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SUMMARY

THE NEED TO CHANGE THE RULES

Some forms of civilian nuclear power facilitate access to weapons
usable material; however, delaying commitment to the forms that are more
likely to spread nuclear weapons, fortunately, would entail no signifi
cant economic loss.

Such consideration led to the Ford/Carter call to

delay indefinitely the reprocessing and recycling of plutonium.
Many
different programs are required to slow proliferation among which re
strictions on commerce in sensitive materials, facilities and services
are a necessary but not a sufficient condition.

CHALLENGE TO THE FORD/CARTER CHANGES
Except for the United States, few countries have agreed to delay their
commitment to the use of fuel cycles which make highly concentrated fis
sile material readily accessible.
For example, the report on the Wind-

scale Inquiry recommended proceeding immediately to implement plans for
the Windscale expansion and to complete firm contracts to export plutonium
to nonweapon states.

Another major instance of disagreement is the state

ment issued by representatives of many countries at Persepolis:
it held
that reprocessing and the breeder reactor are the only route to energy
independence; that the Carter call for a moratorium on reprocessing and
recycling violated Article IV of the NPT; and that restrictions on repro
cessing would hinder, rather than help to control, proliferation.

SECURITY AGAINST NUCLEAR THREATS AND SECURITY OF ENERGY SUPPLY

Almost everyone who advocates an immediate commitment to commerce in
plutonium fuel either for burner or breeder reactors pays his respects to
the goal of nonproliferation and the improvement of "safeguards." These
advocates argue, however, that the export of such services as plutonium
separation and such commodities as plutonium dioxide would not significantly
assist governments that do not have nuclear weapons to get them, and that
a country which is determined to arm itself with nuclear weapons will get

them in any case and will not be prevented by a prohibition on its separat
ing plutonium nor, on its importing separated plutonium from other coun
tries. Many who make this argument list several alternative paths to
nuclear weapons material, which they claim are even shorter, easier and
cheaper than the path starting with separated power reactor plutonium.
They suggest also that a government depending on nuclear power and denied

the "fruits of reprocessing" by other countries (i.e., separated plutonium)

might feel compelled to build a separation plant of its own, even if guar
anteed a continuing supply of slightly enriched uranium.
On the other
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hand, they suggest that further assurance against the misuse of separated
plutonium can be achieved by international storage and close control of
the separated plutonium.

However,

the intention of President Carter's proposal is plainly to

develop international agreements blocking essentially all plausible routes
and not just one. The argument that any determined country can get nuc
lear weapons in even less time and at less cost than through the use of

^
■

|

separated power reactor plutonium scarcely fits with the advocates' argu

ment that there is some point in improving safeguard inspection systems.
Second, bilateral and international inspection systems do indeed
need improvement, but if such improved inspection is to be more than a

facade for a possible steady advance toward nuclear explosive materials
by states that do not presently have them, the facilities, processes and

stocks inspected must be far enough away from yielding bomb material to make
timely warning feasible.
Unless sensitive technologies are restricted,

"effective safeguards" in the sense defined by the IAEA for the NPT are

literally infeasible.

'**]
1

The issues of security of supply and energy independence, which are

by no means the same, are central; and it is worth getting some perspec
tive on what the role of nuclear power and the role of uranium and plu
tonium fuel might be for either.
We have looked in some concrete detail
at the aggregate situation of the industrial countries in OECD and of
selected major countries in it.
We have also examined the role of nuclear
power and plutonium in seven less industrial countries.
As a result, we
believe that nuclear power has definite limitations in any attempt to re
duce dependence on fossil fuel imports.
Neither nuclear power nor any
thing else in the foreseeable future is likely to permit energy indepen
dence for countries that depend heavily on imports now.

m

Continuity in the use and expansion of nuclear electricity can be

more easily and safely assured to nonweapon states with slightly enriched
uranium fuel than with plutonium fuel.
It is part of President Carter's
program to ensure that slightly enriched uranium fuel will be available on

a nondiscriminatory basis to meet the fuel demands of countries that ob
serve the new conventions against proliferation.

***]

ECONOMICS OF THERMAL RECYCLE

The economic prospects for the use of plutonium rather than fresh
uranium fuel in light water reactors have worsened drastically.
The esti
mated costs for separating plutonium have multiplied over tenfold in
less than a decade.
In any case, even on the most optimistic estimates,
recycling of plutonium in light water reactors can make only a slight dif

ference in the cost of a delivered kilowatt hour.

The main issue, however,

is whether to defer decision or commit ourselves now to plutonium fuel.
On the analysis of the Final Generic Environmental Statement on Mixed Ox
ide in mid-1976, advocates of an immediate commitment on the staff of the

Source: http://www.albertwohlstetter.com
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U.S. Nuclear Regulatory Commission estimated that an eight year delay
would cost $74 million in discounted 1975 dollars over a twenty-five year
period; and a thirteen year delay would cost $300 million.
These sums are
very small compared to the discounted sums that would be invested in the

nuclear fuel cycle and in reactors during that period.

On the other hand,

since investment expenditures are made early and benefits received much
later, premature commitment can mean a very large financial penalty in the
event of failures.
And the political and military penalties imposed by
early commitment to separating plutonium are even greater and some may be
substantially irreversible.

Conservation benefits are related to economics.
Our estimates show
that plutonium fuel would cost more than it is worth.
However, the main
issue today is a narrower one.
How much would uranium conservation be af
fected by a delay of five or ten years in a commitment to plutonium?
The
answer is—very little.
If the spent uranium fuel is placed in retriev

able storage, nearly all the fissile plutonium would be there ready for
use if desired.
Stocks of plutonium or other highly concentrated fissile material
might be used for initial loadings of fast breeders,

but an examination

of breeder schedules in several countries suggests that the requirement
for initial breeder loadings does not compel a commitment to thermal
oxide reprocessing now.

BREEDER PREDICTIONS

The fast breeder we were told at Persepolis is "imminent."
the fast breeder has been slow in coming.

However,

It has been imminent since 1945.

It is worth presenting some of the history of expectations as to its early
introduction.
An examination of predictions of the German fast breeder
shows that on the whole,

the date of expected introduction receded more

rapidly, though not steadily, as the designers of the German program ap
proached the originally predicted date.
The American and British records
of predictions also illustrate exaggerated expectations,
rate as well as

the date of introduction.

ment on the LMFBR of 1975,

for example,

both as

to the

The Final Environmental State

assumed a buildup

to 76 GWe in seven years and a doubling time of four years

from zero in 1993
thereafter.

This would put at risk hundreds of billions of dollars before there was
any substantial period of commercial cooperation.
As for the date of com
mercial introduction,

its instability is suggested by the fact

that the

date slipped from 1986 to 1993 in the year between the Proposed Final En
vironmental Statement and
ly,

in 1977,

Dr.

the Final Environmental Statement.

Schlesinger

suggested

that

the earliest date of

tion for the commercial breeder would be 2004,
puts the introduction beyond 2020.
This is

of

More recent
introduc

and a 1979 DOE analysis

some consequence for the stated reasons for opposing any

restraints on nuclear transfers.
advanced the view that

The signers of

the protest at Persepolis

the expansion of nuclear power

in itself would not

Source: http://www.albertwohlstetter.com
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reduce their dependence on fuel imports; only the coming of breeder nuc-

""*)

lear power would.

If so, the security of supply provided by nuclear power

would be a long way off.

ENERGY INDEPENDENCE AND SECURITY OF SUPPLY

!

What is the relationship of atomic power to oil and gas consumption

and the prospect of "energy independence?"

I

Even ambitious nuclear programs

recently put forth for the noncommunist world do not pretend to achieve
In fact, they do not show
energy independence in the next 25 or 50 years.

a reduction in the amount of fossil fuel consumed.

The ambitious nuclear programs embodied in recent joint projections
by the IAEA and the Nuclear Energy Agency of the OECD illustrate this.
The

'

!

"I

J

«*

energy programs they outline show large absolute increases in primary fos

sil energy consumed through the year 2025.

The accelerated growth projec

tions show larger absolute increases than the projections of the present

trend. An analysis of the French energy plans done by the Workshop on
Alternative Energy Strategies (WAES) at MIT which made explicit calcula
tions about the oil component of the fossil fuel total illustrates the

same point.
ence.

This is not to say that nuclear energy cannot make a differ-

It does, however, suggest that the difference it makes in the formal

H
1

*"s|

j

projections by nuclear agencies is much more limited than the claims ad-

««

An examination of the end uses in which nuclear energy might plausibly
replace fossil fuel suggests that in the near term it is likely to have

H

vanced at Persepolis and elsewhere.

substantial application only in the generation of electricity, and then

only for base load.

This suggests that any near term displacement of oil

and gas by nuclear power is likely to be limited.

So long as nuclear energy is used mainly or nearly exclusively for

i

<m

the generation of electricity, and electricity forms a small fraction of
primary energy consumed, it is clear that there will be sharp limits to the

m
j

the pattern of end use of primary energy consumption in the United States
in 1973 suggests that the functions in which fossil fuels are directly

H

extent to which nuclear energy can replace fossil fuel.

consumed are not easily replaced by electricity.

An examination of

Future technical develop-

ments, such as an electric car, might be able to change this situation but

>

j

such evolution depends on relative prices.
Electricity production wastes
about 70 percent of the total primary energy used and the costs of nuclear
electricity have been rising rapidly.
In the long run, a large number of

s^

nonfossil energy sources such as photovoltaics but also the finding at

"*"]

possibilities open up including, on the supply side, not only alternative

reasonable prices of large reserves of fossil fuels, such as geopressurized
gas.

Source: http://www.albertwohlstetter.com
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The models used to predict energy crises and drastic deterioration
living are based on a very dubious understanding of the

in standards of

connection between energy and GNP.
These models essentially ignore prices
altogether or they introduce prices in partial equilibrium models which ig
nore two way interactions and

take demand as a function of
price and the price of substitutes.

income,

energy

This is extremely misleading since among the major factors operating
in the real world of sharply rising energy prices are the incentives to
use existing resources and technologies and to develop new technologies
the

which use energy more efficiently, without sacrificing the quality of

ends which energy serves.

For the long run general equilibrium models are

needed to take into account the two way interdependence of energy and GNP
and explore the elasticity of

substitution of other resources for energy.

The wide range of possibilities on the demand as well as the supply

side, the uncertainties, and the large penalties of premature commitment
suggest the importance of decisions in sequence as the uncertainties are
resolved.

In sum,

the challenge to antiproliferation policy is mistaken insofar

as it is based on the
make firm commitments
independence, or even
supply.
It would not

belief that governments all over the world have to
now to a plutonium breeder as the only route to energy
as a way of increasing the security of their energy
provide security of supply and it would greatly

diminish worldwide security against nuclear threats.
Unrestricted trans
fers of highly concentrated fissile material or technologies for producing
it quickly will greatly increase the noise level, and so obscure signals
of the military danger.

MILITARY SIGNALS AND CIVILIAN NOISE

The problems presented by the spread to many countries of civilian
stocks of highly enriched uranium or plutonium, or facilities that could

quickly produce these materials,

is that such stocks would carry these

countries so far along the path that leads also to nuclear explosives that
from the moment that their military purpose became unambiguous, the addi

tional time to get nuclear explosives would be too short for any feasible
inspection system to provide timely warning.
Since reactor grade plutonium
can be used to make kiloton yield nuclear weapons it follows that the
timely warning requirement precludes the accumulation of stocks of separ

ated plutonium or simple compounds of it in nonweapon states.

Timely warn

ing requires that the signals of a military program be detected and iden
tified early enough and unambiguously enough to permit a response.

Source: http://www.albertwohlstetter.com
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CONFUSIONS OF "PEACEFUL USE" WITH "EXCLUSIVELY PEACEFUL USE"
The rhetoric of Atoms for Peace has tended,
to or undecided about whether

for countries aspiring

to get nuclear weapons,

to enhance

the poli

tical utility of the ambiguity inherent in nominally civilian activities
which in fact have dual military and civilian character.
Article IV of
the NPT is frequently interpreted as conferring legitimacy on all civilian
activities,

simply because they have some civilian function,

are not exclusively civilian in their import.

even if

they

Article IV of the NPT refers

to the undertaking by all parties to the treaty "to facilitate" and the
right of all parties "to participate in the fullest possible exchange of
equipment, materials and scientific and technological information for the

peaceful uses of nuclear energy."

The contention was made by many of the

delegates to the Iran Conference on Transfers of Nuclear Technology at

Persepolis in the spring of 1977, that this includes the stocking of plu-

«

J

tonium or other highly concentrated fissile material.

However, Article IV explicitly states that the right of all parties

J

to the peaceful use of nuclear energy has to be in conformity with Arti-

J

cles I and II and it is these Articles that make the Treaty a treaty against
proliferation.

No reasonable interpretation of

would say that the Treaty intends,

the nonproliferation Treaty

in exchange for a quite revocable prom

ise by countries without nuclear explosives not to make or acquire them,
to transfer to them material that is within days or hours of being ready

for incorporation in a bomb.
liferation,
Mr.

The NPT is,

after all,

a treaty against pro

not for nuclear development.

Justice Parker,

in his report on the Windscale

Inquiry,

took the

position that England was obligated under Article IV to perform plutonium

separation services for nonweapon states.
And that the NPT is "on its
face a straight forward bargain":
an exchange of every assistance by the
nuclear weapons states in the development of nuclear energy for a promise
to make or obtain nuclear weapons.

by the nonnuclear weapon states not

This assumes, among other things, that the nonweapon states have no inter
est of their own in seeing that other nonnuclear weapon states do not ac
quire nuclear weapons.
This, of course, is an absurdity, since it is not
hard to find recent statements to the contrary in almost all of these coun

tries and it flies in the face of the actual history of
NPT which started as a rather straightforward bargain,

the genesis of

the

proposed by the

Irish Republic, among nonweapon states to increase their safety by mutual
agreement to abstain from getting nuclear weapons.

TIME,

WARNING TIME AND ARTICLE IV

The interpretation of Article IV is by no means a trivial matter.

If,

in fact, technological transfers can bring a "nonnuclear weapon state" with
in weeks, days or even hours of the ability to use a nuclear explosive,

Source: http://www.albertwohlstetter.com
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the operational sense, that "nonnuclear weapon state" will have nuclear
weapons.

The point is even more fundamental than the fact that effective

safeguards mean timely warning.

A necessary condition for having timely

warning is that there be a substantial elapsed time.

But if there is no

substantial elapsed time before a government may use nuclear weapons, in
effect it has them.
The point may be driven home if we recall that in
1947 it took a longer time than would be needed today by a well prepared

government laboratory to make highly concentrated fissile material ready

for insertion in a nonnuclear assembly for compressing it rapidly.

There have been a number of recent statements suggesting as implausible
"an overnight scenario" by which is meant, apparently, a contingency in
which a nonweapon state assembled a weapon in less than a day or so.
It
is worth noting, however, on the plausibility of the overnight scenario
that the United States assembled the very first nuclear bomb for the Trinity
test in 26 hours and this included time out to get some sleep.
Representatives of BNFL have suggested,

as an alternative to depen

dence on slightly enriched uranium, that governments be allowed to purchase
Plutonium separation services, but that the plutonium be sent out in the
form of plutonium fuel rods, perhaps preirradiated or made radioactive in
some other way; and in any case,

that such fuel be placed under strict in

ternational storage and control and released only according to international
criteria.

This proposal has several difficulties.
Presumably it would mean
keeping strategic quantities of plutonium out of the hands of governments
that do not have nuclear weapons.
This means keeping the amount of plutonium
under national control to less than a bomb's worth which would allow coun
tries almost no working stocks of MOX or separated plutonium under
own control.

their

It seems extremely unlikely that governments trying to secure

a little more energy independence by the use of plutonium fuel than if they
only used natural or slightly enriched uranium would accept a new interna
tional institution depriving them of any significant national control of

such plutonium,

thus making them more rather than less dependent on outside

powers for continuity of

supply.

