 million barrels per day.14 The final report recommended diversi-
fication in the use of energy. Specifically, it suggested that, in addition
to its responsibilities for domestic fuel supply, distribution, and petro-
chemical industry development, Pertamina would participate 'in the
management of other energy sources derived from minerals such as
coal, geothermal [sic] and uranium'.^ (Emphasis added.) BATAN
officials were reluctant to trade their independence for a box in
Pertamina's organization chart. Fortunately for them, the hope for a
state oil company strengthened and consolidated into one integrated
unit was not realized. The Pertamina financial crisis, which over the
next three years revealed gross mismanagement of debt and over-
diversification of investment, while nearly ruining Indonesia's credit
standing by risking default on around $10 billion in foreign debt, did
not inspire confidence in the state company's abilities to manage an
even wider bailiwick.

The oil and gas seminar projections set the terms of debate for a
four-day national energy seminar conducted in July 1974 by the
Indonesian National Committee of the World Energy Conference.
The objective of the seminar was to advise the government 'in deter-
mining national energy policies regarding energy'. About 150 partici-
pants from governmental, military, and political organizations
attended the exercise, which was sponsored by the Ministries of
Mining and of Public Works and Electric Power, PLN, BATAN, and
Pertamina. The seminar reached the following conclusions concerning
the pattern of future energy development:16
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1 The time had come' to determine an integrated national energy
policy;

2 Given the long lead time and large investment required, the
Government of Indonesia should develop a twenty-five year plan;

3 Energy sources should be diversified;
4 In 2000, per capita annual energy consumption should be four

barrels of oil equivalent consumed for commercial purposes. The
role of electrical energy in commercial energy consumption should
increase from the present level of 15 percent to 40 to 59 percent.
To the extent possible, natural gas should be used instead of oil for
heating; and

5 From 1,000 MW in 1973, installed electrical generating capacity
should reach 64,000 MW in 2000, to be divided as follows: 6 to 8
percent from hydroelectric sources, 20 to 61 percent from oil, 1 to
9 percent from geothermal sources, 12 to 25 percent from coal,
and 23 to 39 percent from nuclear energy. (Emphasis added.)

This time, BATAN had good reason to be pleased, although the
tremendous range within each source projection rendered its
significance doubtful.

A February 1975 symposium on energy, resources, and the environ-
ment was convened in order to synthesize the conclusions of earlier
conferences and thereby provide the basis for actual policy decisions.
President Suharto showed his interest by opening the three-day
meeting. Policy recommendations would depend upon the amount of
energy demand projected over the next decades, an issue that, not sur-
prisingly, became central to the debate. The annual four barrels oil
equivalent per capita projection came under fire from both directions.
MIGAS Director Wijarso observed that the estimate might be too
high, in the light of the enormous requirements in capital investment,
domestic distribution, and manpower. Conversely, Dr A.
Arismunandar, from PLN, argued that the four barrel estimate was,
if anything, too conservative.

The symposium concluded that the government should vigorously
pursue a nuclear power program in order to lay the foundations for
the installation and operation of a nuclear power station by 1985. Less
helpful to nuclear proponents were recommendations to reinvigorate
coal production and to devise a plan to develop hydro, geothermal,
and solar energy. Research Minister Sumitro met with President
Suharto on March 17, 1975 to discuss energy development, afterwards
telling newsmen that it would take ten years to build a nuclear power
station. The following day, the Cabinet-level Economic Stabilization
Council decided that the government of Indonesia would start
intensive research and development programs on energy sources such
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as coal, geothermal, hydro, and nuclear. The government also merged
the various government-sponsored research and development institu-
tions under a single Agency for Research, Science, and Technology,
expanding the authority of the State Minister over study which had
previously been carried out in other ministries.

In June, President Suharto created a thirteen-member National
Committee for Inventorying and Evaluating National Resources, to
assemble geological data in order to gain, for the first time, a clear
picture of all of the nation's resources. One subcommittee - the
Energy Technical Committee - was directed to formulate a national
energy policy. Three years later, the long-awaited streamlining of
energy authority under a single head came to pass with the creation of
the Ministry of Mines and Energy. The new Ministry incorporated the
old Ministry of Mines and took authority for the electrical authority,
PLN, away from the Ministry of Public Works and Electric Power. It
also gained jurisdiction over Pertamina, through MIGAS; the state
coal company, PN Batubara, through the Mines Directorate; and the
Geological Directorate, which oversaw the geological survey of
Indonesia. BATAN escaped the new Ministry's grasp.

THE NATIONAL ENERGY MIX

Indonesia's impressive array of natural energy resources toughened
the task of the pronuclear lobby. According to an IAEA study,
hydroelectric potential was 31,000 MW. Estimated reserves for coal
were 1.2 billion tons; for oil, 15 billion barrels (2.9 billion tons of coal
equivalent); and for gas, 220 million tons of coal equivalent. On Java
alone, projected geothermal potential was 7,000 MWt, with 5,000
MWt more for Sumatra and Sulawesi.17 Because Indonesian oil was of
high quality, much was exported, while Middle Eastern oil was
imported for domestic use.18 Indonesian firms had an interest to
reduce the use of oil in domestic electricity production, in order both
to preserve domestic oil reserves for lucrative export and to reduce the
burgeoning expense of Middle Eastern oil imports. The problem was
how to increase electricity production without burning oil.

A succinct case for nuclear power development as an oil preserva-
tive and handmaiden to overall economic development was offered by
BATAN officials, when they wrote that:

nuclear power would play a significant role in accelerating the
growth of industry. It would reduce the share of oil to be burnt as
fuel, while forming an indispensable addition to new coal generat-
ing stations which are to be constructed in the early eighties and to
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the already projected hydro power stations and geothermal plants.
Under this development pattern, less developed regions, geo-
graphically more or less isolated from the richer island of Java,
could benefit from the experiences, manpower, and revenues
obtained from enterprises operating in the most populated area of
the Archipelago.19

On the other hand, they warned, failure to add to the electricity grid
two 600 MWe nuclear units in 1985 and 1986 'would correspond to a
decrease of 2.9 to 4.4 percent in the growth of gross domestic
product'.

The solution urged by nuclear proponents was the rapid develop-
ment of all available energy sources, based on their very large fore-
casts of energy demand. When the unavoidable issue of direct com-
petition among alternatives was raised, however, BATAN officials
found the others lacking. Indonesian coal reserves were criticized for
the large capital expenditure required to exploit them, as well as for
their low heat content and remote location. Hydropower was also
condemned for its inconvenient location to load centers. This seemed
puzzling given the desire to relieve overcrowding in Java: could not
coal or hydro reserves in a remote area serve to support a new center
of consumption? Hydro and geothermal sources were also criticized as
not always being sufficient to satisfy a region's needs, a feeble charge
in light of the increased government priori ty on diversifying energy
consumption, and certainly no reason not to develop these sources as
far as possible.20

Criticisms of the remote jungle location of a l ternat ive energy
sources also seemed specious, due to the apparent lack of recoverable
uranium reserves, despite ten years of prospecting. Coal had to be
shipped about 300 miles across the Java Sea from Kal imantan or
across the straits from Sumatra, and the money invested in its
extraction and transport would remain wi th in the Indonesian
economy, contributing to infrastructure and increasing business for
local industry. Uranium would probably have to come from
Australia, the United States, or Canada, and supply could be contin-
gent upon disagreeable political conditions and safeguards
requirements.

Strong cases were made for the expansion of coal and natural gas
production. Unt i l the Second World War, Indonesia had been a
leading world coal producer. The memory of the two million tons
produced in 1940 faded during the cheap oil era, as production
bottomed at under 150,000 tons in 1973.21 Coal production revived
along with plans to reestablish its preeminence in the mid-1970s. As in
Iran, much natural gas was wasted through flaring. Usually found as a
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byproduct of oil, gas was expensive to collect and transport, discour-
aging possible entrepreneurs from investing. After the oil crisis,
though, such waste could no longer be countenanced, and large
natural gas projects were planned.::

PLANNING THE FIRST NUCLEAR POWER STATION

In 1974, Indonesia requested that an IAEA survey be made of the
prospects for nuclear power in Indonesia. The study was prepared by
two members of the Joint Preparatory Committee for nuclear power,
one each from BATAN and PLN, along with IAEA staff. In its own
words.

the major objective of this study was to determine the size and
timing of nuclear power plants that could, on economic grounds
and in combination with other thermal and hydroelectric power
stations, just if iably be built in Indonesia on the island of Java
during the study period 1978-1997.:3

This straightforward statement betrays an implicit bias: it assumed the
desirability of nuclear power for Indonesia by only dealing with the
method and scale of its introduction.

The conclusions of the Nuclear Power Planning Study proceeded
from a number of other assumptions consistent with this bias. Four
percent annual inflation in the costs of reactor construction was
assumed in a year when the actual rate reached 20 percent. (In 1980,
the rate was still 16 percent.) External and social costs (undefined in
the study) were disregarded. The frequency stability analysis, used to
determine the largest feasible unit size (larger units are generally more
economical) neglected the constraints imposed by Java's limited
system of transmission lines. The inadequacy of the transmission
network posed some of the greatest difficulties for centralized
electricity generation in the archipelago (p. 87 of Study). The study
forecast that peak demand through 1996, assuming the PLN-
estimated load factors ranging from 0.68 to 0.61 during the study
period, would climb somewhere between 2,300 percent and 4,100
percent. This phenomenal growth assumed that in 1973, 'suppressed
demand' - in other words, the amount of added demand which there
would have been in an adequate electrical supply system - was nearly
double the level of the electrical demand actually satisfied, through
consumption (pp. 43, 61). Of this suppressed demand, less than one-
fifth represented waiting lists for additional power and new connec-
tions. The rest represented Voltage suppressed by the overloaded
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distribution network' and restriction of industrial consumption during
hours of peak demand. These last two factors presumed that the
electricity generation system should have been designed to accommo-
date the peak demand naturally arising from its customers, rather
than attempt to distribute the load evenly throughout the day by
offering lower rates for off-peak consumption. This presumption
might have contributed to the exaggeration of the demand forecast.

The study concluded that from eight to eighteen reactors could be
constructed on Java from 1978 to 1992. This result could only be
reached by ignoring such factors as availability of financing and
skilled manpower, which were in extremely short supply in Indonesia.
BATAN Director General Baiquni excused this omission by claiming
that the purpose of the study was merely to ascertain 'whether the con-
struction of nuclear power plants could bring economic benefits in the
long run and, therefore, whether the commissioning of a feasibility
study for the first nuclear power plant would be justified'.24 In fact, the
expressed objective of the Nuclear Power Planning Study, directly
quoted above, was less modest than Baiquni admitted.

The debate over reactor types was less intense in Indonesia than
Argentina. The desire to rely strictly upon indigenous uranium
resources rather than upon American enrichment services, perhaps
combined with the Indian and Argentine precedents in opting for
heavy water technology (which is more economical at smaller scale
than is light water technology), led BATAN officials to prefer heavy
water reactors. A 1974 Jakarta workshop concluded that these
reactors were most suitable for Indonesia because they both used
natural uranium and offered the best prospects for local participation.
That year, the Joint Preparatory Committee examined possible
reactor locations along the Java coast. (River flows on the island were
considered too limited to supply adequate cooling for reactors.) In
1979, Baiquni announced that two suitable reactor sites, Rembang
and Lasem, had been selected.25

A feasibility study for the first nuclear station became the next order
of business, and one that proved difficult to accomplish. Nuclear
power, which requires large capital investment and foreign contract-
ing, appeared a likely target when the Pertamina crisis enforced
financial retrenchment. Unable to obtain funding from the Indonesian
government, BATAN officials approached international financing
institutions, such as the UN Development Program, the World Bank,
and the Asian Development Bank, but to no avail. The reticence of
these institutions to contribute in any way to an Indonesian nuclear
power program was reinforced by the findings of independent studies
for Java's electrical expansion program, that nuclear power could not
become economically attractive until the mid-1990s.
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The third five-year development plan, REPELITA III (1979-84)
highlighted the decline in priority of nuclear power. It emphasized oil
and natural gas exploration and development, and slated coal produc-
tion to increase 150 percent during the planning period. Nuclear tech-
nology was mentioned, and then only in passing, among the medium-
term objectives:

to diversify energy consumption through efficient use of energy,
utilization of hydropower, increasing the production of firewood,
and utilization of the waste products of foreign industries as a
source of energy. Research activities for the utilization of solar
energy and nuclear energy will be encouraged.26

In the competition for electricity generation between coal and nuclear
power, plans to build a large coal-fired power station in West Java,
which would use up to 2.5 million tons annually, enjoyed more
support than did plans for a nuclear power station.27 BAT AN officials
must have been disheartened.

Nevertheless, BATAN persisted. In March 1978, the Italian firm,
Nuclears Italiana Reacttori Avancati (NIRA), began to prepare the
long-awaited reactor feasibility study, finally made possible by Italian
financial assistance.28 Baiquni told reporters that, despite the
Harrisburg nuclear accident, nuclear energy remained the only answer
to Indonesian economic development problems in the coming
decades. The right time for a nuclear power plant, he continued,
would be when all Javan electricity grids had been interconnected,
around 1990. Admitting that BATAN did not have the 100 to 120
experts needed to run a 600 MWe nuclear plant, Baiquni suggested
that this problem could be solved by training programs which had
been initiated with several universities.29

At about the same time, a five-year scientific research and technical
development accord was signed by Research Ministers B. J. Habibie
of Indonesia (a supporter of nuclear power) and Pierre Aigrain of
France. The French promised immediate direct aid in the construction
of a 4 MW research reactor at a new science and technology complex
at Serpong.30 Finally, using the parts left behind by the Soviets over a
decade earlier, together with parts discarded from the Triga reactor
when it was upgraded in power in 1971, BATAN completed its
second research reactor in 1979. By early 1981, the Indonesian govern-
ment was making a final decision between bidders for a 300 MWt pro-
totype reactor. BATAN officials hope that this intermediate scale
reactor will serve as the final stepping stone to a full-scale, commercial
power reactor. Despite the bureaucratic bruising nuclear power has
endured, there seemed by that time to be a growing consensus within
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the energy policy-making community that it would eventually be
necessary. If healthy oil earnings can be maintained, and coal produc-
tion expansion continues to fall short of expectations, BATAN's
hopes may be realized before the turn of the century.
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7 Security Objectives

Nuclear policy is always decided at the highest levels, in the context of
a government's broadest objectives. Any government's first concern is
self-preservation, so the concept of national security tends to become
closely identified with governmental stability. This chapter seeks to
describe how military, political, and economic components can be
affected, beneficially or otherwise, by energy and specifically by
nuclear policies. The nuclear issue can be a powerful source of
influence for otherwise weak nations. OPEC's success resulted from a
high degree of cooperation among the few governments which pro-
vided most of the petroleum imported in the world outside communist
areas. Even a resource-poor developing country acting alone,
however, can improve its bargaining position with the industrialized
nations by exploiting issues to which the latter are extremely sensitive.
With the seizure of the Pueblo crew in the Sea of Japan and of US
embassy personnel in Tehran, relatively weak governments dramati-
cally turned the tables against the United States. Alienated govern-
ments need not always await such targets of opportunity. One
Achilles' heel of the advanced nations, so sensitive that developing
countries can almost always count on eliciting at least a strong
response and at most major concessions, is nuclear technology. In this
area, even such a fanciful threat as Indonesian President Sukarno's
pledge to test a nuclear weapon can excite worldwide interest.
Sukarno's assertion even became an issue in the 1964 US presidential
campaign.

The mutability of objectives complicates analysis. Objectives evolve
sometimes gradually, through careful deliberation, and at other times
suddenly, through reactions to events. Domestic political events can
alter them. In Argentina, the Peronist sympathizers who emerged in
more powerful positions after 1973 sought to redress the abject depen-
dence upon the North which grated against their anticolonial sensi-
tivities. When he became president, Suharto shifted the emphasis of
nuclear policy from militant confrontation to balanced economic
development. When Iranian oil revenues quadrupled, the Shah's
nuclear program leapt into activity. More typical were the many
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occasions on which nuclear planners have had to stanch budgetary
pressures caused by economic tribulations.

Foreign events influence objectives. Traditional Latin American,
Middle Eastern, and Asian rivalries extend to nuclear technology.
This rivalry certainly reinforces objectives, whether or not it trans-
forms them. Geographically remote events sometimes have immediate
political effects, particularly in the nonproliferation field. Stung by the
Indian nuclear test, governments from nations which export nuclear
technology agreed, in a series of closed sessions in London, to guide-
lines which extended the use of safeguards to parts of the fuel cycle
not previously covered (such as heavy water production, essential to
the manufacture of the plutonium used in the Indian blast). During
the Ford and Carter Administrations, US nonproliferation policy
became more restrictive, with the embargo of any exports that could
permit uranium enrichment and plutonium reprocessing, and the
enactment of a law which required the United States to terminate
nuclear cooperation with any nation that did not submit all of its
nuclear installations to IAEA safeguards.1 The following treatment of
objectives, however, is not fundamentally concerned with their
evolution. Instead, it analyzes those objectives which prevailed for the
most formative periods in each program. Thus scant attention is given
the early, dormant phases of many nuclear programs. Before turning
to specific countries, the possible effects of nuclear power programs
upon their security objectives is summarized.

MILITARY ASPECTS

Nuclear policies affect many dimensions of security. First, a nuclear
power program can be used militarily to help develop nuclear weapons
(or convey the impression that a government is doing so) because the
rate of atomic fission can be regulated to generate either steam in a
power plant or explosion in a weapon. Civil cannot be perfectly
isolated from military nuclear technology. The same process used to
raise the percentage of the fissile (easily split) uranium-235 isotope
Irom its natural 0.7 percent concentration to the 3.0 percent or so
needed in a reactor can also be used further to raise the concentration
to the higher concentrations needed to fashion a crude nuclear
explosive. Plutonium, chemically extracted from spent fuel rods, can
either be plugged back into the reactor as fuel, saved for later use in
breeder reactors, or used in a nuclear weapon. Civil nuclear power
provides the strategic benefit of freeing oil, which might otherwise be
used in electricity generation, for use in military equipment. So much
has been written about the strategic benefits and drawbacks of nuclear



Security Objectives 117

weapons that it would be senseless to rehearse the litany here.2 In
brief, the use or the threat of the use of nuclear weapons can be used
(1) to deter either conventional or nuclear attack, (2) to bolster
military claims against others, or (3) to assert regional hegemony or
great power status. As related to conventional forces, nuclear
weapons may be considered either a supplement, to be used only in the
last resort when all else has failed, or a substitute, to compensate for
conventional weakness or even to reduce defense budgets. (Nuclear
weapons, once developed, provide more 'bang for the buck* than do
conventional forces.) The possession of deployable nuclear weapons
may reflect either defensive or offensive purposes. It can provide the
ultimate deterrent for a nation whose very survival is at stake, such as
Israel, South Korea, or Taiwan. It could attract irresponsible leaders,
such as Idi Amin or Muamar Qadhafi, eager to gain international
attention or to pursue visions of self-aggrandizement and territorial
gain. Nuclear weapons may be desired for other aggressive but less
capricious designs, or to alter alliance relationships. If Brazil had
them, for instance, a Brazilian-Chile alliance could seriously alter
Argentine calculations in the traditional border disputes with Chile.

The very suggestion that a government is seeking to acquire nuclear
weapons, whether grounded in fact or fiction, can also be used to
increase state security. Governments can exploit such suspicions to
rally domestic support or to bargain toughly with nations opposed to
the proliferation of nuclear weapons. So long as these governments
deny any military intent, they can at least deflect international
opprobrium. That is why the Indian government called its nuclear test
'peaceful', though the important implications were military.
Argentina's sedulous development of nuclear technology and
resistance to international safeguards fostered the appearance that it
might be developing nuclear weapons. This appearance, however
(intentionally) misleading or exaggerated, enhanced Argentine
political influence. The governments of Israel, Pakistan, South Korea,
and Taiwan have also been suspected (with varying degrees of cer-
tainty) of seeking nuclear weapons, though none ever announced that
this was its policy. The amount of leverage will differ according to the
probability of the allegations and to whether or not a program is
consummated by a test explosion.

There are many steps between crude fission explosive and more
wieldy and powerful weapons. The ability to deliver the weapon, by
truck, bomber, artillery, or ballistic missile, also affects the political
impact of their existence. No precise assessment of a value for any of
the many rungs on the ladder of nuclear capability can be derived with
confidence. Any assessment of the danger that a nuclear weapon
might in fact be used must account not only for ability, but also for
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likely intentions and threats confronted. A government threatened
with extinction or led by a megalomaniac would be more likely to
resort to the use of weapons, which could ultimately prove suicidal to
the user.

Whether a government chooses to commence a military nuclear
program depends partly upon what response its officials expect from
friends and foes. A Third World government might hope to impress
others and to prompt the nuclear weapon states to limit or reduce their
own nuclear arsenals in order to discourage proliferation in more
countries. As one African scholar said, 'today no nation is respected
which does not possess nuclear weapons'.3 A threatened government,
even one lacking obvious nuclear targets, such as South Africa, may
wish to convey to its opponents an image of potentially cataclysmic
desperation. Such a government evinces a prospect of insanely
apocalyptic solutions to its security problems, which cannot lightly be
dismissed. Military nuclear programs also have domestic audiences.
Public opinion in India has often strongly supported nuclear weapons
efforts, as have numerous analysts and officials there.4 The Pakistani
response to the Indian nuclear program - 'what's good for the goose is
good for the gander', in Bhutto's words - plainly was aimed not only
at alarming the Indians but also at currying public favor at home.

Nuclear weapons and nuclear power stations both entail drawbacks,
too. For a country with a limited scientific, industrial, and financial
base, the resources devoted to a nuclear weapons program could be
used for other weapon systems which are more likely to be used and
hence to provide a credible deterrent. The greater the certainty of
nuclear weapons possession, the greater are not only the military
benefits, but also the political costs. Allies may be alienated and
neighbors provoked, regardless of whether or not the proliferator has
adequate means to deliver his fission weapons. The Indians paid a
heavy price for their Pokharan test: the termination of the Canadian
nuclear assistance which had ultimately made the test possible. (The
CIRUS research reactor from which the fissile material was obtained
was the product of North American assistance.) The US response was
to hold back shipments of enriched uranium fuel from the Tarapur
station, thereby forcing the TAPS to operate well below peak
capability.

In 1981, the Reagan Administration notified Delhi that it could no
longer honor the 1963 agreement to supply low enriched uranium to
Tarapur, in the absence of Indian ratification of the NPT or accept-
ance of full-scope safeguards. When the Pakistani nuclear effort took
an obvious turn to the quest for unsafeguarded nuclear fuel cycle
facilities, the North Americans terminated all nuclear assistance,
leaving KANUPP hobbled, lacking adequate parts and fuel. Under
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the 1976 Symington Amendment (since repealed), the US government
also cut off $400 million in military and economic aid promised to
Pakistan, leaving only $15 million in food assistance. (Military aid
was resumed by President Reagan, in response to the Soviet presence
in Afghanistan.) The important linkage between security guarantees
and nuclear proliferation can also be seen in the Korean case. The
strongest indications that the South Koreans might take up the nuclear
weapons option coincided with President Carter's announcement of
the pending withdrawal of American troops from the peninsula. To
the extent that great power security guarantees are maintained with
confidence they offer one of the strongest deterrents to nuclear
weapons development, which could compromise a government's vital
allied support without substituting an equally powerful indigenous
force, able to confront conventional, let alone nuclear, threats.

Indeed, a country seen to be seeking nuclear weapons could doubly
jeopardize its security, provoking potential enemies to develop nuclear
weapons or to attack preemptively with conventional forces, while at
the same time sacrificing allied protection against these foes. Indian
Prime Minister Desai suggested that he might order a surgical strike
against the Pakistani nuclear effort. His successor, Mrs Gandhi, told
Parliament that the government would take appropriate action in
response to Pakistani nuclear efforts. The core of the Osirak reactor
was blown up by saboteurs at the French port of La Seyne-sur-Mer,
near Toulon, in April 1979. In the first few weeks of the Iran-Iraq
War, the Iraqi nuclear center housing Osirak was bombed from the
air, and in June 1981 was destroyed in an Israeli air raid, confirming
the traditional notion that nuclear weapons programs may become
military targets before they can be militarily useful. The Israeli
precedent must affect the calculation of whether such an escalation of
the strategic stakes is dangerous or justified. Lastly, nuclear reactors
themselves may become targets - as they already have for environ-
mentalists - for terrorists or foreign adversaries, who could create
either chaos and terror, by plunging strategic regions into darkness, or
carnage, if they possess the skills to release radiation to the environ-
ment. (Any centralized electrical system would be vulnerable to such
power cuts, regardless of the energy technology used.)

The overall effect of the actual introduction of nuclear weapons into
a region is difficult to predict. If Argentina acquires nuclear weapons,
it might become the dominant power of Latin America. On the other
hand, Brazil would probably follow suit. The two nations might find
that their security had increased, if they reached a strategic balance in
which each deterred the other from attack. Alternatively, the two new
nuclear weapon states might find that their security had diminished, as
they faced increased stakes (wholesale destruction) with increased



120 Reasons

uncertainties (both in ensuring accurate warhead delivery and in
judging the opponent's capability and intentions).

Similar uncertainties characterize other regions. Should Pakistan
test a device, India could well resume its 'peaceful nuclear explosive'
testing program, or even advance its military nuclear capabilities by
improving its bomber or missile capabilities to deliver Indian-
manufactured nuclear weapons. A whole range of strategic postures
could be assumed in the subcontinent, categorized as follows by
Richard K. Betts:

• Deterrence by uncertainty. Maintenance of any level of nuclear
force, perhaps with policy on use unarticulated, with reliance on
the enemy's unwillingness to test the defender's will to use the
weapons recklessly and the enemy's lack of confidence in its own
first-strike capabilities.

• Proportional deterrence (a la Gallois). Maintenance of a force
capable of targeting population, assets, or forces, the destruction
of which would exceed in cost the prospective gains from
aggression.

• Superiority. Ability to inflict greater damage on the adversary
than it could inflict on the defender, preferably even after absorb-
ing a preemptive attack.

• 'Assured heavy damage.' Similar to the American conception of
assured destruction, but without the certainty that the damage
inflicted would thoroughly cripple the target country's society or
economy. The damage would clearly be formidable but not
'unacceptable' beyond doubt.5

The effects of the introduction of nuclear weapons into the Middle
East are even harder to predict, and could be even more disastrous,
due to the volatile admixture there of Israeli isolation, Arab radical-
ism, Islamic fundamentalism, and (sometimes state-sponsored)
terrorism. The word 'introduction' is used here because, despite wide-
spread belief that the Israelis already possess nuclear weapons, they
themselves have always insisted that they would not be the first to
'introduce' nuclear weapons to the region. An overt South African test
would intensify its embattled status, and could well push black
African nations, notably Nigeria, into accelerated nuclear develop-
ment.6

POLITICAL USES

Second, because of the especially sensitive nature of nuclear
technology, even a country with patently nonmilitary intentions can
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exert political leverage with a civil nuclear program. International
regulation of nuclear technology is extraordinarily strict, because even
rudimentary activities can improve weapon-building capacities.
Desires to monitor peaceful nuclear activities worldwide has led most
nations to cede enough sovereignty to the International Atomic
Energy Agency to permit the application of safeguards, in the form of
facility design requirements, material accounting requirements,
inspections, and other methods of material control. As demands have
grown for stricter safeguards, some governments have resisted, on
grounds that additional controls go too far in breaching sovereignty.
Of course, this resistance can be used for bargaining.

A government can repeatedly assert that its aims are benign, but
reject nonproliferation accords as discriminatory against countries
barren of nuclear weapons, since nuclear arsenals are permitted in a
handful of states. The NPT, complained CNEA President Castro
Madero, 'disarms the unarmed, and allows those with nuclear
weapons like the United States and the Soviet Union to keep them'.7

Brazilian policy exemplified this attitude: the government accepted
international safeguards over all nuclear facilities in the country,
ratified the treaty which banned nuclear weapons from Latin America,
and attested its disinterest in nuclear weapons, but refused to sign the
NPT.

The failure of the nuclear powers to abide by their obligations
under NPT Article VI, to negotiate in good faith on effective arms
control and disarmament measures, serves as a lightning rod to
developing country discontent. The nuclear weapon states are
chastised for permitting the untrameled expansion of their own
nuclear arsenals (vertical proliferation) while professing undue
concern for the spread of nuclear weapons to more countries
(horizontal proliferation). Even though the notion that vertical and
horizontal proliferation are intimately linked is a shibboleth - the
decision to go or not to go nuclear depends far more upon a govern-
ment's calculation on how its own position would be strengthened or
weakened than upon the immorality of the great powers - it provides a
powerful club with which to batter the Americans and Soviets. In
1980, controversy over Article VI and the nuclear weapon states'
refusal to accede to a specific, multiplank arms control directive pro-
posed by delegates from the Group of 77 developing countries caused
the second NPT Review Conference to adjourn in discord, without
any final declaration to show for its month-long negotiations and
much longer preparations.

Argentine governments have masterfully tread the line of studied
ambiguity. On its face, the record is clear and consistent. Every leader
of the Argentine nuclear program affirmed its exclusively peaceful
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intentions. Although the hapless Ronald Richter boasted in 1951 of
Argentina's ability to build hydrogen weapons, he also claimed that
President Peron repeatedly rejected the idea of a nuclear weapons pro-
gram. Quihillalt declared straightforwardly, 'We never thought of
making a nuclear device in the country.'8 In his second term as CNEA
chief, Admiral Iraolagoitia stated that, 'the country has no project
for, nor conditions to develop, an atomic bomb'. His deputy, Mario
Bancora, added, 'I suppose we can expect there will be some advocates
for nuclear devices in Brazil and Argentina, but we can only hope that
nobody gives any credit to such nonsense here or there.'9

On the other hand, Argentine leaders refused to accede to any inter-
national commitments that were deemed discriminatory, such as the
NPT. In their view, the Treaty not only codified an invidious distinc-
tion between nuclear and nonnuclear weapon states, but also com-
pounded the injustice by compelling only the latter to submit all
nuclear facilities to international safeguards. During the 1968 debate
on the NPT, the Argentine representative stated that his government
could not 'accept remaining subordinate to a continuing dependence
on the great powers for nuclear technology, especially when our
country has laid the foundations for a nuclear technology needed for
economic development'.10 In the years following the Treaty's 1970
entry into force, nonnuclear weapon states found more reason to
refuse to join, condemning the nuclear weapon states party to the
Treaty (the United States, Great Britain, and the Soviet Union), for
their failure to fulfill their obligations under Articles IV, V and VI. These
articles assured the nonnuclear weapon state parties that the nuclear
weapon states would facilitate 'the fullest possible exchange of equip-
ment, materials, and scientific and technological information for the
peaceful uses of nuclear energy', would make available the 'potential
benefits from any peaceful applications of nuclear explosions', and
would 'pursue negotiations in good faith on effective measures relating
to the cessation of the nuclear arms race at an early date and to
nuclear disarmament'.11

Argentina also refused to join every other major Latin American
country (except Cuba) in ratifying the Treaty of Tlatelolco, which
proposed to ban all nuclear weapons from Latin America, because it
could not accept the US interpretation of the Treaty's definition of
'nuclear weapons' as also prohibiting 'peaceful nuclear explosives',
since the two were indistinguishable from one another.12 A decade
after the Treaty's submission, the Argentine delegation to the UN
Special Session on Disarmament finally promised to ratify Tlatelolco.
Four years later, this pledge remained unredeemed.

Doubts concerning Argentine sincerity in denying any nuclear
weapon objectives also arose among those who regarded the discrimi-
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nation issues as being a pretext, used merely to avoid acceptance of
binding commitments to forswear nuclear weapons. Occasional
CNEA and press statements that 'we could if we wanted to' reflected a
proud and militant attitude. Critics recalled that Argentina had signed
a five-year agreement with India to cooperate in peaceful nuclear
research, only ten days after the latter had tested a nuclear explosive
beneath the Rajasthan Desert.13 Though Argentine claims that the
Indians had requested the end of May signing date months before
were plausible, the lack of any apparent effort after the Indian test to
reschedule it indicated that perhaps the coincidence did not displease
the Argentinians.

Further grounds to doubt Argentine sincerity in renouncing nuclear
weapons, the NPT, and Tlatelolco alike, was provided by the govern-
ment's avoidance of safeguards wherever possible. Progress on a
renewed safeguards agreement for the Atucha-1 reactor was so slow
that the CNEA faced the possibility of reactor shutdown pending
agreement.14 The Atucha-2 negotiations seemed headed toward a
contract, based on German-Canadian agreement, that would require
Argentina to accept IAEA safeguards over all Argentine nuclear
facilities present and future, as required of NPT nonnuclear weapons
state parties. When the CNEA divided the package into separate com-
petitions for the heavy water plant and the Atucha-2 power station,
the Germans stole a march on the Canadians, selling only the reactor
and dropping the requirement to accept NPT-type safeguards. After-
wards, the CNEA still balked at safeguards insisted upon by the
German government, to the point where speculation arose that the
deal might collapse. While this resistance might have been based solely
on the allegedly discriminatory nature of safeguards, it generated
sincere doubts about Argentine nuclear intentions.

Prestige is another important political factor. Enhanced respect is
always welcome. Large projects often appeal to developing country
governments as a means to demonstrate their ability. Because of its
complexity, perhaps even its mystery, the mastery of nuclear tech-
nology can instill popular pride as well as enhance the legitimacy of
a central government eager to contain restive partisans. Admittedly,
prestige can serve many purposes unrelated to state security, such as
gratifying leaders' egos. In the light of the political strife endemic in
the developing world, though, it is safe to assume that, to the extent
that prestige is important in nuclear policy-making, it is desired at
least partly to improve state security. This assumption is often borne
out by the way in which nuclear policies are presented. Some
leaders frankly concede that their primary concern is to stay abreast of
foreign developments or to gain international influence, and have little
to add when discussions turn to the specific uses planned for the
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electricity to be generated in their nuclear power programs. Others are
extremely vague or extravagant in speech, suggesting that their words,
apart from the actions proposed, are intended to elicit a favorable
response. Where the planned uses of nuclear-generated electricity are
obscure, the reason may be that electricity production is not the
essential concern. This does not prove that the nuclear stations are
desired simply for prestige purposes, for other goals (such as energy
diversification or technology transfer) may also be important. Still, in
such cases, prestige motives may well be involved.

The prestige benefit from nuclear progr-ams can be claimed by
almost any government. It does not sharply discriminate between the
able and the inept, at least partly because prestige can be self-defined.
A general who boasts that he is undefeatable is presumed to be
stronger than one who complains that his forces are weak, before one
examines the forces each leads. Similarly, Peron enjoyed some
prestige, albeit briefly, from his absurd claim to have harnessed the
fusion process. His announcement of Richter's experiment could have
been used to distract attention from his other domestic political
problems. The desire to recoup the prestige lost through Richter helps
explain Peron's anomalous desire to hire competent scientists, even if
they opposed his policies. The determination to demonstrate indepen-
dence has always displayed a strong public relations aspect, as
extensive press coverage indicates.

The traditional competition for influence in Latin America un-
doubtedly contributed to the push behind nuclear energy in both
Argentina and Brazil. Nuclear technology is one of the few fields in
which the Argentinians traditionally lead the Brazilians, and this
advantage extends to the first efforts of each nation to enter the
nuclear export field. Brazilian President GeisePs decision to conclude
the largest nuclear export agreement in the world at least partly
reflected an effort to redress its inferiority. Still, mutual interests could
at times overshadow differences, as in May 1980 when the Argentine
and Brazilian foreign ministers pledged mutual assistance in atomic
development.15

Sukarno, too, asserted his intention to test nuclear weapons without
any likelihood of fulfilling that pledge. In February 1965, Brigadier
General Hartono, director of the Army Supply Service, said that
Indonesia would be able to produce atomic weapons, as well as guided
missiles, that year. Western experts countered that the Indonesians
lacked not only the scientific expertise, but also the industrial
capability, financial resources, and fissile material to manufacture a
device. But the boldness of Sukarno's rhetoric, even suggesting
possible test dates, provoked second thoughts. Perhaps he would
detonate a device consisting of radioactive pellets incorporated into a
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conventional burst bomb. Some speculated that the Chinese would
assist Sukarno or even agree to test one of their devices in Indonesian
territory.

These alternative hypotheses were equally implausible. Few believed
that the Chinese, stretched to carry out their own nuclear weapons
development program without Soviet assistance, would be able to help
others. Many doubted that, despite their radical public statements, the
Chinese would feel more secure with the finger of President Sukarno,
who had recently boasted of missiles 'which could destroy Singapore
and Kuala Lumpur', on the nuclear trigger.16 Besides, the Chinese
might not have wished to conduct a test in Indonesian territories,
where it could be more easily monitored by the Americans. Sukarno's
regime did not survive the fateful year, leaving historians to speculate
what, in fact, he intended to do. There was, of course, no nuclear
weapon test.

Sukarno's commitment to nuclear power supported his commitment
to national unity. The ability to harness the atom for scientific and
eventually commercial purposes was seen to measure advancement
and independence, relative to the industrialized countries as well as to
Indonesia's developing neighbors. Pride in this ability perhaps would
encourage Javans, Sumatrans, and Sulawesans alike to tender more
allegiance to the Republic, and less to their own islands. If uranium
deposits were found on Sumatra, Kalimantan, or Irian Jaya for use in
stations in Java, the increased interdependence among the islanders
could strengthen the national bond.

Suharto's nationalism also recognized the prestige value of nuclear
development, as reflected in his comment in response to the May 1966
Chinese nuclear test that Indonesia did not wish to fall behind in the
development of nuclear technology.17 But the prestige from an active
nuclear power or weapon program has not been essential to Suharto's
nationalism. The image of an energetic nuclear effort as a trophy of
independence has been abandoned as too expensive and complex to
pursue. Suharto could relinquish this symbol without political cost,
not only because of the wealth of alternative energy resources in
Indonesia, but also because of the tendency of the Indonesian political
elites to follow any presidential policy or its reversal, so long as
resources are supplied for their personal wants. More than in most
political systems, the personal beliefs of the chief executive in
Indonesia leave their stamp on policy outcomes large and small.18 By
the late 1970s, Suharto's personal coolness toward nuclear power
development was reinforced by the growing unpopularity (hence loss
of prestige) of nuclear power worldwide. Philippine President Marcos
in 1979 suspended work on the only power reactor under construction
in Southeast Asia, criticizing the Westinghouse unit as poorly
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designed and potentially unsafe. This action deflated most of the
prestige value which still attended the idea of a nuclear power station
in Indonesia.

The Shah openly linked his plan with increased Iranian prestige and
influence. When announcing the introduction of nuclear power to
Iran, in his Now Ruz (New Year's) speech of March 1974, the Shah
declared: 'We have not lost our heads. But, all the same, the nation
should know that Iran enjoys a prestigious world position which is
counted on increasingly.'19 He promoted nuclear power as part of an
imperial plan to make Iran 'one of the five great non-atomic weapon
countries of the world within a single generation'.20 The mechanism of
this transformation, however, remained unclear, since not even AEOI
officials seemed to know exactly to what use the installed nuclear
power at Bushehr and Ahwaz would be put, though it was stated that
desalination would not be the only purpose.

Leverage, unlike prestige, cannot be obtained by fiat or bold
assertion, because it depends upon the acquiescence of a target. If that
target is insensitive to the nuclear policies of another government,
then it cannot be subject to leverage. Consequently, leverage in the
nuclear field rises in parallel with capability. It follows that countries
such as India and Argentina should enjoy the greatest nuclear-related
leverage among developing nations, and those such as Malaysia and
Nigeria the least. This is, in fact, the case. Leverage takes two forms.
The first is direct threat, or trade, depending from which side one
views the transaction. For instance, the Indians threatened to
reprocess plutonium from American-supplied enriched uranium fuel
if the United States abrogated its 1963 Tarapur agreement. This argu-
ment carried great weight, and prevailed for seven years after the 1974
Indian nuclear test, precisely because India had already demonstrated
its ability and willingness to obtain and detonate plutonium.

The second form of leverage is the discrimination allegation.
Politically, countries such as Argentina, Brazil and India have been
the most skilled exploiters of the advanced nations' sensitivity to the
acquisition of nuclear technology by Third World nations. The weight
of their allegations of discrimination is a function of their techno-
logical capability. The CNEA, Nuclebras, and the DAE are advanced
enough to argue that they could benefit from technology which some
industrialized countries refuse to supply, and that this denial has
seriously damaged efforts to obtain self-sufficiency in the nuclear field.
Yet they are not so far advanced as to preclude the claim that, as Third
World countries, they are entitled to technology transfers as a matter
of right. By contrast, allegations of discrimination from Zaire or the
Netherlands would lack cogency, due to the former's inability to use
technology effectively were it to be supplied, and to the latter's status
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as a nation so advanced that its 'entitlement' to others' technology
would not extend beyond fulfillment of the terms in a commercial
arrangement. Within the bounds of its overall resources and techno-
logical capability, each government influences its own political clout,
by the amount of effort it devotes to nuclear development. Govern-
ments deeply concerned with demonstrating their independence, such
as India, Argentina, and South Africa, tend to be those which are (1)
most committed to independent nuclear development, and (2) most
reluctant to alter their course except in exchange for major conces-
sions. By contrast, those countries closely allied to the industrialized
nations tend to fall into the dependent nuclear category and its more
malleable ways. This deprives them of a great deal of leverage. A
larger nuclear program increases political leverage for both buyer and
seller. The country purchasing the reactors can use the carrot of
numerous sales contracts to wring concessions from suppliers. In the
mid-1970s, this policy enabled Brazil, Pakistan, and South Korea to
induce France and West Germany to sign contracts for plutonium
reprocessing facilities.

Leverage works in the other direction, too. This fact tended to be
obscured in the late 1970s, when the depressed nuclear market seemed
to give buyers the stronger hand. Though it is sometimes hidden, the
leverage of the industrialized nuclear supplier nations over their
developing country customers cannot be erased. Even India and
Argentina, the two strongest nuclear independents, have both been
forced to yield to supplier pressures. The Argentine case will be
elaborated in Chapter 10. In India, one analyst chided the Indian
government for its 'growing submissiveness', citing the decisions to
open Tarapur to IAEA inspection, to extend Canadian inspection for
RAPS-1 from the first generation fissile material to IAEA inspection
during all subsequent generations, and to continue to permit
Canadian and IAEA inspection of RAPS even after Canada's 1974
termination of all nuclear assistance to India.21

As noted, developing country leverage increases with the sophistica-
tion of its nuclear program. This leverage is far less reciprocal than
that provided by a large effort, because some developing countries can
develop dangerous capabilities independently, but none can build a
large nuclear power program independently. In fact, research-scale
programs often pose the most serious and least controllable nuclear
weapon risks, as witnessed by the worldwide concern surrounding
Israeli, Iraqi, Indian, and Pakistani research efforts. In order to
maximize their political leverage, without compromising their pro-
fessedly peaceful intentions, governments in all of these countries
(though Israel to a lesser degree) refrain from avowing any nuclear
weapon intentions. Such an admission would cost them a good deal of
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the leverage which they so carefully have marshaled.
Politically, nuclear power also can provide domestic security

benefits. The demonstration of technological advancement involved in
nuclear research can provide the prestige eagerly sought by leaders
who wish to shore up domestic support. More tangibly, nuclear power
can help consolidate and extend government authority throughout the
economy, insofar as it is imposed upon businesses which theretofore
had relied on their own furnaces and electrical generators. Rural
electrification schemes serve the same purpose, forcing the populace to
depend on the leadership for an essential service, while widening the
base for government revenues to include all buyers of state-generated
electricity. Governments may manipulate rate structures to reward
friends, penalize foes, and tame possibly unruly elements (by
providing underpriced electricity to rural areas, for example). This
subjection cannot be wantonly exploited, since it involves serious
risks. The all too frequent power cuts in Iran in the mid-1970s
suggested government ineptitude, contributing to the serious domestic
unrest which in July 1977 unseated the thirteen-year-old Hoveyda
government. Generally, popular discontent represents the greatest
political liability of nuclear power programs, and may arise through
increased environmental concerns, aggravation at the high costs or
other failings of nuclear power, or government inability to fulfill its
professed nuclear objectives. One other political drawback is the inter-
national disapproval engendered by certain nuclear programs.
Punishment is by no means evenly meted out, for pariahs like Israel
and South Africa are most often excoriated by the Group of 77, while
India and Pakistan are usually subjected to pressures from the West to
curb their nuclear activities. Nevertheless, all four of these govern-
ments suffer in some way or another for the political gains derived
from their relatively advanced nuclear status.

ENERGY SECURITY

Third, nuclear power can be sought to provide energy security.
Serious disagreement exists over whether energy should be considered
an ordinary economic good, or a factor so fundamental and irreplace-
able that neoclassical economic analysis does not apply. Theoretically,
the distinction between energy security and other economic issues is
artificial, because economic security costs and benefits ought to be
quantifiable. Nevertheless the concepts of economic and energy
security have such salience in their own right that they merit some
separate discussion.

Argentine sentiments are typical, and help explain what appears to
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be occasional economic irrationality. Resentment cultivated over a
century of dependence on (and perceived exploitation by) foreigners in
the energy sector has sensitized governments to energy as a security
matter, which may require short-term economic sacrifice. Political
considerations in the early 1960s moved Argentine governments to tap
domestic oil reserves in order to reduce dependence upon imports, even
though cheap oil was abundantly available from the Middle East.
Though the country is still 90 percent self-sufficient in oil supplies,
Argentine economists wince at the expense of the shortfall which must
be made up in imports, complaining that 'if we had been less
nationalistic then, that oil would still bexunder our feet today'. In the
nuclear field, a Clarin editorial argued that financial considerations
were not overriding factors in the 1979 decision to proceed with the
fifteen-year, four-reactor plan. 'At play', it said, 'are policies of
national security and sovereignty, energy problems, the definition of
economic and technological development plan [sic].- The desire for
energy security helps explain the apparent economic illogic of choosing
the more expensive KWU bid for the Atucha-2 station. The Canadians,
at Embalse, had used threats of work stoppage to manipulate
Argentine safeguards policy and to extract more in payments. This
rankled. The German firm could be relied upon to stick to the letter of
an agreement and not to engage in such arm-twisting. The Atucha-2
competition showed that this factor could be decisive.

The oil crisis taught governments that energy supply transcends
other economic issues in importance to state security. Both exporters
and importers of oil seek to reduce its domestic consumption - the
former to maximize profits, the latter to minimize expenses and
vulnerability to cartels. In Iran, for instance, oil reserves are so limited
that, by the end of the century, the country may well have ceased to be
a major oil exporter. The Shah wished to maximize the benefits his
country could reap from these resources by extending them as long as
possible, especially through encouraging their use in the petrochemical
production rather than the electricity generation sector. He also
wished to transform the temporary influence given his country by its
petrodollars into a more lasting influence based on the wise investment
of these revenues. Nuclear power seemed the best way to obviate the
need to consume oil at home, while using export receipts of the day to
assure energy security for the next century. The continuing impor-
tance of oil in a world where it would become increasingly expensive
seemed destined to cause insecurities and perhaps crises, if substitutes
were not soon developed. The Shah hoped that his nuclear program
would guarantee Iran's energy future, and thereby place it in an advan-
tageous position of increased world influence in the decades ahead.

For oil importing nations, the key security benefit derives from the
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diversification of energy resource dependence; fission offers an escape
for excessive dependence on petroleum imports, and thus could reduce
vulnerability to OPEC actions. The cheap, reliable provision of
electricity hoped for in nuclear plans could also enhance security in the
event of an economic attack from any quarter. To the extent
prosperity reinforces stability, energy policy is critical, as is the role of
nuclear within it. On the other hand, increased dependence upon
(hence vulnerability to) foreign suppliers of nuclear technology, and
perhaps natural or enriched uranium, could imperil security, as much
as OPEC ever did. It is already clear that supplies of nuclear tech-
nology and materials are subject to the vagaries of changing political
situations in supplier countries. So whether adoption of nuclear power
on balance improves or worsens a developing country's energy security
depends upon how its relations with OPEC compare to those with
particular nuclear suppliers.

The energy security benefits are most concentrated for those nations
heavily dependent upon imported oil for electricity generation.
Obviously, nuclear reactors cannot relieve petroleum demand for
transport uses. The harm flows from the inelasticity of oil demand and
its low substitutability in the short run; consumption and production
patterns cannot be transformed overnight. An economy serviced by a
truck network cannot quickly reduce diesel fuel consumption. New
energy technologies and economic infrastructure must be developed.
Take, for instance, the invention of a new light bulb which used less
than half of the normal light bulb electricity requirement. If that bulb
could only fit a square socket, round sockets would have to be
replaced, both delaying and reducing the anticipated energy savings.
Where oil embargoes or price increases force major sacrifices, security
may be compromised, for a suffering economy grows prone to intru-
sion, subversion, or coercion.

POLICY DETERMINANTS

The influence of security objectives upon nuclear policies cannot be
understood merely by cataloging the pros and cons of various
approaches with respect to the military, political, and economic
dimensions of security. Choices are also shaped by technological
capabilities, the nature of a particular regime, official policies, and
outside constraints. Examination of these additional factors helps
clarify the role of security objectives in nuclear policy-making.

The extent to which technological capabilities determine nuclear
policies is partly, but only partly, a matter of choice. A government
may choose to mount a relatively large or small nuclear technology
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effort. It may accede to the NPT in order to avail itself of the promised
'fullest possible exchange' of nuclear technology for peaceful
purposes. Other governments may see submission to the NPT (and so
to its great power authors) as abject truckling, unworthy of the
technology offered in return, a view reinforced by the nuclear weapon
states' party to the Treaty refusal to offer certain technologies, such as
reprocessing facilities and peaceful nuclear explosions. Which of these
two opposing views prevails in a government depends, among other
things, on whether nuclear power or nuclear independence is more
desired.

'Sensitive technologies' are those which facilitate the acquisition of
fissile material suitable for a nuclear explosive. Initially, only
plutonium reprocessing and uranium enrichment facilities were
included in this category, but as nonproliferation concerns grew, the
definition was broadened. Heavy water reactors are good plutonium
producers, so heavy water production facilities were included on the
Suppliers' Group list of exports which should trigger the application
of safeguards. Once a country became self-sufficient in nuclear tech-
nology, leverage against it would be minimized and one no longer
could ensure that future facilities would be submitted to IAEA safe-
guards. Consequently, any step that could complete a nation's fuel
cycle capabilities became in that sense sensitive. More directly, techno-
logies that could convert a crude fission device into a deliverable
nuclear weapon - metallurgy, chemical engineering, aircraft and
missile construction - enhance the security benefits available to a
government.

Different fuel cycles can be chosen. Generally, the heavy water fuel
cycle can more easily be applied to weapons production than can the
light water cycle, because (1) weapons-grade plutonium can more
easily be obtained than can weapons-grade uranium, and (2) weapons-
grade plutonium can more easily be obtained from a heavy water than
from a light water reactor. A heavy water reactor is a better plutonium
source because it uses natural uranium, which has higher concentra-
tion of the uranium-238 which is transformed into plutonium, and
because fuel rods can be extracted while the reactor is in operation,
permitting both discreet and early removal. Bomb makers prefer early
fuel removal, because extended irradiation bombards more
plutonium-239 with neutrons and therefore creates, through neutron
absorption, more plutonium-240, a non-fissile isotope which 'poisons'
plutonium as an explosive.

Generally, then, countries that choose heavy water technology and
develop fuel cycle self-sufficiency are those most able to exploit the
military and political leverage advantages of atomic energy. The
Indian reprocessing plant at Trombay yielded the plutonium used in



132 Reasons

the Pokharan test. Once the French withdrew from the Chasma
project, Pakistani reprocessing efforts continued, but emphasis shifted
to the Kahota enrichment project. South African development of
independent enrichment capability facilitates the weapon option.
Israel's Dimona center contains a natural uranium research reactor
and is believed to provide full fuel cycle capabilities. The weapons
industries of India, Israel, and South Africa elevate these three
countries to the most militarily threatening of the developing country
nuclear ranks.23

The heavy water path brought nuclear weapons within technical
reach in Argentina. Castro Madero has asserted that Argentina is able
to build nuclear weapons.24 The man who headed the CNEA tech-
nology division for many years under Quihillalt said that Argentina
could build a bomb in four years 'at a very reasonable cost - say $250
million, which is ten months' deficit on the Argentine State
Railways.'25 One outside analyst confirmed that the Commission was
probably capable of producing a crude nuclear device, using
plutonium produced in its research reactors, as secretly and as easily
as heroin could be produced.26 Central to this capability was the
government's choice of the heavy water fuel cycle. A special feature of
the CANDU reactor (being built at Embalse) was that the fuel rods,
interspersed in a matrix of pressure tubes rather than encased by a
pressure vessel, could be withdrawn without shutting down the
reactor. Fuel rods containing fissile plutonium could be removed sur-
reptitiously from the Embalse CANDU reactor at any time after it
began operation, and the diversion could be scheduled for the least
conspicuous moment. Fuel rods could only be removed from
Atucha-1 at the obvious time of a reactor shutdown.

The greatest danger for the military use of the program was that
weapons-grade plutonium could be extracted from irradiated fuel rods
through reprocessing. The CNEA built and operated a small reproces-
sing plant in the 1960s, which probably produced enough plutonium
for some nuclear explosives.27 In 1979, Castro Madero announced that
the Commission would begin to 'produce' plutonium on a much larger
scale, in a new reprocessing facility.28 Perhaps more than anything
else, the prospect of the CNEA extracting significant quantities of
plutonium in a home-built, unsafeguarded facility evoked concern
within the nonproliferation community.

Some of the nuclear dependent countries - South Korea, Taiwan,
and Brazil - also possess the technological maturity to enjoy political
clout from nuclear technology, but cannot press the point too far
without displeasing the suppliers, upon whom they depend and
toward whom they are legally bound, through safeguards and other
legal connections. Iranian technological capabilities did not exclude
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the possibility of nuclear weapons. Research on the development of
laser isotope separation, a nascent uranium enrichment technology
that would greatly facilitate the manufacture of weapons-grade
uranium, was conducted in AEOI laboratories. A radioisotope
laboratory and its technicians were hived off for use by the military,
mainly for development of nighttime signaling techniques and other
nonweapon uses, according to AEOI officials. Yet capabilities
developed in the civil nuclear program could not have had nuclear
weapons as their primary objective. First, technology transfer was low
priority, in contrast to the Argentine program. AEOI officials felt that
they did not have time to waste on research reactors before going com-
mercial. Though nuclear technology transfer was the subject of a
major international conference hosted by the AEOI, homage was paid
these transfers more in principle than in practice. Top technical
priority at the Organization was given, not to research, but to training
the thousands of reactor operators and maintenance personnel who
would be needed to keep the reactors in service. A government
interested in nuclear weapon development would have laid far greater
emphasis upon developing scientific acumen, so that its own experts
could learn techniques that others would not teach them. A nuclear
research program would have posed a graver proliferation risk than
any electric power program, let alone one with such minimal
technology transfer.

Second, if the objective of the Shah's nuclear power program was
military, then he picked the wrong technology. The advantages of the
natural uranium fuel cycle for nuclear weapon production have been
described. Heavy water reactor orders could have been justified easily
at the 1974 inception of the AEOI, since at that moment a shortage of
uranium enrichment capacity for light water reactors was widely pre-
dicted. Nevertheless, the Iranian government opted for light water
reactors. No effort was made to acquire domestic enrichment
facilities. Resistance to restrictions on reprocessing rights for spent
fuel was based on the discriminatory nature of such constraints, a
complaint that entertained support in Europe and Japan. The Shah
told visiting American Congressmen that he would gladly forgo repro-
cessing in return for guaranteed reactor fuel supplies. Iran eventually
yielded on the reprocessing issue. Of the nonnuclear countries, Iraqi
capabilities and possession of weapons-grade uranium cause the
greatest nonproliferation concern.

Official policies are a second major litmus to help measure the
nuclear energy linkage to security. Capability can reveal only half the
picture; technology alone is neither benign or malign. Only when
wedded to political will can it provide leverage or prestige of any sort.
To the extent that prestige is self-proclaimed, the contribution made
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to it by nuclear programs is also flexible. The Indian government has
always declared the importance of nuclear power to its independence;
the Moroccan government has not. This distinction does not imply
that one government is more independent than another, or that a
nuclear program contributes to national independence more in one
place than in another. It merely reflects a difference in policy. This
policy can quickly change events in one country, as when Suharto
dropped his predecessor's emphasis on nuclear achievement as a
building block of nationalism. Harsh rhetoric and resistance to com-
promise are least available to the nuclear dependent countries, which
have the most to lose from alienating suppliers.

Governmental statements provide concrete evidence of the relation-
ship between nuclear policy and security objectives. Formal pro-
nouncements invariably aver exclusively peaceful intentions. India has
always maintained that its Pokharan test was peaceful in aim, with
possible applications to excavating harbors, cutting roads and
railways through mountains, building canals and reservoirs, and
extracting inaccessible fuels and minerals.29 Prime Minister Gandhi
wrote a 57-year-old survivor of the Hiroshima nuclear attack that: 'On
the day the bomb was dropped over Hiroshima, my father, Jawaharlal
Nehru, called it the "death-dealer" and since then, we have stood for
complete disarmament under effective international cont ro l . . . . India
does not possess nuclear weapons and has no intention of developing
or producing them.'30

Governments suspected of developing nuclear weapons often are
especially circumspect in their statements about them, due to
apprehension that others might react unpleasantly. Argentina and
Pakistan protest their nuclear innocence, but their technical capa-
bilities and political situation undermine their credibility. Following
their deployment of nuclear weapons, Chinese statements that such
devices generally benefited nations that acquired them gradually
ceased. The world community is hypersensitive to nuances of nuclear
policies in technically capable nations, but insensitive to those in the
least technologically developed countries. Consequently, countries
like Indonesia need circumspection less, and indeed can only gain
worldwide attention through outlandish statements of an imminent
nuclear test.31

More aggressive statements are usually left to journalistic,
academic, and partisan domains. The Peronist newspaper, Mayoria,
responded to the 1974 nuclear accord with India by publishing a front
page picture of a mushroom cloud, encaptioned 'Argentina and the
Bomb'. An accompanying editorial concluded that 'the country can
achieve the atom bomb within a reasonable period of time'.32 In 1975,
a Peronist deputy introduced Congressional legislation calling on the
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government to manufacture a nuclear weapon for national defense.
CNEA repudiation of the bill, which never reached the floor, did not
allay all concerns raised by it. Meanwhile, Genral Juan Guglialmelli,
editor of the influential strategic journal, Estrategia, noted the
potential importance of nuclear weapons for Argentina.33

In India, the director of the Institute of Defence Studies, K.
Subrahmanyam, forcefully argued for nuclear weapons acquisition,
stating that:

The only way India can keep its options open is to exercise the
nuclear option. When we do that, the United States may come to
realise that they could not ignore a nation of 700 million with
nuclear weapons.34

His view followed a long tradition of nuclear weapons advocacy in
India, which for many years had been spearheaded by Homi Babha.
Subrahmanyam even quoted Mahatma Gandhi as saying, 'I would
rather have India resort to arms in order to defend her honour than
that she should in a cowardly manner become or remain a helpless
witness to her own dishonour.' Of course, governments influence these
fora, and sometimes send purposefully militant signals. The deliberate
Israeli ambiguity in nuclear policy declarations has been noted, as
have Bhutto's exclamations. In spring 1980, Prime Minister Ghandi
reiterated her country's right to conduct peaceful nuclear 'explosions
or implosions'.35 Libyan leader Qadhafi reportedly sent an envoy to
Peking to ask Chou En-Lai whether he could buy an atomic bomb
(Chou refused) and then sent uranium and money to Pakistan to
secure a role in that project.36 After the June 1981 Israeli attack, Iraqi
President Saddam Hussein told his Cabinet that:

any country in the world which seeks peace and security, respects
peoples and does not wish those peoples to fall under the hegemony
or the oppression of external foreign forces should assist the Arabs
in one way or another to obtain the nuclear bomb in order to
confront Israel's existent bombs. This will achieve peace regardless
of the Arabs' aims and capabilities.37

Words alone cannot be relied upon to reveal intentions, for they are
sometimes ill-considered, directed to a passing situation (as Suharto's
pronuclear weapon remarks in response to the third Chinese nuclear
test), and intended to be quickly forgotten. Positions on international
pacts and institutions are less ephemeral. Governments which accept
great power security guarantees have an interest in shunning nuclear
weapons, so long as they desire to preserve that protection. More
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explicit commitments are entailed in membership in the IAEA, whose
statutory objectives include ensuring 'so far as it is able, that assis-
tance provided by it or at its request or under its supervision or control
is not used in such a way as to further any military purpose' (Article
II). The IAEA safeguards system reinforces that peaceful commit-
ment, by furnishing a means by which diversion of fissile materials to
military uses may be detected. In the past five years the North
Americans have attempted to strengthen the safeguards system by
insisting that all nonnuclear weapon states (NNWSs) accept safe-
guards on all their nuclear facilities, as is required of all NPT non-
nuclear weapon state parties. These 'full-scope' safeguards are
intended, at best, to result in the universal application of safeguards
and, at least, to punish politically those countries which resist. (All
NNWSs with unsafeguarded facilities are listed in Table 7.1.) Until the
present nonproliferation regime can be cleansed of its discriminatory
taint, however, harshened international regulations will carry little
moral force, depriving them both of their persuasive and punitive
values.

The IAEA system, born in 1957, was bolstered by the 1963 Limited
Test Ban Treaty (LTBT), whose 105 parties have agreed not to
conduct nuclear tests in the atmosphere, on land, or underwater.
Among the developing countries, Pakistan is the most notable hold-
out. A comprehensive test ban could prove an extremely effective non-
proliferation measure, both by closing the one remaining test venue
untouched by the LTBT - underground - and by accommodating
Third World pressures to curb vertical proliferation as a step toward
reducing horizontal proliferation. This major step toward fulfilling
NPT Article VI would vastly improve bargaining positions with India,
which historically has linked acceptance of nonproliferation controls
to great power ratification of a comprehensive test ban treaty. (Of
course, the 'comprehensiveness' of any treaty could be questioned.
But, even if the Indian government condemned a pact for, say,
permitting tests up to 5 kilotons or expiring in five years, it still would
lose the unassailable moral perch from which it castigates the nuclear
weapon states today.)

The next major nonproliferation agreement opened to signature
after the 1963 LTBT was the Treaty for the Prohibition of Nuclear
Weapons in Latin America, concluded at Tlatelolco, Mexico, on
February 14, 1967. This is the only nuclear weapons-free zone
(NWFZ) completed for a populated area to date, despite recurrent
proposals for others in the Middle East, Africa, and Asia.38 (Nuclear
weapons have been barred from Antarctica and outer space.) With the
exception of Cuba and Guyana, all Latin American governments have
signed the Treaty of Tlatelolco, and all signatories except Argentina
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Table 7.1 Operating Nuclear Facilities not Subject to IAEA or
Bilateral Safeguards, as of December 31, 1978°

First year
Country Facility Indigenous or imported operation

Egypt Inshas research reactor Imported (USSR) 1961
India Apsara research reactor Indigenous 1956

Cirus research reactor Imported (Canada/
USA) 1960

Purnima research
reactor Indigenous 1972

Fuel fabrication plant
at Trombay Indigenous 1960

Fuel fabrication plant,
CANDU type of fuel
elements, at the
Nuclear Fuel Cycle
complex, Hyderabad Indigenous 1974

Reprocessing plant at
Trombay Indigenous 1964

Reprocessing plant at
Tarapur Indigenous 1977

Israel Dimona research reactor Imported (France) 1963
Reprocessing plant Indigenous (in collabor-

ation with France)*7

South Africa Pilot enrichment plant Indigenous (in collabor-
ation with FR
Germany)r 1975

Spain Vandellos power reactor Operation in co-
operation with France 1972

^Significant nuclear activities outside the five nuclear weapon states recognized by the
NPT list is based on the best information available to SIPRI. In addition there are
laboratory-scale activities such as the reprocessing facilities in Pakistan (first year of
operation: 1970) and Egypt and some small-scale fuel fabrication capability in the same
country, established with the assistance of Belgo-Nucleare, Belgium. Furthermore, no
safeguards agreement has yet been negotiated for the fuel fabrication or reprocessing
plants under construction at Ezeiza, Argentina. The fabrication plants will manufacture
natural uranium fuel elements using Argentinian uranium.