The proposal also makes a chaos out of the interpetation of Article IV
Mr. Parker says, quite correctly, that at

proposed by Mr. Justice Parker.

the time of the signing of the treaty, many of the parties to the Treaty
believed that the development of nuclear energy contemplated under Article
IV included the production of plutonium.
The fact that the parties to the
Treaty did not understand that power reactor plutonium was not and could

not be "denatured," explains how they could have accepted both Article IV
and Articles I and II, to which Article IV is subject.
However, it is also
obvious that many parties to the Treaty believed that they would not be
subject to any of the constraints involved in the technical "fixes" BNFL

and the report propose.

Surely no government expected to receive fuel in

Source: http://www.albertwohlstetter.com
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preirradiated form. The only way out of this dilemma is to recognize that
a "nonproliferation treaty should not contain any provision which would
defeat its major purpose."
SANCTIONS AND ARTICLE IV

The operational meaning of Article IV is not an academic matter. If
suppliers could legitimately make any nuclear transfer other than that of

a fully assembled weapon, then this would radically transform the situa
tion both of warning signals and of the sanctions they might evoke.
For

there to be a signal of a violation, the activity signalled has to be illegitimate.
But if Article IV is not subject to the constraints of Arti

cles I and II, in effect there may be no violations.

Ambiguities as to whether an activity is "safe" and civilian, or "dan
gerous" in its military implications, not only confuse and reduce warning,

they weaken and can totally frustrate sanctions.
If an activity that
brings a country very close to a nuclear weapon and that stops just short
of its assembly,

is legitimate,

then by assumption,

there is nothing wrong

with it.

The government of that country has not violated that agreement.

Moreover,

it is the application of sanctions by the supplier that would be

a violation of the agreement.

INCREASE OF CIVILIAN NOISE THROUGH LAXITY IN PROJECT ECONOMICS

The practice of promoting and undertaking civilian nuclear activities
which may confer prestige but have no strict economic justification has in-

creased the noise background which serves as a potential cover for military
activities.
The careless way in which nuclear establishments, in the mid1950s and at the beginning of the 1960s, decided to separate plutonium and
accumulate it for the distant and uncertain date at which it might be used
for the initial load of a breeder reactor, ignored any rigorous economic
criterion for investments over time.
Yet in India this activity served to
increase the noise level and the opportunities and ease for a decision to
make military nuclear explosives, when circumstances changed.

Indian long range plans paralleled in a general way the
lear power development current in the industrial countries:
burner reactors and to make the transition to breeders using
from the burner reactors for the initial fuel loading of the

model of nucto begin with
the plutonium
breeder.
This

fact gave the Indian initial plans for the use of plutonium for a future
breeder an apparent legitimacy which served very well in bringing the In-

dians
shift
power
quite

to a position where they required very little additional effort to
to "peaceful" nuclear explosives from plutonium stocked for breeder
reactors.
The fact that such plutonium stocks were justified by a
unrealistic economic and technical program for an early breeder did

Source: http://www.albertwohlstetter.com
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not distinguish it sufficiently from India's other nuclear programs with a
civilian purpose; and the universality of similar long-range programs in
other countries helped explain why it was never noted that such programs

were not exclusively civilian in the

More recent decisions

(for example,

plutonium separated elsewhere,

technologies they made accessible.
Pakistan) to acquire either stocks of

or a national separation plant,

to be from the outset more self-consciously related

are likely

to military plans.

INCREMENTAL AND TOTAL TIME AND COSTS

Some natural scientists and technologists have shown limitations in

understanding the concept of measuring benefits, compared with costs "at
This plagues
the margin" of an activity—as economists would put it.
many recent attempts to compare the "proliferation resistance" of alterna
tive fuel cycles.

A civilian power reactor of the size now being sold

might cost a billion dollars.

And a 1500-tonnes-per-year separation plant,

including conversion from nitrate to oxide,

might cost over a billion.

And these facilities might take ten years or so to build.

The cost of

small "dedicated" nuclear weapons facilities are generally estimated in
the tens of hundreds of millions rather than in billions.
siders total rather than marginal or incremental costs,

If one con

it would

seem

plausible to suppose that dedicated facilities cost at least an order of
magnitude less than civilian power and separation facilities presently
being sold.
But to consider total rather

than incremental

costs misses

the main

point which is that decisions should be considered at the margin,

that

it

is the extra costs incurred by the decision to acquire nuclear weapons

which count in making the decision.

For in making a decision to build a

reactor exclusively dedicated to plutonium production for weapons and to
build a reprocessing plant exclusively for the purpose of
material,

all of

the costs of

separating such

such facilities are the results of

the deci

sion to obtain weapons material.

On the other hand,
an overtly civilian use,

if one has already acquired a nuclear reactor with
and has also acquired either a separation facility,

or the separation services of another country, or stocks of plutonium from
any source, or stocks of mixed oxide fuel directly under one's own con
trol,

or possibly even stocks of plutonium or highly enriched uranium metal

for civilian critical experiments,

then the decision to use these facili

ties or stocks can yield explosive material with very little extra effort
and only trivial costs.

MARGINAL ANALYSIS OF PATHS TO A BOMB

Today a country wanting to acquire nuclear weapons need not start

from scratch in order to produce the concentrated fissile material.
cepted civilian nuclear activities have,

as a byproduct,

Ac

advanced many

Source: http://www.albertwohlstetter.com
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countries a long way toward the production of such material.
The starting
point for a government decision to acquire nuclear weapons is critical in
determining the extra costs, extra time, the probability of success in
that time interval, and the extra risks of exposure and counteraction like
ly to be incurred by the decision.
We outline various pathways to a stock
of concentrated fissile material and the various sets of legal restric
tions that define the starting point of each pathway:
that is, the begin
ning of the illegitimate part of the road to explosive nuclear material.
We also estimate for each pathway the order of magnitude of the additional
time and cost required to go the rest of the way to the needed fissile
material.
We present the pathways in roughly increasing order of the costs
and the time and difficulty of traversing them, their likelihood of suc
cess in a given time interval and the risk of exposure and counteraction.

Pathway 0
This pathway starts legitimately with stocks of plutonium or highly
enriched uranium in metallic form;

and also with facilities for putting the

metal in various shapes or with the shaped metal itself.
The marginal or
additional time and cost associated with this pathway are nearly 0.

Pathway 1

Here a nonweapon state could legitimately have an enrichment plant
capable of quickly producing highly-enriched uranium or a reprocessing
plant capable of separating plutonium from spent fuel;

or

it might re

ceive from other governments the products of such plants in easily ac
cessible form,

such as highly-enriched uranium hexafluoride or plutonium

nitrate or plutonium dioxide.

From a starting point at which the special

nuclear material is put into rework facilities the time required to pro
duce weapon ready nuclear material would be on the order of days to weeks.
If such rework facilities were made illegal,
extended by six months to a year,

the critical time would be

but since the plants are small and sim

ple, they might be constructed in secret.
The cost of traversing this
path, if we include the cost of overt facilities for reworking the special

nuclear material, would be on the order of $1 to $10 million.

The times

and costs for clandestine facilities might be different.

^i

'

Pathway 2
This pathway would begin with fresh fuel

ium or highly-enriched uranium.

that contains either pluton

A fresh fuel reprocessing plant could be

quite a small and inexpensive laboratory since it involves no remote hand
ling and the fissile material is quite concentrated in the fuel.
The
construction of an overt plant might take several months to a year.

The

plant might also be constructed on a clandestine basis with different
10

Source: http://www.albertwohlstetter.com
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times and costs.

However,

the time elapsed from the seizure of the fresh

fuel to the production of special nuclear material would be on the order
of days to weeks.
The special nuclear material would have to be reworked
to be ready for insertion in a weapon.
This might take on the order of
days or weeks.
The cost of separating plutonium from fresh mox fuel would
add only about a quarter of a million dollars to the $1 to $10 million
needed for reworking the special nuclear material.

Pathway 3

^

This pathway would begin with the highly radioactive spent fuel from
power or research reactors.

A facility for extracting plutonium from the

rhot spent fuel is a substantially more difficult undertaking than the small
laboratory that suffices for reprocessing fresh MOX.
We estimate that it
is likely to take at least eighteen to twenty-four months from the starting

m
r

point of construction (which for this pathway would entail a violation of
an agreement) before it could become operational.
The enterprise would also
be on a scale which would make it much more difficult to remain clandestine.

Measured from the seizure of

spent fuel to

the production of weapon-

ready material, apart from the time for constructing the plant,

the elapsed

-

time for the reliable production of material would be on the order of months

P

to a year.
The costs would be at least $10 million, but probably closer
to $100 million.

p

Pathway 4
This pathway would begin with the design and construction of facilities

specifically for the purpose of generating plutonium in reactors modeled on
rthe early production reactors; and the design and construction of a separ
ation plant specifically to reprocess the spent fuel from such reactors.
The costs of travelling this pathway might be at least of
ras the $10 to $100 million involved in pathway 3,
longer.

Starting with the engineering and construction,

the order of several years
r

to complete the facilities and

necessary material in a form ready for weapons.
dustrial countries it would
struction and operation of

it might

take on

to produce the

For many of

take considerably longer
such facilities

the same order

and the time would be

the less in

than that.

is unlikely to be kept

The con
secret

from start to finish.

Pathway 5
This pathway would begin with the design and construction of a plant

capable of producing highly enriched uranium.

For

the technologies pres

ently available this would be a difficult enterprise, taking on the
order of at least five years, and very much longer for less industrial
countries.

It is unlikely that

it could remain clandestine.

The

11
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cost,

including that of all the constructed facilities, would be on the

order of $100 million to $1 billion.
As in the case of pathway 4, the
political risks incurred by embarking on this pathway would be very much
higher than in the earlier pathways.

HOW INTERNATIONAL CONVENTIONS DETERMINE WHAT IS INCREMENTAL

The relevant cost comparison,

In incremental terms, would suggest that

the civilian route to bomb material may proceed along a legitimate path for
so much of

the way that the cost of proceeding down the final military

branch is anywhere from one to five orders of magnitude lower
route by way of totally dedicated facilities—not,
one considered total rather

than the

as one might infer if

than incremental costs,

one or two orders of

magnitude higher.
Similar things can be said about the total and incremental time to

get nuclear material for weapons.

This is crucial in judging the political

risks for the country getting the weapons as well as in determining the

"*)

]

opportunities for response by the international community or by specific
countries whose interests are affected.

«

The point of civilian cover is to reduce the interval between what is
overtly civilian and what is unambiguously military.

The incremental times
and costs that are relevant depend on an enforceable or observed conven
tion as to when an activity ceases to be exclusively or legotimately civil

ian.

The incremental time and incremental costs can be said to start at
the point at which the convention is breached, from the point when the

military purpose becomes overt or at least obvious enough for response.
The principal object of new conventions about export sales should be to
prevent the use of civilian covers.

„.
\

CONVENTIONS DEFINING LEGITIMATE OSES OF URANIUM

An extended marginal analysis of various uranium separation facilities,
arrangements for stocking enriched material and the corresponding critical
times to bomb material which these facilities and arrangements permit,

particular interest.

is of

It has relevance not only for evaluating the "prolifera-

tion resistance" of some current fuel cycles, but also some recently pro

<**i

)

posed.
An extended marginal analysis of enrichment processes also permits some
clarification of the kinds of interdependencies that need to be considered in
evaluating the proliferation resistance of various fuel cycles.
Some state
ments about

the

thorium cycle and

its value

in slowing proliferation proceed

from the belief that the accessibility of highly concentrated fissile ma-

terial depends only on the physical sequence of steps in the production of

uranium-233 from thorium and the use of uranium-233 in a reactor.

However,

whether countries have access to such material depends on where the various
12
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steps are performed:
pon state.

Today,

in the nonnuclear weapon state itself or in a wea

it is proposed to place the dangerous activities in

countries that already have weapons precisely because they already have
weapons.
That particular difference between weapon states and nonweapon
states cannot be avoided so long as it is impractical to achieve universal
nuclear disarmament and so long as we attempt to limit the further spread.
We have had,

for many years,

one actual illustration of a compara

tively safe nuclear export to nonnuclear weapon states which is produced
in a facility capable of producing highly concentrated fissile material.
The United States has used its Oak Ridge facility,
material,

and was specifically designed for

which can generate bomb

that purpose,

to produce nuc

lear material which cannot be used in an explosive without further isotopic separation.

ENRICHMENT,

ENRICHED MATERIAL AND THE EVALUATION OF

PROLIFERATION RESISTANCE

1)

Our analysis of enrichment

technologies has focused on the cur

rent or near-term state of the art.

It shows that the transfers of some
current technologies, and in particular the centrifuge, need to be re
stricted if highly enriched uranium for bombs is not to become easily ac
cessible to many nonweapon states.
Some techniques of enrichment in de
velopment now would, even more obviously, need to be restricted if the pro
jected development

should prove successful.

Laser

isotope separation in

particular may make it easy for governments controlling such techniques
to obtain highly enriched uranium with extremely short
ever, while the use of

such facilities may be easy,

design require great sophistication.

time delays.

How

their development and

It should be possible,

to limit the spread of

the facilities,

ities is sold widely.

And it is the facility in this case,

therefore,

even if the product of such facil
not the low-

enirched product which needs to be controlled.

2)

The dangers in any given fuel cycle, and the possibility of ade

quate safeguards against violation, depend not simply on technical con
siderations but on international conventions, new or established, as to
what facilities and what stocks of material, and what kinds of operation
are legitimate and where these may be legitimately located.

3)

One cannot evaluate the proliferation resistance of fuel cycles

one at a time starting with the fresh fuel.

Whether even a once-through

fuel cycle permits quick access to highly concentrated fissile material
after a breakout from an agreement, or whether it permits a successful
clandestine diversion,

depends on what conventions are established about

the legitimate location of various facilities that may be involved in pro
ducing the fresh fuel.
The active element of fresh fuel for a once-through
power reactor may be produced in another power reactor which involves
13
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recycling.
So, a thorium breeder power reactor may yield the uranium-233
for a burner which uses on a once-through basis fuel slightly enriched in
that isotope.
The analysis we have presented of enrichment technologies
illustrates a potential synergy which is dangerous between enrichment
facilities and slightly enriched material which seem separately to be
quite innocuous.

The interdependence then of various fuel cycle activi

ties, is an essential for determining the kinds of activities that may be

located in nonweapon states, without making highly concentrated fissile
material quickly accessible.

4)
There is a potential conflict between assuring supply by allowing
large stocks of slightly enriched fuel and the problem of reducing the op

portunities for quick access to highly concentrated material.
To resolve
this conflict requires a strict control of the transfer of enrichment technologies which could quickly transform nonweapon to weapon grade material.
5)
An analysis of enrichment technologies, stocks of enriched material and their relationship of interdependence with various fuel cycles
makes clear that some enrichment technologies should not be transferred to
nonweapon states if bomb material is not to become quickly accessible.
This is true for gas centrifugal technology and facilities now, and is
likely to be true for laser separation facilities if and when they become
commercially useful.

On the other hand,

some enrichment

technologies may,

from the standpoint of proliferation at any rate, be safely transferrable—
gaseous diffusion may be an example.
In this case, however, supplier
guidelines should limit such transfers to facilities designed to produce
If such facilities are
uranium enriched to 2-4 percent in uranium-235.
transferred,

even this constraint on the level of enrichment which it is

designed to produce,

will not suffice.
Constraints are likely to be
necessary on stocks of low-enriched fuel, and especially on the degree of
enrichment of such fuel.

The above suggests a further needed evolution in

supplier guidelines.
6)

At

the present time,

the economics of

enrichment as distinct from

considerations of security of supply, does not offer much incentive for
many additional countries to acquire enrichment facilities.
As was sug
gested by work at PAN Heuristics several years ago, the demand for enrich
ment had been greatly overestimated and plans underway suggested there

would be "an embarrassment of enrichment facilities."

This is now widely

recognized.
A limitation in transfers of enrichment facilities would im
pose no economic sacrifice on the part of prospective purchasers of enrichment facilities.
Indeed, some of these facilities, like the German jet
nozzle facility in Brazil, with its extremely high consumption of elec
tricity,

will be an economic drain on the purchaser.

7)
Some countries, of course, may consider the purchase of enrichment
facilities out of concern for the security of their supply of slightly en
riched uranium.
Many of the countries at the Persepolis Conference in
14
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April of 1977 on the transfer nuclear technology, believe that the supply
of slightly enriched uranium for burner reactors is more uncertain than the
supply of oil.
There should be effective, less costly ways of assuring a

fuel supply for burner reactors than the spread of additional facilities.
And less dangerous ways.
This is the avowed purpose of the United States
fuel assurance program.
Excess world capacity for enrichment should make
such a program easier to put into effect.