^ Assistance by Saint Gobain Techniques Nouvelles.
rCo-operation between STEAG (FR Germany) and UCOR (South Africa).
Source: Stockholm International Peace Research Institute, World Armaments and

Disarmament: SIPRI Yearbook, 1979 (London: Taylor and Francis, 1979), p. 314.

have ratified it. The Treaty has entered into force for twenty-two
governments.39 All countries with Latin American possessions
(France, the Netherlands, United Kingdom, and United States) have
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signed and all nuclear weapons powers have signed and ratified
Additional Protocols I and II, pledging to observe the provisions of
the Treaty. (France has not yet ratified Protocol I.) Significantly,
Tlatelolco requires its parties to submit their nuclear activities to
IAEA safeguards and established an agency, OPANOL, to verify
compliance with treaty provisions.

The centerpiece of all nonproliferation agreements is the Non-
Proliferation Treaty, which entered into force in 1970, and represents
a bargain struck between the nuclear and nonnuclear weapon states.
In return for the nonnuclear weapon states' undertaking not to
transfer or receive any nuclear weapons (Articles I and II), and
submitting all their source or special fissionable material to IAEA
safeguards (Article III), the nuclear weapon states promised them 'the
fullest possible exchange' of nuclear technology (Article IV), provision
of the potential benefits from any peaceful applications of nuclear
explosions (Article V), and good faith negotiations on effective arms
control and disarmament measures (Article VI). Though the NPT
enjoys widespread support, with 115 members, several significant
holdouts remain: Argentina, Brazil, China, France, India, Israel,
Pakistan, Spain, and South Africa. Developing country governments
condemn the Treaty's invidious discrimination between the nuclear
haves and the have-nots, and can hardly be blamed for opposing the
Treaty when ratification surrenders valuable bargaining leverage in
return for few tangible benefits. Nuclear suppliers' concerns over the
dangers of sensitive nuclear technology exports have dulled their vigor
in implementing Article IV. Peaceful nuclear explosions are now con-
sidered indistinguishable from weapons tests and devoid of practical
utility, gutting Article V. And since 1974, no significant arms control
measures have harnessed US-Soviet strategic arsenals. Nevertheless,
the NPT has succeeded in reinforcing the presumption that prolifera-
tion is bad, and that its perpetrators must pay the political costs
involved in flouting international consensus.

Variety in nuclear weapons control agreements benefits all. It gives
the nonnuclear weapon states a choice of instruments through which
to express their policies, and distinguish themselves from one another.
For instance, India acceded to the LTBT while Pakistan did not;
Brazil ratified Tlatelolco while Argentina did not; Egypt signed the
NPT while Israel did not. The nuclear weapon states and other nuclear
supplier governments are glad for the range of alternatives available to
the others. Argentina and India denounce the NPT as discriminatory,
but the former has signed and promised to ratify Tlatelolco and the
latter has acceded to the LTBT. Brazil and Spain also refuse to sign
the NPT, but both have accepted safeguards over all their nuclear
activities. In each of these cases, the cause of nonproliferation has
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been advanced by the halfway measures made available to nonnuclear
states.

A third factor, apart from technological capabilities and official
policies, intimates a country's nuclear prospects: the nature of the
regime. A regime that is irredentist, outcast, ambitious, irascibly led,
or otherwise unstable, may be prone to emphasize the security benefits
of a nuclear policy. The more of these traits concentrated in one
regime, the more security oriented a nuclear policy is likely to be.
Considering Colonel Qadhafi's volatile character, his desire for a
Libyan-led, trans-Sahelian state, as well as for a leading role in inter-
national Islam, and the repeated efforts to overthrow him, Libya
must be considered a leading candidate among nuclear weapon-prone
regimes, especially since the potential members of Greater Libya (in
addition to the already compromised Chad) may hold rich uranium
resources. Irredentism also is apparent in Iraq, where it contributed to
the decision to attack Iran for recovery of the Shatt al-Arab, in Syria,
whose October 1980 friendship treaty with the Soviets allegedly con-
tained a secret clause providing for nuclear defense against Israel, and
in Pakistan, where the Kashmir dispute still smoulders.40 These
governments also wish to enhance their regional status, as did Iran
under the Shah. Regional competition also influences Argentine,
Brazilian, and Indian nuclear policies, the latter being particularly
interested also in maintaining strong influence over the nonaligned
movement.

The nature of the Sukarno regime sometimes generated concerns
over Indonesian nuclear intentions. The President's fervent
nationalism led to annexation of the former Dutch colony, West Irian,
and to threats against Malaysia and Singapore. His capricious nature,
links with a new nuclear power (China), which was discontented with
the existing nuclear power balance, and precarious political situation
could have combined, it was feared, to bring about the extremely
unlikely event of an Indonesian nuclear explosion. The simpler
detonation of a conventional charge surrounded by radioactive
pellets, though less menacing than a fission weapon, still would have
set an alarming precedent.

For outcast or beleaguered states, only self-perception matters.
Outside suggestions that all potential threats can easily be handled
conventionally matter little, if at all, in Israel, Taiwan, and South
Africa, where disappointments have schooled the governments in the
irreplaceability of self-reliance. Instability spawns diverse effects. A
change in government may (1) increase the prospects for a military
nuclear program, as when Indira Gandhi succeeded Morarji Desai, (2)
decrease them, as when Amin and Sukarno were overthrown, (3) leave
them unchanged, as when Zia replaced Bhutto, or (4) leave them in
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doubt, as after the Iranian revolution. In addition to its influence over
military postures, the nature of a regime also influences nuclear power
policies.

One final set of policy determinants lies largely outside the ambit of
the developing country governments. These outside constraints are
tools in the hands of the nuclear supplier nations, used by them to
steer importers' nuclear policies insofar as possible. The treaties and
institutions described above certainly constrain nuclear policies, but
since they are voluntarily accepted they cannot be considered to be
external. Outside constraints, in the first instance, arise from the
resistance of some governments to voluntary constraints. Due to their
refusal to bend their nuclear policies to the desires of the nuclear
suppliers, India, Pakistan, and South Africa have been deprived of
North American nuclear assistance. Many more governments have
been buffeted by outsiders' dissatisfaction with their activities, as the
Americans pressed heavily for the South Koreans to abandon reproces-
sing plans and the Taiwanese to dismantle a reprocessing laboratory.
These examples show that external pressure may be bilaterally
applied. The North Americans are best known for, but not alone in,
this approach. The Australians suspended all uranium exports during
the Fox Commission inquiry into the advisability of exporting
uranium from the Ranger mines, from health as well as nonprolifera-
tion perspectives. The French reneged on their commitment to supply
a reprocessing plant to Pakistan, and tried to dissuade the Iraqis from
demanding weapons-grade enriched uranium.

Most governments, however, are extremely reluctant to apply
pressure bilaterally. They do not wish to compromise their com-
mercial reputations as reliable suppliers or otherwise spoil relations
with developing nations, and fear the futility of bilateral constraints,
which usually can be circumvented simply by resorting to the com-
petition. Multilateral constraints, though more difficult to achieve, are
consequently preferable. The most extensive multilateral effort to
constrain nuclear exports and so influence others' nuclear policies took
place in London, at the Nuclear Suppliers' Group, which was con-
vened in the aftermath of the Indian nuclear test in order to regularize
export policies. Specifically, the seven (later expanded to fifteen)
members of the group sought to isolate commercial competition for
nuclear exports from nonproliferation requirements, so that com-
petitors would not try to outbid each other in the sensitivity of tech-
nologies offered, or the laxity of safeguards required.41 To this end, in
February 1978, the NSG members separately submitted a set of
nuclear export guidelines, which included a list of specific items whose
export would trigger the application of safeguards.42 Disagreements
were to be resolved through consultation, not preemption.
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The success of the NSG guidelines has been mixed. Both Argentina
and Pakistan have successfully evaded them. Without doubt, though,
they incurred the unbridled animus of the nonaligned governments,
who universally condemned them as an arrogant extension of the
already discriminatory nonproliferation regime. A typical sentiment
was expressed by AEOI President Etemad, when he remarked that no
country or group of countries had *a right to dictate nuclear policy to
another'.43 The vociferous response to the guidelines plainly revealed
their strong political impact. From the suppliers' perspective, they
marked an important step toward cooperation and recognition that
nuclear power and nuclear weapons were inextricable. During the
course of the NSG discussions, President Valery Giscard d'Estaing
and Chancellor Helmut Schmidt pledged to abstain, at least for a
time, from further agreements to sell reprocessing facilities. The NSG
members paid for their achievement by adding to the developing
world's arsenal of discrimination allegations.

Voluntary submission to constraints is refused when external
pressures are less hurtful than the political gains to be made from
flaunting independence in the face of adversity. Governments'
decisions hinge upon their devotion to nonaligned solidarity compared
to their desire for smooth nuclear development and strong security
guarantees. If external sanctions are strengthened or eased, then some
governments might slip from the intransigent to the tractable
categories or vice versa.

CONCLUSION

No clear result, which could be called the 'net security impact' of the
balance between the pros and cons of nuclear power, emerges from
this analysis. Each government trades off some benefits for other
costs. In choosing to acquire nuclear weapons, each must weigh the
prestige and regional influence gained against the possible loss of
Western aid or security guarantees. In choosing to build a commercial
reactor, each must compare the relief from future vulnerability to
OPEC to the possible domestic unrest provoked by the diversion of so
many resources from present consumption to capital investment.
Without access to government councils, an assessment of official
policy, technological capabilities, political and energy factors, provide
the best clue to how much security objectives have influenced nuclear
power policies. Take, for example, Iran's decision to build 23,000
MWe of nuclear power in twenty years. The Shah consistently and
unambiguously rejected nuclear weapons acquisition, but mistrust of
his objectives sprang from his immense military budgets, his affinity
for advanced technology for its own sake, and suspicions that his
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vision of the future included a lengthened reach from the Peacock
Throne.44

Some feared that the attraction of earning a seat among the great
nuclear powers would prove irresistible to the monarch. This fear
might have been justified. Further, it seemed blatantly illogical to
spend $30 billion or more for twenty-odd reactors, based only on the
vaguest electrical demand projections, in a country possessing
immense natural gas reserves. It seemed sinful that, due to a lack of
investment, over half of the annual natural gas production was
wasted, simply flared at the well-head. Such apparent irrationality
could be explained by positing that economics were irrelevant to the
nuclear program's real objectives, one of which could have been
nuclear weapons.

Nevertheless, such speculation cannot explain either the Iranian
selection of the light water reactor cycle (the one least conducive to
weapon uses), the lack of movement toward obtaining weapons-grade
material-producing technologies such as uranium enrichment and
plutonium reprocessing, or why the Shah would spend so much money
for such a gargantuan cover for a weapons program (especially since
its very size was a major source of suspicion). The Shah may have
wanted to earn a seat among the great powers, not through nuclear
weapons, but rather through his nuclear power program, through the
prestige and independence he could gain from its grand scale. He may
also have desired to acquire nuclear weapons, but these desires did not
shape his nuclear power program.

By contrast, the Argentine National Atomic Energy Commission
(CNEA) selected the heavy water technology, which is more suitable
to manufacture of a plutonium fission device, and constructed an
indigenous and unsafeguarded, if small, plant to extract plutonium
from spent fuel. The Argentinians were better able than the Iranians
to manufacture nuclear weapons. Repeated government affirmations
of peaceful intent must be weighed against refusals to accede not only
to the NPT, but also to the Treaty of Tlatelolco, which was supported
even by its regional rival and fellow-NPT opponent, Brazil. Although
it is far from certain that the Argentine government has ever intended
to develop nuclear weapons, its selection of the most militarily applic-
able technologies and resistance to international safeguards has left
the nuclear weapons option open. Even if the option is never pursued,
its existence affords Argentina a useful lever to win concessions from
the industrialized nations.

Since the division of security objectives into military, political, and
energy components is artificial, it is not surprising that potentially
important objectives fit none precisely. One such aim, falling between
the military and political categories, is to foster suspicions that a
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government may acquire nuclear weapons, without actually intending
to do so. If a government does not detonate a nuclear device and avers
its benign intentions, then it cannot be termed an international villain
or a nuclear weapon state. But so long as it encourages suspicions that
it might acquire nuclear weapons, it enjoys two advantages. First, it
obtains a limited regional deterrent as well as added prestige. In
deciding whether to acquire their own nuclear weapons or to pursue
an extremely hostile foreign policy, possible adversaries have to weigh
the possibilities that a government might respond by using civil
nuclear technology for military uses. Suspicions can translate into
increased regard for the political will and military proclivities of a
regime, thereby giving governments in the countries studied a freer
hand and more sway in regional affairs.

Second, ambiguity of nuclear objectives can be used against the
suppliers of nuclear technology and materials who wish to prevent the
development of nuclear weapons by restricting exports of dangerous
technologies. So long as refusals persisted by Argentina to ratify the
Treaty of Tlatelolco, Iran to forswear reprocessing, and Indonesia to
ratify the NPT, such issues could be used as levers to pry loose exports
which the advanced countries otherwise might refuse to sell them. This
strategy cost little because, among the nonnuclear weapon states,
there is little discrimination by the nuclear suppliers. The NPT is
supposed to reward nonnuclear weapon state adherents by giving
them preferential treatment in obtaining peaceful nuclear technology
and the benefits from peaceful nuclear explosions, while the nuclear
weapon state parties trammelled the arms race.

Naturally, IAEA members which have not acceded to the NPT insist
that access to nuclear technology was promised by Agency membership
and cannot be prejudiced by subsequent treaties. As time passed,
however, certain technologies were deemed too sensitive to transfer,
even to NPT parties, and peaceful nuclear explosions were deemed
useless and indistinguishable from military nuclear explosions. Mean-
while, US and Soviet nuclear arsenals continued to grow.

Ironically, in order to dissuade the most worrisome non-NPT
parties from developing nuclear weapons (and in order to make
profits), the governments and vendors in the developed countries have
sought to tie them into alternative nonproliferation obligations
through continued or expanded nuclear exports, under international
safeguards. For example, after India detonated a nuclear device,
American officials continued to countenance sales of enriched
uranium there (albeit with delays), believing that to cut off nuclear co-
operation with India entirely (as Canada had) would eliminate all
remaining leverage which the United States might otherwise continue
to exercise in India. As the years elapsed, the lack of further Indian
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tests was cited to illustrate the wisdom of this policy.
In short, nonnuclear weapon states of any color can reap all avail-

able benefits from nuclear trade. Those party to the NPT have had to
submit all nuclear facilities to IAEA safeguards, in return for broken
promises. Nonparties have had to accept safeguards only on facilities
imported from parties to the Treaty, retaining the option to eschew
safeguards for indigenous facilities or for materials received from
other nonparties. For those particularly uncooperative governments
which have insisted on maintaining (Argentina) or exercising (India)
this option, some nuclear suppliers argue that it is safer to sell them a
safeguarded facility - even one as sensitive as a heavy water plant -
than to provoke them to build their own, unsafeguarded plants. The
suspicious behavior of such countries adds still more leverage for use
against the developed countries. These strategic advantages can be
attained regardless of a government's actual military objectives.
Sincerity, if it exists, cannot govern future actions. At any moment,
any indication of a possible nuclear weapon program can furnish a
security advantage.
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Ever since the 1950s, nuclear energy has been promoted as a
potentially important element of future economic development for the
poorer countries, one so complex that eventual exploitation requires
immediate study. With the help of US Atoms for Peace grant
assistance,j many interested governments purchased small research
reactors for experimentation with radioisotopes and training
scientists. From these beginnings, a nuclear power program may
emerge. In deciding whether to proceed beyond the first stages,
governments gauge the economic costs and benefits nuclear power
may entail<This chapter will evaluate the influence of that calcula-
tion over nuclear policy, first, by studying the relationship between
nuclear power and the central economic objectives and, second, by
examining how this relationship applied to the independent,
dependent, and nonnuclear developing countries.

GOVERNMENT BY NECESSITY

According to Aristotle, government is created tojpreserve mere life,
but is maintained to promote the good life.1) Once the stability
prerequisite to economic development is attained, governments can
devote their attention to 'the good life', often identified with income
growth and industrialization. There are, however, other economic
goals, which call for radically different policies.2 Savings and invest-
ment help increase future consumption, but at the expense of present
consumption. Efforts to attain independence impose the costs of
autarky. Projects that maximize production are not always those
which most relieve destitution, provide employment, or equalize
consumption.

Resolution of these conflicts is a governmental task, for two major
reasons. First, the government arbitrates between opposing interests.
Since conflict between them willy-nilly will shape the politics and
stability of any regime, no government can afford to relegate central
economic decisions to the laws of nature or of the marketplace.
Second, even if the government wished to abdicate in favor of the rule
of nature or of the marketplace, that rule left to itself would produce
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economic disaster. Prices may be a poor guide to resource allocation
in the energy sector due to international market distortions and the
lack of integrated national markets. Even if purely free markets
existed, however, the energy sector would be a natural exception to
them. The development of new energy technologies takes so long and
is so expensive that even the governments of the industrialized world
feel obliged to underwrite research and development, since the scale of
investment is usually high while returns seems uncertain and remote.
Government interference in the energy market is further justified by
the reliance of every other economic sector upon a secure supply of
energy.

Other reasons compel governments to intervene in resource alloca-
tion more in the developing world. One is uncertainty, which con-
founds investors everywhere but plagues those in developing countries
especially. Entrepreneurs can be frozen into inaction by the fear that
price increases may cancel out the returns on investment, especially
when inflation reaches triple-digit annual levels, as it has in the last
two decades in many developing countries.3 The many governments
which depend heavily upon export revenues are vulnerable to the
additional uncertainty of fluctuating foreign demand. Reduced
demand can cripple economies kept solvent by the export of one or
two items, and recessions in the developed economies are often
amplified there by the lack of domestic demand or alternative outlets
for their productive abilities and resources.

Second, externalities compromise the effectiveness of market-based
resource allocations. Externalities are effects of an activity not
accounted for in its price. Pollution is the most common example.
People suffer from it, but this suffering is seldom quantified and incor-
porated into the calculation of the costs of building a factory, nor is it
often compensated. Tariffs and currency overvaluation are used to
protect local industries from succumbing to the competition of better
and cheaper foreign imports; both measures impose upon domestic
consumers costs which often are not taken into account. Currency
overvaluation hinders foreign investment, while pricing the
developing country's exports out of the world market. External costs
can be compensated by external or 'spillover' benefits, such as the
increased productivity of workers trained for one job who later apply
their improved skills to other projects. But it is unlikely that external
costs and benefits will balance precisely, especially where governments
systematically tend to favor certain interests.

Certain externalities are unique to nuclear power. Decommissioning
costs cannot easily be internalized. An old thermal plant can be
abandoned safely, to decay in retirement. Its parts can be reused or
melted down. A nuclear power station, however, houses radioactivity
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and cannot simply be left untended. Instead, the plant must be
'decommissioned', sealed off, and stripped of radioactive components,
which then must be safely disposed. The costs of this process remain
speculative, since no commercial-scale nuclear station has yet been
decommissioned. Nuclear proponents argue that decommissioning
will not add more than 10 percent of original costs in constant dollars,
which reduces to less than 1 percent when discounted at 5 percent over
fifty years.4 Nuclear critics, on the other hand, charge that decom-
missioning costs could be so significant as to vitiate any potential
economic benefit of nuclear power. Insurance costs may also be at
least partly externalized, because nuclear power is an actuarial
anomaly. Normally, insurance costs are included in any project's
cost-benefit analysis. The premiums, conditions, and benefits of an
insurance policy are based upon the product of the probabilities that
accidents of various severities will occur. Attempts to draft insurance
policies for nuclear power are enormously complicated, because
although the probabilities of a major accident may be judged infini-
tesimally small (on the order of 106 per year, according to the
Rasmussen report on nuclear safety), the damage which could arise
from a major accident could be incalculably large, far beyond the
capacity of most if not all underwriters to indemnify. In this, nuclear
accidents resemble the 'acts of God' from which insurers traditionally
exempt themselves. Since no clear limits to liability exist, insurance
tends to be either ignored or artificially limited. The US Price-
Anderson Act limited liability for a nuclear accident to $560 million.
The IAEA recommended a minimum of $5 million insurance for a
nuclear power station. In Taiwan, the $5 million recommended
minimum has been adopted as a maximum. The effect of artificial con-
straints on liability is to enhance the economic attraction of nuclear
power at the expense of increasing externalized risk to the consumer.

Coping with uncertainty and externalities is the task of government.
Good state planning clarifies tradeoffs, quantifies them as much as
possible, and then helps arbitrate between them. According to UN
Industrial Development Organization (UNIDO) guidelines, the central
planning organization should fill the gap between commercial profit-
ability and national gains.5 Ironically, the political process resists
overtly choosing between the values which planners make explicit.
Stark exposure of economic choices highlights conflicts of interest,
while showing which parties stand to gain or to lose most from any
given project. Political stability, however, demands that conflict be
smoothed over and, if possible, obscured.

Its inherent bias does not render planning useless; indeed, the very
attempt to inject some rationality to the policy process is likely at least
to seep into the thought processes of project formulators, and may
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influence which projects the politicians choose to back. Gradually, the
presumption may shift against extremely wasteful projects, or those
directed only at gaining prestige. This process has already become
apparent in many quarters, and has sometimes cut against nuclear
projects, though not always successfully, in countries such as
Argentina, Brazil, Indonesia, and Iran.

One of the planner's first tasks must be to assess the relationship of
the energy sector to economic growth in his country. In general, the
larger the share of national income which is devoted to the procure-
ment of useable energy, the greater will be the toll extracted from
economic growth whenever energy prices rise disproportionately to
other goods. Also, to the extent that energy can be replaced by other
inputs in economically productive activities, the economy will be
partly shielded from the harms of energy price increases. In the
industrialized countries, energy-related investment comprises a small
share of GNP (less than 2 percent in the United States) and apparently
can be substituted at no great loss. The ratio of energy use to GNP has
been declining in the industrialized nations since 1973. The developing
countries' smaller economies are more dependent upon energy. Since
there is less of a cushion in infrastructure and alternative investment
patterns there, these economies cannot easily rearrange consumption
to minimize the impact of oil price increases, which fall heavily upon
scarce foreign exchange and capital reserves. Since consumption is
already minimal, these expenditures come more at the expense of
savings and investment than in the industrialized nations. In
unfortunate contrast to the North, the share of energy in GNP has
been rising in the South, as Table 8.1 reveals. Planners can help reduce
the taxing effects of energy price hikes by recommending the develop-
ment of an industrial strategy weighted toward low energy intensive
activities.6

The issue at hand is not whether nuclear power in fact can fulfill the
economic objectives of Third World governments, but whether they
think it can, and why. The prospects for nuclear power development
are apparent in the overall development plans common to developing
countries. If it is not given top priority, nuclear power stands little
chance, for only an intensive effort to marshal the technical and
financial infrastructure required can overcome the economic
deficiencies in most developing countries.

NUCLEAR ENERGY AND ECONOMIC OBJECTIVES

Were governments to abjure intervention in the marketplace, they
probably would still feel compelled to regulate the energy sector, for
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Table 8.1 Economic Growth and Commercial Energy Consumption,
1970-78, Selected Countries (percent per year)

Growth in
Economic growth commercial energy Change in energy

rates consumption intensity
1970-73 1973-78 1970-73 1973-78 1970-73 1973-78

Algeria 5 3 5 5 14 4 11 3 9. 1 5.85.8
Brazil 12 8 7 2 12 8 7 9 0.0 0.70.7
Colombia 7 2 5 6 5 4 3 9 -1.8 -1.7-1.7
Egypt 4 4 11 1 5 6 11 9 1.2 0.80.8
India 1 8 4 4 4 3 4 8 2.5 0.40.4
Indonesia 8 7 6 7 13 4 18 4 4.7 111 .7 .7 .7
Jamaica 4 6 z 5 4 5 -0 6 -0. 1 .9.9
Kenya 5 5 4 8 8 8 3 7 3.3 -- .1 .1
Korea 9 7 10 3 5 8 9 1 -3.9 -- .2 .2
Mexico 6 0 3 5 7 3 6 9 1.3 3.43.4
Nigeria 7 0 7 0 20 1 8 5 12.9 .5.5
Philippines 6 8 6 1 3 9 4 5 -2.9 -- .6 .6
Portugal 8 9 1 6 15 5 2 3 6.6 0.70.7
Thailand 6 9 7 3 11 8 5 1 4.9 -1.8-1.8
Turkey 7 7 6 1 11 5 7 7 3.8 1.61.6
Venezuela 4 4 7 7 7 1 4 0 2.7 -3.7-3.7

All developing
countries0 6 7 5 3 8 0 7 3 1.3 2.02.0

All industrial
countries^ 5.4 2 9 4.1 1 5 -1.3 -1.4-1.4

World 5.6 3 4 4.8 2 5 -0.8 -0.9-0.9

^Including OPEC members, China, and other Asian centrally planned economies.
^Western and Eastern Europe (including the Soviet Union), the United States,

Canada, Japan, Australia, and New Zealand.
Source: J. Dunkerley, W. Ramsay, L. Gordon, and E. Cecelski, Energy Strategies for

Developing Nations (Baltimore, Md.: Johns Hopkins University Press, 1981),
pp. 89-90 published for Resources for the Future Inc.).

several reasons. Energy is essential to all economic activities, and
governments cannot remain indifferent to the security implications of
major arterial networks in society. In laying this network and
requiring their citizens to use it, governments increase their domestic
political control. Through network maintenance and protection,
governments ensure the citizen's dependence as well as their own
insulation from foreign pressures. Moreover, oil companies, electrical
utilities, and other segments in the energy generation and transmission
market are naturally monopolistic, their marginal costs falling with
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each increased unit of production. Its security implications and
natural market characteristics often combine to encourage the nation-
alization of the energy sector or of several of its constituent parts.
Once nationalized, the increased scale of demand enables the govern-
ment to promote scale economics in supply. The 'lumpy' supply
inherent in increased unit scale requires that, similarly, investment
funds be acquired in large amounts at irregular intervals, and that
supply and demand be carefully coordinated, as shown in Figure 8.1.
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Figure 8.1 Energy consumption and capacity growth

Ultimately, the role of nuclear power depends upon the role
assigned to electricity in a country. Electrification has both political
and economic dimensions. Most developing country governments
proceed from the premise that electricity supplies are in severe
shortage. The causes vary, but chief among them is population-driven
increased demand. Not only has population in the South mushroomed
since 1945, with average annual growth rates still exceeding 2 percent,
or more than double the industrialized country rate, but it has become
more and more concentrated as people have flooded into cities. The
middle-income developing countries (those with over $360 GNP per
capita) have been particularly hard hit, with the average urban share
increasing from 37 to 51 percent since I960.7 As per capita national
income has increased, so has demand for electricity, with uses
extending beyond illumination, communication, and refrigeration, to
less essential items such as air conditioning and home appliances.
From 1960 to 1977, electricity production in the developing world
increased from 202.2 billion kWh to 641.3 kWh, outpacing electrical



Economic Objectives 153

production growth rates in the developed world over that period.8

Multiplying demand has often caused severe shortages. In
Argentina, an influx of four to five million rural immigrants to Buenos
Aires under the first Peron regime (1946-55) pushed electrical demand
far ahead of available supply. Governments did not always help.
Peron aggravated the problem by enforcing an 'electrical diet1 for the
capital area, which barred investment in old power plants and the con-
struction of new ones.9 Complaints of electrical shortages have
continued to the present.10 On Java, where hotel guests find
contingency candles in their nightstands, estimated demand for
electricity which was suppressed by inadequate supply by 1973
reached over 1,160 MW, 80 percent more than installed capacity.11 In
Nigeria, the performance of the National Electrical Power Authority
has led to suggestions that its initials should be interpreted to mean
'Never Electric Power Again*. The politically destabilizing power
outages in Tehran in 1976 and 1977 have been noted. While govern-
ments seek to extend political control by extending reliance on public
electricity grids, they concomitantly incur the blame for system
failures, which can have harsh political consequences.

Many developing country governments aim to extend electrical
services to all citizens, or at least to all citizens who live near urban
centers. Others wish to increase the value of their traditional exports
by processing them, for example, by smelting ore into metal.

Expanded electricity supplies are also desired to promote industrial
productivity (thus increasing economic output) and to facilitate
enjoyment of the goods and services produced (thus stimulating
further demand).12 Erratic energy supply not only inconveniences
individuals, but also discourages industrial demand for state-supplied
electricity. Businessmen who rely upon continuous current often
choose to buy and operate their own generators. One half or more of
the installed electrical generating capacity in many developing
countries is 'captive'.13

Greater scale economies could lower the costs of electricity produc-
tion for all, if firms were to purchase state ut i l i ty services rather than
generate their own power from these relatively small units with high
unit capital and operating costs. Reduced captive power would also
cut consumption of diesel oil, while conserving the foreign exchange
used to import generators for other productive investments. As state
utilities gain more customers, more revenues flow into state coffers,
further encouraging some governments to eliminate captive power
plants. Centralization of political and economic power increases as
outsiders are absorbed into or eliminated from a nationalized energy
sector.

Nuclear power provides large increases in electrical supplies,
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obviating the need for captive plants, which may be kept as emergency
generators. Throughout the 1960s, it was still seen, by and large, as
too complex, unproved, large scale, and uncompetitive with fossil
fuels to warrant commercial investment in any developing countries
except India, Pakistan, and Argentina. By the mid-1970s, though,
circumstances had changed. In many developing countries demand
was increasing to the level at which nuclear power could at least be
considered, while the complexity began to appear more a challenge
and less a threat. Also by this time, the technology no longer seemed
unproved; over 61,000 MWe of nuclear power had entered com-
mercial operation worldwide, including over 1,000 MWe in India,
Argentina, and Pakistan. Perhaps most importantly, oil price
increases catalyzed the quest for alternative energy resource develop-
ment. Coal was seen as a dirty, bulky fuel of the past, obtained from
an obsolete and decaying industry. Among all alternatives, nuclear
technology appeared most ready to fill the breach. So, encouraged by
optimistic IAEA studies and eager nuclear reactor suppliers, many
developing country governments began serious planning toward the
introduction of nuclear power.

BOON OR BURDEN?

Before turning to the method of choice, it is useful to identify factors
common to many developing countries which tend to favor or oppose
investment in nuclear energy. In addition to the traditional land,
labor, and capital categories, exports will be discussed separately,
since nuclear power programs in developing countries powerfully
influence trade and current account balances.

On the credit side, nuclear power can help labor in many ways.
Electrical lights and appliances improve conditions at home and in the
workplace. The introduction of electrical manufacturing and
industrial processes can increase productivity and accelerate growth.
The nuclear power project itself employs and educates. Over a
thousand domestic workers (depending on how much skilled foreign
labor must be imported) may participate in the construction of a
station, and over a hundred may be needed at a time to operate and
maintain it. In the course of the project, technicians in many fields
receive on-the-job training, which can then be applied to other
projects. The first group, trained by foreigners, can take over the task
of training their countrymen, without language or cultural barriers.
Domestic talent may better understand the special needs of the
country and the modifications which may increase the applicability of
foreign technology to local circumstances. In Argentina, for example,
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professional personnel at the CNEA rose from a few dozen in 1956 to
around one thousand in the early 1970s. Once construction began,
hundreds of skilled Argentinians could be found on the Atucha site.
Every year, the CNEA sent professionals abroad for training.
Building upon a fairly sophisticated educational base (though one
compromised by political intervention), the CNEA trained and hired
hundreds of skilled technicians and workers. Throughout its history',
wrote the former director of technology, 'CNEA gave first priority to
the training of scientific and technical personnel.'14 Training was not
confined to areas applicable only to nuclear power, which enabled
personnel trained by the Commission to move out and work in
universities, industries, other governmental research institutions, and
hospitals.