THE HIGHLY CONCENTRATED PRODUCT AS DISTINCT FROM THE
SEPARATION FACILITIES THEMSELVES

The United States has embargoed the transfer of uranium enrichment as

well as plutonium separation facilities.
Curiously though, we have been
much less careful about restricting transfers of the product of these plants.
We have transferred both plutonium and highly enriched uranium in simple com
pounds which could be quickly converted into weapon ready material; and we
have transferred large amounts to nonweapon states.
Nobody has suggested
that uranium highly enriched in uranium-235 could not be made into a for
midable nuclear explosive (as had been erroneously suggested for plutonium).
How could we have been so careless with highly enriched uranium?
Several factors might have been at work.

The first has to do with

our ambivalent precedent set by our treatment of plutonium.
We were care
less about plutonium because it was denatured and hence safe.
We were
careless about highly enriched uranium because it was no more dangerous
than plutonium which, in the back of our minds, we knew was really not safe.
Second,

the transfers of highly enriched uranium were connected with

experiments in research reactors directed toward developing future power
reactors.

What is required for the purpose of research,

iously difficult to fix precisely in advance.
of research.

Therefore,

the fact that

however,

That is part of

is notor

the nature

the transfers of highly enriched

uranium serve the purpose of research made their legitimacy still less
questionable in any precise way.

Third, we were careless about the product

(enriched uranium) as dis

tinct from the technology of enrichment because a transfer of a plant is a
large enterprise,

involving billions of dollars in the case of an enrich

ment plant and would have to be approved by Congress.
Whereas the transfer
of a few kilograms of highly enriched uranium could be handled almost en
tirely by the bureaucracy.

Fourth,

the decisions on how much to permit of a continuously varying

quantity are more liable

to erosion than decisions based on qualitative

distinctions.
Thus it was easy for the low and middle level officials in
the state department and the AEC to decide to increase the degree of en
richment from less than 20 percent to more than 20 percent in some cases,
15
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and to increase the number of kilograms from less than a bomb's worth to
a bomb's worth or more.
Fifth,

the policy was developed on a case-by-case basis.

The first

countries to receive highly enriched uranium were those with whom we have

the longest history of nuclear cooperation.
preciate the military significance of

And we tend,

perhaps,

to de

transfers to governments we think are

unlikely to undertake a military program.

Whatever explains the evolution of our policy on the transfer of high
ly enriched uranium in the past,

it is clear that such transfers can bring

a government to the very verge of possessing bomb material and thus make
it easy to go the rest of the way.

WHAT MIGHT MAKE A COUNTRY "DETERMINED" TO GET NUCLEAR WEAPONS?
A policy to prevent or slow the spread of nuclear weapons must con
sider factors influencing a country to change its mind when it is undecided
or has even definitely decided against acquiring nuclear weapons.
Such
factors are complex.
But they surely include also the additional costs and

risks that would be incurred by the decision and the period of time during
which the country in question would be exposed to the risk of counterac
tion.
This period of exposure and the political military risks in general,
plainly depend on the interval of time during which a movement toward get
ting nuclear explosive material is clearly distinguishable from what is
accepted as legitimate civilian nuclear activity.

Since inspection systems are directed at detecting illegitimate ac
tions, inspection alone cannot substitute for a redefinition of conventions
or legitimacy.
Present conventions allow activities to come too close to
a bomb to give a warning system time to work.
Control of stocks of highly
enriched uranium or plutonium makes it easier for a country to change its
mind, when political circumstances change, and to decide then to get nuc
lear weapons.
It is also easier for a government to make such decisions
one step at a time rather

than all at once.

When a country is moving

toward

a nuclear capability under the cover of a legitimate activity, it may re
ceive not only cooperation, but subsidies from states with nuclear weapons.
But if it should be seen unambiguously to be undertaking an illegitimate
action directly at a military nuclear program, it is unlikely to receive
such help and may be exposed to great peril.
Ambiguities can function in many different ways in various governments
to make the decision for a weapon ultimately more likely.

In some govern

ments, political leaders are likely to find such a decision easier if they
can inch toward such a capability rather than try to reach it in one leap.
In other governments, the bureaucracy can move the country toward a capa
bility for military weapons,

as long as their moves are ambiguous, with
16
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little interference or even consciousness on the part of a rapid succes

sion of political leaders.

An examination of the history of decisions on nuclear energy in a
good many countries confirms that preservation of ambiguity as to the
civilian or military applications for a program matters a great deal.
It
makes it possible to drift into a military program without taking a posi
tive decision until very late, and to keep the decision covert once it has
been made, and therefore less dangerous.
In particular, the legitimate
acquisition of large quantities of highly concentrated fissile material has
facilitated the decision to make bombs in the past.
Three of the last four countries to make and test nuclear explosives—
that is, the three in which the evidence is public—The United Kingdom,
France and India—decided to produce and separate plutonium well before
they overtly decided on a nuclear explosives program.
The decision to get
plutonium carried these governments along most of the path toward a bomb,
but left it ambiguous as to just where the path would end.
The ambiguity
may, at the early stages, have reflected some uncertainties and indecision
in the governments themselves, or it may, in the later stages in particu
lar, have been ambiguous only so far as the public is concerned.
Starting from scratch it is clearly easier
ally to decide on piling up highly concentrated
to decide, and especially to decide overtly, on
the material.
But in any case once one has the
already much closer to a bomb.
If programs are

politically and psychologic
fissile material than it is
what ultimately to do with
material in stock, one is
also undertaken to develop

nonnuclear components and to make the appropriate design studies,
be very close indeed.

one can

THE UNCERTAIN FUTURE AND THE PENALTIES OF EARLY COMMITMENT
Projections of

the quick spread of nuclear electric power and of

the

supply and demand for particular nuclear fuels have been as subject to
error as past predictions of the imminent spread of nuclear weapons.

An
extended analysis of past forecasts in the nuclear fuel field has several
functions.
It has, besides the purpose of bringing out the persistent

assumptions that underlie systematic errors in these predictions, a useful
chastening effect in reminding us of how uncertain all such long-range
technical and economic forecasts are.
Predictions about the need for and
the coming of a plutonium breeder have been among the least successful.
One reason we need not commit ourselves to plutonium separation is
that it is too early to lock ourselves into the plutonium breeder.
Firm
commitment now to the sort of fast reactor which would involve the separa
tion of plutonium is not justified.
Even if we were to assume that such
a plutonium breeder eventually would be the best economic alternative, the
date at which it would provide a significant fraction of our energy needs
17
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is quite remote.
Even from a narrow economic standpoint which ignored the
large political and social costs entailed by a breeder that made plutonium
widely accessible a commitment now is premature.

A study of related forecasts of uranium supply and of the breeder,
suggests that at first we felt we needed the breeder because of the extreme
scarcity of uranium.
Now it seems we need a severe uranium shortage to
justify commitment to the breeder.
No one, no matter how official, can
presume much authority in presenting such forecasts in the future.
over,

contrary to a rather widespread current belief,

More

there are very sub

stantial penalties associated with betting large sums on either the high

or low side of such large intervals of uncertainty.
These penalties may
involve both political and military costs as well as large dollar invest
ments by both private firms and governments.
We cannot play safe simply
by assuming,

for example,

that we must make huge fixed commitments now to

avoid shortages later.

As for political forecasts of the spread of military nuclear
ogy,

they have been,

if anything,

technol

rather worse than the economic forecasts.

The military nuclear genie has been declared to be out of the bottle since
1945.
Errors in political forecasting also have their penalties.
In
short, our experience with both civilian and military nuclear energy since
World War II suggests the importance of strategies of sequential decisionmaking if we are to deal sensibly with the basic opportunities and prob
lems posed by nuclear energy.
As part of such a sensible strategy we
should defer ambitious plans to sell separated plutonium to nonweapon

states at least until we can devise safer international conventions on the
limits of civilian nuclear energy.

18
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Chapter 1

THE NEED TO CHANGE THE RULES

Some forms of nuclear electric power—and in particular, some that
have no commercial significance as yet but that have been long contemplated
as destined to become commonplace—would make highly concentrated fissile
material quickly accessible for use in explosives.
They are plainly dan
gerous.
Their widespread application would increase the likelihood of an
extensive and rapid spread of nuclear weapons to many countries that do not
at present have them.
However, delaying for several years the decision for
unrestricted commerce in these dangerous technologies, services, materials
and facilities would impose no significant economic sacrifice or loss of
scarce resources.
It is likely to save rather than lose money and it would
give time to the international community to develop safer arrangements.
These were among the main conclusions of an earlier study done for ACDA.*

Considerations of this sort led to the change in U.S. policy announced
by President Ford on October 28th, 1976 and affirmed and expanded by Presi
dent Carter on April 7th in the following year.
President Ford said that
the United States would no longer regard the separation of plutonium and
its recycle in light water reactors (LWRs) as essential.
President Carter
added that the United States would not only defer indefinitely the repro
cessing and recycling of plutonium in U.S. nuclear power programs, but that
it would give priority to the development of breeder designs that did not

use plutonium fuel, would in general accelerate research into alternative
fuel cycles that do not provide direct access to materials useable in nuc
lear explosives, would undertake to assure importing countries of an ade
quate supply of slightly enriched uranium fuel so that they will not need
plutonium fuel, and would work together with other governments to develop
an improved set of international conventions which would enable all govern

ments to meet their energy needs,
explosives.

while reducing the spread of nuclear

Chancellor Helmut Schmidt made a very wise and balanced statement
which recognized that it was going to take a substantial time and effort
to develop a new system of international conventions to deal with the dan
gers.

He said,

*Albert Wohlstetter, et al., Moving Toward Life in a Nuclear Armed Crowd?
draft final report, Los Angeles:
Pan Heuristics, December 1975; "The
Military Potential of Civilian Nuclear Energy:

Moving Toward Life in a

Nuclear Armed Crowd?", Minerva, Vol. 15, No. 3-4 (Autumn-Winter), 1977;
Swords from Plowshares:
The Military Potential of Civilian Nuclear Energy.
Chicago:
University of Chicago Press, copyright 1977.
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"President Carter was right to set before world opinion the ex
tremely complicated problems of the peaceful use of nuclear
energy.
The development of this form of energy is such and the
technical innovations are so numerous that the provisions of
the nonproliferation treaty are no longer sufficient to guaran
tee nuclear plants against military use.

The United States is

trying to ward off this danger by establishing a world system
of contractual ties, and the FRG Government will certainly co

operate in this effort."

(Le Monde, 3 June 1977)

And he added that "the system which must be developed will be extremely
complicated, given the number and diversity of the state(s) involved."
The problem of preventing or at least slowing and limiting the fur
ther spread of nuclear weapons is clearly a complicated one.
An adequate

program must deal with highly enriched uranium as well as plutonium and
with research reactors and critical experiments as well as power reactors,
and it should aim to improve the bilateral and international inspection
systems.

Moreover, such a program must concern itself not only with re
strictions on these sensitive materials, facilities and services, but also
with providing safer substitutes for them at minimal economic sacrifice and
on a nondiscriminating basis.
Finally, it must deal with the structure of

alliances and guarantees that may keep incentives low for countries to ac
quire nuclear weapons in their own defense.
Nonetheless, restrictions on
commerce in sensitive materials, facilities and services are a necessary
though not sufficient conditions for any serious program to slow and limit
the spread of nuclear weapons.

1
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Chapter 2

CHALLENGE TO THE FORD/CARTER CHANGES

Considerations of the sort that led to a change in U.S. policy apply
not only to the United States, but to the other industrial countries and
to the less developed world.
There, too, the critical issues lie between
those who insist that an immediate commitment to this dangerous commerce
is essential and urgent, and those who hold that there is time to think
freshly about the alternatives and to design a new set of international
conventions on the use and export of nuclear energy to replace or supple

ment the arrangements worked out in the Non-Proliferation Treaty (NPT).
Outside the United States, however, the governments of supplier states as
well as importing countries cannot be said to have agreed to a delay in
increasing their commitment to the use of fuel cycles which make highly
concentrated fissile material readily accessible.
For example, the main issue in contention at the recent British In
quiry into the proposed billion dollar expansion of their reprocessing

plant at Windscale appears to have been between two groups.
There are
those on the one hand who claim that there is no feasible alternative
other than to proceed now with an investment in a greatly expanded fa
cility for separating plutonium from spent uranium oxide fuel, and to
help finance this investment by contracting to supply services to separ
ate plutonium for governments that have no nuclear weapons.

hand,

On the other

there are those who say that delaying this drastic step is both

feasible,

prudent and,

in fact,

demanded by the complexity of the deci

sions in which the British Government will have to participate in the
next few years.
The Report on the Windscale Inquiry* recommended proceed
ing Immediately to implement plans for the Windscale expansion and to
complete firm contracts to export plutonium to nonweapon states.
new commitments by a major supplier government and a major U.S.

Such
ally form

a very basic challenge to the Ford/Carter policy.
The challenge,
example,

however,

is not confined to the United Kingdom.

For

at the Iran Conference on the Transfer of Nuclear Technology which

was held in Fersepolis a week after President Carter's announcement of
April 7th,

the Presidents of

Nuclear Society,

♦Honorable Mr.

the American Nuclear Society,

the European

and the Japan Atomic Research Institute presented a

Justice Parker, Report of

the Windscale Inquiry,

26 Janu

ary 1978.
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strong counter statement.* Though a representative of the American Nuc
lear Society drafted the statement, and it was formally presented by
representatives of the nuclear industry in the industrialized countries
of OECD, the support for the statement was even more widespread than this
would suggest.
It came from the government officials of the OECD coun
tries, as well as officials from industry and government in the less in
dustrial countries.
The latter were even more emphatic at Persepolis in

their protest, which indeed figured in the trade press as a third world
"revolt in Persepolis."**
The challenge from the supplier countries is serious, since the con
ditions under which they are willing to transfer nuclear technology will
determine the viability of any attempt to limit the spread of nuclear wea
pons.
The challenge from the third world is also serious, since it is in
the third world that the spread of nuclear weapons seems most imminent.
In any case, the Persepolis draft stated, among other things, that regard
less of what President Carter believed was true for the United States,
(1)

"most countries look upon nuclear power as the only route to energy

independence." Moreover, (2) "for those countries which do not have large
uranium resources, this independence will come only with the breeder re
actor."
(3) Since any breeder necessarily entails reprocessing these
other countries cannot afford to defer commitment to, much less give up,
the breeder and reprocessing.
In fact, (4) nuclear power without the
breeder involves a dependence on uranium that is less secure than oil.
But (5) the breeder is "an imminent reality." Therefore, these countries
"want to make firm plans for a nuclear future now.
(Italics added to
"firm." The emphasis on "now" is in the original text.)
(6) Indeed,
some of the protestors held,

and cited the Director General of the IAEA

as authority, that the Carter April 7th statement unilaterally abrogated
international agreements, specifically Article IV of the NPT, which

* See Appendix A.

The Persepolis statement in reaction to President Car

ter's April 7th announcement of American policy was much the same as
the industry reaction to President Ford's announcement of October 28,
1976.
See, for example, Nucleonics Week for the report of the press

conference organized by officials of the Atomic Industrial Forum (AIF)
and the American Nuclear Society (ANS) at their meeting in Washington,

D.C., November 19,

1976.

See also Chauncey Starr, E. Zebroski and Wolf

Haefele, Draft for Comment, December 1976, and the Zebroski contribution
to the California Seminar on Arms Control and Foreign Policy panel on

the Ford policy change, December 1976.
**Energy Daily,

18 April 1977, Vol.

5, No.

71, pp.

7-9.
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promises the fullest possible exchange of peaceful nuclear equipment,

materials and services.

Finally,

(7)

the draft stated that many felt

that the restriction of reprocessing would not effectively deter nuclear
weapons proliferation, and would blunt the effort toward more effective
means of controlling it.*

*We have summarized the Fersepolis statement in a somewhat different or
der from the original and with a different numbering of the points.
Moreover, we omit several points,

which are of

interest:

in particular

point 8 of the Persepolis draft, reproduced in Appendix A, which states

that "reprocessing of spent fuel is the only feasible route to safe ul
timate disposal of radioactive wastes."
Such a view runs counter to the
overwhelming professional consensus in the United States, Canada, and
Sweden.
Here, advocates of commitment to plutonium now, as well as
those proposing a delay in commitment, agree that spent fuel can be dis
posed of directly without reprocessing in stable geologic formations.
Some of Fan Heuristics* own work on this subject has been reported on

directly to ACDA, some of it was used in Admiral Davies' letter to the
participants at Persepolis in April 1977.
(See Appendix B.)
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Chapter 3

""I
)

SECURITY OF ENERGY SUPPLY AND SECURITY AGAINST NUCLEAR THREATS

It is important to observe that signers of the Persepolis statement

are,

in general, against proliferation.

That is to say,

they affirm the

objectives of Article I and II of the NPT, which are the critical pro-

^

visions against nuclear transfers that would assist countries to get nuc-

j

lear explosives.
Almost everyone who advocates an immediate commitment
to commerce in plutonium fuel, either for burner or for breeder reactors,

"*s

pays his respects to the goal of nonproliferation and the improvement of
"safeguards."
This is true in the United States for representatives of
the Atomic Industrial Forum, the American Nuclear Society, the Electric
Power Research Institute, all four major reactor manufacturers, as well

as those firms which have invested in the separation of plutonium.

The

impressive list of members of the Atomic Industrial Forum's Committee on
Nuclear Export Policy has stated that we should promote peaceful electric
power only to the extent consistent with the goal of eliminating proliferation.*
Similar statements, making a bow in the direction of improved
"safeguards," and in no way assisting governments without nuclear weapons
to acquire them, abound in the texts of speeches by officials of govern
ments and industry in the less as well as the more industrial countries,
and in states that do not have as well as those that do have nuclear wea
pons.
Moreover, it would be a great mistake to consider such statements
as purely formal,
the spread.

expressing no underlying interest in slowing or limiting

Nonnuclear weapon states,

taken one by one,

j

'
H
)
m

j
J

have a strong

and frequently expressed interest in seeing to it that some potential ad-

versaries do not acquire nuclear weapons, and a vital interest in prevent-

^

j

ing the deterioration of world order that would accompany a wide spread.
However,

the argument of those who advocate firm commitment now to

the plutonium breeder runs that the export of such services and commodi

ties as plutonium separation of plutonium dioxide would not significantly

assist governments that do not have nuclear weapons to get them, and that

H

them in any case and will not be prevented by a prohibition on its sep
arating plutonium nor, it is Implied, on its importing separated plutonium

m

a country which is determined to arm itself with nuclear weapons will get

from other countries.

Many who make this argument list several alternative

J

j

paths to nuclear weapons material, which they claim are even shorter,
easier and cheaper than the path starting with separated power reactor

*Atomic Industrial Forum,
p.

"U.S. Nuclear Export Policy," 21 July 1976,

3.

1
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plutonium.*

They suggest also that a government depending on nuclear

power and denied the "fruits of reprocessing" by other countries (i.e.,
separated plutonium) might feel compelled to build separation plants of
their own,

even if guarantees are given to them of a continuing supply

of slightly enriched uranium.

On the other hand,

ther assurance against the misuse of

they suggest that fur

separated plutonium can be achieved

by international storage and close control of the separated plutonium.
First,

there are,

of course,

other paths to nuclear weapons than

those that start with separated power reactor plutonium in the form,
of plutonium dioxide.

say,

On the conventions as to what has been legitimate

civilian activity up to now,

some of these paths might even start with

the large quantities of plutonium and highly enriched uranium in metal
form sometimes used in critical experiments.
the remainder of

From such a starting point,

the way to a nuclear explosive material ready for in

corporation in a bomb would be even shorter.

Other paths,

the construction of a simple production reactor,

are not,

starting with
as claimed,

easier and more direct than the path starting with separated power reactor
plutonium.

However,

the intention of President Carter's proposal is plainly to

develop international agreements blocking essentially all such plausible
routes and not just one.
(His statement of April 7 refers explicitly to
the "risks in technologies entailing direct access to ... highly-

enriched uranium and other weapons usable material" and not just plu
tonium.)**

To argue,

as do those who want immediate commitment to unre

stricted commerce in separated plutonium from power reactors,

that such

restrictions would be irrelevant because there are other ways to get a

bomb is like opposing inoculation for smallpox because one might also die
of bubonic plague.
well.

Better to suggest protection against the plague as

The argument that any determined country can get nuclear weapons

in any event and in even less time and at less cost than through the use

of separated power reactor plutonium scarcely fits with the advocates'
argument that there is some point in Improving inspection systems.

It

sometimes seems that extreme advocates of immediate commitment to plu
tonium are busily supplying arguments for the opposite extreme, which
holds that all forms of nuclear energy are too dangerous and should all
be banned.

* C. Starr and E. Zebroski, "Nuclear Power and Weapons Proliferation,"
American Power Conference,

Electric Power Research Institute, April

1977.

**Department of State Bulletin,
not appear

2 May 1977, p.

in the typed version released

429.

This statement did

to the press before the Presi

dent's press conference, but it is printed in the version cited here.

(See Appendix C.)

Source: http://www.albertwohlstetter.com
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Second, bilateral and international inspection systems do indeed
need improvement, but if such improved inspection is to be more than a
facade for a possible steady advance toward nuclear explosive materials
by states that do not presently have them, the facilities, processes and
stocks inspected must be far enough away from yielding bomb material to
make timely warning feasible.
Some of the processes that have been con
templated in the use of plutonium as fuel, as well as in the conduct of
critical experiments, would be too close even if inspection were infal
lible and instantaneous.
(See, for example, the analyses by some col
leagues,
ing,

of

qualified by training and long experience in chemical reprocess
the production of plutonium metal either from plutonium nitrate

or plutonium oxide and of the separation of plutonium nitrate from fresh
mixed oxide fuel.*)
Unless such sensitive technologies are restricted,
"effective safeguards" in the sense defined by the IAEA for the NPT are
literally infeasible.
Third, the economic prospects for the use of plutonium rather than
fresh uranium fuel in light water reactors have worsened drastically.

The estimated costs for separating plutonium have multiplied over tenfold
in little more than a decade.

They have,

in fact,

even correcting for

inflation in the general price level, jumped by a factor of twelve in
three and a half years.
(Between the U.S. AEC estimate of $30 per kilo
gram of spent fuel in 1974 and the estimate of $280 in mid-1976 by its
successor agency,

ERDA,

they increased by a factor of seven in real

terms.)**
In the negotiations between COGEMA and JAPCO, the price of separating
a kilogram has been reported to range up to $700 and as high as $400 in
constant 1977 dollars.***
On lower estimates by PAN Heuristics, the fu
ture costs of plutonium fuel still exceed those of fresh uranium.****

*

Albert Wohlstetter, The Spread of Nuclear Bombs;

**

ises, Policies, Monograph 1:
Addenda A and B, in Can We Make Nuclear
Power Compatible With Limiting the Spread of Nuclear Weapons?
Los
Angeles:
PAN Heuristics, 1977.
Albert Wohlstetter, et al., Moving Toward Life in a Nuclear Armed
Crowd?, Minerva, op.

cit.,

pp.

Predictions, Prem

394-395.

*** In December 1977, the price set by COGEMA in its contract with German
utilities was reported to be $500 per kilogram in constant 1977 dol
lars.
The $500 price charged by COGEMA, moreover, applies to repro
cessing in the new large facility with a capacity of 1,600 MTUs per
year,

planned for completion at Cap de la Hague in the late 1980s.

(Nuclear Fuel, 26 December 1977, Vol. 2, No. 26, p. 5.)
****See Chapter IV, "The Military Potential of Civilian Nuclear Energy;
Moving Toward Life in a Nuclear Armed Crowd?", op. cit.
Also see
Chapter IV and Appendix A of Swords from Plowshares, op. cit.
8
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Plutonium advocates disagree, and,
mates are quite uncertain.

of course, both our and their esti

However,

the area of agreement is less in

doubt and more important, namely, that even on the most optimistic esti
mates recycling of plutonium in light water reactors can make only a
slight difference in the costs of a delivered kilowatt hour.
Fuel cycle
costs are only one-tenth of delivered costs of electricity, and recycling
can displace only a fraction of the fuel cycle costs; the total saving
would be at most only one or two percent, even if plutonium separation
were costless.
(The economics of plutonium fuel in burner reactors is
of importance even if all countries do not contemplate such use.
They
will certainly affect long-term commercial prospects for the business of
selling a service of separating uranium oxide for the world market.)
However,

if we remind ourselves that the main issue is whether to

defer decision or commit ourselves now to plutonium fuel,
agreement is smaller still.

On the analysis of

the area of dis

the Final Generic En

vironmental Statement on Mixed Oxide (GESMO) in mid-1976, advocates of a
commitment to reprocessing on the staff of the U.S. Nuclear Regulatory
Commission estimated that an eight-year delay would cost $74 million in
discounted 1975 dollars over a 25-year period; and a thirteen-year delay,
$300 million.
These sums are very small compared to the discounted sums
that would be invested in the nuclear fuel cycle and in reactors during

that period.

The GESMO's own reckoning implies that the cost of an eight-

year delay would be measured in hundredths of one percent of the cost of
a delivered kilowatt hour of electricity.

Even a thirteen-year delay

would add less than a tenth of one percent to delivered kilowatt hour
costs.
In the light of the long and disastrous history of failures in
predicting nuclear costs, demand and supply, it would take a heroic faith
to assign any reality, much less any importance to such small differences.
On the other hand,

since investment expenditures are made early and

benefits received much later,

premature commitment can mean a very large

financial penalty in the event of failures.
That penalty may be passed
along to foreign or domestic utilities or borne by the manufacturer, but,
ultimately,

it will be borne by taxpayers or users of electricity.

Such

economic arguments apply even more forcefully to the Third World countries
that contemplate reprocessing,

since they would experience much higher

costs through the diseconomies of small scale.

The political and mili

tary penalties imposed by early commitment to separating plutonium are

even larger and some may be substantially irreversible.
Fourth,

the conservation benefits must be related

The supply of uranium worth finding and extracting is,

tion of expected price.

to the economics.
of course,

a func

Whether we extract plutonium from spent uranium

fuel or mine fresh uranium ore depends on future relative costs

that are

very uncertain.
Our estimates show that plutonium fuel would cost more
than it is worth.
But, the fact that the mining and milling costs of
uranium oxide are only half the fuel cycle costs and, thus, about five

percent of the delivered kilowatt hour costs,

suggests that the price of

Source: http://www.albertwohlstetter.com
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uranium yellow cake, or U3O8, could rise by a large factor without pro
hibitive effects on the costs of electricity.
More uranium can be sup
plied at these higher prices.
Plutonium in light water reactors can dis
place, at most, a modest fraction of uranium fuel that will vary among
other things with the assumed rate of growth of nuclear electric power.
The more rapid the rate of growth and the consequent demand for nuclear
fuel,
Thus,

the smaller the fraction of fresh uranium fuel it can displace.
in various projections, it has been estimated to save between 10

and 25 percent.

However,

the main issue today is a narrower one, as the Persepolis
How much would uranium conservation be affected by a

statement suggests.

delay of five or ten years in a commitment to plutonium?
very little.

The answer is

If the spent uranium fuel is placed in retrievable storage,

as it would be,

nearly all the fissile plutonium would be there ready for

use if desired, since some 85 percent of it is plutonium-239 with a half
life of about 24,000 years.
The fifteen percent is constituted by
plutonium-241 which has a thirteen-year half life.
As a result, after
five years 96 percent, and after ten years 94 percent of the total fissile
plutonium would remain.
That would mean that if previously the plutonium
were going to displace twenty percent of the uranium,

it would then be
able to displace only about nineteen percent.
On the other hand, the
spent uranium would have cooled meanwhile, making it somewhat less ex
pensive to reprocess.

Fifth, stocks of plutonium or other highly concentrated fissile ma
terial might be used for initial loadings of fast breeders.
However, this
is not a very convincing reason for commitment now.

Whether the fast plu

tonium breeder will ever be an economic way to produce fissile material
is highly uncertain, depending not only on many technical developments,

but on the future capital costs of various breeder and burner reactors;
the reprocessing costs of such intensely irradiated fuel; the future price
of fresh uranium; the growth in demand for electricity; the reserve elec
tric generating capacity, and many other variables.

Even if it should

become economic, still more uncertain is the date at which it would become
so, and the realistic rate and extent at which it might grow in commer
cial significance without risk of losing enormous investments.
An ex
amination of breeder schedules in several countries suggests that the
requirement for initial breeder loadings does not compel a commitment to
thermal oxide reprocessing now.

Breeder Predictions

The fast breeder, we were told at Persepolis,
ever,

the fast breeder has been slow in coming.

since 1945.

is "imminent."

How

It has been imminent

We shall return to this subject, but at this point it is

worth presenting some of

the history of expectations as to its early
10
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introduction.

Figures 1 and 2 and Table 1 present data for the Federal

Republic of Germany,4 for the United Kingdom and for the United States.

In the German program in 1960 the fast breeder was hoped for "after 1970."
By May 1964 it was expected at the end of the 1970s.
By 1972 it was not
expected until some time between 1990 and the year 2000.
And on the whole
the date receded more rapidly, though not steadily, as the designers of
the German program approached

the originally predicted date.

Whereas in

1965 it appeared to be as close as 12 and no more than 14 years off, by
1972 it was somewhere between 18 and 28 years away.

We can expect a re

vision of the 1976 predictions.
The American and British record of predictions which is partially
presented in Figures 3 and 4 illustrates exaggerated expectations both as
to the rate of introduction as well as the date of introduction.
The
Final Environmental Statement on the LMFBR of 1975, for example, assumed
a buildup from zero in 1993 to 76 GWe in seven years and a doubling time
of four years thereafter.
This would put at risk hundreds of billions of
dollars before there was any substantial period of commercial cooperation.
As for the date of commercial introduction, its instability is suggested
not only by the part of history displayed in Figure 3 but also by the
fact that the date slipped from 1986 to 1993 in the year between the
Proposed Final Environmental Statement and the Final Environmental State
ment.

More recently, Dr.

Schlesinger suggested that the earliest date

of introduction for the commercial breeder would be 2004.**
All expectations as to the early and rapid introduction of the breed

er warrant a good deal of skepticism.
This is of some consequence for the
stated reasons for opposing any restraints on nuclear transfers.
The
signers of the protest at Persepolis advanced the view that the expansion
of nuclear power in itself would not reduce their dependence on fuel im
ports, that in fact until the coming of the breeder nuclear power and
uranium fuel would be less secure than oil.
If so, the security of sup
ply provided by nuclear power would be a long way off.
And that point is
underlined by an examination of the dynamics of displacement of uranium
by plutonium in various slow or rapid breeder programs starting at plaus
ible dates of commercial introduction.***

*

We want to thank Dr.

Otto Keck of the University of Ulm for his guid

ance in directing us to German data.

** Testimony of James R. Schlesinger, Assistant to the President, before
the Subcommittee on Fossil and Nuclear Energy, Research Development
and Demonstration of the Committee on Science and Technology, U.S.
House of Representatives, 7 June 1977.
***This observation is based on the initial work of Dr. Brian Chow, which
will be extended and completed in the course of proposed future re
search for ACDA.
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Figure 2.

Predicted Introduction Dates of the German Fast Breeder Reactor
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Table 1

Data and Sources for Figures 1 and 2
Number of Years from Date

Predicted

Date Prediction
Was Made

Date of Commercial

When Prediction Was Made to

Introduction

Predicted Commercial Intro.

Sep 1960

After 1970

10+

Jun 1963

Not Before 1975

11.5+

May 1964

End 1970s

13.5 to 15.5

Nov 1964

1980

15

Oct 1965
Jun 1966

End 1970s

12 to 14
11.5 to 13.5

1970
1972

1978-80
1979-80
1980
1980-85
1990s

1976

1990s

14 to 24

1966
1968

13 to 14
12

10 to 15

18 to 28

Prediction

Sep 1960

Source

German Atom Commission, Working Group II-III/l "Nuclear
Reactors" Appendix III to the minutes of the 25th session
on 30 September 1960 and Appendix II to the minutes of the
26th session on 7 December 1960.