On the debit side, the serious skilled labor shortages afflicting most
developing countries can seriously reduce the value of nuclear power.
First, nuclear power reactors require a high degree of quality control,
so some workers must be trained to perform difficult tasks extremely
well. Of course, many tasks in building a nuclear station are simple
and common to any construction project. But insofar as a skill
particular to nuclear projects spills over to other sectors, the per capita
investment in cultivating it will greatly exceed that for many other
occupations. Often, a greater investment in training is required
because of the much lower initial educational base; illiteracy,
tardiness, absenteeism, and carelessness must be conquered before
more sophisticated skills can be taught. Where skilled labor shortages
are severe or where project managers lack patience, there is no choice
but to import labor. Payments to these interlopers subvert the spill-
over process. At project's end they take whatever they have learnt on
the job back home. Hiring foreigners also suppresses aggregate
demand, by draining the economy of that portion of their salaries
which they send to their families abroad. Moreover, educated
domestic workers deeply resent working next to foreigners with
similar qualifications but much higher salaries. The larger the foreign
contingent, the greater the irritation.

The quantity and quality of labor must be traded off against each
other. Suppose a $15,000 outlay can be used to train either fifteen
typists, or seven carpenters, or one engineer. Deciding the best way to
spend the $15,000 requires evaluation of economic needs, and of the
opportunity cost of whatever decision is taken. The opportunity cost
of training one engineer is equivalent to the training of seven
carpenters, or fifteen typists, or three carpenters and eight typists
combined. The relative capital or labor intensity of different projects
imposes additional opportunity costs. If a $1,000 project, A, is com-
prised of an $800 machine and a $200 salary for its operator, while a
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similar project, B, requires a $200 machine and four workers earning
$200 salaries, then B is more labor-intensive than A, providing four
times as many jobs per dollar invested. Nuclear investments are
extremely capital intensive, and in the labor surplus economies of the
South, labor intensive activities could immediately offer more benefit
to more people. The long-term effects are less clear. But in the short
term, both the high level of training required for nuclear technicians
and the few domestic jobs provided per dollar invested (reduced
further by foreign labor) impose a heavy opportunity cost, and reduce
any employment benefit from nuclear projects.

Turning from labor to land, the benefits from nuclear power depend
upon a country's natural resource base, and the costs of exploiting
uranium versus other energy resources. As with labor, nuclear power
involves land input as well as output. The net land benefit of a nuclear
reactor depends not only upon the price and availability of uranium
and other natural inputs (limestone for cement, iron ore for steel), but
also upon the untapped resource outputs (such as electrolytically-
produced metals) which electricity can prise from nature. Finally, one
must attempt to weigh the cost imposed by nuclear power upon the
environment, in order to reduce externalities in decision-making
calculations.

The influence of capital is bound to be large, since it represents 70
percent of the cost of a nuclear power station. The heavy initial
investment must be compensated by low operating and maintenance
costs or by high lifetime return on investment, for the project to be
profitable. The returns should account for the industrial infrastructure
added which will benefit other projects. Transmission and distribution
(T&D) network costs will vary between projects, but can comprise
two-thirds of the cost of delivered electricity. The longer the trans-
mission lines, the more electricity is lost in transit, due to resistance in
the lines and imperfect insulation. Generally, line losses hover around
10 percent, representing an equivalent cost increase, though they may
be much higher or lower. The conservation-minded Taiwanese have
reduced line losses to around 6.6 percent.15 Hydroelectric dams, far
removed from consumption centers, require longer transmission lines
than nuclear stations; small generators, in a decentralized system
where each unit serves a smaller area, require shorter ones. The
maximum reduction of transmission lines from nuclear stations equals
the minimum distance permitted by political prudence and safety
regulations between people and a potential radiation hazard.

As with land and labor, any use of capital entails an opportunity
cost, equal to the present discounted value of other projects which
might be completed with the investment funds in question. Additional
complications arise through capital market imperfections. If these did
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not exist, and future world demand and interest rates could be
predicted with confidence, then external indebtedness and foreign
exchange reserves could be left for the market to determine. Imperfec-
tions, however, are endemic, and there is no sign that governments
will cease to interfere with interest and foreign exchange rates. Conse-
quently, an independent judgment concerning acceptable levels of
foreign indebtedness and foreign exchange reserves must be included
in major project appraisals. Much of the cost of a nuclear project
must be dispensed in foreign exchange, because many key components
- mechanical and electrical equipment and plant engineering, which
together comprise roughly 68 percent of the capital cost - can at
present only be manufactured by the industrialized nations and
India.16 This near monopoly may soon be broken by the emergence of
heavy nuclear components industries in Korea and Brazil, where the
Nuclep plant was built in such optimistic days that now its managers
are strapped to find enough orders for the one or two reactor cores it
can manufacture annually.

The pursuit of independence from foreign suppliers merely pushes
the capital and foreign exchange costs even higher in the short to
medium term, because outsiders are needed for the construction of the
nuclear support industry. According to a Kraftwerk Union official, a
minimum of eight nuclear power plants must be built in a given time
period to justify over 80 percent domestic participation in equipment
manufacture.17 One way or the other, governments will need to
borrow hundreds of millions of dollars to build nuclear power plants
or their own nuclear industries, and to pay back principal and interest
in precious foreign currencies. Table 2.3 illustrated the heavy
indebtedness which already restricts many governments' freedom of
economic choice. Overall, its capital expense significantly deters
investment in nuclear power, and without other major economic or
security advantages, most developing countries will refrain from
taking up the option.

Like the foreign import component, export considerations cannot
easily be internalized. The notion that someday a country might
become an exporter of nuclear technology to other Third World
nations is often entertained with relish, but in the first instance the cost
of adopting the nuclear option is so great that it could not even be
considered unless nuclear power is deemed essential to domestic
energy policy. Nuclear technology export possibilities may not arise
for decades, if demand for it survives at all, and even if it does the
competition from the nuclear suppliers could well prove unbeatable
except for small-scale assistance. To bank on nuclear exports would be
foolhardy at a moment when even the nuclear exporters of Europe
and America are floundering. As a nuclear program matures, though,
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export opportunities may present themselves, offering prestige and
perhaps a hope for eventual profit to the donor. Under the aegis of the
IAEA, personnel from such countries as Argentina and India have
already engaged in technical assistance to other developing countries.

Bilateral assistance within the developing world has also begun. In
1980 Argentina and Brazil agreed to exchange nuclear technology, and
earlier each had signed agreements for peaceful nuclear cooperation
with most Latin American nations. India's nuclear clients have ranged
from Argentina to Libya to Iran. In the past these pacts have existed
more in word than deed, but this is changing. By 1981, Brazil had won
eight major civil engineering contracts in Latin America, Africa, and
the Middle East, and service export earnings for the year were
expected to reach $2 billion.18 The Argentine CNEA built a research
reactor in Peru, offered to do the same in Uruguay, and expressed the
desire eventually to offer reactors and fuel cycle facilities for export.19

Brazil obtained some relief for its oversized Nuclep heavy components
facility by gaining an order to assemble the lower part of the pressure
vessel for Atucha-2, a transaction facilitated by Kraftwerk Union's
status as foreign contractor for both projects. The Indian government
is assisting in hydropower projects in Nepal, has built two 120 MW
thermal power units in Libya, and has launched over 120 joint
ventures abroad, providing technical consultants and equipment, as
well as grants and credits.20 In competing for exports to other
developing countries, the relatively advanced developing countries
enjoy historical advantages over the industrialized nations. They are
free from colonial taint, and may be presumed to have greater
empathy for the development of a particular country, having recently
overcome similar problems.

MAKING CHOICES

Choice is complicated by the differences between projects which make
head-on comparisons difficult. For example, a coal-fired plant may be
built more quickly, with less initial capital outlay, than a hydroelectric
station, but it will also have higher fuel costs and may be more
hampered by environmental regulations. Somehow different lead
times, capacity factors, capital, fuel, and operating costs must be
conflated into an index which permits each alternative to be compared
directly to others. This index should also include those factors bearing
upon national objectives. To do this, economists first measure both
the investment required for each item over the lifetime of the project,
and the project's output over its lifetime (including its scrap value),
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compensating for inflation. The difference between investment and
output equals the undiscounted value of the project.

To make projects with different lead times comparable, the value of
each is discounted over the period from initial outlay to plant
retirement. This calculation yields the present discounted value (PDV)
of a project. There are many methods of cost-benefit analysis, but all
aim to bring grossly incomparable projects into a comprehensible
index for comparison. Cost-benefit analyses aid rough judgments, but
are too adulterated by unwarranted assumptions to eliminate the need
for other decision criteria, even if politicians would let it. The value of
these calculations hinges upon the accuracy of a number of forecasts:
interest rates, cash outflow for the project, cash return from electricity
sales, and inflation. For nuclear projects, these forecasts are compli-
cated by subsidiary uncertainties. One relates to construction costs.
Historically, even in the developed countries, nuclear power plants
have often ended up costing two to three times more than originally
projected.21 This has also been true for the developing countries, as
noted in the case studies of Argentina and Iran, and as shown for
India in Table 3.6.

Cash returns depend upon how much power is generated and sold,
which in turn depends upon the capacity at which the reactor is
running. Capacity factor forecasts have proved as unreliable as cost
projections. Of operating Third World reactors, Atucha is the shining
example, having enjoyed one of the highest capacity factors of all
reactors worldwide, around 80 percent since 1974, the year it began
delivering power.22 TAPS and RAPS-1 and -2, by contrast, have
performed poorly, with a cumulative load factor through 1977 varying
between 30 and 50 percent, compared to a worldwide average of 60
percent.23 KANUPP has weighed in with a miserable 15.6 percent
from 1976 through 1980. Reduced load means reduced revenues,
increased capital cost per kilowatt installed (capital cost divided by
output), and a cost-benefit analysis distortedly favoring nuclear
power projects.

The cash returns also depend on the prices charged for the
electricity. Often governments pursue rural electrification programs
from political rather than economic motives. The beneficiaries are
seldom in a position to pay much for it. Rural electrification is often
expensive, requiring installation of long connections to a remote
hamlet with simple lifestyles and little if any industry. Electrical
supply creates the demand there. In such cases, rural electrification
customers cannot contribute enough revenues to cover program costs,
and the PDV sinks below zero, only to be restored by the inclusion of
the national objectives in the social discount rate.

Nuclear planners commonly use computer models to project the
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optimal schedule to build nuclear and other sorts of power plants. One
feasibility study may employ numerous programs, to project capital
and operating costs, future demand, cash flow, power outage effects,
maintenance schedules, and the optimal order for building different
types of power station. The virtue of these models is their ability to
assimilate numerous data and generate alternative scenarios. Their
weakness is that they can only be as accurate as their human estimated
assumptions. A Boston-based consulting firm, for example, based its
electrical load forecasts for Java on the whimsically optimistic
assumptions that the state electrical enterprise, PLN, would replace all
captive generators; provide electricity to all new industries,
commercial establishments, and households in present service areas;
establish service to all areas where there is demand but no PLN con-
nection; and satisfy the growing demand in these new service areas.
This study also indicated that electricity growth rates would exceed
GDP growth rates by an enormous factor of 3 or 4 to 1: a 7.3 percent
GDP increase, for example, was equated with a 25 percent electricity
growth rate.24 In fact, the electricity-to-national income growth ratio
invariably is less than 2 to 1, and in Taiwan has been forced below 1 to 1.

Developing country forecasts often are developed in cooperation
with the IAEA, which adopted the Wien Automatic System Planning
Package (WASP) to help perform its Market Survey for Nuclear Power
in Developing Countries. WASP, based on a US Tennessee Valley
Authority program, simulates seasonal power station operation,
evaluates operating costs, calculates present value of operating and
capital costs, and determines total system costs to the planning
horizons. Its input data consists of load forecasts, existing system
description, alternative power plant descriptions, definition of
acceptable level of system reliability, loading order of plants, discount
and escalation rates, capital costs, salvage value of plants, etc.25

Estimating these inputs entails a large margin of error, which is com-
pounded when all are incorporated in one model. In the Indonesian
study, which relied upon WASP, '[i]t was assumed that minimum costs
rather than net benefits would be the measure of merit' in choosing
between power expansion programs (p. 71). This emphasis upon cost
minimization perhaps constitutes WASP's worst shortcoming: its
neglect of resource availability. This may have been justified in the
United States, where the model was developed and where necessary
resources abound, but certainly represented a gross oversight for the
developing countries. In Indonesia, its use led to the conclusion that
between eight and eighteen reactors ought to be built between 1983
and 1997, in order to minimize electrical expansion costs. The IAEA
study never addressed, let alone answered, the vital question of how
the manpower or funding needed to build even one reactor would be
found.
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These criticisms aside, it should be recognized that overpessimism
can be as dangerous as overoptimism in planning. Perhaps nuclear
projects are 'too' difficult for present resources, but if it always shies
away from the difficult, a government might never escape from the
box of underdevelopment. If capital scarcities definitively refute
proposals for capital-intensive projects, then growth of stocks will
remain stunted, and shortages will become self-perpetuating. The
same logic could be applied to other resources.

A theoretical framework, explaining how decision-makers take on
intimidating tasks, was provided by Albert O. Hirschman.26 Accord-
ing to his Principle of the Hiding Hand, since man necessarily under-
estimates his creativity, it is desirable that he underestimate to a
roughly similar extent the difficulties of the task faced, so as to be
tricked by these two offsetting underestimates into undertaking tasks
that he can, but otherwise would not dare, tackle. Similarly, the
failure to internalize external costs can stimulate enterprise. Hiding
Hand techniques can teach decision-makers how to take risks. One
method is to make a project look easier than it is or, when difficulties
cannot be hidden, to exaggerate its prospective benefits. Particularly
applicable to nuclear and overall energy planning is the 'pseudo-
comprehensive' program technique, wherein decision-makers dismiss
earlier attempts as piecemeal, and pretend to more insight than is
actually available, by drawing up a comprehensive program.
Hirschman argues that development projects should combine 'trait-
taking' and 'trait-making'. In other words, if a project is planned,
built, and operated on the basis of certain negative attributes of the
status quo, assuming them to be inevitable and unchangeable, it may
miss important opportunities for beneficially changing these attitudes
- it may even confirm or strengthen them. Project design should take
some traits as temporarily unchangeable but make others, to improve
the status quo. If, for instance, a project makes educated workers, the
next project may not need to take as much imported skilled labor.

The extent to which traits can be made and not taken depends upon
an economy's ability to absorb new work patterns and new tech-
nologies. Energy technologies must overcome technological, social,
and market inertia before they become commercialized on a wide
scale.27 A country's absorptive capacity is a function of its resources,
social flexibility, and receptivity to modernization. (The Islamic
fundamentalist movements show how leaders can sometimes over-
estimate receptivity.) To facilitate absorption the Argentine govern-
ment created the Service of Technical Assistance to Industry, which
serves first, to channel nuclear technology from the CNEA to
industrial use, and second, to apprise the Commission of the needs,
possibilities, and limitations of Argentine industry.28 The fruits of this
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effort were apparent at Atucha-1, where Argentine industry contri-
buted nearly 100 items worth DM30.2 million ($9.4 million at 1972
rates).29 For Embalse, the level of Argentine participation rose to over
50 percent. The target for Atucha-2 was about 60 percent. Politics also
affect absorbability, since any large-scale, long lead time, or expensive
technology can only be introduced in an atmosphere of stability.
Otherwise, the addition of political to economic and technical uncer-
tainties will erase the margin of confidence needed to convince
investors that their time, effort, and money will not be wasted by a
struggling government or its unsympathetic successor.

THE INDEPENDENT, DEPENDENT, AND NONNUCLEAR
COUNTRIES

To assess the importance of economic objectives to the nuclear
policies of the independent, dependent, and nonnuclear countries, a
brief examination of available resources and expressed policies
follows.

The independent countries require the most educated labor. The
Indian case is exemplary. In 1945, the Tata Institute of Fundamental
Research was established in Bombay. Nine years later, around 130
scientists and technicians joined together at a new, multidisciplinary
research and development center in nearby Trombay. This is now
known as the Babha Atomic Research Center (BARC), and has
become the foremost research institution in the country, with a staff of
around 10,000, of whom nearly one-third are scientists. A majority of
the scientists and engineers there graduated from the BARC training
school, founded in 1957.30 Argentine nuclear scientists and engineers
broke the 1,000 mark by around 1970, and the high general educa-
tional level (94 percent adult literacy) in the country reflects the
European birth or descent of over 90 percent of the population. In
fact, the proportion (29 percent) of the population aged 20 to 24
enrolled in higher education in Argentina is higher than that of any
other country outside the industrialized world.31 The high Israeli
educational standards are well known. Pakistan and South Africa
both have highly qualified enclaves of nuclear engineers, due to their
colonial heritages and the high priority of the programs there. Never-
theless, many more scientists are trained than retained, due to the
'brain drain'. Qualified workers leave the country by the thousand,
attracted by the better working conditions and salaries offered in the
industrialized nations. Labor importation can offset the brain drain,
but is constrained both by financial resources and by reluctance to risk
political unrest provoked by their unwelcomed presence.
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The land resources of the independents vary. Argentina, India, and
South Africa have large uranium deposits. Israel and Pakistan do not,
but both are widely believed to have surreptitiously obtained the
uranium they desired, and Israel also has its uranium-from-phpsphate
project.32 With respect to energy alternatives, coal and hydropower
are to provide the bulk of increased supplies by 2000 in India and
Argentina, respectively. Despite governmental braggadocio, nuclear
power expansion has taken a back seat in both countries, as Table 3.5
reveals. The larger shares given nuclear power in the other three
independents reflect partly the lower overall consumption levels
projected, and partly the fewer energy resources available in Israel,
Pakistan, and South Africa. In sum, though the independent
countries as a whole seem well able to procure whatever uranium they
require, the rich alternative resources of India and Argentina have
contributed to the incentives there to limit the nuclear role.

This situation is mirrored in capital. Nowhere has its shortage
prevented an independent from pursuing its central objectives, but it
has limited the scale of commitment in all cases. Israel has yet to invest
in a nuclear power station. Pakistan's first power reactor cost only
$105 million, and was financed by soft loans from Canada and
Japan.33 The South Africans' current account balance (after interest
payments on external debt) shifted from a $1.21 billion deficit in 1970
to a $1.54 billion surplus in 1978, and even though debt service as a
percentage of exports of goods and services increased during that
time, it remained relatively modest at 11.7 percent.34 When it came to
negotiating financial arrangements for the Koeberg reactors with the
French, the South Africans were able to take advantage of their strong
credit rating, by obtaining two 900 MWe reactors for $1 billion in
1976, on good terms.35

In Argentina, financial resources have been the weak link. Although
continued economic uncertainty generally discouraged investment,
shortages of foreign credit (when it was welcome) were not the main
problem, because Argentine beef and grain exports, along with oil
self-sufficiency, ensured a generally healthy and resilient trade
balance. In their eagerness, reactor vendors and their home govern-
ments offered excellent financing terms. Both Siemens and AECL were
supported by their governments through export credit concessions.
Both paid a high price for their easy terms and acceptance of stiff,
penalty-backed performance guarantees, sustaining losses on their
contracts on the order of tens and hundreds of millions of dollars,
respectively.

The main problem, instead, has been domestic financing. Foreign
loans, though depreciating, have to be serviced and repaid. While
domestic credit costs climbed, national income has stagnated. To get a
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grip on three-digit inflation, the Videla government attempted to
batten down public spending. Economics Minister Jose Alfredo
Martinez de Hoz objected to the 1980-95 CNEA plan on the grounds
that the country could not afford to build ten reactors in that period,
and he succeeded in reducing that number to four. The energy sector
at that time was the top governmental investment priority, but within
it nuclear energy was given only a subordinate role. Larger sums went
to the state oil company ($405 million), hydro projects ($483 million),
and the State Water and Power Board ($265 million) than to the
CNEA ($152 million).36 Commission officials must have argued that it
would be wise to exploit Argentina's plentiful uranium resources and
that the level of nuclear power construction envisaged represented the
minimum necessary to save the CNEA and nascent Argentine nuclear
industry from atrophy. The President concurred with this view.

The major resource availability differences between the labor, land,
and capital availability for the dependent countries were sketched in
Chapter 3. Among the countries with major nuclear power programs,
independent and dependent, the discrepancy in labor resources is
often derivative, flowing from disparate nuclear policy objectives.
None has a surfeit of qualified labor, but many are able to siphon off a
sizable portion of the skilled pool if the priority of nuclear develop-
ment so commands. Naturally, population size makes a difference -
India has the second largest population of scientists in the world - but
despite populations less than 3 and 6 percent as large, respectively,
Taiwan and South Korea have nuclear work forces comparable to that
of India. Others suffer more acutely from skilled labor shortages,
especially when difficult goals are set. For instance, to fulfill the Shah's
objective of 23,000 MWe, an estimated 15,000 skilled technicians were
needed.37 In 1976, approximately 150 AEOI employees had some
nuclear physics background, and 90 percent of these were foreigners.
Even with the hundreds of students in training at home and abroad,
finding enough Iranians for the program promised to be a burdensome
task. The needs of the program were so great that the AEOI could not
afford the CNEA approach of training in basic fields, so the spillover
of improved technical capabilities into other sectors would have been
reduced.

More important are the differences in available natural resources,
which often work at cross purposes. A country rich in alternative
energy resources, such as Argentina, is encouraged to go the indepen-
dent nuclear route by the government's confidence that it need not
scramble for quick energy supply fixes, but rather can thoughtfully
select the most attractive, long-run alternative. Nuclear power seems
attractive in this light, especially to the oil-rich nations which not only
have the luxury of leisurely policy choice, but also the petrodollars to
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bring any alternative, nuclear included, within reach. Iran and Mexico
were the prime examples here. On the other hand, the very margin of
safety which facilitates a nuclear decision depends upon those
alternatives being exploited, and they may appear so economically
competitive as to squeeze nuclear completely out of the short-term
picture, as happened in Indonesia and, in 1979, Iran. A dearth of
energy alternatives also cuts both ways. On the one hand, energy
scarcity promotes nuclear power as a substitute energy source. On the
other, painfully expensive oil bills strip governments of the large assets
needed to pay for it. These cross-cutting factors help explain why the
countries most committed to the dependent nuclear development
route have included large energy exporters, (Iran and Mexico) as well
as large energy importers (Brazil, Philippines, South Korea, Taiwan).

The capital side of the economics of nuclear power is the most
difficult to fathom. A wealthy country, like Iraq or pre-revolutionary
Iran, has a strong incentive to convert some financial into physical
capital, especially when financial capital depreciates in real terms, as
inflation outpaces returns on investment. For such a country, building
a nuclear plant translates paper assets into goods, alleviates domestic
pressure on domestic oil resources better saved for export and petro-
chemical purposes, and prepares for the post-oil era. Even in such an
extreme case, however, other considerations may contradict this logic.
Despite the country's wealth, for instance, inadequate physical capital
forced Iranian industry into a negligible role in the nuclear plan.
AEOI Director of Power Plants, Ahmad Sotoodehnia, concluded that
'the main problem right now we are facing in the implementation of
our power plant programme is ... the non-availability of the technical
manpower, the non-availability of the support industry inside Iran to
contribute to this industry.'38 This problem, when coupled with the
Shah's premium on building nuclear power stations with utmost
dispatch, created a vicious circle: because participation of Iranian
industry would slow reactor construction, it was excluded. Because
Iranian industry was excluded, it could not easily improve its ability to
contribute to reactor construction.

In the other oil-exporting, capital-surplus countries of the Persian
Gulf, insufficient demand for electricity discourages nuclear invest-
ment. Even in Iran, where the nuclear option was embraced, the
planned use of the electrical output of Bushehr remained unclear and
financial headaches abounded. Costs of all four reactors under con-
struction escalated enormously, for two reasons. First, although
Iranian income arrived mainly in US dollars, the German and French
reactors were paid for in the home currency of the contractors. Conse-
quently, the deterioration of the dollar, especially against the deutsch-
mark, hurt the Iranians. Second, inflation was serious in France, and
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was passed on to Iran. Critics of the program claim that the price of
the Bushehr reactors increased from DM7,800 million to DM13,200
million, representing a per kilowatt cost over $3,000, and alleged that
the per kilowatt costs for the French reactors were higher still.39 This
was triple the cost reported by AEOI when the contracts were signed.
While there remains great uncertainty over the precise figures, that
there was extreme cost escalation cannot be doubted. Meanwhile, the
product of Iran's reduced oil revenues during this period was a large
government deficit, which reached $15 billion in 1978, or a third of the
total budget.40 When it became necessary to make major budget cuts,
in October 1978, the Shah froze new orders for nuclear reactors.

Nevertheless, extensive capital assets were the factor most
conducive to a large Iranian nuclear power program. Short-term cash
flow problems did not alter the long-term earning potential of Iran's
petroleum, so financing large capital projects should have continued
to have been feasible, if they had been well chosen. The important
question is whether nuclear power could have survived the scrutiny of
a careful selection process. Had Etemad's argument, that conven-
tional power generation costs would inevitably climb relative to
nuclear power, been true, then investment in the latter would have
been reasonable. But the costs at Bushehr and Ahwaz themselves were
climbing rapidly, and nuclear power costs had not yet stabilized even
in the advanced nations. Other governments faced the large nuclear
investment burden with far less capital, and indeed with large external
debts requiring ever-increasing debt service payments, as shown in
Table 2.3. Meanwhile, the costs of nuclear power stations continued
to escalate, sometimes astonishingly so, as when an eighteen-month
construction delay inexplicably jolted the price tag on the Philippine
reactor from $1.1 billion to $1.9 billion.41 Climbing costs and external
debts need not halt projects underway, but they have dampened
nuclear plans, and dissuaded governments who have yet to take the
plunge to hold off at least until the situation stabilizes.

This final point brings the discussion around to the nonnuclear
countries. Of these, some have more skilled labor (Venezuela), oil or
uranium (Nigeria and Niger), or capital (Kuwait) than many of the
nuclear countries, but none compare favorably in all these categories.
On the contrary, most African and Asian nations compare dismally in
labor and capital categories, while enjoying much better ratios of
natural resources to current and projected demand. The contrasts
between nonnuclear Latin America and the nuclear nations are less
stark. Most nonnuclear countries suffer from an energy crisis of
receding forests and increasing fuel prices, but large-scale, electrical
networks sustained by nuclear plants cannot quickly alleviate the
problem. In the short run, diversion of resources from present con-
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sumption or from short-term, partial solutions would only exacerbate
existing hardship. In such circumstances, long-term planning becomes
academic.

Those governments which enjoy certain economic strengths have to
make a tougher decision: can a surplus of one factor (such as oil)
compensate for shortages of capital or manpower? Most have decided
that the factors were not infinitely interchangeable, and the Iranian
case confirms the wisdom of that view. The Shah thought that his
capital surplus could make up for other inadequacies, that he could
simply import equipment, foreign technicians, and (if necessary)
uranium, to ensure the success of his nuclear program. In his
optimism, however, he disregarded the saturation point of social and
economic absorption. Due to inadequate physical and human
resources, as well as the Shah's impatience, the program could not be
designed to prod economic growth, through steadily increasing
electricity supply and dispersing new knowledge through many
sectors. Instead, it was designed to catapult the Iranian economy into
modernity, though precisely how such rapid construction of turnkey
stations would have translated into general development remains
unclear. What is clear is the fact that this was a strategy concerned
with the extremely long term.

The Indonesian case was more typical of the nonnuclear country
approach: a less ambitious, shorter-term perspective. Because
Suharto's security objectives were satisfied by a small research pro-
gram, the economic case had to carry the whole burden (as in Iran) of
justifying a nuclear power program. In both countries, the lack of
physical or human resources prevented successful advocacy of nuclear
power as a good way to use indigenous resources or skilled manpower,
which were in great demand in all sectors. Consequently, both
economic cases for nuclear power were based on the premise that large
increases in electricity production would catalyze economic growth.
Since economic benefits increase with the scale of the units and the
grids they supplied, one can better understand the anomalies of
officials in countries which were much less able than Argentina or
India to support a nuclear power program, advocating the installation
of many more reactors. Indonesia, however, differed from Iran both
in possessing less wealth per capita, and in not being ruled by a
monarch devoted to nuclear power.

Financially, although Indonesia enjoyed a favorable balance of
payments and strong foreign reserves, due to its oil exports, invest-
ment for a nuclear power station would have been difficult, even with
good exporter credits. Throughout the 1960s, the Indonesian economy
was far too weak to support such an investment. As the economy
revived in the early 1970s, the prospect became more feasible. The
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willingness of the government to undertake a several hundred million
dollar or more investment, most of which went to foreigners,
diminished markedly in the world recession-induced reductions in
export revenues and Pertamina's inability to meet international debt
obligations. A country with so many energy alternatives could safely
choose a more restrained energy investment scheme.

In all developing countries, decisions to go or not to go nuclear have
been explained primarily in economic terms. The arguments on either
side closely resemble those suggested in this chapter and in Part One,
and need not be repeated country-by-country. The sophistication of
most nuclear planning studies varies according to the resources of the
government and the importance of convincing decision-makers that
increasing power supplies is necessary to growth and that installing
nuclear power is the best way to do it. In Argentina, the CNEA itself
conducted the multivolume Atucha-1 feasibility study, which helped
defeat the opponents to the project. In Indonesia, after a twenty-
volume study commissioned by PLN to British consultant engineers
gave short shrift to the nuclear option, at least until the mid-1990s,
nuclear advocates eventually found a government (Italy's) willing to
put up the money for a counterstudy, which reported favorably on the
feasibility of nuclear power for Indonesia. The battle of the studies
continues, the latest entrant being the powerful, US-based Bechtel
National, Inc. weighing in on the side of the Ministry of State for
Research and Technology.42

By contrast, neither Iran nor many nonnuclear countries have
adopted the decision-by-study technique. In Iran, once the Shah had
made up his mind, no study designed to assess the feasibility of
nuclear power for Iran could matter, though it could delay the
project, and therefore the formality was forgone. Nor did feasibility
studies underpin the nuclear programs of India, Israel, Pakistan,
Libya, or Iraq. In these nations, nuclear policy expressed powerful
leadership objectives, not seriously opposed by important interest
groups. In nonnuclear countries without nuclear power lobbies,
nuclear planning studies were equally useless. These examples, drawn
from the independent, dependent, and nonnuclear categories,
converge to show that studies are agents of advocacy more than of
impartial selection, no matter how heavily the underlying assumptions
are disguised in statistical charts and multiple regressions. Where there
is little conflict, studies play little roles, not because absence of conflict
indicates the patent superiority of one choice, but because without
serious opposition, the powers that be have little reason to justify
themselves.
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CONCLUSION

Where markets are defective, economic decisions become politicized.
Where projects are technically difficult, political decisions become
economized. Nuclear power policy therefore flows from a dynamic
interaction between political and economic considerations. In the
South, economic objectives rest on a broad consensus; everyone wants
national income to grow. Political objectives are far more sectarian.
The best way to promote nuclear power, then, is to aim for the con-
sensus and demonstrate that it helps economic development. That is
why officials whose political beliefs shape their views about nuclear
power still defend their views on economic grounds. Environmental
arguments matter, but sometimes are discounted, while issues such as
the possible intrusion of the nuclear bureaucracy upon civil liberties
appear hopelessly esoteric in countries where popular rights are often
rudimentary.