Jun 1963

W. Hafele, "Neuartige Wege naturwissenschaftlich-technischer
Entwicklung," Die Projektwissenschaften (Forschung und Bildung, Schriftehreihe des Bundesndinisters fur wissenschaftliche Forschung No. 4), Munich:
Gersbach and Sohn 1963,
17-38; here p.

May 1964

26.

W. Hafele et al., "The Karlsruhe fast breeder project,"
Third United Nations Conference on the Peaceful Uses of

Atomic Energy, Paper P/539, p. 73.

Nov 1964

German Atom Commission, Working Group II-III/I "Nuclear

Reactors," Appendix I to the minutes of the 46th session
on 17 November 1964.

Oct 1965

Kamforschungszentrum Karlsruhe,

1

Projekt Schneller Bruter,

Ausfiihrliche Erleuterungen zu den Antr'agen zur Bereitstellung de Mittel fur die Erstellung der Unterlagen zum Bauder

Protetypen des Schnellen Bruters, October 1965, p.

20 (un

published) .

"1
14
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Prediction

Jun 1966

Source

W. Hafele, "Das Projekt Schnelier Bruter Karlsruhe," Atomwirtschaft 11 (1966) s93-301, here p. 299; see also W.
Hafele and P. Engelmann, "Das Projekt Schnelier Bruter,"
in Besellschaft fur Kernforschung (ed.), 10 Jahre Kernforschungszentrue Karlsruhe,
forschung 1966,

1966

17-27,

Karlsruhe:

here p.

Gesellschaft fur Kern

26.

W. Hafele, "Schnelle Brutreaktoren, ihr Prinzip, ihre Entwicklung und ihre Polle in einer Energiewirtschaft," in
Arbeitscemeinschaft fur Forschung des Landes NordrheinWestfalen, Natur, Ingenieurund Gesellschaftswlssenschaften

No.

163, Koln/Opladen:

here pp.

Westduetscher Verlag 1966, 49-74,

68 sq.

1968

W. Hafele, "Federal German fast breeder programme," Pro
ceedings of the Conference on Fast Reactor Physics, Report
EURFNR-403, 1968, Volume 1, pp. 3-14, here p. 4.

1970

W.

Hafele,

in Deutscher Bundestag,

Wissenschaft,

Ausschub fur Bildung und

Anherung von Sachverstandigen zu dem Thema

"Wachstumsorientierte Technologien und Staatliche Forschungspolitik" betr. den Bereich Fernergie, Offentliche Informationssitzung am 17.
December 1970, minutes pp. 27/18 and

27/19.
1972

U. Daumert and W. J. Schmidt-Kilster, "Das Projekt SNRStaatliche Forderung und Internationale Zusammenarbeit,"
Atomwirtschaft 17 (1972) 363-366, here p. 364.

1976

Bundesministerium fur Forschung und Technologie, Entwicklung fortge schrittener Reaktorlinien (Deutscher Bundestag,
Ausschub fur Forschung und Technologie,

Ausschubdruckgache

94), 18 January 1976 (unpublished).
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Sources for Figure 3
United States

Source

Prediction

1966

Public Investment Planning in Civilian Nuclear Power, by

1968

Fast Reactors and the University, edited by Martin Becker,
The Proceedings of an ASEE-AEC Short Topical Conference,

John M. Vernon,

1971.

1968.

1969

Cost Benefit Analysis of the U.S.

Breeder Reactor Program,

by the U.S. AEC, April 1969.
Prediction A assumes LMFBR Introduction in 1984 and Pre
diction B assumes IMFBR Introduction in 1990.

1974

1975

Wash.

1535, Draft Environmental Statement LMFBR Program,

Vol. Ill, U.S. AEC, March 1974.
ERDA-1535,

Final Environmental Statement, LMFBR Program,

Vol. 1, U.S. ERDA, December 1975.
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Figure 4.

PREDICTIONS OF COMMERCIAL BREEDER
CAPACITY FOR GREAT BRITAIN
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Sources for Figure 4
Great Britain

Prediction

1966

Source

Fast Breeder Reactors, Proceedings of the London Conference
organized by the British Nuclear Energy Society, May 1966,
Searle, U.K. AEA, and C. E. Iliffe, U.K. AEA.

by P. J.

1967

International Reports; Third Foratom Congress, London,
April 24-26, 1967; Industrial Aspects of a Fast Breeder
Reactor Program; by Dr.

Berridge-Chief Engineer CEGB,

"European Fast Reactor Programmes:
1974

Economics."

Fast Reactor Power Stations; Proceedings of the Interna
tional Conference Organized by the British Nuclear Energy
Society held on 11-14 March 1974;

The British Nuclear

Energy Society.

1974 and 1976

United Kingdom Atomic Energy Authority Evidence submitted

1974/75 to the Royal Commission on Environmental Pollution.

Note these same predictions were given in the Royal Com
mission on Environmental Pollution,

1977

September 1976.

Nuclear Engineering International, January 1977.
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The issues of security of supply and of energy independence, which
are by no means the same, are central and it is worth getting some per
spective on what the role of nuclear power and the role of uranium and
plutonium fuels might be for either.
We have looked in some concrete de-

tail at the aggregate situation of the industrial countries in OECD and

of selected major countries in it:

France, the United Kingdom, the Fed-

eral Republic of Germany and the United States.*

And we have examined

the role of nuclear power and plutonium in seven less industrial countries:

Brazil, India, Iran, Pakistan, the Philippines, South Korea and Turkey.**

<™

|
'

™|

J

In brief, we believe that nuclear power has definite limitations in
any attempt to reduce dependence on fossil fuel imports.
Neither nuclear
power nor anything else in the foreseeable future is likely to permit
energy independence for countries that depend heavily on imports now.
This applies to the less industrial countries that depend greatly on fos
sil fuel imports perhaps even more than to the industrial countries that
are equally dependent.
An ambitious program of nuclear electricity is
likely to make those less industrial countries in OPEC that are large exporters of fossil fuel dependent for the first time on foreign technology,
materials and services.

Finally, continuity in the use and expansion of nuclear electricity
can be more easily and safely assured to nonweapon states with slightly
enriched uranium fuel than with plutonium fuel.
It is part of President
Carter's program to work out assurances that slightly enriched uranium
fuel will be available on a nondiscriminatory basis to meet the fuel de
mands of countries that observe the new conventions against proliferation.
Some of the reasons making this feasible are that the demand for nuclear
electric power and, therefore, the derived demand for nuclear fuel have
The
been greatly exaggerated and have now been scaled down drastically.
outlook for supply at a reasonable price is good for the rest of the cen
tury.
Moreover, since fresh slightly enriched uranium fuel cannot be
made into an explosive without isotopic separation, it should be possible
to arrange for substantial working stocks under effective national con
trol.
The program is also made feasible by the fact that fuel costs are
relatively small in proportion to investment costs and since the fuel is
not bulky, storage costs are not excessive.
Supplies of mixed plutonium
and uranium oxide fuel on the other hand, its advocates recognize, would
require much more stringent international control to preserve some modicum
of security against the spread of threats of nuclear attack.
We return
to this subject in Chapter 5.

* Our account here is drawn from the data in an extended study done at
PAN Heuristics by Dr. Vince Taylor on the economics of nuclear power

*aj

and energy in the OECD countries.

**Our analysis of the role of nuclear power in the less industrial coun-

tries is based on an extended study done at PAN Heuristics by Zalmay

Khalilzad.

H

See PAN Paper 78-832-11.
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Chapter 4
ENERGY INDEPENDENCE,

SECURITY OF SUPPLY,

In his press conference of April 7th,

AND PLUTONIUM

the President showed an aware

ness and some sympathy with the apparent plight of other countries "which
see atomic power as their only real opportunity to deal with the dwindling

supplies of oil and the ultimate exhaustion of both oil and natural gas."
The President said, "Our country is in a little better position."*
First, we should ask about the relationship of atomic power to oil

and gas consumption and the prospect of "energy independence."

Even ambi

tious nuclear programs recently put forth for the noncommunist world do
not pretend to achieve energy independence in the next 25 or 50 years.
fact,

In

they do not show a reduction in the amount of fossil fuel consumed.
The ambitious nuclear programs embodied in recent joint projections

by the IAEA and the Nuclear Energy Agency of
trate this.

the OECD, at any rate,

illus

These two principal international agencies have a strong and

long-term interest in advancing the claims of nuclear energy.

Yet,

the

energy programs they outline show large absolute increases in primary fos

sil energy consumed through the year 2025.
Moreover,

(See Figure 5 and Table 2.)

the accelerated growth projections show larger absolute increases

than the projections of the present trend,

in spite of the fact that

the

accelerated growth of nuclear energy would bring it from three quads

(i.e., 3 x 10l5 BTU) per year in 1975 in primary energy equivalents to

418 quads in the year 2025.
An analysis of French energy plans,

for example,

done by the Workshop

on Alternative Energy Strategies (WAES) at MIT which made explicit calcu
lations about the oil component of the fossil fuel total illustrates the
same point; a massive nuclear program (rising to 100 GWe by the year
2000, more than four times the total French electricity generation in
1975),

and a large increase in the amount of oil and natural gas consumed

(70 percent more than in 1975, in spite of an assumed slowdown in the his
torical rate of growth in total energy consumed).
Moreover, the French
nuclear program described involves a very optimistic rate of
of the breeder,

introduction

and nonetheless would involve dependence on very large

uranium imports.

This is not to say that nuclear energy cannot make a difference.
does,

however,

It

suggest that the difference hoped for in the formal projec

tions by the nuclear agencies themselves

(which have not been prone to

understate the importance of nuclear energy)

is very much more limited than

the claims advanced at Persepolis and elsewhere.

*State Department Bulletin version,

op.

cit.,

p.

429.
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2000
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Figure 5

2025

Growth

Accelerated

Electricity

Nuclear
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Table 2

Future Fossil Energy Requirements and Nuclear Capacity Implied by

IAEA/NEA Projections of Total Energy Requirements and Nuclear

Power Production:

Non-Communist World Energy Production1

(10

BTUs per year)

1975
Present
Trend
Total Primary Energy
174
Primary Energy Equivalents of:
Nuclear Electricity

3

Hydro Electricity

14

Primary Fossil Energy

157

Oil

(89)

2000
Accelerated
Growth

Present
Trend

2025
Accelerated
Growth

372

559

551

1088

62

124

137

418

413 -

380 ,

637

222

222

288 »

(163_r

(234 r

Nuclear Power

332

332

(215)J

(361)5

4

(Thousands of megawatts)
1975

2000
Present

Installed Capacity

71

2025

Accelerated

Trend

Growth

10005

1990

Present

Trend

2100

Accelerated

Growth

6300

Notes to Table 2:

1.

"Present Trend" and "Accelerated Growth" data for the years 2000 and
2025 are from Uranium Resources, Production, and Demand, OECD, Paris,
December 1977, Table 7, p. 27.
Primary Energy refers to the energy
content of fossil fuels at the point of extraction and conventionally
to the primary, fossil-fuel equivalent that would be required to gen

erate electricity derived from non-fossil sources (hydro, nuclear,
and, prospectively, solar).
Primary nuclear energy was derived from
the data in Table 7, assuming that nuclear plants will operate at 70
percent of capacity,

the assumption used in Uranium Resources to de

rive nuclear fuel cycle requirements (see Note 1 of Table 10 in
Uranium Resources).
Data for 1975 were derived from Statistical Yearbook—1976,
United Nations, New York, Table 12 and Table 144, and from World
Energy Outlook, OECD, Paris, 1977.
To make the 1975 data comparable
to the projections in Uranium Resources, the primary energy derived

from hydro and nuclear power was converted to the thermal-equivalent
of fossil energy that would have been used to generate this quantity
23

Source: http://www.albertwohlstetter.com

AC7NC106
Notes to Table 2

"1

(Continued)

of electricity (20 x 10

"""I
BTUs,

assuming a heat rate of 10,230 BTUs

per kwh and 5 percent self-consumption by the fossil energy sector,

or 10,770 BTUs of primary energy per kwh)* and this quantity was then
added to the estimated world total of fossil-fuel production in 1975

>j

i

(233 x 1015 BTUs). This total figure for the entire world, 253 x 1015
BTUs, was reduced by 79 x 1015 BTUs, the estimated consumption of pri-

"*]

the noncommunist world.

^

mary energy in the Centrally Planned Economies reported in the Statistical Yearbook to obtain the estimated total of energy consumption for
Only commercial fuels

(oil, gas,

coal,

hydro

and nuclear electricity) are included in the estimates of total pri-

J

j

mary energy and its sub-categories.

2.

Hydroelectricity is and will remain a minor contributor to overall en-

"1

guesses, included to permit fossil fuel totals to be derived from the
estimates of total and nuclear energy provided in Uranium Resources.

«*

ergy production.

The figures listed for 2000 and 2025 are crude

Large percentage changes in the estimates of hydro energy would not
change the fossil energy estimates significantly.
3.

Implied oil consumption if oil were to provide the same percentage of

calculations to facilitate understanding of the implications of the
projected energy scenarios.

Nuclear capacity was derived from the estimated primary energy equiva
lent of nuclear electricity, assuming 10,770 BTUs of primary energy
per kwh and a 70 percent capacity factor for nuclear plants.

On these

assumptions, each 1000 megawatt plant is equivalent to .066 x 10^-5 BTU
of primary fossil energy per year.*

5.

For the "recent-trend" projection in 2000, the procedure given in Note
4 yielded 950 thousand megawatts, rather than the 1000 thousand mega
watts given in Table 8 of Uranium Resources.
For consistency with that
report, the number given in Table 8 is listed here.

*Special Note;

This value was derived from data from United States sources

and was applied without change to the OECD data.

Unfortunately,

the OECD

data for non-U.S. countries are reported on a different basis (gross gen
eration,

rather than net generation, which nets out electricity consumed

by the electric generating plant).

Gross generation is typically 5 to 7

percent greater than net generation for fossil fuel and nuclear generating
plants.

Additionally,

OECD energy data are reported on a net caloric basis

rather than on the gross caloric basis used in the U.S.

i

'

total primary fossil energy requirements as in 1975.
These are under
lined to indicate they are not intended as forecasts but as exploratory

4.

1

For oil and coal,

net calories are 5 percent less than gross and for natural gas,

8.3 percent
less.
Thus, applying the heat rates derived from net generation per input
of fuel measured on a gross caloric basis to the OECD data overstates
primary energy equivalent of electricity by about 10 percent.
Only the 1975 values for Nuclear and Hydro Electricity are affected by
this error.

These were relatively small parts of the total and thus, in
view of the approximate nature of all energy data, not worth recalculating.

24

Source: http://www.albertwohlstetter.com

AC7NC106

The projected increases in the use of nuclear electricity and fossil

fuel in such analyses as that of the IAEA/NEA seem quite unrealistic.

It

is apparent that in the manner of most such projections in the past, there
has been essentially no consideration of likely price changes and their ef
fects on the amount and kinds of energy consumed.*

Nonetheless, we believe

more realistic projections would show a continued high dependence on fos
sil fuel in spite of any likely increases in the use of nuclear energy.
Second, an examination of the end uses in which nuclear energy might

plausibly be used to replace fossil fuel suggests that in the near term,
at any rate,

it is likely to have substantial application only in the gen

eration of electricity,

and then only for base load.

oil and gas are concerned,

Therefore,

so far as

it is likely to be able to replace at most only

that part of the oil and gas consumed in generating base load electricity.