Battles are fought primarily on economic turf for another more
obvious reason: nuclear power is expensive. The political pros and
cons to nuclear power are dwarfed in importance by the $1 billion
price tag of a single reactor. Since many benefits can be gained by
rhetoric or research-scale programs, political justifications become
less cogent as program costs climb. It is not surprising that all
countries with nuclear power (as opposed to research or weapons)
programs rely fundamentally upon economic rationale to present their
case publicly. By contrast, the Israelis, who as yet have no power pro-
gram, have not pinned the case for their nuclear program on economic
grounds. In other countries where nuclear power exists and where
ulterior motives are widely suspected, such as India and Pakistan,
officials religiously profess their benign intentions. Although some of
this insistence may be disingenuous, economic rationales are not
merely cosmetic. Economic changes can drastically alter the array of
supporters and detractors. When the Indonesian economy suffered the
double shock of deteriorating export revenues and the Pertamina
collapse, and no marketable uranium deposits were announced after a
decade of French assistance, the case for nuclear power sagged badly.
Cost escalation corroded support for the nuclear projects in the
Philippines and Iran. Conversely, the 1979 Iranian chapter of the oil
crisis reinforced the perceived need to develop alternatives, including
nuclear. On the whole, economic objectives are important deter-
minants of a government's nuclear decision, but the direction of their
influence hinges upon assumptions that mix politics and economics.
The pronuclear lobby wants a powerful, industrializing economy and
believes that energy supplies must increase in step with GNP. The anti-
nuclear lobby wants equality, environmental conservation, and
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balanced development, and believes that appropriate or intermediate
technologies should be emphasized. This is an oversimplification, but a
rough distinction between the supply managers and demand stimu-
lators can be useful. In what can become a frustratingly arcane
debate, PDV cost-benefit analysis can sift out the egregiously non-
sensical, but can only help, not replace, political decision.
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9 Domestic Politics

Policies emerge through conflict and compromise. Sometimes they
accurately reflect the wishes of a president or prime minister; other
times, bureaucrats frustrate leadership intentions. Where leadership
cannot impose its will on bureaucracy, or bureaucratic jockeying for
status and influence distorts leadership desires, policies may stray far
from original objectives. In such a situation, the security and
economic objectives discussed in the last two chapters could influence
nuclear policy less than first appears. Of course, any nuclear policy is a
product of domestic politics. The purpose of this chapter is to deter-
mine the extent to which domestic political processes circumvent
leadership desires, if at all.

A popular mode of thought, sometimes known as the bureaucratic
decision-making model, rejects the notion that policies represent the
considered outcome of a rational process, where policies emerge as a
considered choice of the optimal solution among various alternatives.'
Rather, the argument continues, policies often represent the only
workable compromise among turf-jealous bureaucrats and between
political parties more interested in defeating opponents than in
seeking wise policies. Decisions percolated through this sometimes
haphazard process may end up reflecting no-one's first choice, or
everyone's second, but in any case something different from leaders'
initial security, economic, or any other objectives.

This chapter argues that this model of decision-making does not
generally apply to developing country nuclear policy-making. To be
sure, bureaucratic arrangements heavily influence nuclear policy, but
they do not relentlessly bend it out of all semblance to national
objectives. This does not deny the validity of the bureaucratic
decision-making model elsewhere, but only for decisions relating to
major projects in countries with comparatively small and simplified
policy-making apparatus. A corollary flows from this argument,
detailing how major projects confront leaders and bureaucrats alike
with a dilemma of scale which seriously complicates successful
decision-making.

Two reservations apply to this discussion. First, graft is not
considered. Charges of kickbacks and commission fees have arisen in
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regard to most nuclear power station contracts signed in developing
countries, and sometimes have been admitted or proved. Their
omission, however, should not damage the conclusions of this study.
Tracing these transactions requires detective work and speculation,
which could distract from the specific study of nuclear policy-making.
Since graft is common to many large energy investment projects, there
is no reason to assume that it is more important to the approval of a
nuclear power program than to approval of coal, oil, hydro, natural
gas, or other projects. Second, this chapter is concerned primarily
with principal policy-makers. Legislatures play a nominal role (the
AEOI was formally established by the Majlis, Congressional inaction
killed a 1975 CNEA reorganization plan); court involvement is
possible (in suits arising from alleged radiation exposure damages);
and political parties occasionally speak out (the Peronists attacked the
heavy water plant contract award to the Swiss firm, Sulzer Brothers);
but these seldom determine major policies. Public support is
encouraged and dissent avoided, but popular involvement in decisions
is even more sporadic and peripheral. For example, there is no
evidence that the public debates surrounding the proposed Embalse
and Atucha-2 reactors in any way altered the contract award
decisions. In the Philippines, popular opposition was able to vent its
protests through a review panel established in June 1979 by President
Marcos in response to concerns generated by the Three Mile Island
accident. The president even suspended construction on the
Westinghouse reactor under construction on Luzon. Nevertheless,
Marcos decided three months later to resume the project, leaving the
nuclear opposition helpless. In India, the government seems deaf to
complaints that the Tarapur station exposes its workers to excessive
radiation doses, and has not shut down TAPS for a thorough decon-
tamination because it is reluctant to reduce electrical output.2

POLITICAL LEADERSHIP

Can one man move an entire nuclear program and, if so, how far? The
history of atomic energy policies in developing countries suggests that
one man can make an enormous difference. The premier example was
India's Dr Homi Babha, a powerful promoter who enjoyed the con-
fidence of Prime Minister Nehru and the esteem of the international
community. Under Babha's stewardship, beginning in 1945, a country
steeped in poverty mounted a large nuclear research effort, with one
research center alone employing 1,800 professional scientists and
engineers, 3,000 technicians, and 3,200 support staff by the time of his
death in a 1966 air crash.3 By the early 1960s, the Indian Atomic
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Energy Commission had built three of its own research reactors, as
well as fuel fabrication and reprocessing plants. Admiral Quihillalt
transformed the Argentine program from a modest research effort
into a viable power program. The stagnation of the CNEA under
Admirals Helio-Lopez (1958-60) and Iraolagoitia (1973-76) demon-
strated the palpable impact of the arrival and departure of one man.
In four years, Etemad built an organization of 4,000 from the ground
up and initiated the construction of four large power reactors.

No matter how capable or dynamic, atomic energy promoters rely
enormously upon political leaders. Political systems in the developing
world feature strong executives, whose support is indispensable for
the development of technology as expensive and complex as nuclear
fission. Governmental budget battles are inevitable. A head of state
hears numerous lobbies. If he will not intervene on behalf of a nascent
nuclear program, then he commits it to suffer at the hands of com-
petitors. Thus, in the late 1970s, BATAN's ambitions were trampled
by budget planners and coal developers. In Mexico, the administrative
wrangling which has delayed the Laguna Verde project by several
years might have been reduced if not eliminated by firm presidential
intervention.

The Shah of Iran's unstinting support made his atomic program
virtually impregnable in Cabinet disputes. The Iranian example
illustrates the limits of effective leadership support of atomic energy
development. The Shah could override opposition, but he could not
prevent it. When important governmental factions begin to dissent
from a program and sponsor studies to back their case, the leadership
must take note. The antinuclear lobby seeks press coverage, and
eventually the issue becomes a public issue, forcing the leadership to
spend political capital if it wishes to maintain the program. By this
time, the government's position may have become irretrievably
awkward. Abandoning the project under duress demonstrates weak-
ness, and tacitly admits that the critics were right, with the uncon-
cealable implication that money and manpower have been wasted on
an ill-conceived prestige project. Continuing the project risks
increased criticism of the nuclear project, which may at some unpre-
dictable moment spread beyond the nuclear sphere into a condem-
nation of general governmental incompetence or profligacy. Mean-
while, mounting expenditures on the nuclear project steadily refuel the
critique. No graceful escape remains.

Leaders try to avoid this impasse. Tension inevitably arises between
the mutual dependence of leaders and atomic energy commissions in
promoting nuclear power, and their divergent interests in maintaining
political power. Political leaders and atomic commissioners alike
desire first and foremost to maintain their influence, but before a
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nuclear program is underway the commissioners have little leverage
with which to persuade the leaders to take the plunge. The fortunes of
an atomic energy commission improve with a growing nuclear com-
mitment. Political leaders look to a broader base of support. Nuclear
power is a difficult and chancy endeavor, and the natural political
aversion to risk places an executive at loggerheads with atomic energy
lobbyists. The politician's problem is complicated by the disparate
desires of the various groups he relies on to stay in office. A general
admires the sophistication and prestige of nuclear power, an
economic planner suspects its economics, and the populace marvels at
it, but may also fear its possible effects. The commission's best
recourse is to argue that nuclear power is essential, first, to national
prosperity and, second, to avoid falling behind other nations. It must
also seek as many allies as possible in trying to coax the initial govern-
ment commitment. Once that Rubicon has been crossed, the political
leader's fate is to some extent linked to that of the nuclear program,
and the influence of the atomic energy commissioner rises accordingly.
Thus were the succession of Argentine presidents reluctant to remove
Quihillalt (after Frondizi's bad experience) or otherwise to tamper
with the highly visible and apparently successful atomic program.

President Marcos showed how a president may preemptively imperil
a nuclear program in order to protect himself politically. Excavations
began in February for the first nuclear unit, PNPP-1, at Morong on
the Bataan Peninsula, around 70 kilometers west of Manila. By late
1978, the project already was subject to severe criticism. Under
investigation by US Congressman Clarence Long, Westinghouse
admitted having paid $35 million to Herminio Disini 'for assistance in
obtaining the contract and implementation services'.4 Then, it so
happened that a Filipino ex-patent lawyer, Augusto Almeda-Lopez,
was living in Harrisburg when the TMI-2 incident occurred. He wrote
to Senator Lorenzo Tanada that while the Americans had coped with
the crisis through cooperation among governmental, academic, and
industrial resources, the Filipinos could not count on such prompt,
capable, and extensive support if a similar emergency occurred at
PNPP. Taking the initiative, on May 15, 1979, two weeks after
TMI-2, Marcos issued Executive Order No. 539, which established a
special commission to investigate the dangers that might arise from
the existence or operation of PNPP-1. Marcos asked Assemblyman
Ricardo Puno to co-chair this commission, instructing him that 'we
cannot afford the merest doubt where the future of an entire nation is
concerned'. Two months of daily hearings followed, during which 623
concerned citizens of Bataan appealed to Marcos to cancel the project,
the US Department of State froze nuclear exports to the Philippines,
and a previously unreported seismic fault was discovered 400 to 500
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meters from the site, which had already been criticized as too
seismically and volcanically active for safety.5 Marcos prepared a
scapegoat by threatening to terminate the contract if Westinghouse
failed to secure a US Nuclear Regulatory Commission (NRC) export
license. The Puno Commission found much to criticize in
Westinghouse's performance, but not in the basic choices made by the
Philippine government concerning the safety of a nuclear reactor sited
in the 'Pacific Ring of Fire' and the wisdom of spending over $ 1 billion
for a 600 MWe nuclear unit. In May 1980, the NRC finally approved
the export license needed to ship parts to PNPP-1; in September
Marcos permitted work to resume on the project.6 Whether he was
truly shaken by TMI-2 or cannily exploiting the opportunity to defuse
nascent discontent with the project, Marcos clearly demonstrated the
heavy hand presidential authority lays on nuclear power.

Political infighting increases with the stakes; a large, long lead time
project is especially vulnerable, particularly in its early stages, before
it becomes politically, financially, or literally set in concrete. It
absorbs revenues which are coveted by other project promoters and
parted with reluctantly by taxpayers. A research reactor can be built in
a year, but a power reactor requires at least six from start to finish.
Consequently, the stability of the political leadership affects its ability
to sustain a successful power program. The Indian atomic program
was run from its inception in 1945 by Babha until his death twenty-one
years later. Since 1971 that role has been filled by Honi Sethna.
Quihillalt's tenure spanned eighteen years and eight governments. On
the other hand, despite nearly twenty years in office, Indonesian
nuclear chief Siwabessy achieved far less, even accounting for scale.
The lesson is that while stability of political leadership is not necessary
(strength is), stability of atomic energy commission is not sufficient,
for a successful atomic energy program.

An atomic energy commissioner must be a persuasive advocate in
order for his voice to carry over the din of competition. When his
proposals meet approval, he had to be able to execute them effectively
in order to accumulate a record which can justify future expenditures.
Pragmatism fares better than ideology: Quihillalt had minimal
concern for unorthodox political views so long as they were not openly
expressed. When Peronists reversed this policy in 1973, the results
were unfortunate. (Perhaps they simply tried to do too much too fast,
in response to the understandable frustration at having been out of
power for so many years.) BATAN is vested with certain responsi-
bilities for nuclear power which Chairman Baiquni zealously
guards. This has lost him the sympathy of potential allies, such as
geologists interested in uranium exploration and PLN officials
desirous of involvement in nuclear power. Greater flexibility could
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facilitate the alliances necessary to bring nuclear power to Indonesia.
Individuals can be effective in these countries because of the nature

of the policy processes there. Often only a few people need to be
convinced of a policy's value for it to be approved, since key decision-
makers commonly belong to a ruling elite, sharing similar cultural
values, training, and outlook, which help smooth areas of friction. In
Iran, for example, the natural antipathy which often develops between
energy ministers and atomic energy commissioners was moderated by
the good personal relationships between the leaders of each agency. At
the level of implementation, leaders can rely on more members of
their elite, many of whom have advanced degrees from the advanced
nations. The effectiveness of these executive teams depends upon the
depth of talent upon which they, in turn, can rely.

BUREAUCRATIC ORGANIZATION

Bureaucratic organization initially reflects the political values of its
architects. Exceptional success of a new bureau, while others flounder,
may reflect neither unfair treatment of the less successful nor distor-
tion of the overall blend of policies. Instead, the political leadership
may want a program of exceptional importance to be executed by an
exceptionally strong bureau, as when nuclear power programs are
administered by powerful, independent agencies. Conversely, changes
in leadership or values can strip nuclear power of privileged status.
Then atomic energy commissions have to battle much harder for
success. At issue here is whether an atomic energy commission in a
developing country can become strong enough to carry on effectively
on its own, without strong political backing. This happened in France,
where the Commissariat a PEnergie Atomique's work continued un-
interrupted despite the succession of Fourth Republic governments
throughout the 1950s. Even without a clear leadership decision to
develop nuclear weapons, the CEA moved steadily toward nuclear
weapon capability from 1952 on, without any express governmental
sanction for a military program. By 1958, when the political argument
for a French nuclear force became strengthened by the East-West
balance of terror and deteriorating relations with NATO, the CEA
was able to obtain Premier Gaillard's approval for a French nuclear
weapon test in I960.7 French precedent, however, cannot apply in the
South. Funds and skilled personnel are too scant in the developing
countries for either to be secretly siphoned off to a program without
explicit leadership backing. The following section explores the nature
of developing country atomic energy commissions and their bureau-
cratic competition.
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ATOMIC ENERGY COMMISSIONS

Two salient features mark most atomic energy commissions: special-
ization and autonomy. A single agency rarely shares atomic energy
development with responsibilities for fossil fuels and hydropower.
Occasionally, responsibilities for 'exotic' technologies, such as solar,
were vested in an atomic energy commission, usually to the detriment
of the addition. In Iran, AEOI was responsible for solar development
for a time. Specialization enables a commission to devote all its vigor
to the pursuit of a narrow set of goals. Most atomic energy commis-
sions are also autonomous. Autonomy, more than specialization, aids
advocacy. Atomic development requires full commitment, in
economies as strained as those of the developing world, for programs
might easily succumb to continued, energetic scrutiny. Subordination
introduces policy guidance and budget allocation from a minister
responsible for many programs, including some with objectives
counterproductive to atomic energy development. In its most
powerful form, the commission is a direct agent of the head of govern-
ment, to whom the commission chief has direct access. If the head of
state backs the commission in resisting budget cuts, then a planning
agency can do little. Whether their specialization and autonomy
provide enough leverage for atomic energy commissions significantly
to affect the level of atomic energy in a country depends upon the
relative strength of the bureaucratic competition.

Autonomy and specialization, however, are no panacea. First, they
can only help at the margins. If the commitment to nuclear power is
half-hearted to begin with, then autonomy and specialization con-
tribute only to isolation, not to influence. Such has been the fate of
many developing country atomic energy programs, relegated to a
university physics department, with poor prospects for expansion. In
Indonesia, the nuclear program was specialized and officially
autonomous under Sukarno, but it remained so small that these
advantages could not take it far. Four years after the establishment of
the Institute of Atomic Energy, there were still only 100 trained
personnel.8 Even then, a former BATAN scientist said that there were
more people than could be usefully employed due to the lack of
projects. By 1970, the budget had not yet surpassed $300,000.9

Second, autonomous agencies are often established in order to
escape from typical developing country problems which may prove
inescapable. These have been categorized by Hirschman as
inefficiency, inadequate salaries, frequent changes in key personnel
and policies, nepotism, corruption, and 'politics',10 faults often too
deeply entrenched to be swept away by administrative fiat. Ironically,
to the extent that the agency succeeds, it creates new problems for
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itself. In Iran, the richly endowed AEOI was able to attract good
personnel by offering exceptionally good salaries, but in so doing
incurred resentment of its privileges from other agencies. Resentment
can easily translate into foot-dragging or other disruptive behavior,
which can become a serious problem for an atomic energy commission
dependent on others for finance, industrial assistance, electrical
connections, and so on. Since the bureaucratic isolation arising from
autonomy is indiscriminate, it cuts both ways, alienating important
allies as well as preventing outside interference.

Physical, human, and financial resources can reinforce or under-
mine organizational advantages. CNEA's strong human resources
contributed to the success that enabled it to deal effectively with
competitors, while the 23,000 tons of domestic uranium reserves
shielded it from attacks to which BATAN was vulnerable. The
economic difficulties of the country highlighted the CNEA's Achilles'
heel: its multibillion dollar program costs. The Economics Ministry,
not surprisingly, became the most formidable combatant when the
CNEA sought approval in 1978 for its fifteen-year plan. In Iran,
abundant revenues permitted the Shah to embark upon a major
nuclear program. Paucity of skilled manpower led to large-scale
foreign hiring, which probably weakened the AEOI's case in its
bureaucratic fights to maintain exceptionally high pay scales, though
the Shah's personal support assured that the organization prevailed.

Overall, autonomy helps more than it hurts an atomic energy com-
mission. Resentful bureaucrats can sometimes be mollified by the
autonomous offender, as when Etemad actually had budget surpluses
to bestow on the needy Energy Ministry. Alternatively, the
bureaucratic antagonist may be so explicitly instructed by the
leadership that to object or fail to comply would be to court dangers
greater than those posed by the atomic energy commissions
themselves.

Not all AECs hold the same writ. Some, like the CNEA, are fully
responsible for research and development, training, power plant con-
struction, regulation, and operation. Others, like the Mexican CNEN
and the Taiwanese AEC, leave the power plant side of operations to
the electrical utilities. Still others, like the Philippine AEC, are
essentially confined to research and regulatory functions. In Brazil, a
national company, Nuclebras, separate both from the CNEN and the
electrical utilities, is responsible for all nuclear plant and fuel cycle
manufacture. In its early stages, a developing country nuclear
program usually lacks enough personnel to divide regulatory from
research and promotional functions. It seems wasteful to label able
nuclear technicians as 'regulators' and thereby lose them for more pro-
ductive work.
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Even the most specialized and autonomous AEC imaginable could
not be viewed in a vacuum. The salience and expense of nuclear power
guarantee the active interest of other parties, to whom we now turn.

OTHER ACTORS

Nuclear power programs generate opposition on economic and health
grounds. Finance or economics ministries and planning agencies,
responsible for paring budgets, can create serious problems for an
atomic energy commission. They are often antagonistic toward
nuclear power, for several reasons. To buy a station, governments
have to deepen foreign debt and dispense foreign exchange. Also,
because nuclear power is so capital-intensive, it provides fewer
employment opportunities for each dollar invested than do labor-
intensive activities.11 Many employment opportunities in the nuclear
field require more education than all but a few in the country have had,
necessitating the employment of foreigners. Nuclear power develop-
ment entails a long gestation period, and its promised returns seem
remote and uncertain. Meanwhile, reactor prices continue to rise and
doubts multiply over the economic viability of nuclear power for even
the developed countries.

Though alternative energy technologies have often lacked the
institutional base enjoyed by nuclear power, they are now beginning
to come into their own. In Israel, a country with no oil, by 1981 one
out of every three homes had hot water piped from simple rooftop
solar heating panels, for a total of 1.5 percent of national energy
needs.12 Solar research absorbed $5 million annually. The program
took on special urgency due to the Arab boycott, the return of the
Sinai oil fields to Egypt, and the 100 percent reliance on oil to generate
electricity, in the absence of any coal or nuclear stations. Israeli oil
expenditures grew from $775 million in 1978 to around $2.25 billion
two years later. Domestic solar research explored the use of saline
water to increase heat absorption, chemical treatment of glass panels,
and the use of liquid mercury impelled by heat through a magnet to
generate an electric field.

In the Philippines, geothermal power receives high priority. In
1979, it accounted for 7 percent (220 MWe) of total installed Luzon
power systems, a share which is slated to increase to 15 percent by
1989. The national energy plan envisions that marsh gas, biogas, wind
energy, hot springs, direct solar, producer gas and dendro-thermal
(wood) technologies will increase their collective contributions from
279,000 barrels of oil equivalent in 1980 to nearly 15 million barrels in
1989, or from less than 1 percent to nearly 10 percent of nonpower
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energy demand. 'Alcogas', produced from sugar cane and cassava, is
itself expected to displace 20 percent of gasoline consumption in
Metro Manila and selected areas of Luzon within a decade.13

The leader in the 'gasohoP field is Brazil, since 1972 the world's
leading sugar cane producer. Alcohol, produced from sugar cane, has
been used to fuel automobiles since the 1920s, and has ranged up to 8
percent of gasoline content in recent years. In 1974, the Commerce
Ministry began research into raising the ratio of alcohol to gasoline
and into burning pure alcohol in automobiles.14 This program enjoyed
the personal support of President Ernesto Geisel (who earlier headed
the national oil company, Petrobras). Political attractions of the
gasohol program include its relief of air pollution, job creation (up to
one million, mostly agricultural), stimulation of capital goods produc-
tion, and improvement of national self-confidence from a uniquely
Brazilian solution to its energy crisis. The country is also rich in
shale oil resources. A 1,000 barrels a day pilot plant has been
operating there since 1972, and a 51,000 barrels per day commercial
plant, which will also yield 1.8 million cubic meters of gas daily, is
planned.15

All of these projects survive and thrive only at the sufferance of the
political leadership. They are seldom born with powerful natural con-
stituencies. Common sources of governmental support for nonnuclear
alternatives include the environment and tourism ministries.
Taiwanese and Turkish tourist authorities opposed construction of
reactors in scenic venues. Similar concerns instigated opposition to
Brazilian plans to locate the fourth and fifth nuclear power units near
Sao Paulo, Emil Salim, Indonesian Minister of Environment and one
of Suharto's senior advisers, in the aftermath of the 1979 oil boom
remained the key opponent to the nuclear program there.

Most auspicious for new energy technology development have been
increases in oil prices and in the effectiveness of ecology-minded
promoters in foreign governments and international aid institutions.
In the late 1970s, nonconventional energy prospects waxed while those
for nuclear energy waned. Many alternatives do not compete directly
with nuclear power in centralized electricity generation, but in a sense
present a far more fundamental threat to fission programs, by making
the latter appear irrelevant. Here we revert to the hard versus soft path
debate; solar and other technologies are the favored choices of those
who believe that 'elegant' solutions to energy demand management
yield better results than gross increases in energy, especially in
electricity supplies. Soft path theorists seek to build monied
constituencies for these alternative technologies whose financial
interests will move them to destroy the nuclear lobby.

Building interest groups is unnecessary in the well established fossil
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fuel and hydropower sectors. Oil companies seldom battle an atomic
energy commission: many wish to minimize the use of oil for
electricity generation by substituting nuclear power. They only
threaten an atomic energy commission when seeking to ensure their
continued dominance in the post-oil era, by diversifying into other
energy technologies. For instance, a major 1973 seminar in Indonesia
concluded that Pertamina should rectify the scattered approach to
energy policy by assuming overall, coordinating responsibility for
energy research and development, including nuclear. This idea was
scotched two years later by the collapse and near bankruptcy of
Pertamina.

Hydropower, which currently accounts for 44 percent of electricity
output in developing countries, could be greatly expanded in many,
especially in the great Amazon and Parana basins of Latin America.16

Not surprisingly, the governments of Argentina and Brazil have
staked the greatest share of energy investment resources on hydro-
power. In Argentina, the government decided to exploit most
available hydropower resources by around 1990, while nuclear power
was phased in gradually. Installed hydropower increased from 129
MW in 1956 to 1,745 MW in 1976, while two large projects begun in
the late 1970s were expected to add 4,320 MW more.17 The 1978
national energy plan there schedules installed hydropower to rise from
2,910 MW in 1978 to 19,840 MW in 1995, increasing its share of total
electrical capacity from 31 to 66 percent.18 Nuclear power is to
contribute less than 10 percent installed capacity by that time.
Brazilian hydro efforts similarly dwarf the country's nuclear program,
and Nuclebras President Paulo Nogueira Batista told an investigating
congressional committee that the nuclear budget to 1995 will account
for 'only 15 percent of the total program for transmitting and
generating electricity'.19 Even in India, hydro outstripped nuclear
power generation a dozen times over in the mid-1970s (33 TWh versus
2.6 TWh in 1975), although planners hoped that nuclear capacity
would grow much faster, to the point where it would exceed two-
thirds the hydro output by 2000.20

Many hydro programs have enjoyed stronger bureaucratic support
than the nuclear competition, by virtue of their seniority and relative
technological ease. In Argentina, for example, at the time of the
Atucha-1 feasibility study, strongest competition came from 'ay
powerful group, backed by the Secretary of State for Energy, com-'
pletely opposed to any nuclear power station, due to preference for
exclusive hydropower development'.21 The strong hydro lobby in the
Energy Ministry persisted, winning top priority hydro development in
the 1978 plan, and reportedly halving early CNEA requests to build
ten nuclear stations by 1995. The hydro lobby had important allies in
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the CNEA, where key personnel feared that to try to build too many
reactors too quickly could overtax their capabilities and jeopardize the
entire nuclear effort.

Energy ministers sometimes arbitrate, sometimes advocate. An
atomic energy commissioner must tread carefully in their domain, for
even with explicit leadership blessing, a rancorous minister can quietly
undermine nuclear efforts. Take the example of the Atomic Energy
Organization of Iran, which enjoyed unsurpassed leadership support.
In the first place, the Ministry of Water and Power did not
sympathetically view its creation. The Ministry had been assigned to
perform the 1972 nuclear feasibility study, and had been unenthusi-
astic then due to its preoccupation with conventional power sources
and a belief that nuclear power was unrealistic and unnecessary for
Iran. Trained professionals in the electrical field were scarce and
officials doubted that the Ministry could diversify its functions to
include nuclear power without compromising its effectiveness.

The foot-dragging encountered in the 1972 feasibility study showed
once and for all that only an independent atomic energy commission
could bring nuclear power to Iran. The AEOI's creation implied that
the Ministry of Water and Power was incapable in the field and
presented its executives with a powerful competitor. The AEOI, how-
ever, depended upon the Ministry (changed to the Ministry of Energy
in 1975) and particularly upon its subsidiary, Tavanir, which was
responsible for construction, transmission, and distribution of all
nonnuclear electrical capacity. Tavanir would have been responsible
for operating the reactors built through the AEOI. But relations
between the two agencies were acrimonious. For instance, Tavanir
was not extending T&D lines quickly enough to suit the Organization.
The three 400,000 volt lines that were to carry the electricity produced
at Bushehr lagged far behind schedule, raising concerns that, when
complete, the two reactors would have had no outlets. Admittedly,
Tavanir's tardiness stemmed partly from the many demands imposed
on it from all over the country, but resentment of the AEOI's special
status also contributed.

This example reveals the importance of the utility. Many oil-fired
power stations remain in operation and will not be retired for decades.
A few are still being built. Since 1973, however, utilities understand-
ably have preferred to acquire stations using other fuels. Sometimes
uranium seems a good replacement, but the electrical utility-atomic
energy commission relationship is uneasy. Utilities are in business to
generate and deliver electricity. Atomic energy commissions are in
business to develop nuclear power. Commissions lack utilities'
experience in running electrical power systems. Utilities lack com-
missions' familiarity with nuclear technology. Both want to maximize
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control over their own activities, including nuclear power. Alliances
are possible, for nuclear power offers utilities a way to increase
electricity production and utilities offer atomic energy commissions
the opportunity to graduate from research to nuclear power. But these
alliances are fitful.

Disputes between AECs and utilities are not confined to the
developing world. In the late 1960s, the French CEA battled
vigorously against the national utility, Electricite de France (EdF).
The CEA wanted the French program to stick with the gas-graphite
reactor it had developed since the early 1950s, while the EdF preferred
to switch to the Westinghouse-designed pressurized water reactor,
primarily because the American product was deemed cheaper and
more reliable. The CEA lost that battle, and in 1969 was even
threatened with extinction, though it has since recovered and retains
control over fuel cycle and research, including the breeder program.
The critical transition phase from a research to a power program
determines whether the AEC will retain control over construction and
operation, be deprived of those roles but retain responsibility for the
fuel cycle, or be reduced to regulatory and research roles. Debates
proceed on various fronts. In Argentina, opposition from the ut i l i t ies
centered around two issues: fuel cycle and reactor operation. First,
Argentine utilities, like EdF, were less concerned with independence in
the fuel cycle than with reliable delivery of increasing amounts of
energy at reasonable costs. They preferred the light water reactor
which, though it entailed dependence on foreign supply of enriched
uranium, was cheaper and had a more extensive operating record than
the heavy water reactor. If an expensive heavy water station per-
formed poorly, it would have damaged utility efforts to persuade
industries to buy their services instead of building their own
generators.

Second, the Atucha-1 station was to be part of the Greater Buenos
Aires-Littoral electrical grid built and run by the state-owned ut i l i ty ,
Electrical Services of Greater Buenos Aires (SEGBA). Utili ty officials
felt that they were better qualified than the CNEA to run a power
station, and that dividing responsibilities for the grid could create con-
fusion and inefficiency. Their critics labeled SEGBA a wasteful 'fossil',
unfit to take on extensive new responsibilities. A commission to deter-
mine who should operate Atucha-1 decided that only the CNEA
possessed the expertise to operate and maintain the first power reactor
and, with the concurrence of the Secretary of State for Energy,
authorized the Commission to take that responsibility. As the
Embalse station neared completion, the issue of who was to operate
and maintain it remained unresolved.

Interestingly, the balance of power between AECs and utilities
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parallels the division between nuclear independents and dependents.
Atomic energy commissions, departments, or boards are dominant in
Argentina, India, Israel, Pakistan and South Africa. Utilities
dominate the nuclear scene in Mexico, the Philippines, South Korea
and Taiwan. Brazil does not fit the pattern perfectly; its AEC is
relatively small, though it has important responsibilities for training,
research and regulation. The Institute for Atomic Research is the
major state agency involved in nuclear R&D. Fuel cycle and reactor
construction activities are carried out by majority government-owned
nuclear and electrical companies, Nuclebras and Eletrobras, and by
the electrical utilities. Nuclebras is charged with directing and imple-
menting the overall nuclear energy program, coordinating the work of
subsidiaries, and negotiating directly with foreign organizations for
transfer of nuclear technology. Eletrobras finances nuclear construc-
tion and advises on the granting of construction and operation
permits. The electrical utilities commission construction contracts for
and will operate the reactors.22 The other exceptional case is Iran, the
only nuclear dependent country whose atomic energy organization
took the lead in directing the country's nuclear effort, and was able to
avoid ceding extensive responsibility to utilities by commissioning
foreign contractors to implement the entire nuclear program.