But,

the total electricity generated, nuclear and nonnuclear, makes up

quite a small fraction of the total net energy consumed even in advanced
countries.
In the United States, for example, in 1973, it made up less
than one-tenth of the total.
the present time,

Nuclear electricity on the other hand,

is only a small fraction of

the total electricity

at
(in

the United States now, only a little more than one-tenth of electricity
and, therefore, on the order of only one percent of net energy consumed).
This suggests the limit of any likely near-term displacement of oil and
gas by nuclear power.
We might take as a crude approximation to such potential substitution
in the year term a calculation assuming that nuclear power would replace

all the oil- and gas-fired plants operating in OECD in 1975.
(See Table 3.)
Now, nearly half the oil- and gas-fired plants in OECD are located in the
United States, where coal—an abundant source—competes with nuclear power
in the generation of electricity.
The next largest user of nuclear power,
Japan, can use coal from Australia and Indonesia.
Since coal, rather than
nuclear, clearly will replace some of the oil- and gas-fired plants, the
assumption that nuclear power will replace all of
upper limit.

them sets a plausible

It would take 290 GWe of nuclear power to replace all the oil- and
gas-fired plants actually operating in 1975.
That much nuclear power
would require only 1.6 million tons of U3O8 throughout their 30-year life
time, assuming no improvements in the use of uranium in burner reactors
in the meantime.

*In the language of economists such projections implicitly assume zero
elasticities of substitution between energy and nonenergy inputs to the
economy,

and

zero cross-elasticities among

energy inputs.
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5.30

Germany

OECD-Total

United Kingdom
98.86

4.66

10.72

6.70

Germany

Japan

4.94

49.19

United States

Prance

26.89

United Kingdom

OECD-Total

—

0.34
0.92

Japan

—

—

—

—

—

—

—

1.40

Germany

—

0.64

—

France

18.80

United States

46.77

3.55

3.74
71.97

9.65

10.36

OECD-Total

United Kingdom

Japan

4.11

4.30
4.90

12.09

(2)

1

—

—

—

—

—

—

—

—

—

--

—

65.0

94.9

93.0

92.5

95.6

39.8

(3)

Total

(1015BTU)

As X of

NetC
Amount

Imports

30.39

(1)

(1015BTU)

Consumption

France

United States

Country

Total b

)

Oil*

13.52

0.61

2.94

0.65

0.53

6.26

C.

4.59

0.08

0.17

0.46

0.10

2.99

8.93

0.53

2.77

0.19

0.43

3.27

(4)

19.1

14.8

28.7

3.8

10.5

27.0

17.1

8.6

50.0

32.5

16.5

15.9

—

—

—

—

—

__

Natural Gas

12.4

14.1

26.6

3.5

10.0

10.7

(6)

(4)/(l)

(5)

100*

(4)/(I)

As X of
Imports

100-

Total

As % of

13.7

13.1

27.4

9.7

10.7

12.7

--

—

—

—

—

—

011 and Natural Gas

B.

(1015BTU)

Amount

Used for Electrical
Power

A.

—

__

__

__

__

--

—

37.84

3.02

6.88

4.71

3.68

8.82

(7)

(1015BTU)

Amount

Net

—

__

_—

__

—

__

52.6

80.8

66.3

88.9

85.6

29.0

(8)

sumption

As X of Total
1975 Oil Con

Electrical Power Had Been
Nuclear

Hypothetical Imports If

Electricity: Selected OBCD Countries, 1975

The Potential Effect of Substituting Nuclear Power for Oil and Gas In the Generation

Table 3

Extra
Generating

Nuclear

221

10

48

11

9

102

75

1

3

8

2

49

146

9

45

3

7

54

(9)

(109 Watts)

(4)/(O.O613)e

Capacity Reqd.

of

2
O
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Notes to Table 3

a.

Sources:
Consumption and import data:
Oil Statistics—1976, OECD,
Paris, 1977.
Consumption of petroleum products for electrical gen

eration:
Factor:

Energy Statistics—1974/76, OECD, Paris, 1978.

Conversion

1 metric tonne crude oil or petroleum product = 40,000 BTUs

(net caloric content).
b.

Total supply of petroleum products as reported in Oil Statistics,
includes losses and own-use of refineries and bunkers.

c.

Net Oil Imports as reported in Oil Statistics,

plus bunkers.

d.

The amount for electrical power is the consumption of petroleum pro

ducts in electrical generation as reported in Energy Statistics mul
tiplied by 1.05 to account for losses and own-use of refineries and
for bunkers.

e.

Assuming a 65 percent capacity factor for nuclear plants and 10,770
BTUs of fossil-energy used per electrical kwh generated by oil.

On

this basis, each 10^ watts (1000 megawatts) of nuclear capacity would

replace .0613 x 10^5 BTUs of fossil consumption in electric genera
tion.

f.

Source:

Energy Statistics—1976

Conversion Factor:

(see Note a).

1 Teal (10±;iJ cal) of natural gas = 3.67 x 10

(net caloric content).
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But,

"1

1.6 million tons Is a small fraction of the total uranium likely

to be recovered at a price that would not make nuclear power noncompetitive.

The IAEA/NEA estimate of 5.6 million tons excludes 2-1/2 million

tons included in the official estimates of U.S.

partment of Energy, Mines and Resources.

m.

[

ERDA and the Canadian De-

The United States and Canadian

estimates are based on considerable geological evidence,

but less than

'

that required by IAEA/NEA.
Since 85 percent of the world's land area,
including some in the United States and Canada, has not been extensively
explored, the ultimate amounts found to be economically recoverable may

**)

be a considerable multiple of this eight million tons.
Moreover, there
are very substantial increases possible in the efficiency in the use of
uranium in once-through burner reactors, which would reduce the requirements well below the 1.6 million tons required by the 290 GWe we have as

,**,
|

sumed as necessary for the maximum savings in gas and oil.

1

(The improved

efficiency also permits the use of more expensive uranium without prohi-

i

bitive increases in cost.)

■

These calculations suggest that the limits of uranium resources are
a long way from supplying any reason for immediate commitment to plutonium

<*)
,

fuel for burner or breeder reactors.

Uncertainties in the Long Run

So long as nuclear energy is used mainly or nearly exclusively for

the generation of base load electricity, and base load electricity forms

a small fraction of primary energy consumed,

it is clear that there will

be sharp limits to the extent to which nuclear energy can replace fossil
fuel.
An examination of the pattern of end use of primary energy consumption in the United States in 1973 suggests that the functions in which
fossil fuels are directly consumed are not easily replaced by electricity.
About three quarters of the fossil fuels used directly were for transportation by automobiles, trucks, buses, aircraft ships, etc., or by industry
for feedstocks or asphalt and road oil or for process steam and direct
process heat.
Many of these clearly cannot be replaced by electricity or

by nuclear energy in some form that does not require conversion to elec-

trie power.
The feedstocks and asphalt for paving are the most obvious
examples.
Other uses would require major associated technological changes,
such as the large scale use of electrolytically produced hydrogen, relocations in industry, or the perfection and widespread use of the elec
trical car.
Some application of nuclear energy directly to industrial
process heat rather than by way of electricity is conceivable.
That was

one of the announced purposes of the high temperature gas-cooled reactor
(HTGR).

Unlike the water-cooled burner reactors now in use,

the HTGR

might provide the extremely high temperatures required for some industrial
processes.

Efficient heat pumps might enable electricity to penetrate

another substantial part of the market,
offices, and industry.

namely,

^

I

^
j

j

""|

[

r^

|

I

'

™|
!

space heating in homes,
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However, it all depends on the future evolution of relative prices.
At the present time, the production and delivery of electricity, which is

ideal and even essential for some uses such as lighting and the driving
of electric motors for refrigerators, etc., wastes a great deal of energy—
perhaps 70 percent—in the generating process or in the process of trans
mission and distribution.

The economics of

the HTGR have looked very

poor, and the costs of nuclear electricity have,

themselves, been rising

rapidly.

In the long run, a large number of possibilities open up, including
on the supply side not only alternative nonfossil energy sources such as
photovoltaics, but also the finding at reasonable prices of large reserves
of fossil fuels such as geo-pressurized gas.
Perhaps more significant, the models used to predict energy crises
and drastic deterioration in standards of living, unless new supplies of
fossil fuels are found or new alternative energy sources are rapidly de
veloped and put into operation, are, in general, based on a very dubious
understanding of the connection between energy and GNP.
Many of these
models have had grave theoretical and empirical defects.
They have as
sumed a simple linear or log linear relation between per capita demand

for energy and per capita GNP.*

This sort of direct link has also been

used by the IAEA in its market studies in determining energy "require

ments" in the less industrial countries.

These models essentially ignore

prices altogether, or they introduce prices in partial equilibrium models
which ignore two-way interactions and take demand as a function of in
come,

energy price and the price of substitutes.
All such models have
a strong bias toward predicting that energy use will continue to grow at
historical rates and that the only recourse is to find alternative sources
of supply.

But, this is extremely misleading since among the major factors op
erating in the real world of sharply rising energy prices are the incen
tives to use existing resources and technologies and to develop new tech
nologies which use energy more efficiently, without sacrificing the
quality of the ends which energy serves:
for example, finding ways which
use less energy to reach the desired temperature of a room rather than
simply to lower the thermostat.
For the long run, general equilibrium
models are needed to take into account the twy-way interdependence of
energy and GNP,

and explore the elasticity of substitution of other re

sources for energy.
A good many of these more sophisticated models have
appeared in the last few years.
Our own study suggests, as they do, that
the long run elasticity of substitution is very substantial.**
* See, for example, the Proposed Final Environmental Statement on the
LMFBR, Vol. II, December 1974, p. 5.2-3.

**See Dr. Zivia Wurtele's PAN Paper, "The Energy-GNP Connection," 78832-05.
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The wide range of possibilities on the demand as well as the supply

*!

side, the uncertainties, and the large penalties of premature commitment
suggest the importance of decisions in sequence as the uncertainties are

'■

resolved.*

H
I

These conclusions about the strategy for industrial countries apply
even more obviously to the third world.
Energy programs and forecasts
have been particularly dubious there.
Shortage of capital, the small size

of their electric grids and the demand for energy in small units, the scarcity of high professionals and technicians,

in general,

form a poor match

\

)

for the high capital costs, great diseconomies of small scale and the need
for sophisticated maintenance in nuclear power. Moreover, the mismatch is

""")
i

even greater in the case of plutonium-fueled burner or breeder reactors.
For them to provide the advertised independence or reduced dependence on
uranium supply would involve a great many large reactors.

m,
[

If the less industrial countries, which signed the Persepolis statement need, as they say, the plutonium breeder in order to avoid a dependence on uranium even more precarious than a dependence on oil, they will
need to undertake the reprocessing of spent breeder fuels as well as fuel
fabrication.
But this would mean, if they are to avoid the apparent dis
economies of small scale, a very large number of breeders indeed.
The

/
J

Proposed Final Environmental Statement on LMFBR based its costs on the

assumption that the reprocessing and fuel fabrication plants would handle
150p MTU per year—which would serve eighty 1000 MWe LMFBRs.**

cent estimates apparently talk of serving a dozen such LMFBRs.

More re-

However,

even twelve breeders would be a very high lower limit for countries in

the third world, such as India, Brazil and Iran which seem to accept this

model of

their nuclear future.

In any event,

the seven less industrial countries we have studied

even more clearly the case if the nuclear alternatives are plutonium
fueled burners or breeders.***

the challenge to antiproliferation policy is mistaken inso-

far as it is based on the belief that governments all over the world have

to make firm commitments now to a plutonium breeder as the only route to

energy independence, or even as a way of increasing the security of their
energy supply.

It would not provide security of supply and it would

* See Albert Wohlstetter,

The Spread of Nuclear Weapons:

pp.

'

"*]
"**

I

»
'

"*!

!

Predictions,

Premises, Policies; see also Albert Wohlstter and Gregory Jones, Nuclear
Alternatives and Proliferation Risks, prepared for the Department of
Energy, Los Angeles:
PAN Heuristics, 27 July 1978.
**Volume I,

;

!

have more economic alternatives to nuclear power in general, and this is

In sum,

^

1.3-2 and 1.3-3.

***See Zalmay Khalilzad, PAN Paper 78-832-11, The Economics of Nuclear Power

""*)

«,

j

in the LDCs, March 1978.
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greatly diminish worldwide security against nuclear threats.
Unrestricted
transfers of highly concentrated fissile material or technologies for pro
ducing it quickly will greatly increase the noise level, and so obscure
signals of the military danger.

31
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Chapter 5
SIGNALS,

NOISE AND ARTICLE IV

Military Signals and Civilian Noise
The problem presented by the spread to many countries of civilian
stocks of highly enriched uranium or plutonium, or facilities that could
quidkly produce these materials, is that such stocks would carry these
countries so far along the path that leads also to nuclear explosives
that from the moment that their military purpose became unambiguous, the
additional time to get nuclear explosives would be too short for any
feasible inspection system to provide timely warning.
And timely warn
ing, it has long been recognized, is the most that a feasible interna
tional inspection system can provide.
The IAEA has no police force.

Moreover, one of the major factors affecting a government's decision to
make a nuclear explosive will be not only the extra time from the point
at which its military purpose becomes clear, but also the additional

political risks and indeed the increment in resource costs above the
costs expended for at least a plausibly pure civilian commercial activity.
The timely warning concept is not an innovation recently thought up

by President Ford near the end of his term in office.
It is an essential
part of what is meant by "effective safeguards."
It was universally rec
ognized as such in the 1940s when civilian nuclear power first came to be
talked about seriously.
It was intermittently forgotten in the 1950s but
restored to a central place in the 1960s, and in particular when the IAEA
began to elaborate its NPT safeguard system in detail.
Safeguards do
not mandate any penalties but only timely warning.
That is what affords
at least the possibility of counteraction.
Without even timely warning,
we would have little besides reminiscence.

What is new so far as the public (and even many public officials)

is

concerned is the official acknowledgement* in explicit quantitative terms

that power reactor plutonium is not safe but can be used to make nuclear
explosives reliably yielding 1 to 20 KT in even a very simple implosion
device.

The implication immediately follows that the timely warning re

quirement precludes the accumulation of stocks of separated plutonium or

simple compounds of it in nonweapon states.
This should also remind us
that the same preclusion applies even more obviously to highly enriched
uranium.

*"Reactor Plutonium and Nuclear Explosives," briefing paper by Robert W.
Selden reported by Robert Gillette as presented to representatives of

nuclear industry and foreign governments, November 1976, Meeting of the
American Nuclear Society and Atomic Industrial Forum in Washington,

D.C.

See Gillette, "Military Potential Seen in Civilian Nuclear Plants," The
Los Angeles Times,

26 June 1977.
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Since the central aim of "effective safeguards" as explicitly de
fined in the IAEA information circulars on NPT safeguards* is timely warn
ing, signals of a military program must be detected and identified early
enough; but they must also be unambiguous enough,

that is,

stand out

clearly enough from the noisy background of civilian activity, to permit
response either by international agencies, by regional allies, or by re
gional adversaries who have been relying on promises that the country
observed will not acquire nuclear weapons.
Programs and facilities
overtly "dedicated" (to use the current jargon) to the purpose of getting
bomb material present of course the least ambiguous signals.
Some nuc
lear activities, facilities and equipment that are regarded as having
legitimately "civilian" applications may nonetheless advance a country
significantly toward a military weapons capability.
That is to say, they
diminish the additional costs entailed by a decision to get the bomb.
They reduce the remaining time it would take to get nuclear explosives,

and they reduce also the additional political risks of exposure and
counteraction.

For usable warning time must be measured at best from
the moment that identification or differentiation from the noise is

reliably made.
For some sorts of response, the signals have to be not
merely unambiguous enough, but they must also be public, i.e., usable
without excessive risk of destroying sources.

Confusions of "Peaceful Use" with "Exclusively Peaceful Use"
The rhetoric of Atoms for Peace has tended, for countries aspiring to
or undecided about whether to get nuclear weapons, to enhance the politi
cal utility of the ambiguity inherent in nominally civilian activities
which in fact have a dual military and civilian character.

With the one

explicit exception of Plowshare (nuclear explosives for civil engineer
ing) , Article IV** of the NPT is frequently interpreted as conferring
legitimacy on all civilian activities, simply because they have some
civilian function.
in their import.

This is so,

even if they are not exclusively civilian

As a result, Article IV is often interpreted as oblig

ing all advanced countries to transfer any civilian technology except
Plowshare,

no matter now far such transfer might carry the recipient

country toward a military nuclear capability.
Even some Agreements on
Nuclear Cooperation between countries have been rather careless in fail

ing to include or to stress the adverb "exclusively."

And the trouble

goes back to the beginning of the nuclear era, when we formed the habit

* INF. CIRC/153, p.

28 and IAEA-174-Safeguards Technical Manual, 1976.

**See PAN Paper 78-382-07, "Article IV and the 'Straightforward Bargain1"
by Arthur Steiner, 11 May 1978, one of the supporting papers printed in
Vol.

II, Why and How The International Rules for Nuclear Technology

Need Changing.
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of talking as if a civilian use automatically substituted for military
utility,

rather than sometimes complementing or enhancing it.

However,

"*!
)

the legislative history of the IAEA Statute shows that

«■)

"peaceful" was intended to mean "exclusively peaceful," as well it might
in the common sense interpretation.
In the United States, for example,
the legislative history makes clear that U.S. Senators have always been

concerned that a civilian use should not also assist a country to get
nuclear bombs.
One illustration is the exchange between Senator Sparkman and Secretary Dulles in the 1957 Hearings on the IAEA.
The Senator
asked, "Just what certainty is there that a particular peacetime project

might not have a future military use as well as a peaceful one?"

Secre-

]

"""j

I

tary Dulles deferred to Chairman Strauss but gave his
"untutored impression that since the material furnished will not

itself be of weapon quality, and since the making, converting of
it into weapon quality or the extraction of weapons quality ma

terial out of it as a byproduct would be an elaborate and diffi-

cult and expensive operation,

that could not occur without the

:

:

rm'

knowledge of the agency and that the violation would be detected."

According to the Secretary's Impression, in short, the material furnished,
or derived from what was furnished, would be "denatured."

Senator Sparkman's concern addressed the plain common sense meaning
of "Atoms for Peace" and of various Agreements on Nuclear Cooperation.
He assumed, but wanted to be assured, that the material would have only

a peaceful use.

In the same way, in reading the Nonproliferation Treaty,

we ought to keep in mind that

the peaceful uses it wants to encourage are

j

**]
!

intended to be exclusively peaceful, not also military.

Now Article IV of the NPT refers to the undertaking by all parties to
the Treaty "to facilitate" and the right of all parties "to participate

j

in the fullest possible exchange of equipment, materials and scientific

and technological information for the peaceful uses of nuclear energy."

|

Indeed,

!

it refers to such rights to the peaceful pursuit of nuclear en-

ergy, in the language of 18th century natural law, as "inalienable."
The contention was made by many of the delegates to the Iran Conference

""I

that this "inalienable right" includes the stocking of plutonium or other
highly concentrated fissile material and was therefore violated by Presi-

im

on Transfer of Nuclear Technology at Persepolis in the spring of 1977

dent Carter's proposal to delay commitment to unrestricted commerce in
plutonium.
This particular third world rebellion might have been a little
more convincing if the President of the American Nuclear Society had not

I

played a leading role in the writing of their declaration, and if some

"*]

or ratify the NPT.

"*]

of the countries complaining most bitterly about a supposed violation of
a most sacred part of the NPT had not themselves neglected ever to sign
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However, Article IV explicitly states that the inalienable right of

all parties to the Treaty to the peaceful use of nuclear energy has to be
in conformity with Articles I and II,* and it is these Articles that are
what make the Treaty a treaty against proliferation.
In Article I the
nuclear weapons states promise not to transfer or "in any way to assist,

[or] encourage . .

explosives.

. any nonnuclear weapons state to manufacture" nuclear

If the "fullest possible exchange" were taken to include the

provision of stocks of highly concentrated fissile material within days
or hours of being ready for incorporation into an explosive, this would

certainly "assist" an aspiring nonnuclear weapons state in making such
an explosive.
No reasonable interpretation of the Nonproliferation Treaty
would say that the Treaty intends, in exchange for an explicitly revoc
able promise by countries without nuclear explosives not to make or ac
quire them,

to transfer to them material that is within days or hours of

being ready for incorporation in a bomb.

Some help and certainly the

avoidance of arbitrary interference in peaceful uses of nuclear energy
are involved.
However, the main return for promising not to manufacture

or receive nuclear weapons is clearly a corresponding promise by some

potential adversaries, backed by a system to provide early warning if the
promises should be broken.
The NPT is, after all, a treaty against pro
liferation, not for nuclear development.
At the Windscale Inquiry in 1977, British Nuclear Fuels Limited

(BNFL) and the UK Department of Energy took the position that England was

obligated under Article IV to perform plutonium separation services for
non-weapon states.**

And Mr. Justice Parker,

in his Report on the In

quiry, agreed with BNFL.
He said in fact that the NPT is "on its face
a straightforward bargain"***:
an exchange of every assistance by the
nuclear weapons states in the development of nuclear energy for a promise
by the nonnuclear weapon states not to make or get nuclear weapons.
This
assumes,

among other things,

that the nonweapon states have no interest

of their own in seeing that other nonnuclear weapon states do not acquire
nuclear weapons, that South Korea does not care if North Korea has the
bomb, that Syria is unconcerned about a nuclear Iraq, that Iraq is not
concerned about Iran, that Pakistan is not worried about India, and that
Belgium is not concerned about the Federal Republic of Germany.
This, of

*

See Appendix D for full text.

** The BNFL view of Article IV reflects this interpretation widely pre
ferred by the nuclear industry and nuclear agencies of other countries
as well.
See, for example, statement on "U.S. Nuclear Export Policy"
by the Atomic Industrial Forum's Committee on Nuclear Export Policy,
21 July 1976.
It also appears to be the view of the Director General
of the IAEA.

***The Windscale Inquiry:
Report by the Hon. Mr. Justice Parker, presented
to the Secretary of State for the Environment on 26 January 1978, Vol.
I, Report and Annexes 3-5, HMSO, p.

18.
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"1

course, is an absurdity, since it is not hard to find recent statements to

H

the contrary in almost all of these countries.
Moreover, it flies in the
face of the actual history of the genesis of the NPT which started as a
rather straightforward bargain, proposed by the Irish Republic, among non-

!
^

weapon states to increase their safety by mutual agreement to abstain from
getting nuclear weapons.*
Article IV was one of the embellishments added
in the course of negotiation.
There are, of course, powerful commercial incentives for suppliers
who are engaged in selling nuclear services and various nuclear materials

and facilities to interpret Article IV as imposing as little constraint
as possible.
In the short term at least, the "fullest possible exchange
of equipment, materials and services" is the greatest encouragement to

"*!
I

nuclear sales.

m,

The purchasers might have mixed motives.

Some, as Presi-

dent Carter himself usggested on April 7th, clearly have used or intend

using civilian facilities to develop a nuclear explosive capability.
Some, undoubtedly, believe that civilian nuclear transfers will be of
enormous economic benefit or, perhaps, that they can stave off economic
disaster.
They may be interested in the fullest possible exchange, es
pecially if Article IV can be interpreted as requiring nuclear suppliers
to subsidize these transfers.
During the negotiation of the treaty, in
fact, Italy proposed inserting language to that effect, but the motion
was defeated.

The Report of the Windscale Inquiry insisted that the nuclear weapon
states have the obligation,

even if it might involve some expense or

loss.** By great good fortune it happens that Britain's fulfillment of
its obligation, as interpreted by Mr.

Justice Parker,

is alleviated some

what by the fact that the billion dollar contract it has arranged with

the Japanese involves a cost plus commitment by the Japanese.

The loss

sustained then can only be negative.

Time, Warning Time and Article IV
The interpretation of Article IV is by no means a trivial matter.

If in fact, technological transfers can bring a "nonnuclear weapon state"
within weeks, days or even hours of the ability to use a nuclear explo

sive, in the operational sense that "nonnuclear weapon state" will have
nuclear weapons.

The point is even more fundamental than the fact that
effective safeguards mean timely warning.
A necessary condition for

* See PAN Paper 78-832-07 by Arthur Steiner,

**The Windscale Inquiry,

p.

op.

cit.

18.
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1

having timely warning is that there be a substantial elapsed time.

But if

there is no substantial elapsed time before a government may use nuclear

weapons,

in effect it has them.

Consider,

for example,

the situation of a government engaged in a

very short war with an adversary that has no nuclear weapons.

If its ad

versary appears to be winning and the government has plutonium in explos
ive concentrations, and the capability of assembling an implosion system
developed by years of experiments with nonnuclear explosives in the rapid
compression of heavy metal, then from the standpoint of the adversary who
had been winning, it would be facing a government which to all practical
effect had nuclear weapons.
Or, consider the case of a government which is not at war, but is
capable of quickly assembling a nuclear device to use or threaten to use
against another government without such a capability.
Once again, there
is no practical difference between the coercion it could use or the threat
it could execute from what a nuclear power might manage.
Or,

one might even consider a case where both of two adversaries

were that close to potential assembly and use.

The instability might be
at least that which we associate with some possible confrontations be
tween two vulnerable nuclear powers.

The point may be driven home if we recall that in 1947,

for example,

the United States stored its plutonium weapons in disassembled form.

Moreover,

since the design was quite primitive and used much more incon

venient components than are commercially available today,
putting the weapon together took many hours.

In fact,

the process of

it took a longer

time than would be needed today by a well prepared government laboratory

to make highly concentrated fissile material ready for insertion in a
nonnuclear assembly for compressing it rapidly.*
The United States did
have nuclear weapons in 1947.
And if the rules are relaxed enough, so
can nonnuclear weapon states today.**
There have been a number of recent statements*** suggesting as im

plausible "an overnight scenario" by which is meant apparently a contin
gency in which a nonweapon state assembled a weapon in less than a day

*

Albert Wohlstetter,
History of

Spreading the Bomb Without Quite Breaking the Rules,

the Strategic Airforce,

typescript,

tion in Air Force history archives.
** On this point see Albert Wohlstetter et al.,
op.

Vol.

1,

unclassified por

Swords from Plowshares,

cit.

***See, for example, Carl Walske, "Nuclear Power and Proliferation,"
speech delivered in Geneva,

27 September 1977,

on Nuclear Power and the Public:

International Conference

A European-American Dialogue.
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or so.
There is, of course, nothing magical or even anything of critical
importance in the interval of 24 hours.
For purposes of policy against
the spread of nuclear weapons, it would be bad enough if a prospective

nuclear power were able to get ready in a few days or a few weeks.
In
suggesting that it would be a great failure in proliferation policy, if
the rules made it legitimate for a nonweapon state to come within a day
or so of readiness to use nuclear weapons, we surely do not imply that
having months or years of warning would not be valuable.
Nonetheless,
it is worth noting on the plausibility of the overnight scenario that the
United States assembled the very first nuclear bomb for the Trinity test
in 26 hours and this included time out to get some sleep.*
At the Windscale Inquiry, representatives of BNFL suggested, as an
alternative to dependence on slightly enriched uranium, that those govern-

ments (which BNFL said were moved by a concern for "energy independence"

and a desire to obtain the conservation benefits of plutonium) be allowed

to purchase plutonium separation services, but that the plutonium be sent
out in the form of plutonium fuel rods, perhaps preirradiated or made

radioactive in some other way; and in any case, that such fuel be placed

under strict international storage and control and released
ing to international criteria.
The report of the Windscale
paragraph 17.6 seems to accept this suggestion as a partial
of the fact, which it there recognizes, that plutonium fuel

only accord
Inquiry in
alleviation
would bring

1
1

^

i

nonweapon states closer to nuclear weapons.

But this proposal has several difficulties, including some that in
volve an intolerable legal tangle in the interpretation of Article IV and

some that would involve difficulties intolerable to the purchaser.

To illustrate the latter point, this proposal would make these coun
tries more rather than less dependent on outside sources for an uninter-

rupted fuel supply, and their reactor operations would be much more liable to shutdowns that with the slightly enriched uranium fuel which it

would be feasible and safe to supply.** Presumably, BNFL's proposal
would mean keeping strategic quantities of plutonium out of the hands of
governments that do
practicable at all,
trol to less than a
countries almost no
their own control.

not have nuclear weapons.
If such arrangements were
keeping the amount of plutonium under national con
bomb's worth or a few bombs' worth would allow these
working stocks of MOX or separated plutonium under
With only one MOX reload as a working stock for each

* PAN Paper 78-832-09 by Arthur Steiner, "Trinity,
Bomb," February 1978.

**]

J
**)
1

m

the First Overnight

**0ur comments here do not address the question as to what extra costs

would be imposed on the purchaser by the various methods of making the

™

[

fuel radioactive, nor the question as to how effective such technical
"fixes" might be.
38
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reactor, and assuming they do not fabricate their own MOX fuel,

in the

1990s Japan and the Federal Republic of Germany would each have more than
1000 bombs' worth of plutonium quickly accessible and even Spain would
have 650 bombs' worth.*
(that is, on their plans up to recently.
If
they fabricated their own MOX fuel they would have even more plutonium,
in forms still more directly usable in nuclear weapons.)
But less than
one thousandth or one 650th of a country's annual reload requirement
could hardly be called a working stock.
The American experience with India offers strong evidence that even
supplies of slightly enriched uranium fuel that would have been enough to
guarantee operation of the Tarapur reactor for over two years have been
deemed by the Indian government to be below emergency levels, dictating

resupply by air and other speedy action.** Moreover, the debate in the
1950s on the draft of the IAEA Statute focused on similar though less
drastic proposals for deposit of fissionable materials with the IAEA.
Even then it was made clear that to give such powers to the IAEA was un
acceptable to governments like India, as threatening their economic life
and their independence.***
It seems extremely unlikely that governments
trying to secure a little more energy independence by the use of pluton
ium fuel than if they only used natural or slightly enriched uranium
would accept a new international institution depriving them of any sig

nificant national control of such plutonium, thus making them more rather
than less dependent on outside powers for continuity of supply.
Fresh low enriched uranium stocks under national control are more

likely to be susceptible to limitations satisfying both the user's desire
for adequate working stocks and the international community's desire to

j

*

Chap. 1, "The Military Potential of Civilian Nuclear Energy," op. cit.

** March 25 Order By the Nuclear Regulatory Commission in the Matter of

P

[

m

\

India,

to Export Special Nuclear Material, Docket XSNM 805, KSNM 845,

Transcript, pp. 4ff.

***Dr. Bhabha rejected the draft proposal which gave the IAEA the power

"to approve the means to be used for chemical processing of irradiated

materials recovered or produced as a byproduct,

and to require that

such special fissionable materials be deposited with the Agency except

for quantities authorized by the Agency to be retained for specified

rnonmilitary use under continuing Agency safeguards." (AEA/CS/OR/28,
p. 6)
"In our opinion," Dr. Bhabha continued, "the present draft gives
the Agency the power to interfere in the economic life of
come to it for aid ....

r

States which

It therefore constitutes a threat to their

independence, which will be greater in proportion to the extent that

this atomic power generation is developed through Agency aid."
CS/OR/7, pp. 49-50)
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keep stocks of highly concentrated fissionable material out of the hands
of nonweapon states.

It is also true that international control and
close, even continuous, inspection of spent uranium fuel would intrude
much less into the essential operation of power or research reactors,
yet serve an important function in providing early warning of diversion.

The proposal also makes a chaos out of the interpretation of Article
IV proposed by BNFL and Justice Parker (and most of the vocal attendees
at the Persepolis Conference).
That interpretation of Article IV, it
will be recalled, had it that "every assistance" that is, any transfer
whatsoever except for an actual weapon, was required by Article IV.
Even
though the first paragraph of Article IV states that the use of nuclear
energy it contemplates must be "in conformity with Articles I and II of

this Treaty," which prohibits transfers that ".
assist

.

.

.

.

.in any way .

.

.

nonnuclear weapon states to manufacture or otherwise acquire

nuclear weapons .

.

.

," Parker's Report says that this does not exclude

the transfer of the service of separating plutonium.

Mr.

Parker says

quite correctly that at the time of the signing of the Treaty, many of
the parties to the Treaty believed that the development of nuclear energy
contemplated under Article IV included the production of plutonium.
fact,

it is not hard to find documentation for that statement,

In

including

statements specifically mentioning the transfer of metallic plutonium.
The fact that the parties to the Treaty did not understand that power

reactor plutonium was not and could not be "denatured," explains how they
could have accepted both Article IV and Articles I and II,

to which

Article IV is subject.
However, it is also obvious that many parties to
the Treaty believed that they would not be subject to any of the con

straints involved in the technical "fixes" BNFL and the Report propose.