In the nonnuclear countries, utility support remains important in
gaining governmental approval for a nuclear program. In Indonesia,
the state electrical enterprise, PLN, supports nuclear power as part of
its mid-1990s expansion program. As in Argentina and Iran, however,
the utility's priorities differ from those of the atomic energy commis-
sion. Initially, PLN's desire to maintain exclusive control over
electricity generation led it to oppose BATAN leadership in nuclear
power. In 1972, BATAN officials attempted to assure their place in
any future nuclear power program by establishing a Joint Preparatory
Committee for nuclear power with PLN. Disagreement also arose
over the type of reactor project to select. Baiquni wanted his scientists
to gain experience through intimate involvement in the construction of
any nuclear reactor. PLN officials wanted a reactor to be built quickly,
cheaply, and well, and so preferred a turnkey project to be built by
foreign firms. BATAN, understandably restless to build its first power
reactor, commissioned studies which showed a 600 MWe unit to be
economically feasible. PLN studies, though, judged 1,300 MWe to be
the minimum economic size (because the high fixed cost component
would be spread over a larger output, installed cost per kilowatt cost
would fall). Though this debate seems arcane, its outcome determines
when the first nuclear station will be built: the larger the minimal
economic size, the longer it will be before installed grid capacity can
safely take the additional load furnished by the reactor. In light of
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their divergent interests, mirrored by diverging analyses, it is not sur-
prising that relations sometimes become strained between PLN and
BATAN. Still, PLN will remain a needed ally for BATAN, which
must hope that this dependence becomes reciprocal. Despite apparent
discord, a high PLN official who moved into the Mines and Energy
Ministry, A. Arismunandar, suggested an underlying consensus, when
he called the decision to build a nuclear power station the 'political
wilP of all Indonesians 'so that in all sectors of advanced technology
we are not absolutely dependent upon outside sources'.23

Central planning organizations, whose responsibilities include
paring expenditures and balancing development priorities, arbitrate
both between and within ministries. Planners, sharing many inclina-
tions with economic or financial officials - desire to minimize capital
outlays, maximize employment opportunities, reduce current account
deficits, and avoid uncertain projects - can cause serious problems for
nuclear proponents, provided they enjoy strong leadership support. In
that proviso they resemble the atomic energy commissions they often
oppose, for planners lack the line responsibilities which afford institu-
tional bases for support to their ministerial colleagues. Thus, the
Planning and Budget Organization (PBO) in Iran did not seriously
threaten the AEOI, which enjoyed prime ministerial support and the
Shah's personal protection. Once Hoveyda resigned and the Shah
became so preoccupied with survival that he had no time to consider,
let alone guard, the nuclear program, AEOI bureaucratic immuni ty to
the PBO and others waned.

Suharto's attitudes toward development and national prestige hurt
nuclear power. As noted, he did not identify large-scale nuclear
development as essential either economically or politically. His 'New
Order' focused instead on the 'technocratic' approach advanced by his
close circle of economic advisers, the 'Berkeley Mafia', which included
present Mines and Energy Minister Subroto. Their views were given
substance in the 1968 reorganization of the state planning agency,
BAPPENAS, as a more powerful agency, oriented toward
encouraging projects with quicker, more tangible development
benefits than nuclear power could offer.24 BATAN could not escape
the state agency's new role as budget clearing house for the govern-
ment. BAPPENAS became BATAN's nemesis. Its lack of expertise in
nuclear technology left the planning agency skeptical, not deferential.
Five-year plans always relegated nuclear energy to the same low
priority as 'exotic' technologies, such as solar power.25 The state
planning agency would not even support funding of a feasibility study
for the first power reactor, so the government did not appropriate the
less than $1 million necessary for the project. Instead, BAPPENAS
supported expansion of fossil fuel production and the construction of
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numerous hydropower stations.26 Fortunately for nuclear advocates,
the hopes of BAPPENAS sometimes went unfulfilled. Pertamina
posed l i t t le threat after its near bankruptcy in 1975, but PN Batubara,
the state coal enterprise, was given high priority by BAPPENAS in the
mid-1970s. Plans materialized for rehabilitation of the Sumatran coal
fields, both to furnish exports and to fuel a large power station on
Java.27 The revival of the coal industry would gravely wound nuclear
power plans. By 1980, the disappointing results of PN Batubara's
early efforts to revive coal production had revived interest in nuclear
power. Nevertheless, BAPPENAS remained wary of the nuclear
option.

MILITARY INFLUENCE

One other source of influence is the military. The concern here is not
military efforts, but rather the influence of the military upon civilian
efforts. Its role in governing many developing countries suggests that
the mili tary may heavily influence programs. No consistent, particu-
larly military influence, however, can be easily discerned. Sometimes
officers lobby for an independent nuclear program, but in this they do
not differ from other policy-makers. Besides, it is far from clear what
comprises the most 'independent' energy program, and how the
nuclear option fits into that assessment. Questions arise not only
between coal and uranium, but also between natural and enriched
uranium reactors, which entail reliance upon foreign supplies of heavy
water and enriched uranium, respectively. One might assume a
military preference for the natural uranium cycle, which is more con-
ducive to weapons manufacture, but this is not always the case. For
example, in 1972, the Argentine Army backed the Westinghouse light
water reactor bid, which eventually lost out to the Canadian tender.
Unexpected military attitudes sometimes reflect heavy lobbying by the
competitors for a contract, sometimes interservice rivalry. In
Argentina, the Navy has always controlled the CNEA, a well-funded,
prestigious organization which may well provoke the envy of the other
branches. Jealousy may thus sometimes shape military attitudes
toward nuclear power.

A clearer military role can be seen in those countries where research
is emphasized more than power. A commercial power program can be
compromised by military influence or its appearance, as when the
North Americans cut off nuclear assistance to India and Pakistan. A
research program, though, may be less subject to foreign pressures.
The Israeli nuclear program was directed through the Defence
Ministry from its inception in the early 1950s.28 The Kahota enrich-
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ment effort reportedly was administered through the Pakistan Defence
Ministry, not the AEC. The Libyan and Iraqi nuclear programs are
both strongly suspected to bear military intent. Libya signed a con-
tract for missile development with Otrag, a West German firm which
has offered missiles to developing countries such as Zaire, Saudi
Arabia, and Syria, and which has been reported to have secretly
allowed for the military uses of these systems.29 Following the 1979 La
Seyne-sur-Mer incident, the Iraqis refused to accept a less militarily
applicable substitute for the originally promised weapons-grade,
highly enriched uranium. Such developments intensify the military
image of these programs.

DILEMMA OF SCALE

Atomic energy commissions in developing countries face a delicate
task in optimizing scale. To plan too modestly risks being ignored. To
ask for (and receive) more than a commission can use productively
risks falsely raising expectations. The dilemma of scale arises from the
need to demonstrate significance, despite limited means. This dilemma
applies mainly within government circles, since accomplishments
could be exaggerated and blunders hidden from the public. Economic
officials are more formidable opponents.

One solution to the dilemma of scale is to advocate an ambitious
program, on grounds that anticipated growth of demand requires such
large expenditures. Atomic energy commissions which adopt this
approach face predictable problems. Government deficits climb.
Foreigners, hired at better salaries, incite local resentment (as in Iran),
especially since their savings and taxes are likely to be sent home. The
complexity of the project causes annoying delays and accompanying
electricity shortages. In times of recession, this approach succumbs to
reduced national income, which both deprives governments of the
abili ty to support large-scale programs, and reduces electricity
demand growth projections.

Alternatively, officials can intentionally overstate the goals of a
nuclear power plan. Since an eight-reactor program still must begin
with the construction of one, an atomic energy commission might
achieve the benefits of large scale - a conspicuous commitment which
could boost budgetary support and attract qualified personnel -
without the costs of overextension. The deceptive nature of pretended
large-scale programs hampers their identification. Pakistan could have
one: its commission planned for eight reactors and completed one,
while picking up some enrichment technology along the way. Former
Iranian officials claimed that their 23,000 MWe target should be inter-
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preted as intentional overstatement, that they recognized at the time
that the target could not be reached and adjusted the pace of the
program accordingly. By contrast, neither Brazil nor South Korea can
be considered pretenders; their investment in nuclear backup industry,
such as heavy components plants, provides incontrovertible evidence
to the contrary.

Yet another solution is to appear conspicuous without advocating
large scale. Argentine and Indian nuclear planners have taken this
line, proclaiming nuclear power plans that were far more conservative
than those of many far less capable developing countries, but which
have become cynosures through emphasis upon nuclear independence.
This requires a complete fuel cycle, but not a large number of reactors
- shrewd policy, since fuel cycle facilities are far less expensive than
reactors. The choice of natural uranium reactors obviates the need for
the most expensive fuel cycle facility, the uranium enrichment plant.
From the early 1950s, Argentinians mined and milled their uranium
reserves. CNEA scientists began fuel element production in 1957. In
the late 1960s, they built and operated a pilot reprocessing plant.
Projected heavy water production would complete the Argentine
nuclear fuel cycle.30 By the mid-1970s, the Indians had attained some
fuel cycle capability at almost every stage, including zircalloy produc-
tion and plutonium reprocessing.

As independence draws nearer, its prospect invigorates nuclear
efforts. Success in actually achieving independence may be
unnecessary. In fact, Indian and Argentine performance in fuel cycle
endeavors has often been weak. In Argentina uranium mining and
milling proceeded sporadically. Also, both commercial-scale fuel
element production and heavy water plants repeatedly have been
delayed. The former was scheduled for 1977 completion; by 1981, the
completion date had slipped back to 1983. Indian fuel cycle activities
have been equally troubled. A heavy water plant at Kota, built with
Indian technology, took ten years to build instead of the four planned.
Consequently, all subsequent heavy water plants were contracted on a
turnkey basis, but troubles continued. In December 1977, a serious
explosion set back operation of a Sulzer Brothers plant by perhaps
two years. The impetus to the program derives from the prospect of
achieving independence. Indeed, once independence is achieved, there
could be a loss of momentum and need for new inspiration.

Establishing a salient but attainable objective (such as
independence) is preferable to overselling a program deliberately by
inflating its objectives in numbers of reactors. The latter course can
foster disillusionment among governors and governed alike, and
redound to the disadvantage of a nuclear program subjected to their
vented frustrations.



Domestic Politics 191

CONCLUSION

One product of the direct link which often exists between head of state
and atomic energy commission is rough equivalence between the
priority given nuclear activities and the interest of the political
leadership. Due to governments' limited resources, there is little
chance for an atomic energy commission to succeed without direct
leadership support. The ability and willingness of the finance,
economics, and planning ministries to tamper with nuclear power
policies over time varies inversely with political support for nuclear
power. The implementation, as opposed to the selection, of a nuclear
program is less well matched to the level of political support. Failures
in policy execution result either from foot-dragging or physical con-
straints, both of which are beyond executive control. In Iran, Tavanir
was accused of foot-dragging on the installation of power lines to and
from Bushehr. Meanwhile, reduced ability to pay cash for nuclear
stations slowed AEOI reactor ordering, despite the Shah's support of
the plan. Individual leadership is critical, but generally succeeds only
by the grace of the political leadership. Once the Shah's active support
ceased, Etemad's position became untenable. Atomic energy commis-
sion leadership can become less dependent upon the executive, as it
did in Argentina, if it achieves some stability and a reputation for
success.

Bureaucratic organization is an important, but not independent,
determinant of the success of a nuclear power program. The strength
of a program reflects the active choice of autocratic executives. The
influence of organizational structure wanes for fundamentally impor-
tant decisions, such as whether or not to build nuclear power stations.
Bureaucracies can shape the choice faced by the leadership, but
organizational advantages can be overridden. When the Shah was
frustrated by the Ministry of Water and Power's sluggishness in con-
ducting a feasibility study for nuclear power, he bypassed the study
stage and created an organization instructed to bring nuclear power to
Iran, as quickly as possible. Powerful opposition to the CNEA was
overruled by Argentine presidents. BATAN's lack of such protection
made it easier prey for the type of opposition that the AEOI and the
CNEA overcame.

Economic circumstance conflicts with the political necessities of
nuclear power programs, resulting in the dilemma of scale. Nuclear
power depends upon large scale to be economical and politically
salient, but developing economies cannot easily support large-scale
nuclear commitments. Argentina and India dealt most effectively with
scale. Because of their more industrialized economy and educated
work force, the governments were able to select a technically more
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difficult but less expensive keystone of support: independence. This
goal exceeds the capabilities of most other developing countries,
which are less able to find ways to appear conspicuous without urging
a program beyond their means.
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10 Foreign Influences

The final issue to be addressed is how deeply developing country
nuclear policies are influenced by foreign intervention. Foreign
governments, corporations, and organizations may seek to participate
directly in the nuclear policy-making processes in the Third World.
Less controllably, the advanced nations influence the developing
nations through the examples set by their own energy strategies. This
chapter concludes that foreign influence has only limited significance
in the decision whether to accept ot reject nuclear power. Foreign
pressures can become extremely effective, but only after a pronuclear
commitment is made.

DIRECT INVOLVEMENT

Many early contacts between prospective partners in nuclear develop-
ment occur between governments. Governments of the developed
countries communicate with developing countries in several ways. One
is the unilateral policy statement. In the early 1970s, reactor bids
began to be 'sweetened' by the inclusion of sensitive technologies.
West Germany sold Brazil a reactor package which promised to
include uranium enrichment and plutonium reprocessing plants.
France contracted to sell reprocessing facilities to Pakistan and South
Korea. Concern grew that contracts would be won increasingly by the
vendor with the 'sexiest' package, offering more and more sensitive
technologies, which could be abused for military purposes. The US
government opposed the export of sensitive technologies, and pressed
the Germans and French to curb this practice. By 1976, both of these
governments had unilaterally pledged to refrain from future exports
of reprocessing facilities, at least temporarily. Neither has since
reneged.

In response to the use of a Canadian research reactor, CIRUS, as a
source of the fissile material used in the 1974 Indian test, Ottawa
unilaterally conditioned continued cooperation upon stricter safe-
guards against militant uses of any of its nuclear assistance. After an
initial grace period and two extensions lapsed, the Atomic Energy
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Control Board put the ban into effect on January 1, 1977.' Subse-
quently, both Pakistani and Indian programs suffered. The Australian
government unilaterally refused to begin exporting uranium, pending
the conclusions of a panel headed by Justice Russel W. Fox inter alia
on the impact of exports from the Ranger uranium mine on nuclear
weapons proliferation. In 1977, the Second Ranger Report concluded
that great economic benefit could result from uranium exports, but
that a strict safeguard policy could lead Australia to refuse to supply
some countries, including some developing countries.2 Subsequently,
Prime Minister Fraser terminated the uranium embargo.

The most important unilateral policies came from the United States,
which remains the world's foremost nuclear supplier. In April 1977,
President Jimmy Carter submitted to the Congress a bill which
threatened to curtail all nuclear assistance to nations which did not
place all their nuclear activities under IAEA safeguards, or which
refused to renegotiate existing agreements in order to give the US
government greater control over the uses to which its nuclear equip-
ment, technology, and fuel exports might be put. The resulting
Nuclear Non-Proliferation Act of 1978 (NNPA) gave countries two
years (with possible extensions) to accede to these conditions.3 The
implicit message, that the United States mistrusted the nuclear inten-
tions of all other nations, struck numerous governments as arrogant.
This impression was unfortunate, since Titles I and V sought to assist
developing countries in developing energy alternatives to oil, and
assure all nations that the United States would provide nuclear fuel
supplies adequate for their needs. These provisions, however, were
widely overlooked and therefore could not salve others' resentment.
The Carter policy elicited rebuttal rather than acceptance, since it
highlighted developing country economic dependence upon foreign
investment and technology. Even apart from the nuclear issue, many
governments share the ambivalence toward foreign investment felt in
Argentina, where it 'has been viewed alternately as a stimulus to
national growth and a form of economic colonialism'.4 The acute
sensitivity of developing country governments to allegedly discrimina-
tory nuclear export policies reflects the completeness of their
dependence.

Multilateral demarches to the developing world are also greeted
with suspicion. Nuclear supplier nations usually resort to multilateral
initiatives in order to present a common front to recipients of nuclear
technology. Unavoidably, the developed world appears to be 'ganging
up' on the developing countries in order to perpetuate their inferiority.
The Nuclear Suppliers Group aggravated this sentiment. Suppliers
prefer to communicate by agreement rather than by diktat, but have
no alternative to one-way channels when the policies to be expressed
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either restrict supplies or otherwise offend recipient governments,
which invariably deplore and try to circumvent such approaches. For
instance, the Argentine government cannily played the Canadians and
the Germans against each other until it sundered an agreement by each
side not to undercut the other's safeguards in order to obtain the
Atucha-2 and associated heavy water contracts.

Bilateral approaches are responsible for most cooperative relation-
ships between developed and developing countries. Agreements for
cooperation provide the framework for the type of assistance offered,
be it for research or power uses or both. By 1976, the seven charter
members of the NSG had bilateral agreements for cooperation with
thirty-five other nations, thirteen of which were from the developing
world. Fissile materials, technical assistance, equipment and man-
power training have been provided. Though promotional, bilateral
agreements also include regulatory elements. From the beginning,
nations advanced in nuclear science included special clauses in
bilateral cooperation agreements designed to verify that the recipient
countries used the delivered fissile material only for peaceful purposes.
In the early 1960s, these advanced nations (most notably the United
States) started to transfer the administration of bilateral safeguards to
the IAEA.5 After the 1974 Indian nuclear test, supplier nations began
to view nuclear exports more restrictively, reasserting their rights to
impose bilateral controls on nuclear technology transfers. The United
States and Canada require the stiffest additional assurances, beyond
IAEA requirements, that their exports not be used militarily.
Increased restrictions damage bilateral nuclear (and sometimes
overall) relationships.

Once governments set the framework, commercial contracts
precisely define the shape of cooperation. Vendors vary in aggressive-
ness, a result of their differences in organization, size of domestic
market, capacity, government support, and so on. Countries like
France and West Germany, whose reactor industries commenced long
after those in the United States - in fact, both Framatome and Kraft-
werk Union began as Westinghouse licensees - deliberately built more
production capacity than their domestic markets required, in order to
exploit economies of scale and growing export possibilities. This built-
in pressure to export intensified as reduced domestic demand for
nuclear power left reactor manufacturers, particularly in the United
States and West Germany, struggling for survival. As one German
analyst explained:

Large amounts of capital have been invested in the construction of
nuclear power stations by nuclear industries in the industrially
developed countries. For this capital expenditure to be amortized a
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minimum number of reactor units must find a market each year.
Because of limited domestic markets, export markets must be found
for a certain share of the total number of units produced. However
the only potential importers are the developing countries. This is
because the major Western European countries generating nuclear
power - the Federal Republic of Germany, the United Kingdom,
France, Italy, Sweden, Switzerland, and Belgium - as well as Taiwan
- prefer to purchase products from their own national firms.6

Overall commercial relations between nations naturally influence
patterns of nuclear cooperation. West Germany has had a long
tradition of friendly relations with Argentina. In the electrical sector,
the preeminence of Siemens AG (and its subsidiary Siemens Argentina
SA) dates to contacts initiated in the early twentieth century. Siemens'
aggressiveness in the Atucha-1 competition showed that its position
was well earned. It lined up credit to finance 100 percent of the
station's cost, through a $43.8 million loan from the semipublic Credit
Bank for Reconstruction (or KFW, for Kreditanstalt fur Wiederauf-
bau) and a $26.2 million line of credit directly from its own resources,
repayable at the extremely attractive annual rates of 4.5 and 6.0
percent, respectively.7 The Bonn government has steadfastly assisted
Siemens and others by guaranteeing concessionary finance terms and
approving export licenses. Their reputation for reliability served the
Germans well in their quests to win nuclear reactor contracts in
Argentina.

Equally, overall political relations shape nuclear cooperation. The
United States has sometimes suffered for this. For instance, as early as
1959, Argentine President Frondizi visited Washington and discussed
a possible trade of raw for enriched uranium during his 1959 visit to
Washington.8 Under the Atoms for Peace program, the US govern-
ment sent Argentina $462,000 and a large amount of special nuclear
material, and trained 220 Argentinians.9 These good relations subse-
quently disintegrated, and American manufacturers lost the Atucha-1
contract competition to Siemens. US-Argentine relations generally
had worsened by that time, with no US ambassador assigned to
Buenos Aires and the likely prospect of further cuts in the trickle of
military aid to the country. Tension increased over the supply of heavy
water for Atucha-1. The United States was the expected source, but
Washington officials were only apprised of this very late in the
negotiations and indicated some reluctance to cooperate. This angered
the CNEA, perhaps tipping the balance decisively in favor of the
German firm. By the time the United States agreed to sell Argentina
the heavy water, the damage had been done, the thirty-year agreement
for cooperation concluded in 1969 between the two American nations
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did not salvage the situation. Indeed, it worsened. In 1975, the United
States charged that Argentinians had removed reactor waste contain-
ing unseparated plutonium from Atucha-1 without IAEA
knowledge.10 The Carter Administration was unpopular with
Argentine officials not only because of its human rights policy and
arms cutoff, but also because it instigated disagreeable
nonproliferation policies.

The major vendors of nuclear reactors and components and their
customers, are listed in Table 10.1. All seek to provide moral and
material support to potential clients. Vendor involvement ranges from
the sale of equipment, technology, and fuel to the far more extensive
execution of 'super-turnkey' projects that supply not only the energy
facilities but also the installation of access roads, harbors, housing
and essential community services. Vendors may train manpower to
operate and maintain reactors. The Bushehr contracts were super-
turnkey. Architect-engineering firms, such as Bechtel and Ebasco,
also promote nuclear power, often serving as consultants to agencies
or commissions in developing countries.

Particularly important is the vendor's role in obtaining finance and
credit facilities. Without this assistance, most developing nations
could not even enter the nuclear market. When asked how to prevent
the construction of a French reprocessing plant in Pakistan, one
analyst replied, 'Ask for a down payment.' A single reactor with fuel
may cost around $1.5 billion, or up to $1.9 billion in the case of the
Westinghouse contract with the Philippines. In many countries this
would represent a large share of available foreign exchange reserves,
as shown in Table 10.2, though of course the payments would be
spread over several years. For many, investment in a single com-
mercial-scale reactor would divert a significant fraction of available
investment resources, while aggravating serious foreign debt problems.

Table 10.2 Foreign Exchange Reserves, Third Quarter 1981,
Selected Countries (in millions of US$)

$ $
Argentina 3,142 Mexico 2,831"
Brazil 4,759 Nigeria 5,623
Chile 3,295 Pakistan 752
Egypt 1,153 Philippines 1,999
India 4,086 South Africa 160
Indonesia 5,085 Thailand 1,372
Israel 3,370 Turkey 1,476
Korea, South 2,580 Yugoslavia 1,435

°First Quarter, 1981.
Source: International Financial Statistics, vol. 35, no. 2 (February 1982), passim.
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Thus the importance of nuclear supplier financial assistance. A brief
examination of the major suppliers reveals the alacrity with which
concessional terms have been offered. Authorizations for nuclear
power plants and training centers from the US Export-Import Bank,
through March 31, 1979, reached $7.25 billion in export value,
seventy-six loans worth $4.2 billion, and thirty-eight financial
guarantees worth $1.84 billion. For the direct loans, total repayment
period has been about twenty years, with no principal repayment
during reactor construction (which lengthened to eight or nine years
by the mid-1970s). Of the sixty-three loans granted by the t ime
President Carter entered office, the majority (thirty-seven) had a 6
percent interest rate.12

The French government routinely finances up to 85 percent of goods
and services to be supplied in a nuclear export deal, and may finance
the entire project. Its blended long-term interest rate has varied
between 6.3 and 7.2 percent for a maximum term of fifteen years.13

German officials in the Economic Ministry, by contrast, claim that
KWU operates strictly by the laws of the free market. In t ru th ,
although the German nuclear industry may be less sheltered than its
French counterpart, it does not come close to perfect competition. Up
to 85 percent of an export can be financed on German credit. The
government sometimes offers Hermes guarantees against the loss of
foreign investments due to political reasons (such as expropriations or
the advent of an Islamic Republic) in order to ease industry's risk. For
Atucha-1, the German government offered the Argentinians a five-
year, no interest loan, followed by a low interest loan, in addition to
balance of payments considerations.

The role of the 'Big Three' banks - the Deutsche Bank, Dresdner
Bank, and Commerzbank - is critical in West Germany. They are so
large and diversified (holding more than 25 percent of voting capital in
twenty-eight of the one hundred largest national enterprises) that they
can afford to take larger risks on larger sums than can normal com-
mercial banks.14 One incentive for them to do so in the nuclear field is
to maintain German leadership in the export of high technologies.
Another is the general desire to export capital to developing nations,
in order to foster economic growth in potential markets for increased
German exports, while forging links to secure access to valuable raw
materials found in the South. West Germany has negligible uranium
resources of its own, and Brazilian uranium imports could prove
attractive should the German nuclear program survive its present
depression. Aside from international trade advantages, German
capital exports could help maintain domestic economic stability.
Large trade surpluses increase domestic liquidity, threatening to over-
stimulate demand and so fuel inflation. Though other nuclear
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suppliers may not share West Germany's trade surplus 'problem', they
also would like to nourish foreign markets for the sake of securing
future export buyers and raw material suppliers. Nuclear reactor
exports also contribute to domestic employment, which appeals to all
suppliers.

One might expect reactor exports to be lucrative. They may not be.
Since contracts are so large and few in number, bidders are willing to
bargain hard for the privilege of gaining a toehold in other nations'
energy markets. They have even been willing to sell reactors as loss
leaders when necessary. As stated in the Barber study, the 'German,
US, and Canadian vendors "lost their shirts" on their initial sales to
Argentina, India, and Pakistan [and] sold reactor systems which even
with the subsidized terms were not economic'.15 Consequently, neither
governmental nor industrial supplier willingness to offer favorable
prices and terms is absolute. As early as 1974, Westinghouse changed
its pricing policy regarding major turnkey power plant projects over-
seas to reflect the rapidly escalating cost of domestic and foreign
materials and services. The earlier policy of selling reactors on a firm
price basis, to facilitate financing determinations, was abandoned in
order to include cost escalation.16 The large Western electrical
manufacturers, such as Westinghouse, General Electric, Siemens, and
Creusot-Loire (70 percent owner of Framatome), could afford to be
choosy. Their reactor activities comprise only about one-tenth of total
power production exports. In the 1970s, exported reactors accounted
for around 18 percent of total nuclear capacity ordered, in both North
and South. Two-thirds of the 46 GW in nuclear reactor orders in the
decade were placed by 1974. Some have already been cancelled (Iran)
or are in jeopardy (Brazil).17

The strength of promotional foreign influences therefore depends
on the capabilities and willingness of supplier nations. Countries such
as Belgium, Italy, and Japan expressed interest in selling nuclear
reactors to Iran, but lacked the capability to compete with West
Germany, France, and the United States. Relative capabilities shifted
over time. Manufacturers in France and West Germany were catching
up technologically with the Americans by the early 1970s, and conse-
quently exerted stronger influence abroad. Nevertheless, West
German influence weakened between the competitions for the
Atucha-1 and Embalse contracts, because by 1972 KWU could not
offer a single unit heavy water reactor large enough (600 MWe) for
CNEA specifications.

Willingness to export also fluctuated. The United States was the
world's leading promoter from 1954 until the early 1970s, when
apparent willingness to sell slipped markedly (against American
manufacturers' wishes), as the government (misguidedly expecting a
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shortage of capacity) closed the order books for US enrichment
services, and toughened its nonproliferation policy. The Canadian
government and vendors vacillated. Their initial eagerness was
dampened first by India's use of a Canadian-supplied reactor to
acquire the plutonium used in its nuclear test and then by the heavy
financial losses suffered on the Embalse project, but has since revived.
The British have always been world leaders in nuclear technology, but
have never exploited this advantage through an energetic export drive.
The French and West Germans became the most willing suppliers
among the advanced nations.

The success of the various approaches taken by vendors depends
upon the perceptions of potential customers, whose concerns fall into
three important categories: technology, price, and reliability. First,
what technology does each manufacturer offer: light or heavy water
reactors, or fuel cycle technology helpful to achieving nuclear self-
sufficiency? Second, which offers the best combination of price and
financing terms for a good product? Third, which vendors seem most
likely to fulfill all commitments, offering what guarantees for fuel
supply and against nonperformance?

Clearly, the attraction of international nuclear trade is not
unmitigated for either buyer or seller. Consequently, each holds
leverage over the other. Whichever side is prepared to retire from
negotiations without a contract enjoys a bargaining advantage over
the more eager side. The Argentinians, South Koreans, and Taiwanese
are able to reduce reactor price tags because all are seriously com-
mitted to nuclear power and can therefore allow vendors to battle for
the best offer. Once a commitment is made by an importer, however,
some advantage shifts over to the exporter, who has now obtained a
captive market and so can exert leverage by withholding, delaying, or
threatening supplies of reactors, fuel services, and fuel. For instance,
in the renegotiation required by the Philippine reactor cost escalations
following President Marcos' suspension of construction, Westing-
house was able to increase the price by over 70 percent, from $1.1
billion to $1.9 billion. The initial Westinghouse bid offered /wo
600 MWe units for $1.2 billion. Remarkably, the Philippine govern-
ment even waived contractor liability under Article 1715 of the Civil
Code of the Philippines, which requires the vendor: 'to execute the
work in such a manner that it has all qualities agreed upon and has no
defects which destroy or lessen its value or fitness for its ordinary or
stipulated use'.18 This left the Filipinos strait-jacketed in negotiations
over sharing the cost increases involved in modifying the reactor in the
wake of the Puno Commission report. Reflecting its dominant
negotiating position, just after arriving in the Philippines, the six-man
Westinghouse negotiating team took umbrage, walked out of the
talks, and returned home.19
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Irritating supplier behavior of course tarnishes the image of re-
liability, which can be decisive in a developing country government's
selection of trading partners. Argentine-Canadian cooperation
provides a good example. The metamorphosis of the financing
arrangements for the Embalse reactor began with a reported price of
between $220 million and $250 million, of which $100 million (roughly
40 percent) was to be financed through the Export Development
Corporation of Canada.20 Canadian eagerness and ineptitude, plus
Argentine shrewdness and an economy careening through massive
inflation and currency devaluations, rapidly pushed up the price,
costing AECL President John Foster his job and his firm hundreds of
millions of dollars. AECL twice demanded contract renegotiation.
Twice the CNEA reluctantly agreed. The delays caused by the first
renegotiation alone cost $129 million, in Castro Madero's estimation,
raising the total cost to $800 million when added to the other cost
overruns.21 The Embalse price by 1981 had reached $1.2 billion. Far
from moving to the rescue, the Canadian government further aggra-
vated the situation by insisting that Argentina accept tighter safe-
guards, such as a plutonium ban.22 Canadian behavior in the Embalse
project biased the CNEA against the AECL in the Atucha-2
negotiations.

DOMESTIC EXAMPLES: INFLUENCE BY CIRCUMSTANCE

So far intentional influences have been discussed. Unintentionally,
however, the developed countries influence developing countries
through their own, more advanced, nuclear power programs. In the
late 1950s and early 1960s, commercial nuclear power appeared ready
for widespread application, as reactors began supplying electricity to
American, British, and French consumers. Large investments in the
advanced countries reflected growing confidence in nuclear power. By
the mid-1970s, projections that tens to hundreds of thousands of
megawatts would be needed in numerous countries were replaced by
lower forecasts, due to recession and the increasing unpopularity of
nuclear power. Light water reactors failed to stabilize in price, raising
doubts about their long-term viability. From reports of near accidents
and radiation leaks, culminating in the 1979 Three Mile Island (TMI)
incident, concern grew that nuclear power and the storage of its wastes
presented serious health hazards. Debates over nuclear power erupted
between governors and governed, as well as within ministries, political
parties, trade unions, and scientific academies. Orders for nuclear
stations slowed to a trickle while cancellations of existing orders
increased (except in France and the Eastern bloc). In West Germany,
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domestic reactor orders ceased after June 1975, and KWU Chairman
Klaus Barthelt claimed three years later that the West German nuclear
industry would be bankrupt without overseas orders.23 The scaling
back of the French nuclear program under President Mitterand cast
into doubt the future of the most untrammeled nuclear program
outside the Eastern bloc.

Officials in developing countries have watched this evolution care-
fully. Atomic energy commissions have defended; finance and health
ministries have questioned. Two divergent effects have emerged. First,
many in developing countries no longer view nuclear energy as the key
to closing the technological gap. Slowing Western programs have
afforded authorities in developing countries time to pause for re-
appraisal. The capital costs seem increasingly oppressive as these
nations struggled with recession, inflation, and underemployment.
The second effect has been the redoubled ambition of reactor manu-
facturers to find outlets for their undertaxed capacities. Competition
for the developing country market has intensified. In sum, the
situation in the advanced nations could impel developing nations to or
from commitments to nuclear power.

Given the more relaxed attitude in the South toward environmental
protection, perhaps the most searing impression of the TMI incident
was its enormous financial cost. General Public Utilities, owner of the
unfortunate unit, nearly went bankrupt purchasing substitute
electrical supplies from neighboring utilities and paying other
penalties for its own cutback of generating capacity. Were insurance
premiums fully internalized, they surely would have risen, implying
that the incident increased the hidden costs, or externalities, of nuclear
power. Moreover, a $1 billion investment became, for an indeter-
minate time, a white elephant. What developing country could sustain
a similar loss without drastic economic repercussions?

The three case studies discussed in Part Two reveal the disparate
effects that domestic examples in the advanced nations can have in the
developing world. At the 1950 inception of the Argentine nuclear
energy program, the experience of other nations was too limited to
offer much guidance. Commercial nuclear power was several years
away in even the most advanced nations. The country which later
would supply the Atucha-1 and -2 reactors would not obtain Allied
permission to engage in its own nuclear activities for five more years.
Thus the early Argentine path was largely self-determined. By the time
that doubts about nuclear power slowed programs elsewhere, the
CNEA commitment was too deeply entrenched to be dislodged easily.
Refusing to be discouraged by radioactivity leaks and reactor shut-
downs in West Germany and other advanced nations, the CNEA
proudly pointed to Atucha-1 as the reactor with the highest operating
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capacity (the percentage of time that the reactor was operating, com-
pared to the percentage during which it was shut down) in the world.
Throughout, Argentine debate never focused upon whether nuclear
power was desirable, but rather on how it could best satisfy Argentine
needs.

In Iran, the example of the nuclear programs in the advanced
countries had an erratic effect. Through the early 1970s, the only
product of the Shah's interest in nuclear energy, necessarily a product
of foreign example, were tiny research efforts set up at Tehran
University under CENTO and the Atoms for Peace program. Perhaps
the progress of nuclear power in the developed world heightened the
Shah's frustration at the lack of progress in Iran, creating a sense of
lost time which led him to propose such a large program. To
execute its task, the AEOI could not tarry, and had to be impervious
to the crisis of nuclear power in advanced countries. Accumulated
nuclear power station experience had satisfied the Shah of the value of
fission. It was now time to act. AEOI officials saw the flaw of nuclear
power programs in the developed nations not in inadequate security or
radiological protection at reactors, but rather in the tendency to
become mired in a morass of burgeoning regulations and ill-informed
public protests.

The domestic examples in advanced nations must have served
Indonesian nuclear planners as distant aspirations, not direct
influence. These examples certainly awakened Indonesian interest: no
nation so financially impoverished yet naturally blessed would have
decided on its own to seek to exploit the one major energy technology
whose fuel it was not known to possess in significant quantities. The
impact was not deep, however, and when the prevailing winds shifted
against nuclear power, there were no interests sufficiently entrenched
to maintain a serious power program.

OTHER ACTORS

Atomic energy is of such compelling military, economic, social, and
environmental interest that it is not surprising that, in the words of
Jimmy Durante, 'Everybody wants to get into the act'. Advocates and
antagonists of nuclear power are arrayed against each other, and one
cannot yet be certain which side will prevail. The nuclear and electrical
utilities industries have large and impressive resources to substantiate
their case. Often they can count on governments to act on their behalf,
at least once the political leadership has staked its energy policy (and
so its general reputation) on the nuclear option. Some lobbying
organizations are transnational or are formed as a number of indi-
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vidual but communicating national entities, such as Foratom, the
Uranium Institute, and the Atomic Industrial Fora.

Nuclear power antagonists are as committed as their opponents,
and have been extremely effective in either sensitizing or unduly
alarming (depending on one's viewpoint) the public to the dangers of
nuclear technology. Even national organizations occasionally inter-
vene in the Third World nuclear scene, as when the American-based
Natural Resources Defense Council sought to convince the US Nuclear
Regulatory Commission not to issue an export license for the export
of a nuclear reactor to the Philippines, because of the seismic and
volcanic instability of the site.24 Philippine opponents to the plant sub-
mitted a report by an American geologist to the Puno Commission,
supporting their claims. Foreign opposition often finds local
sympathy. In the Philippines, it at least partly coincides with anti-
Marcos sentiment. In Brazil, the scientific community preferred
indigenous nuclear development, which it could dominate, to massive
German imports, which it could not. Expatriates and apostates form a
final, overlapping category of nuclear critics in the developing world.
Robert Pollard, who resigned in protest from the US NRC, partici-
pated in the Philippine debate over PNPP-1.

Foreign advice elicits two opposing responses. The first is suspicion.
The Argentine decision to break precedent and conduct its own
reactor feasibility reflected mistrust of the possible advice of unpredict-
able outsiders, as well as self-confidence. The second response is
respect. Decision-makers in developing countries sometimes give
greater credence to the opinions of well-established foreign experts
and international organizations than to their own agencies, which may
be perceived to be less competent and objective. In the Puno
Commission hearings, both sides submitted expert testimony from
foreign consultants. Whether suspicion or respect characterizes
national attitudes depends upon both the configuration of political
forces (for example, the Argentine economic nationalists versus the
developmentalists) and the reputation for objectivity enjoyed by the
outsider in question.

INTERNATIONAL ORGANIZATIONS

The influence of an international organization on developing country
nuclear energy policies depends upon its mandate and disposable
funds. Several international organizations have mandates in the
nuclear field, including the IAEA, the Nuclear Energy Agency of the
Organization for Economic Cooperation and Development, the
European Atomic Energy Community (Euratom), the Inter-American
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Nuclear Energy Commission of the Organization of American States,
the Latin American Energy Organization, and the UN Atomic Energy
Commission. Nuclear planners sometimes seek financial support from
international institutions with overall development mandates, such as
the International Bank for Reconstruction and Development (IBRD,
or World Bank), the Asian Development Bank (ADB), and the UN
Development Program (UNDP). Some international organizations of
broader mandate also take occasional initiatives, as when the
European Economic Community Commission drafted proposals for
uranium prospecting and the eventual establishment of a nuclear
energy program to aid developing countries.25

Few of these organizations can offer much money to assist
developing country atomic energy commissions. Most serve as
occasional discussion fora and little else. The IBRD receives funding
requests for projects ranging from hospitals to houses, nutrition to
public health, irrigation to road construction, coal to hydro to nuclear
power. Its broad mandate is typified in the sentiment expressed in this
reply of a former IBRD president to UN Secretary General U Thant in
1969:

It would do a disservice to our member countries and be a misallo-
cation of development resources, were we to finance a nuclear
energy project which did not appear to be both a priority project
from the point of view of the economy of the country as a whole
and also the most economically advantageous of the various power
alternatives available to the country at the same time. Therefore, we
believe that the criteria applicable to nuclear energy projects should
be the same as those applicable to other kinds of projects coming to
the Bank for financing.26

Specifically, Bank officials have argued that without national grids or
modern appliances to plug into them, it makes no economic sense to
build big generators, especially capital-intensive, nuclear-powered
ones.27 As a result, the IBRD, ABD, and I ADB have all refused to
fund any nuclear projects in developing countries, though they have
supported numerous oil, coal, and hydro projects there. The UNDP
for a time provided around $4 million per annum for projects
executed by the IAEA.28

The only international organization with both suitable mandate and
funds to back it is the International Atomic Energy Agency. The
creation of such an agency was first suggested publicly on December 8,
1953 in US President Dwight Eisenhower's Atom for Peace address
before the UN General Assembly. 'A special purpose' of the Agency,
he stated, 'would be to provide abundant electrical energy in the
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power-starved areas of the world'.29 The statute of the Agency
proclaimed the objectives of accelerating and enlarging the contribu-
tion of atomic energy to peace, health, and prosperity, while ensuring
that assistance provided by or through it would not be used to further
any military purpose. The Agency was to take 'due consideration for
the needs of the underdeveloped areas of the world'. Between 1958
and 1973, the IAEA provided 4,300 fellowships, the services of over
1,900 experts, and equipment, together valued at $36.6 million.30

After 1966, the emphasis of the IAEA gradually shifted from
reactor theory to the practical aspects of nuclear power stations. By
1976, nearly one-third of all fellowships and half the training courses
were devoted to training manpower in developing countries. In co-
operation with West Germany, France, and United States, the Agency
ran a series of fifteen-week courses in 1975 and 1976 on nuclear power
project planning, implementation, construction, and management.
The Agency budget for fellowships increased from $250,000 in 1958,
to $2 million per annum in the 1960s, to $6 million in 1977. IAEA
Director General Eklund concluded that in the late 1970s, the Agency
was annually spending or administering approximately $15 million
that contributed 'directly to the transfer of technology to developing
countries'.31 Apart from technical assistance in training, uranium
prospecting, and research reactor programs, the IAEA also assisted
developing country atomic energy commissions by convening
numerous conferences addressed to their needs. In 1960 and 1970,
Agency symposia studied the prospect of small and medium power
reactors. The foreword of the 1970 report 'pessimistically' forecast
that nuclear power would comprise less than 10 percent of installed
capacity by 1980, a figure which still proved to be grossly over-
optimistic.32

Wishful thinking seems inherent to the distorted conclusions of
pronuclear fora. The 1973 and 1974 IAEA market surveys for the
developing countries graphically illustrate the point in Table 10.4. In
its 1977 fuel cycle conference at Salzburg, the IAEA projected
installed capacity in developing countries to be 290 to 440 GWe by
2000, or 20 percent of world nuclear capacity. By 1979, members of
the West German nuclear research institute at Jiilich concluded that
by century's end nuclear capacity in the developing world would reach
only 83 GWe, or 2.5 percent of world nuclear capacity.33 The most
favorable thing one can say about these estimates is that their purpose
is hortatory rather than predictive, and that the IAEA could help
legitimize the nuclear option in countries where foreign advice is
respected more than suspected. On the other hand, the routine
exaggeration which inevitably debases the credibility of any forecast
may also taint whoever succumbs to it, including the IAEA.
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Table 10.4 Projected Nuclear Plant Additions by 1990, IAEA
Market Surveys (in MW)U

1973 Report 1974
Edition

Total nuclear Total thermal Nuclear % of Nuclear
Country additions market total market total (MW)

Argentina^ 6,000 6,800 88.2 6,600
Bangladesh-L
Bangladesh-H 600

1,300
3,850

0
15.6

4 000*T, \J\AJ

Chile 1,200 1,750 68.6 1,700
Egypt 4,200 4,800 87.5 5,000
Greece 4,200 4,500 93.3 5,000
Jamaica-L
Jamaica-H 300

1,000
1,550

0
19.3 1,750<

Republic of Korea 8,800 9,100 96.7 8,600
Mexico 14,800 19,600 75.6 20,900
Pakistan 600 2,000 30.0 4,800
Philippines 3,800 5,400 70.3 4,800
Singapore-L
Singapore-H 2,600

2,100
4,700

0
55.3

4 250~,*« j\j

Thailand 2,600 3,850 67.5 3,700
Turkey-L
Turkey-H

1,200
3,200

3,000
4,850

40.0
66.0

5 000J ,\/\A/

Yugoslavia-L
Yugoslavia-H

4,800
9,200

6,000
10,600

80.0
86.8 10,000

Total nuclear (L)
Total nuclear (H)

52,200
62,100

71,200
83,350

73.3
74.5 86 100

°L = market survey low load forecast; H = country high load forecast.
^Markets for countries with one load forecast are included in both low and high load

totals.
<Not including the 100 MW unit.
Source: IAEA, Market Survey for Nuclear Power in Developing Countries: General

Report (Vienna: IAEA, 1973), p. 5; and IAEA, Market Survey for Nuclear Power in
Developing Countries, 1974 Edition (Vienna: IAEA, 1974), p. 10.

The IAEA has regulatory as well as promotional responsibilities.
Safeguards first developed bilaterally, in special clauses to cooperation
agreements reserving the right for the donor country to verify that the
recipient country did not divert fissile material to military purposes.
While the United States began transferring the administration of
bilateral safeguards to the IAEA, some members voluntarily sub-
mitted nuclear activities to Agency safeguards. The IAEA noted
that:
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At that time safeguards concerned only the material cr the nuclear
plant which they were intended to safeguard from possible diversion
to military uses. It was therefore quite possible for a country to have
one reactor under safeguards and just next to it another reactor -
built either purely by national means or with the help of a country
that did not require safeguards - which could be put to other uses
than peaceful ones. [Emphasis original.]34

For all safeguarded materials, governments must (1) permit IAEA to
review the design of existing and planned nuclear plants, (2) submit a
precise account of all nuclear material flows, and (3) allow Agency
inspectors to verify submitted information.

Sometimes sealed TV cameras are emplaced to take photographs of
containers at intervals shorter than required to divert the safeguarded
materials. Other cameras commence filming when a container or vault
is opened. Also, seals which must be broken to open containers of
safeguarded material are inspected. Together, these measures cannot
prevent diversion, but safeguards it is hoped will provide 'timely
warning' of violations, so that the international community may
respond before events overtake them. Once the Agency finds itself
unable to verify the use of safeguarded materials, or actually detects a
violation, Statute Article 12.C obliges it to report the situation to the
UN Security Council.

The NPT sought to reduce the ability to build unsafeguarded
facilities through safeguarded assistance. Article III requires that
agreements must be concluded to safeguard 'source or special
fissionable material in all peaceful nuclear activities within the
territory' of nonnuclear weapon states party to the Treaty. (Emphasis
added.) Non-NPT members remain free to build indigenous, unsafe-
guarded facilities. To close this loophole, in the mid-1970s, France
and West Germany sought to permit export of sensitive facilities to
non-NPT members while barring the use of the transferred technology
to build unsafeguarded facilities. This 'nonduplication' proviso was
first applied to the proposed sale of a reprocessing facility to South
Korea and to the Germany-Brazil deal. The nuclear facilities which
remain unsafeguarded are listed in Table 7.1. The United States and
Canada adopted a more drastic approach, attempting to extend NPT-
type safeguards, known as 'full-scope', even to non-NPT members,
against the implacable opposition of such countries as Argentina and
India.

The IAEA serves different needs as a nuclear program develops.
The Argentine example shows how the Agency can be manipulated for
various purposes, as the CNEA used it as a source of technical
support, a forum to express its views to the world, and, finally, as a
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foil to help it advertise its growing independence. The government
actively supported the IAEA from the outset, providing a chairman to
the Board of Governors, organizing and hosting numerous confer-
ences, conducting studies, and providing technical assistance to
nations less developed in the nuclear field. Admittedly, international
contributions were small. Total IAEA and UNDP technical assistance
to all Latin America at the beginning of the 1970s was under $1
million annually and only passed $1.5 million in 1975.35 Nonetheless,
this aid was useful. Throughout the 1960s, Agency-provided experts,
equipment, and funds assisted the CNEA in such fields as uranium
prospecting and production, reactor instrumentation, and medical
and agricultural applications of radioisotopes. The IAEA role was
important in preparing the 1967 ten-year nuclear plan. The
government also signed an agreement for nuclear cooperation with
Euratom, which provided for the exchange of information and
personnel.36 As CNEA activities reached the commercial stage,
however, the benefits from Agency assistance diminished, to the point
where Argentina in 1979 became the second nation (India was first) to
withdraw from the Agency's technical assistance program. Castro
Madero explained the move as an indication of 'the level of nuclear
development we have reached', and also as a protest against the
IAEA's overemphasis on safeguards at the expense of technical
assistance.37

Critics of the IAEA see it as a den for indiscriminate nuclear promo-
tion, which inadequately heeds its regulatory responsibilities. Safe-
guards abrogations, neither reported nor corrected, have been alleged.
The paucity of safeguards inspectors - around 130 in 1981, responsible
for over 600 facilities in some fifty countries38 - is blamed for making
safeguards enforcement virtually impossible. Promotion conflicts with
regulation, they argue, and the vested interest of the Agency coincides
with that of its clients (the member states' atomic energy commissions)
who prefer to emphasize the former. As evidence, they note that safe-
guards costs comprise only a quarter of the regular IAEA budget of
$80 billion for 1980, though this had risen from under 19 percent in
1976 and from under 12 percent in 1971.39

Israel most brazenly expressed lack of faith in the IAEA system by
attacking the safeguarded Iraqi research reactors Tammuz-1 and
Tammuz-2 (known before the Camp David accord by the Egyptian
names, Isis and Osirak). Prime Minister Begin claimed to have
irrefutable evidence that the Iraqis intended to build nuclear weapons
for deployment against Israel. Circumstantial evidence strongly
supported the allegation. The French had agreed to supply Iraq with a
70 MW research reactor similar to the French Osiris built at the Saclay
nuclear research center, to the consternation of many, especially the
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Israelis. The Iraqi model was to be fueled by weapons-grade uranium,
enriched to 93 percent uranium-235. After the cores were heavily
damaged in April 1979 by explosions set by saboteurs at the southern
French port of La Seyne-sur-Mer, the Iraqis successfully resisted
French pressure to accept a modified reactor which would use less
highly enriched and therefore less weapons usable uranium.40

Whatever the political and strategic wisdom of the Israeli attack, it
constituted a frontal assault upon the IAEA safeguards system. The
IAEA all along had stressed that Iraq was an NPT member, and that
all the fissile material was fully accounted for and closely monitored.
After the attack, Director General Eklund told the IAEA Board of
Governors that 'in a reactor of this type, diversion of fuel elements or
undeclared plutonium produced at a low rate cannot be technically
excluded but would be detected with very high probability', whicti
'means, in this case, a full guarantee, since the main inspection activity
consists in counting about sixty fuel elements which are individual
objects of considerable size. Additionally, measurements are made
which prove that the elements are not dummies.'41 Eklund declared
publicly that safeguards at the Iraqi nuclear research center containing
the research reactors 'have been satisfactorily applied to date, includ-
ing during the recent period of armed conflict with Iran', rightly
concluding that 'it is the Agency's safeguards regime which has also
been attacked'.42 Essentially, because the IAEA can only detect diver-
sions ex post facto, and can prevent neither safeguards violations nor
withdrawal from the NPT or IAEA safeguards systems, its usefulness
ultimately depends on good faith, a commodity palpably lacking in
the Middle East. The dependence on good faith cannot be avoided,
since application of safeguards requires some cession of sovereignty in
the first place, and governments resist further encroachments while
remaining able to reassert their sovereignty at will, though commercial
contracts impose additional, less voluntary constraints.

The Agency is also criticized by the pronuclear lobby. Atomic
energy officials argue that an imbalance in the IAEA role developed in
the 1970s, overemphasizing safeguards at the expense of 'other
activities the IAEA could perform to aid consumer nations in the
enjoyment of the peaceful atom'.43 This view is common in developing
countries, where nuclear promoters remarked that, despite IAEA
assistance, not one developing country nuclear power program had
ever contributed significantly to total domestic electricity consump-
tion. In 1976, nuclear power comprised only about 2 percent of
installed electrical capacity in India and Argentina, the developing
countries most advanced in nuclear development. In several developed
countries, nuclear power contributed 10 percent or so to electricity
production. This relatively poor record helps explain the Indian and
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Argentine withdrawal from the Agency's technical assistance pro-
gram. A similar disgruntlement could be perceived in Iran, where the
Agency sent a two-man team to report on nuclear power prospects.
The 1973 study concluded that it would be impossible to install a com-
mercial power reactor in Iran before 1983, but that given increased oil
prices, a nuclear program should 'from a national economics point of
view be pursued vigorously'.44 The team recommended the establish-
ment of a nuclear power project group in the Ministry of Water and
Power which would begin site selection for the smallest commercially
available reactor of proven design (500 to 600 MWe), even though
projected electrical demand indicated that 800 to 1,000 MWe units
could safely be accommodated. No further stations were suggested.

This report confirmed the AEOI view of the IAEA as too languorous
and plodding ever to contribute to the establishment of a viable power
program. Iranian officials believed that an opportune moment had to
be seized boldly. Another might never arise. Studies led down an ever-
darkening path to nuclear obscurity, not nuclear power. AEOI
officials ignored this report and did not return to the Agency for
further assistance in its power program. The Organization needed the
IAEA neither for legitimacy, obtained through the Shah, nor
assistance, obtained from other countries in return for Iran's new
wealth.

Both critiques have merit. Compromise and, as a result, unhappy
partisans are inevitable when an organization is charged with both
promotional and regulatory responsibilities. From the outset, Agency
promotional resources were intended to be extremely limited. Statute
Article XI.B provides for a clear IAEA role as broker between
financing institutions and member states, but not as guarantor or
source of credit. Resources for regulation are even more limited.
Though the total IAEA budget increased more than fivefold in the
1970s, the 1980 figure of $80 million (for perspective) equaled less than
two-thirds the final cost of the Atucha-1 reactor. Perforce the Agency
has to act as a promotional catalyst, not bankroller, and a regulatory
spot checker, not sentry.

These roles, though modest, are important. Agreement on a
common set of safeguards and inspection procedures established a
worldwide regime based upon binding commitments opposed to the
military uses of nuclear materials. These commitments were given
force by the scope of Agency membership - 110 nations - and by the
imposition of IAEA safeguards system, despite its inevitable
shortcomings.

Promotionally, for many developing countries, small-scale
assistance remains significant to their small programs. Eklund claimed
that developing country absorptive capacities, more than shortage of
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IAEA assistance, limited technology transfer possibilities.45 Also, the
value of an expert sojourning three months in a developing country
can far exceed the nominal value of his time. Finally, moral support
and information exchange obtained through the Agency could benefit
small atomic energy commissions in their efforts to encourage
domestic governmental support.

Apart from permanent international organizations, from time to time
other international fora play a role in developing country energy
policies. In the 1970s, the United Nations sponsored conferences on
such subjects as the environment and science and technology for
development. Tangible results, such as the establishment of the UN
Environment Program in Nairobi, sometimes arise, but often these
exercises have proved feckless. The most important special forum in
the nuclear scene to date has been the International Nuclear Fuel
Cycle Evaluation, proposed by President Carter as a way to discover
and promote methods to prevent the military use of nuclear
technology. Stipulating that INFCE would be a nonbinding study and
not a negotiation, sixty-six governments and five international
organizations took part.46 While continuing the tradition of wild
optimism which seems endemic to gatherings of nuclear advocates, the
INFCE final report did acknowledge, without major dissent, that civil
technology and facilities 'could be drawn on for a subsequent nuclear
weapons program', and noted possible techniques to reduce that
prospect. The two-year evaluation, which ended in February 1980, did
not make or break any new or existing nuclear policies in the develop-
ing world, but it advanced the cause of nonproliferation by defusing
the liturgical insistence that nuclear weapons and nuclear energy are
entirely distinct and that proliferation is a political rather than a
technical problem. In fact, it is both. INFCE was considered
sufficiently useful as a vehicle for narrowing differences among
governments to justify establishment of a Committee for Assurance of
Supply (CAS). Since developing country governments recognize that
nuclear technology transfers can only take place when enjoying the
confidence of nuclear suppliers, they may permit CAS discussions to
influence their nuclear policies.

INTERDEVELOPING COUNTRY INFLUENCES

Nations within the developing world influence one another. India has
concluded agreements for nuclear cooperation with Argentina, Iran,
Libya, and others. Both Brazil and Argentina signed agreements with
all major South American governments, and in 1977 Argentina
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entered the ranks of the nuclear equipment exporters, agreeing to
build a 10 MW research reactor in Peru for radioisotope production
and scientific training.47 The CNEA was slated to provide $25 million
of the estimated $50 to $70 million cost. (Interestingly, the 315 MWe
Atucha-1 cost $70 million.) The Argentinians were pleased to have
outbid Canada, Great Britain, Spain, and West Germany. In March
1981, Argentina agreed to perform a nuclear power feasibility study
for Uruguay, and may eventually supply a research reactor. Castro
Madero projected Argentine nuclear fuel cycle self-sufficiency for
1984, and declared that 'we want to be the exporter of nuclear tech-
nology in Latin America'.48 India is seeking to become a major donor
of aid and assistance in the developing world, not only in nuclear
power but also in hydro and thermal power stations, in Nepal and
Libya, respectively.49

Recipients welcome assistance from other developing countries as a
substitute for dependence upon the major powers. Also, technology
exported from countries like Argentina and India may be more appro-
priate to other developing countries than are those derived in the alien
political, economic, and social environments of the industrialized
world. Donors gain prestige for their technical prowess and perhaps
improved status within the nonaligned movement. Further, laying a
simple groundwork for cooperation today may facilitate an emergent
exporter's successful market entry tomorrow, if profits then become
possible. Finally, the large scale required to make a domestic nuclear
industry economical may catalyze export interest. In Brazil, for
example, Nuclep was built on schedule, able to produce heavy com-
ponents for two reactors each year. The growing delays in the
Brazilian reactor program, however, left the new facility idle. Follow-
ing the May 1980 Argentine-Brazilian nuclear cooperation agreement,
Argentina commissioned Nuclep to weld and assemble the lower part
of the Atucha-2 pressure vessel, which was to be cast in Japan.

Cooperation does not always characterize interdeveloping country
nuclear relationships. The Israelis attacked Osirak, and Indians have
occasionally threatened to destroy Pakistani bomb-making efforts.
Reportedly, the Saudis sought to replace Libya and Iraq as financial
backers to the Pakistan nuclear effort, in order to prevent an 'Islamic
bomb' contagion from breaking loose in the region. Brazil and
Argentina, despite their 1980 agreement, traditionally have been rivals
in the Latin American nuclear field. The refusal of the People's
Republic of China to accept IAEA safeguards on its nuclear activities
reinforces Indian resistance to the same.

Multilaterally, there has been little tangible result from nuclear
relations in the developing world. Various inter-American bodies have
held conferences periodically since the 1950s, but without significant
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issue. Typical were the efforts for Asian cooperation to help small
nuclear programs achieve together what none could achieve alone,
beginning with a 1955 American offer to furnish $20 million in Atoms
for Peace assistance toward the establishment of a regional nuclear
research and training center. Even after a t r ip to Brookhaven National
Laboratories by Asian energy officials, the response was only luke-
warm, since in most of the South Asian nations 'other claims on the
supply of scientific and. technical men, financial, and material
resources would, at least in the initial phases, of necessity limit their
participation'.50 A 1962 seventeen-nation conference, expected to set
up an Asian version of Euratom, settled for pledging closer ties with
the IAEA. Such moves eventually led to a ten-nation 1972 Regional
Cooperation Agreement for research, development, and training
related to nuclear science and technology, to which Indonesia became
party. Under this agreement, the idea of an Asian nuclear research
center was revived in 1979, when Japan hosted a five-day meeting at
the request of the IAEA on the subject. The result was typically non-
committal: no center, but a joint research project on isotope treatment
of food.51 These efforts did not appear to accelerate nuclear power
development anywhere; indeed, many Asian interviewees in 1981
pleaded ignorance of the existence of the 1972 agreement.

CONCLUSION

Foreign pressure cannot create nuclear programs. Decisions to ini t iate
nuclear programs in developing countries are made independently.
Certainly, deliberations are colored by the example of the nuclear
power programs in the advanced nations, but example is distinct from
pressure. All developing countries become heavily dependent upon
foreign support for what activities they do choose to undertake in the
nuclear field. These are the central conclusions of this chapter. Others
follow.

First, the success of foreign actors in influencing programs depends
upon the customer's receptiveness. Westinghouse could have been
much more influential in Iran if the AEOI had pushed for a quick
completion of a new agreement for cooperation with the United
States. Any potential supplier could have been more influential had
the governments in the nonnuclear nations welcomed it. Foreign
influence only becomes irresistible once a developing country govern-
ment has decided the basic issue of whether or not to encourage any
nuclear power program.

After a commitment is made, developing countries lose flexibility
and become more vulnerable to foreign influence. Before a govern-
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ment makes a nuclear commitment, the suppliers need it and lack a
lever to pry it to move unwillingly. Once the country is locked into a
commitment, foreign pressure can succeed, as when Canada forced
Argentina to renegotiate both safeguards and financing terms of the
Embalse agreement. Supplier aggressiveness can affect the scale and
timing of a program, but cannot force fundamental decisions. If
KWU had not so swiftly made such an attractive offer to AEOI,
Framatome, the French reactor manufacturer, would have built the
first two reactors, if slightly slower and at a higher price. If
Framatome stalled, Westinghouse could have filled the breach, and so
on. Especially in the buyers' market of today, there is no chance that a
single supplier can close down a developing country's nuclear
program, or that all would (or even want to) band together to do so.
Conversely, nuclear stations are too expensive to be gifts. If a
government is unwilling to undertake the financial burden of large
capital expenditures (even easy loans must be serviced and repaid,
albeit in depreciated currency), then the nuclear suppliers cannot
create a viable program.

Second, foreign influence depends upon close collaboration
between government and vendor in the supplier country. Two aspects
of government support are critical. One is political. Unilateral policies
antagonistic to developing countries vitiate a vendor's prospects. The
Carter Administration nonproliferation policy ruined Westinghouse
and General Electric prospects in Iran, and contributed to their
exclusion from the Argentine market. Canadian nonproliferation
policy hurt AECL's competitive standing. The other is economic. The
expense of these projects requires governments to offer special credit
terms if developing nation customers are desired. These concessions
are offered by the Export-Import Bank of the United States, the
Export Development Corporation of Canada, Hermes Guarantees
and the Credit Bank for Reconstruction of West Germany, and the
French Company for the Insurance of External Commerce
(COFACE). The extent to which governments are willing to deploy
the resources of these institutions to support nuclear power exports
largely determines its commercial success. Problems with COFACE,
for example, contributed to the lengthy delay in the negotiation of the
two Ahwaz reactors.

Third, foreign influence is not indiscriminate. Countries with some
land, labor, and capital assets conducive to nuclear power are
desirable customers. Those lacking these assets are not, and find no
suppliers straining to sell them reactors. Modest research support is
available. Uranium-poor countries are willing to seek out that
mineral, which would greatly assist their own programs were it found
in quantity. But limited financing abilities or instability discourages
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potential suppliers. Besides, other assets may attract investment. In
Indonesia, for example, other energy resources encouraged private
and public foreign investment in coal (Royal Dutch Shell), natural gas
(Mobil Oil), geothermal (New Zealand and the United States), and
hydro (Japan) development. In a country limited in skilled personnel
and financing capacities, gains for energy alternatives seriously reduce
the resources available for nuclear power.
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11 Conclusion

No easy answers have emerged in the preceding pages. A distressing
number of questions have elicited the same frustrating response: it
depends. But conditional answers do not a conclusion make. Lurking
behind them, general principles which guide and explain particular
policies can be discerned. Once recognized, these principles can
support judgments on how best to try to cope safely with the spread of
civilian nuclear technology.

It is especially difficult to define principles which can explain how a
single event can generate opposite effects. Take two examples. The
nuclear recession both promoted and discouraged nuclear power in
the Third World, forcing suppliers to seek foreign outlets to compen-
sate for the slump in demand, while at the same time fostering doubts
within developing countries over whether the nuclear option is attrac-
tive. Similarly, the oil crisis simultaneously encouraged resort to
nuclear power as an escape from odious dependence upon OPEC, and
sapped governments of the financial resources needed to pay for it.

The five principles which follow may help supplier governments
design nuclear export policies which are liberal when possible but con-
servative when necessary. The last two suggest serious problems with
how the nuclear export problem has been perceived and confronted.
The first three suggest criteria which can identify those governments
that can be trusted with liberal access to fission technology. No doubt
the notion that governments of the South must earn the trust of those
of the North is anathema to the Third World. Like it or not, though,
for obvious reasons nuclear trade is intrinsically discretionary and will
remain so. Indeed, the effort to ignore or deny that fact has deprived
some countries (like India and Pakistan) of important nuclear assis-
tance while giving others (like Switzerland and sometimes West
Germany) a pretext for exporting dangerous technologies while
piously maintaining that their incontinence is involuntary.

PRINCIPLES

1 Objectives reveal intentions more accurately than do processes
The comparisons in Part Three between security and economic
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objectives on one side and domestic and foreign processes on the other
suggest that fervent support at home and lavish attention from abroad
simply cannot sustain a nuclear power program in a developing
country if it is not a central governmental objective there. Nuclear
power costs and signifies too much to be controlled by bureaucratic
cliques or eager foreign contractors, both of which certainly exert
pressure on nuclear policies. Only if it is given pride of place among
government projects can nuclear power attain the momentum
necessary for success. If it is not, it surely will never materialize by
default.

Objectives also explain policies better than do existing conditions in
a country. As processes depend upon the political leadership, so can
conditions be ignored by it. For example, in trying to correlate interest
in nuclear power to national income, one might suppose that there
would be greater enthusiasm in Venezuela than in Bangladesh, when
in fact the opposite is the case. Efforts to link nuclear activity to
available natural or human resources, topography, or other economic
indicators prove similarly futile. It is safer to stick to objectives.

This conclusion narrows considerably the range of individuals
whose cooperation is essential to a successful nonproliferation policy.
It probably is unwise to devote extensive resources to monitoring
responsible business practices, beyond the issuance of export licenses
and policing of broken export regulations. Though corporations make
their interests known, their lobbying is subordinate to primary govern-
mental decisions to export or import nuclear technology. Although
Bechtel confided to the Brazilians a willingness to assist with fuel cycle
technologies, the US government's veto killed any prospects for such
assistance. This conclusion also suggests the natural limits on the
power of persuasion; developing country nuclear policies cannot be
expected to be more compliant to wishes of the North than are their
governments generally. Consequently, liberal export policies are
merely accepted as due, without generating the willingness to recipro-
cate born of gratitude. Perhaps leverage is increased somewhat, but at
the expense of showing all other governments that intransigence may
not be punished by restricted exports.

2 The relative importance of economic and security objectives
depends upon the scale and maturity of the nuclear program

At its early stages, security objectives alone are both necessary and
sufficient to justify a nuclear program. They are necessary because any
tangible economic benefits are so far down the pike as to be politically
irrelevant (if not invisible). Short-term economic considerations weigh
heavily against nuclear power, whose large scale and complexity
require that a significant fraction of present talent and consumption
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be diverted in the hope of accelerating production growth. This erodes
the appeal of nuclear power for governments still preoccupied with
relieving the worst effects of poverty. The 1970s' recession reduced the
ability even of less straitened economies to pay for nuclear power, and
made nonsense out of many of the optimistic electricity demand
projections used to justify it.

On the other hand, security aims are sufficient in the short run to
justify a nuclear program, because the important security benefits flow
more from research scale activities than from the construction of a
nuclear steam supply system. Also, the costs of a nuclear research pro-
gram can be minimized, while still providing not only some immediate
prestige, but also a foothold in a technology of possibly great eventual
economic importance.

As it grows, a nuclear program must gather in economic justifica-
tions. Security justifications lose force with increased scale, for two
reasons. First, marginal security benefits decline as the program
becomes commercialized. A research program provides sufficient tech-
nology and perhaps fissile material for an explosive. The increase in
weapons manufacturing capability provided by a nuclear power
station project may not be great. The increase provided by a third or
fourth power reactor will probably be negligible. In one way, larger
nuclear programs forfeit security benefits by increasing the developing
country's dependence upon (hence vulnerability to) nuclear suppliers,
who use their nuclear leverage to deter weapons development.

Second, the security benefits of a nuclear program are too
ambiguous and limited in applicability to justify a $1 billion invest-
ment. A nuclear power program, then, must promise significant long-
term economic benefits to remain politically viable. Security arrange-
ments are not discarded, but become the guarantor instead of the
source of the commitment. (Even while selling a program on economic
grounds alone, a government simultaneously buys an option to exploit
the military and political security benefits of atomic fission.) Mean-
while, the economic attraction of nuclear power expands along with
its scale and time frame. Eventually, oil exporters and importers alike
must develop alternative energy sources, and fission is one that offers
many advantages. It does not release noisome chemicals and
particles into the biosphere. It does release vast quantities of heat
which can be converted into electricity more cheaply, according to its
proponents, than do other methods. Thus, the two basic justifications
for nuclear power are complementary, with security favoring its
present and economics its future development.

Ironically, though security and economic justifications are mutually
reinforcing in promoting a nuclear power program, security and
economic benefits are mutually conflicting (except where security
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coincide with economic benefits, as in Taiwan). Governments which
seek military or political benefits do so by increasing the ambiguity of
their intentions. If they succeed, they fuel suspicions of the nuclear
suppliers, who often react by restricting nuclear exports, thereby
reducing (if only by delay) the economic benefits provided by nuclear
power. Conversely, governments desiring to maximize the economic
benefits of nuclear power must bow to increasing nonproliferation
conditions imposed by the nuclear suppliers. Each concession reduces
the remaining bargaining leverage. Once a government has pledged to
safeguard all its nuclear activities by joining the NPT, it can no longer
press for access to technology by threatening to build unsafeguarded
facilities. It can suggest that it might withdraw from the NPT, but this
approach significantly escalates the stakes of the dispute.

This principle reinforces the distinction between the independent
and dependent nuclear countries. The former are willing to pay for
exploiting security benefits. India sacrificed North American technical
assistance and enriched uranium fuel for Tarapur. The Pakistanis lost
all outside nuclear assistance, as well as US military and economic
assistance for two years. The South Africans lost the supply of highly
enriched uranium for the Safari research reactor. The Argentinians
were forced to renegotiate safeguards with the Canadians, exacerbat-
ing the costly delays in the Embalse project. The Israelis could not
take up the American offer of a nuclear power reactor included in the
January 1974 Sinai agreement, even if they wanted to do so. The
dependents have paid a price, too. By joining the NPT and accepting
full-scope safeguards, they have stripped themselves of the ability to
exploit ambiguous intentions. Despite Israel's refusal to sign the NPT,
in 1980 Egypt ratified the Treaty in order to obtain US power reactors.
Even after the Israelis attacked Osirak, the Egyptians proceeded with
the initialing of an IAEA safeguards agreement. South Korea agreed
not to go through with its reprocessing deal with France, and Taiwan
agreed to dismantle a hot-cell laboratory, both at conspicuous
American urging. Governments occasionally are willing to swallow
their pride to remain in the good graces of the nuclear suppliers.
Understanding the tolerance of individual governments in this regard
is indispensable to good policy.

3 The type of program selected best illustrates objectives
Words vanish, sometimes without a trace. Capabilities do not, since
they are not easily unlearned. Where statements seem inconsistent
with capabilities under development, policies should be governed by
the latter. Even if a government leader earnestly affirms his peaceful
aims, and builds a reprocessing plant solely for waste management
purposes, prudence requires that the reprocessing capability should be
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treated as dangerous and the statements as possibly disingenuous.
Genuinely sincere policies are often reversed, either by their creators
or by successive governments. Ultimately the reprocessing plant could
come to rest in belligerent hands, unprotected by forgotten
assurances. When Saddam Hussein or Zia ul-Haq insist that their aims
are peaceful, yet persist in seeking technologies and materials useful to
bomb manufacture, engage in secret acquisition of uranium, while
actually neglecting to build a nuclear power station, their veracity
must be doubted. The dependents' claims are far more credible, as
they are backed by large investments. This was even true for the Shah
of Iran, who may have harbored nuclear weapon desires, but if so
never manipulated his nuclear power program to achieve them.
Argentina and India steer a middle course, carefully maintaining a
nuclear weapon option and resisting safeguards while continually
affirming their peaceful intentions. Like Israel, which has never
admitted but is widely credited with nuclear weapons possession,
Argentina and India use their ambiguous position to gain status and
leverage without incurring the onus of openly military efforts.
Deliberate ambiguity does warrant suspicion, but this suspicion
should breed isolation, not improved status.

4 Arguments over whether the nonproliferation problem is more
technical or political are misguided and destructive

The nonproliferation problem is both technical and political. If each
factor is not equally weighty, the difference is insignificant and
unquantifiable. Political intentions influence technical capabilities.
Japan and West Germany prosper under the status quo, and do not
wish to disrupt it. That is why, though either government could manu-
facture nuclear weapons at will, neither is likely to do so in the fore-
seeable future. They lack nuclear weapons by choice. By contrast,
India and Pakistan are poor, yet strong governmental support has
given each substantial nuclear explosive programs. Many wealthier or
more industrialized nations, in both hemispheres, lack such nuclear
capabilities, also from choice.

Conversely, technical abilities influence political intentions.
Governments, like individuals, do not attempt where they expect to
fail. A strong industrial base or capital surplus encourages the
decision to build a nuclear power station. The ability to obtain fissile
materials could encourage a government to use them for nuclear
weapons. The less effort required, the easier it is to gain approval for a
project. A government with a plutonium stockpile faces one less
hurdle to the decision to build nuclear weapons. It may still forgo the
option, but the nature of its choice has been changed by its capability.

Capabilities are not all internally generated. Developing countries
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still depend extensively upon the nuclear suppliers for technology, and
will continue to do so. The tired refrain, 'nonproliferation is a
political, not a technical problem', is simply false, as the INFCE final
report confirmed. If technical constraints were not important, then
Indonesia probably would have had the bomb in 1965, followed by
Libya, Uganda, Iraq, and perhaps others. Technology cannot perma-
nently be dammed behind a set of export controls, but it does not
emanate as inevitably or unalterably as a ripple from a pebble dropped
in a pond. Technology does not 'spread' of its own accord at all; it
must be developed through choice and effort. The rate and direction
of its adoption can be influenced, and should be because technological
capabilities in turn shape intentions.

5 Inconsistent nuclear supplier policies are harmful
Good bilateral relations improve the nonproliferation regime.
Unfortunately, since 1974 inconsistent nuclear supplier policies have
marred them. For two decades before Pokharan, nuclear export
policies followed the Atoms for Peace premise: atomic assistance to
NNWSs can be traded for assurances that assistance will not be used
for military purposes. This premise reversed the earlier American
policy, expressed in the 1946 McMahon Act, which barred American
nuclear assistance even to the Allies. The closed door approach was
abandoned because it provoked deep resentment and could not keep
the lid on nuclear technology. These problems would return if the
Atoms for Peace idea were completely scrapped now, when nuclear
knowhow has spread far and wide.

Confusion over Third World intentions after 1974 led nuclear
suppliers to adjust their policies. Some change clearly was needed, for
the Indians had shown that providing technology would not neces-
sarily deter recipients from nuclear explosive testing, and the proposed
exports of reprocessing plants would have facilitated further abuses of
peaceful assistance. Canada and Australia restricted uranium exports.
All major nuclear suppliers adopted tighter guidelines in the NSG for
the application of international safeguards on nuclear activities.
France and West Germany pledged not to sell the technology to
extract plutonium (usable for weapons) from spent reactor fuel.
Controversy persists over whether pre- and post-Pokharan attitudes
were too sanguine or too alarmist, respectively. Whichever is the case,
it is reasonable to assume that at least the magnitude of the swing in
nuclear export policies was unjustified. As a result, suppliers appeared
inconsistent and discriminatory, undermining others' faith in the NPT
commitment to provide nuclear assistance.

Discrimination is unavoidable. A policy either treats equals
differently or unequals the same. Either way, someone is bound to be
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offended. Good policy requires careful selection of criteria by which to
treat governments differently and a politically acceptable justification
of those criteria. The Carter Administration's restricted nuclear export
policy helped redress the balance toward laxity in nuclear trade, but
foundered on a universalism which failed to acknowledge that the
same activities in different countries did not equally affect American
interests. Enriched uranium supplies to Europe were threatened and
even suspended briefly for failure to comply with the NNPA. The
Japanese had to agree to limit the use of their new reprocessing facility
at Tokai Mura before the US government would permit it. In its quest
for fairness, the Carter Administration alienated the allies essential to
any successful nonproliferation policy by casting doubt on whether
they could rely upon continued American assistance.

Apart from the dangers of policies mismatched to intentions, incon-
sistency is itself mischievous. First, it destroys credibility. The
effectiveness of a policy depends on the belief that its impact cannot be
avoided through procrastination. Policy should not be changed
frequently or capriciously. By 1977, President Carter was already
perceived as inconsistent; many consequently believed that his hard
line on nonproliferation (most evident in the Nuclear Non-Prolifera-
tion Act of 1978) could be safely ignored until he changed his mind.
This cynicism was justified when, two years later, the President over-
rode a unanimous Nuclear Regulatory Commission recommendation
to terminate nuclear cooperation with India under the Act. Second,
inconsistency undermines policy by suggesting ulterior motives. For
two decades, the United States promoted and dominated the nuclear
export markets outside the centrally planned economies. By the early
1970s, however, this market supremacy fell under attack from other
nuclear reactor and fuel service suppliers. Even the American
monopoly in enriched uranium production was broken, through the
French Eurodif and Anglo-Dutch-German Urenco projects. Conse-
quently, when the traditionally energetic American encouragement of
nuclear power in the Third World declined, ostensibly because of
heightened sensitivity to the link between nuclear energy and nuclear
weapons, many reacted distrustfully. American arguments to restrict
nuclear exports appeared as a pretext, designed to minimize encroach-
ments on US commercial hegemony in the nuclear market, while
giving the United States a breathing space to consolidate its position.
Resentful European reactions to the Carter nonproliferation initia-
tives can be partly understood in this light, while dissent among the
nuclear suppliers served the purposes of neither nonproliferation nor
alliance solidarity.

Third, inconsistency loses customers. When shopping for a trading
partner, the prospective buyer carefully assesses the probability that a
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contract, once signed, will be fulfilled. Thus, the 1974 American
demotion of contracts to supply enriched uranium to Brazil from firm
to conditional status damaged the prospects for US Westinghouse (the
contractor for the first Brazilian reactor) to sell additional reactors
there. In the event, the German firm Kraftwerk Union won the com-
petition to build the next eight Brazilian reactors. Kraftwerk Union's
reputation for reliability also influenced the Argentinians, who in 1979
opted for the German proposal to build the Atucha-2 station. Atomic
Energy of Canada Limited offered the more thoroughly tested,
cheaper CANDU unit, which was more conducive to increased
participation of Argentine industry, but Canadian delays and haggling
over the construction of a CANDU in Cordoba province had so soured
the Argentinians that the German bid prevailed. Sometimes the
customer of transferred technology and materials may be lost to a
supplier less scrupulous in protecting against misuse.

Fourth, inconsistency facilitates discrimination, an anathema to
developing countries. Where exceptions are the rule, rules are useless.
Many view the US Nuclear Non-Proliferation Act of 1978 as unduly
harsh and abrasive, but it did demonstrate the sincerity of the
American commitment to nonproliferation and established a set of
guidelines to regularize future nuclear relations. These advantages
were gained at the expense of commercial advantage as well as comity
in American diplomatic relations, but at least offered the prospect of
overcoming the disadvantages of inconsistency. When President
Carter excepted India - the only nation which has tested a nuclear
device, constructed with the help of foreign peaceful nuclear
assistance - this prospect waned. India was assuaged, but a weak
signal sent to others, confirming earlier predictions that the United
States would not stick to its guns in the matter.

Perfect consistency is unattainable. The effort to reduce inconsis-
tency, however, can at least relieve its worst effects. The unavoidable
tradeoff between one inconsistency and another should follow basic
principles. The supplier government should draw as clear a line as
possible around its vital interests. Are they directly threatened by
Japanese and European acquisition of plutonium, by loss of safe-
guards over Indian nuclear fuel, or only by the detonation of an
atomic device? These are thorny but inescapable questions. Once
answered, vital interests appear more clearly, and the inconsistencies
least obnoxious to them can be adopted.

RECOMMENDATIONS

The principles above help explain the source and significance of
nuclear policies in particular developing countries. They also suggest
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how to confront the dilemma between providing generous access to
civil nuclear technology and safeguarding it against abuse for military
purposes, at both bilateral and multilateral levels. This section
proceeds from the conservative premise that the status quo ought to
be maintained, and specifically that the acquisition of nuclear
weapons by additional states is undesirable. This premise is debatable,
but the question of whether a world of more is safer than a world of
fewer nuclear powers is beyond the scope of this book.

1 The IAEA should be emphasized but not overloaded
The Agency in many respects already has more extensive powers than
any other international organization. Despite its authority to require
accountability, to place seals and surveillance equipment on national
territory, and to conduct on-site inspections, the IAEA cannot prevent
the diversion of safeguarded nuclear material to military uses. Its goal
is the 'timely detection' of safeguards abuses, but the Agency can do
no more than report violations to its Board of Governors and the
UN Security Council. Timely detection is only helpful if it enables
someone to prevent or deter the potential proliferator. It has not
been successful in Pakistan, where four years after its surreptitious
nuclear program came to light, nothing has been able to arrest the
project.

Since the Agency can neither prevent diversions nor punish trans-
gressors, some have advocated that its powers be strengthened. To be
sure, safeguards can and should be technically improved. Significant
extension of the IAEA mandate, however, is unlikely. Governments
yield sovereignty reluctantly, and the Agency already has offended
many developing countries by its intrusiveness, making further
cessions of sovereignty politically difficult. Proposals to eliminate the
conflict of interests inherent in an agency which both regulates and
promotes, by dividing the IAEA in two, have equally poor prospects.
Unlike the US AEC, which in 1974 was divided into the Nuclear
Regulatory Commission and the promotional Energy Research and
Development Administration, the IAEA is the product of a bargain,
not of the sovereign disposition of constitutional authority. Carrot
cannot be divided from stick without possibly fatal effects for each.
Recipients will not accept safeguards without incentives. Suppliers will
not provide incentives without safeguards.

The IAEA, then, must be accepted more or less as is. Despite its
defects, the Agency embodies an invaluable consensus that nuclear
energy should be made available only for peaceful uses. That con-
sensus has lasted for a quarter of a century and remains the founda-
tion of worldwide efforts to arrest the spread of nuclear weapons. The
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system relies first and foremost upon good faith, which must not be
compromised.

2 The Non-Proliferation Treaty should be strengthened
The NPT resembles the IAEA in many ways. It cannot prevent
nuclear weapons proliferation. Governments can renounce it or evade
its obligations. Despite these constraints, it is seminally important to
efforts to halt the spread of nuclear weapons, because it has
entrenched a worldwide presumption that nuclear weapon prolifera-
tion is bad. This presumption has increased the political cost for any
government - even if it refuses to sign the Treaty - to go nuclear.

Also like the IAEA, the NPT draws its legitimacy from its breadth
of support. The Agency has 110 members, and the Treaty has 115
parties. Unfortunately, that legitimacy is not universal and is now
threatened. Important NPT holdouts remain, including two of the five
official nuclear weapon states (China and France), and most of the
worrisome threshold nuclear powers (Argentina, Brazil, India, Israel,
Pakistan, and South Africa). The nuclear weapon states party to the
Treaty - Great Britain, the Soviet Union, and the United States - have
weakened it by their poor performance in fulfilling obligations under
Article IV to facilitate peaceful nuclear technology exchange and
under Article VI to negotiate effective arms control measures. Lack of
progress on Article VI more than any other factor led to the failure in
1980 at the second NPT Review Conference to agree on any conclud-
ing statement. Lack of superpower arms control will not directly lead
nonnuclear weapon states to acquire nuclear weapons. That decision
is made by assessing overall security interests, not by reaction to
increases in arsenals which may have little if any effect on the security
of a Third World government. Nevertheless, disregard of Article VI
betrays a contempt for NPT obligations which could prove
contagious.

The NPT could also be gravely threatened by failure to implement
Article IV obligations, which require the NWSs to facilitate the fullest
possible exchange of nuclear technology. Article IV was a major
attraction to NPT membership, for it pledged that governments which
forswore the nuclear option would receive preferential treatment in
nuclear technology transfers. This was a more tangible incentive than
that offered in Article VI. The problem is that, in practice, NPT
parties do not receive preferential treatment. If anything, they are
taken for granted, while all sorts of special offers and exceptions are
made for those nations which most adamantly refuse to commit them-
selves to nonproliferation agreements and most assiduously avoid
international safeguards. Countries on the threshold of nuclear
weapons status reap the extra benefits of using their non-NPT status
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repeatedly to obtain concessions from nuclear suppliers, whereas NPT
parties are implicitly penalized for their allegiance. Argentina and
India, though they have paid in some ways for their independence,
have never been deprived of the nuclear technology they desired. Why
should they accede to the NPT, only to lose the ability to pry more
concessions from the nuclear suppliers and to condemn the discrimi-
natory world order?

Conversely, what advantages does NPT adherence confer? Article
V, which promised assistance for PNEs, has become a dead letter. The
arms control measures promised in Article VI, if they ever materialize,
would benefit NPT parties no more than nonparties. And Article IV
also entails no privileges to parties over nonparties, while Articles I
through III strip NNWSs of bargaining leverage over nuclear weapon
acquisition and safeguards acceptance. Unless palpable advantages to
NPT membership appear, the prospect for new adherents will remain
dim, while the prospect for renunciation of the Treaty increases.
Widescale defections from the NPT do not appear imminent, but
experiences at the Second NPT Review Conference should chasten
those who believe that defections are impossible.

The final serious threat to the nonproliferation regime is posed by
the possibility of destabilizing events, such as the acquisition or deto-
nation of nuclear devices by a NNWS or a nongovernmental group. If
new nuclear powers are seen to gain status with impunity, or at
acceptable political cost, future efforts to deter proliferation will be
jeopardized. Events may be ambiguous. The mysterious flashes
spotted in the South Atlantic in September 1979, identified by some as
nuclear weapons tests, present a dilemma. If you deny their impor-
tance, the nonproliferation regime appears to be doing nothing to stop
nuclear weapons deployment by certain nations, widely suspected to
be Israel or South Africa. On the other hand, if you admit their
importance, it is necessary to decide what sanctions should be applied
and to whom, when responsibility is denied and the evidence is at best
inconclusive. The unhappy history of sanctions suggests that the
attempt to apply them may merely highlight the ineffectually of the
system.

Consequently, the NPT cannot simply be preserved as is. If it is not
strengthened, it may begin to be renounced or ignored. The proper
policy prescription is as obvious as it is difficult to fill: the great powers
should harness their nuclear arsenals, and NPT membership should
confer material advantages to nonnuclear weapon states. The NNWS
NPT-parties should be given preferential access to nuclear technology,
equipment, and materials. They should also be rewarded by military,
political, and economic support for their legitimate security interests.
(Of course, nuclear policy is not the only issue of diplomatic concern,
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and these rewards must reflect the overall relations among the govern-
ments concerned.) The nonnuclear countries cannot be expected to
remain that way if cooperation costs rather than confers bargaining
leverage. The NPT must benefit its adherents if governments are to be
prevented from building unsafeguarded facilities, like the ones now
used by the independents to increase their international influence.
Some guidelines for these nuclear exports are suggested in the final
recommendation.

3 Preferential treatment to NPT holdouts should cease
This is a necessary corollary to the previous recommendation. Always
conceding special status and NNPA exemptions to India could gravely
undermine the NPT. Such a perverse system of appeasing NPT
holdouts conveys the wrong impression to nonnuclear countries: that
they can make the greatest impact and obtain the most solicitous
attention by flouting the NPT. After all, the worrisome NPT holdouts
are those most able to obtain nuclear weapons. The phase of prevent-
ing them from attaining weapons capability has passed. So long as
India can produce plutonium at Trombay, improving safeguards at its
power stations has only marginal importance. On the other hand, all
of the holdouts still depend upon nuclear suppliers in one way or
another, and their vulnerability should be exploited to prevent the
execution of nuclear threats.

This is not to say that we should give up on cordial approaches to
the NPT holdouts or other threatening states. As suggested below,
alternative arrangements should be employed wherever possible.
Where none succeed, the game still is not lost. Nuclear weapons
acquisition, as distinct from nuclear threats, does not depend mainly
upon nuclear supplier policies for Tarapur or Safari fuel, or Argentine
heavy water, but rather on the governments' overall security calcula-
tions, which are unlikely to be decisively swayed by Western or
Japanese civil nuclear export policies. The NPT and IAEA regime
should attend more to its members, many of whom soon will have the
same capabilities that the worrisome holdouts have now. It is wiser to
bind a government tightly into nonproliferation commitments while it
remains more dependent and tractable than it may become. If confi-
dence in the system can be restored this way, the appeal of joining the
ranks of the outsiders will fade.

4 Other nonproliferation agreements should be promoted
This recommendation flows from the last two. The NPT should be
strengthened, but it can never become a talisman, for two reasons.
First, even apart from the inadequate NWS performance under
Articles IV, V, and VI, the NPT can plausibly be condemned as dis-
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criminatory. This argument is made by IAEA members who have
refused to accede to the NPT. They contend that their IAEA member-
ship confers full privileges for access to peaceful nuclear technology,
and that the NPT cannot be used to deny them this privilege. The
dilemma in any debate pitting Agency against Treaty is that one or
both may suffer. It may be wiser to sidestep the legalities of this issue
and simply treat the NPT as the natural progeny of the IAEA, intro-
duced at a time when the dangers of indigenously built, unsafeguarded
facilities had grown much worse than they had been in 1957. NPT
safeguards were consequently strengthened over the earlier IAEA
version, and it is logical that the preferences entailed in NPT member-
ship should be commensurately increased.

Second, NPT effectiveness is inherently limited. The Treaty con-
tains some glaring loopholes. It cannot, for example, prohibit non-
parties from transferring technology to NNWS parties to the Treaty.
It does not bar nuclear weapon testing at all. Other agreements, such
as no-use pledges or nuclear weapon-free zones can plug these loop-
holes. More obviously, the NPT is completely inoperative against
holdouts, some of whom will always be with us. That is why some
analysts urge that holdouts be mollified, not punished, in order to
keep them in check. They fear that if the suppliers do not offer a hold-
out a desired facility under safeguards, then it may build the facility
itself. It may be of poor quality and take longer to build, but that
indigenous facility will be more dangerous because unsafeguarded.

These NPT deficiencies argue powerfully for resort to alternative
methods of control. Safeguards should be applied wherever possible.
Argentina should be pressed to fulfill its promise to ratify the Treaty
of Tlatelolco. Other NWFZs and a comprehensive test ban should be
promulgated. Security assurances to Israel and Pakistan should be
linked to abstinence from nuclear weapons testing. The more varied
the available menu of nonproliferation commitments, the greater is
the likelihood that more governments will find an acceptable one.

The main drawback to this diversified approach is that every attrac-
tive alternative undercuts the comparative appeal of NPT
membership. Since universal NPT adherence is unattainable, this
problem to some extent must be endured if NPT holdouts are to be at
all constrained. This endurance should expire at the point where atten-
tion to the wishes of the intransigent governments subordinates
concerns for the rest.

5 Clear export criteria should be adopted
This recommendation addresses the harmful inconsistencies noted
above. Two critical criteria are: (1) governmental nonproliferation
credentials, and (2) the intrinsic sensitivity of the materials, equip-
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ment, or technology proposed for export. Neither category permits
black and white distinctions. Several increments exist between NPT
membership and an open bid for the bomb, as they do between low
enriched uranium and pure plutonium. Between these poles, ideally
one would establish clear guidelines of increasingly trustworthy
credentials and increasingly sensitive technologies. The better a
government's credentials, the better access to technology it should be
allowed.

At the extremes of both axes, bright lines will benefit policy.
Governments that have accepted a comprehensive nonproliferation
constraint - such as the NPT or a no-use pledge - should equally be
given most favored nation status in the nuclear field. Those that reject
all constraints should receive no nuclear technology. Technologies and
materials that are inherently dangerous, such as plutonium reproces-
sing or 90 percent enriched uranium, should not be exported at all.
Completely innocuous technologies and materials should be available
to any government that accepts any major nonproliferation commit-
ment, such as IAEA membership. Between these political and techno-
logical extremes, credentials possessed should be weighed against
technology desired, in deciding whether to approve an export. The
consultation mechanism of the 1978 NSG guidelines and perhaps the
INFCE-spawned Committee for Assurance of Supply should be used
to maximize consistency within these discretionary bounds.

Where they are drawn, lines should be clear and decisive. A govern-
ment with most favored nuclear trade status should be permitted to
import any nuclear technology, except those universally forbidden. Its
orders should not be detained while, say, the US NRC reassesses the
entire situation for each and every license request. Expeditious
licensing should be used to encourage accession to nonproliferation
commitments.

The use of these export criteria would undoubtedly be discrimina-
tory, but sensibly so. The differing attitudes of developing countries,
though they overlap, at least offer a broad, supportable standard for
designing a policy which rewards some and punishes others. One can
reasonably treat governments differently, for instance, on the basis of
their willingness to submit to nonproliferation accords and to refrain
from activities which needlessly aggravate international apprehen-
sions, such as the construction of unsafeguarded plutonium reproces-
sing plants. In practice, only the independent governments would be
likely to be treated harshly under these criteria. The nonnuclear
governments would largely be unaffected. Governments truly
interested in only the civilian uses of nuclear technology probably will
not let the proscription of a few items, which are far more useful
militarily than civilly, undermine their entire program. The Shah, for
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example, eventually yielded to the Americans on the reprocessing issue
rather than risk losing the partnership.

It is dangerous to promote nuclear power in order to restrain nuclear
weapons proliferation. Without nuclear power, the arms controller's
task would be much simplified. But since desires for nuclear power in
many quarters cannot be wished away, the nuclear energy option
should be accepted. So long as a government adheres to the NPT or
equivalent in letter and spirit, nuclear commerce should not be
hindered. To suppress nuclear technology revives its mystique,
arouses envy and pride, and so enhances the appeal of the forbidden
fruit. Left alone, its cost suffices to deter most governments from
capricious entry into a nuclear power program.

The future of nuclear power will influence the prospects for
proliferation. On the one hand, the spread of civil nuclear technology
unavoidably spreads nuclear weapons capabilities. On the other, when
nuclear power thrives, neither suppliers nor recipients wish to disrupt
nuclear trade, and so there is an added incentive for buyers to refrain
from pursuing identifiably military nuclear programs. In a sense, then,
it is better for nonproliferation objectives if the world nuclear industry
is prospering, and eager to avoid disruptions, or dead, so that the
spread of nuclear technology would have unambiguously sinister con-
notations. Most dangerous is the present, limping nuclear industry,
where technology becomes more widely dispersed without a commen-
surate incentive for responsible behavior.

Meanwhile, the Atoms for Peace concept should be widened to
include other forms of energy. Title V of the Non-Proliferation Act
sought to increase American assistance to meet developing country
energy needs, reduce their dependence upon petroleum fuels, and
expand their available energy alternatives. International organizations
and environmentalists also lobby for nonnuclear energy alternatives.
These efforts have been well received in some developing countries,
and should be continued because they help Third World governments
face their energy problems with more information about more alterna-
tives. Better information facilitates better policy.

These recommendations emerge from the central conclusion of this
book, that different nuclear power policies express different govern-
mental goals. Objectives tell more about the reasons behind nuclear
power policies than do the processes of domestic politics or foreign
influence, which reflect more than shape these goals. Security aims are
paramount to governments. They can provide a foundation for
support, but cannot carry a program far in the absence of the
physical, human, and financial resources necessary to make it
economical. Countries do not glide into a nuclear program. With the
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blessing of the executive, an atomic energy commissioner can
overcome strong domestic political opposition. Without it, the cause
is hopeless. Nor can foreigners push a policy far in directions incon-
sistent with leadership objectives. Despite the vested interests often
clustered round them, nuclear power policies evolve not from bureau-
cratic accident, inducement, or compulsion, but from free choice.
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