«sj

Surely no government expected to receive fuel in preirradiated form and
many, if not most, expected to fabricate plutonium fuel themselves, and
to be handling metallic plutonium.
The government of Canada, for example, a nonweapon state which is a party to the Treaty, fabricated plutonium fuel in the early 1960s for use in its NRX research reactor.
To
insist that governments be deprived of plutonium except in the form of
already fabricated fuel rods, would be to deny them "every assistance."

"1

The only way out of this dilemma is to recognize that "a non-pro
liferation treaty should not contain any provisions which would defeat

™

its major purpose."*

That statement was made during the hearings on the

NPT before the Senate Foreign Relations Committee by the U.S.

spokesman

who apparently himself did not understand that power reactor plutonium

metal was directly usable in the bomb, and had mentioned it as one of
the things he thought was consistent with Article IV.

\

I

!

"^
'

TS

♦Hearings on the NPT before the Senate Foreign Relations Committee, July
1968, p. 39.
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The operational meaning of Article IV is not an academic matter.
If
suppliers could legitimately make any nuclear transfer other than that of
a fully assembled weapon, then this would radically transform the situation both of warning signals and of the sanctions they might evoke.
For
there to be a signal of a violation, the activity signalled has to be
illegitimate.
But if Article IV is not subject to the constraints of
Articles I and II, in effect there may be no violations.
As for sanctions,

the implications here are worth stressing.

Sanctions and Article IV*

Ambiguities as to whether an activity is "safe" and civilian, or "dan

gerous" in its military implications, not only confuse and reduce warning.
They weaken and can totally frustrate sanctions.**

For a dozen years now, U.S. spokesmen have indicated that our Agreements on the peaceful use of nuclear weapons have always implicitly ex
cluded the manufacture of nuclear explosives.*** The Canadian government
has said the same.
When the Indians conducted a nuclear explosion, they

described it as "peaceful," and not a violation of any agreement either
with Canada or with the United States.
The Canadian government, adhering
to the common sense meaning of its agreements on nuclear cooperation with
India, took immediate steps to administer sanctions.
They stopped essen
tially all nuclear cooperation not only under the agreement covering the
CIRUS research reactor, but also on those covering the CANDU power reac
tors at Rajasthan.
The United States, on the other hand, did not follow
suit.
It continued its nuclear cooperation with India, and indeed in

1976 Hearings before the Nuclear Regulatory Commission, the Department of
State**** held that if the United States did not continue its shipments
of slightly enriched uranium to India under its Agreement on Cooperation
covering the Tarapur reactors, the United States would be in violation;
and that this would free the government of India to do whatever it wanted
to, not only with the future plutonium it might accumulate from that re
actor, but also with the plutonium it had accumulated in the past.
The
present as well as the past Indian administration has indicated it takes

a similar position.

*

In fact,

a casual survey of the debates in Parliament

See PAN Paper 78-832-08, "Safeguards, Sanctions and Signals," by Arthur
Steiner, April 1978 and PAN Paper 78-832-07,

"Article IV and the

'Straightforward Bargain,1" May 1978, also by Arthur Steiner.
**

On this, see Wohlstetter, et al.,

Swords from Plowshares, op. cit.

*** See testimony of Robert J. McCloskey, U.S.

Senate,

Committee on Gov

ernment Operations on S.1439, June 16, 1976, p. 811.
****Acting Assistant Secretary, Bureau of Oceans and International Environ
ment and Scientific Affairs.
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and the Indian press revealed the prevalence of the view in India that the
United States is or would be in violation, but failed to turn up any sug
gestion that the Indian government had violated the agreement on CIRUS in
making and testing its nuclear explosive.
Of course, most of our agreements now explicitly exclude the manu
facture and testing of a completed nuclear explosive.
The point of this
example, however, is more general.
If an activity that brings a country
very close to a nuclear weapon, and that stops just short of its assembly,
is legitimate, then by assumption, there is nothing wrong with it.
The
government of that country has not violated the agreement.
Moreover, jLt
is the application of sanctions by the supplier that would be a violation

*»
j

of the agreement.

Increase of Civilian Nuclear Noise through

1

Laxity in Project Economics

The practice of promoting and undertaking civilian nuclear activities
which may confer prestige but have no strict economic justification has
increased the noise background which serves as a potential cover for mili
tary activities.
The IAEA has as part of its charter the mission of ac
celerating and enlarging the benefits of civilian uses of nuclear energy,
with special regard for the developing countries.
It is worth observing,
however, that the principal international agency charged with financing
international economic development, namely the International Bank for Re

j

construction and Development, has refused to finance nuclear projects in

the less developed world (and not only the most dubious projects like
small reprocessing plants or the cumulation of fissile stocks likely to
be idle for decades) because it wants to su-port economic development
rather than status or prestige.
Nuclear electric power is in general

highly capital intensive, efficient only in very large sizes and requires
continuing highly sophisticated maintenance, characteristics which do not

in general fit the needs of less-developed countries.
Expenditures for
using plutonium fuel in breeders are in general even more inappropriate.
However dubious the civilian value of some nuclear projects, their military applicability may be quite definite.
The most familiar example is
Plowshare, which has yet to demonstrate a realistic economic application,
but which—because of the laxity of economic analysis applied to such

1

'

"*)
!

projects—has served as a nominally civilian cover for an activity with
obvious military implications.

In this case,

the lack of rigor in the

economic analysis, indeed the nearly total absence of any economic anal
ysis at all, has reinforced the error involved in ignoring the point that
"Atoms for Peace" means "exclusively for peace."
These particular atoms
for "peace" are in fact likely to be useful exclusively for war.
Article

IV of the NPT therefore excludes "peaceful" nuclear explosives.
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Plowshare,

however,

is merely the most familiar case.

The careless

way in which nuclear establishments in the mid-1950s and at the beginning

of the 1960s decided to separate plutonium and to accumulate it for the
distant and uncertain date at which it might be used for the initial load
of a breeder reactor,

ments over time.

ignored any rigorous economic criterion for invest

A rigorous criterion would maximize the productive use

of current resources and so increase the resources available for future
generations.

When India decided in the mid-1950s to invest in a separa

tion facility and in stocks of plutonium which in essence would be eco
nomically idle for many decades—until the hoped-for appearance of a
thorium breeder,

or near-breeder—this was a waste of capital in a devel

oping country where capital is particularly scarce.

Yet the activity

serviced to increase the noise level and the opportunities and ease for

a decision to make military nuclear explosives, when circumstances changed.
Take the example of India:
It has frequently been said that there
is very little connection between programs for nuclear electricity and the
spread of nuclear weapons to more countries.
And the prime example of
this lack of connection is sometimes said to be the Indian bomb program,
which used plutonium from their CIRUS research reactor.
On the contrary,

the Indian program illustrates the connection.
The CIRUS reactor was in
tended from the beginning to produce plutonium as well as to offer facil
ities for research and training.
Both the plutonium and the research and
training were connected with nuclear electric power plans.
The research
and training were, as one might expect, connected indirectly.
For a
large scale power program, men needed to be trained in operating reactors,
in handling radioactive materials, in fabrication of fuel, in safety mea

sures, and in understanding the physics and engineering of related nuc

lear processes.

CIRUS was an important part of that.

Moreover,

the In

dians intended to develop their own natural uranium burner reactors on

the Canadian model, moderated by heavy water, and studies and experiments
with CIRUS were part of the program of designing such power reactors.

Finally, the plutonium was intended from the start to be separated and
stocked for use in near breeder and breeder power reactors.*
In short,
the CIRUS reactor and the Phoenix separation plant were, from the begin
ning, part and parcel of an ambitious nuclear electric power program.

*See Roberta Wohlstetter,

Seminar on U.S. Peaceful Aid and the Indian
Bomb, Santa Monica:
California Seminar on Arms Control and Foreign
Policy, December 1976, Revised August 1977; "The Buddha Smiles:
Ab
sent Minded Peaceful Aid and the Indian Bomb," Monograph 3 in Can We
Make Nuclear Power Compatible with Limiting the Spread of Nuclear
Weapons;

op.

cit.;

and Swords from Plowshares, op.

cit.
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These long range plans paralleled in a general way (with some modifications for exploitation of specifically Indian resources of thorium)
the model of nuclear power development current in the industrial coun
tries:
to begin with burner reactors, and to make a transition to breed
ers, using the plutonium from the burner reactors for the initial fuel
loading of the breeders.
The fact that such production and separation
of plutonium followed the general model of Canada and the U.S. itself
in this respect gave the Indian p-ans an apparent legitimacy.
It made
less likely that anyone would question whether the plutonium would be
used in an explosive.
Later, after the Sino-Indian war and the Chinese
bomb test (and after nuclear explosives for civil engineering had been
presented by the U.S. as a plausible agenda item at the Second International Conference on Peaceful Uses of Atomic Energy), the Indians contemplated the use of the plutonium from CIRUS under the alternative, ap
parently legitimate rubric of "Plowshare."
(Canada and the U.S. as early

as 1966, in response to rumors of Indian interest in "peaceful" nuclear
explosives,
tary use.)

said in public that any nuclear explosive had a clear mili

In the case of Plowshare,

the cover of legitimacy was too transpar

ent to escape international notice and eventually a sizeable international
response.
The Indian explosion provoked more immediate response particularly by Canada.
However, the apparent legitimacy of the initial plans
for the use of plutonium from the CIRUS reactor for a future breeder
served very well in bringing the Indians to a position where they required very little additional effort to shift to "peaceful" nuclear explosives from plutonium stocked for breeder power reactors.
The fact
that such plutonium stocks were justified by a quite unrealistic economic and technical program for an early breeder did not distinguish it

sufficiently from India's other nuclear programs with a civilian pur
pose;

and the universality of similar long-range programs in other coun

tries helped explain why it was never noted that such programs were not
exclusively civilian in the technologies they made accessible.
Finally,

such neglect of the military potential implicit in these

civilian programs is made easier by the fact that the transfers involved
are small ones,

shipments of heavy water and the like,

reprocessing for small numbers of nuclear engineers.

and training in
These can be

handled at middle or even lower levels of the bureaucracy, where high
policy is rarely in mind.
higher levels,

Where the transfers come up for approval at

their small scale is reassuring to the policymaker.

Sure

ly they do not constitute a mortal danger.
In fact, they seem like a
reasonable item or trinket for barter for the good will of a friendly
country, and the good will of one's counterpart in the bureaucracy or
political hierarchy of

that country.

But it is precisely in this way that the policy on spreading civilian
nuclear energy as a substitute for military nuclear energy dissolved into

incoherence and the furtherance of military nuclear activity during the
And it is always in danger of dissolving.

late 1950s.
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Plowshare has for a long time been a rather transparent cover for
a military purpose.
However, it seems that decisions to stock separated
plutonium for the breeder began as sincerely but badly conceived economic
measures.
Many other countries besides India, including Japan, decided
very early to accumulate plutonium, not for recycle in light water reac
tors, but for the breeder.
These early decisions were made with little
economic analysis, on the basis of quite unrealistic anticipations of the
dates at which breeders might be of commercial importance.
In India,
however, these early decisions made on other than military grounds served
to prepare for a program of nuclear explosives.
More recent decisions to
acquire either stocks of plutonium separated elsewhere, or a national
separation plant, are likely to be from the outset more self-consciously
related to military plans.
For example, Pakistan, which has no reactors
requiring fuel enriched by either uranium or plutonium, sometimes insists
that the separation plant it is purchasing from France is purely civilian
in intent,

and on the other hand sometimes says that she will be glad to

give up plutonium separation,
own nuclear weapons.*

provided that the superpowers abandon their

Which rather directly,

if inconsistently,

acknow

ledges that Pakistan's purpose in separating plutonium is only to make
nuclear weapons to balance those of "Nuclear Powers" and that this pur

pose would be served equally by the destruction of everybody else's
nuclear weapons.

*See, for example, Dawn Overseas, Islamabad, 19 June 1977:

"Mr. Bhutto

said Pakistan was ready to cancel its deal with France if the Nuclear

Powers gave a solemn pledge to destroy each and every nuclear weapon."
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Chapter 6
INCREMENTAL AMD TOTAL TIMES AMD COSTS

Incremental Definitions of Critical Cost, Time and Risks
In the Decision to Obtain Explosive Material
Proponents of immediate commitment to commerce in plutonium argue
that restrictions on such commerce, for example, by prohibiting reprocess

ing plants or mixed plutonium and uranium oxide (MOX) fabrications plants
(or presumably also stocks of plutonium dioxide or mixed oxide) under

national controls, cannot prevent a country "determined" to arm itself
with nuclear weapons from doing so.

Such a determined country could al-

ways choose either to make highly enriched uranium (which is admittedly
difficult today and restricted to very few countries), or (what is al-

leged to be much easier and more direct) to make plutonium in a simple
production reactor and separate it in a small scale reprocessing plant.
(See, for example, Chauncey Starr and E. Zebroski, op. cit., and Point 8
of the Statement of D. G. Avery of BNFL at the Windscale Inquiry.)
These
arguments, which suggest that any country that wants to can easily get
material ready for use in a nuclear explosive, are inconsistent with the
associated affirmation that it would be very useful to improve safeguards
without restricting technology.
They have, however, other technical and

"1

!

""*}
j

conceptual flaws.

According to the late Harry Johnson* of the London School of Econom
ics and the University of Chicago, who spent much of the 1960s on OECD
and on U.K. and U.S. government committees examining French, British and
American science policy,

one major trouble stemmed from the limitations

of natural scientists and technologists as advisors on science policy.
He mentions specifically limitations in understanding the concept of mea

suring benefits, compared with costs "at the margin" of an activity—as
economists would put it.
Whether or not this conceptual limitations
troubles science policy in general, it does plague many recent attempts

to compare the "proliferation resistance" of alternative fuel cycles.
In particular, it plagues the oddly self-defeating attempts by advocates
of plutonium fuel to demonstrate that all fuel cycles are equally dan
gerous, or to show that facilities dedicated exclusively to the produc
tion and separation of plutonium are even cheaper and better ways to

getting a nuclear bomb "for a nation determined to get one," than the
use of plutonium from civilian power reactors and civilian separation
plants.

*Johnson, Harry G., Technology and Interdependence, St. Martin's Press,
New York,

1975,

p.

13.
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A civilian power reactor of the size now being sold might cost a bil
lion dollars,

and rather more in a less developed country.
A separation
facility capable of handling one or two hundred metric tons of spent

uranium oxide fuel per year might cost one or two hundred million dollars,
judging from the recent Japanese experience at Tokai Mura.
A 1500 ton
per year separation plant including conversion from nitrate to oxide,
might cost over a billion, and these facilities might take ten years or

so to build.

(It would require additional waste treatment facilities

as well.)
On the other hand,

estimates of thp cost of facilities "dedicated"

to producing and separating plutonium for a few weapons per year will vary
among other things according to the degree of optimism of the estimator
about the corners a country might cut in neglecting considerations of
safety,

the amount of help it receives from outside,

the continued avail

ability without restraint of some of the needed components,

ciency of the particular small or less developed country.

and the effi

(The myth pres

ent in some of these estimates has persisted since the early 1950s:
because construction labor is cheaper in developing countries,
be lower.

A good deal of evidence has been accumulating since that time,

that the costs will in general be much higher,
side technical help.
pects,

that

cost will

1975-1990s:

See Richard J.
Commercial,

III, Report to ERDA; 1975.)

even with extensive out

Barber Assoc,

Inc.,

LDC Power Pros

Economic & Security Implications,

Chapter

In any case, the costs of "dedicated" facil

ities are generally estimated in the tens or hundreds of millions rather

than in billions.
To be sure one should not take such cost estimates entirely serious

ly,

as one of the estimators himself notes.*

Even in the United States,

on the basis of long experience and the highest available expertise, much
more detailed and elaborate estimates greatly understate the costs of

various reprocessing facilities.
For example, General Electric was off
by a factor of nearly 400% from its initial estimate of $17 million for
its Morris, Illinois plant at the point when it abandoned the plant.
Ac

cording to Lamarsh, it would take another $120 million to put it in order.
As for the AGNS plant, Lamarsh says it has cost over $200 million com
pared to the initial $70 million estimate, and might take another $400 mil
lion to meet all requirements.

Nonetheless,

than marginal or incremental costs,

if one considers total rather

it would seem plausible to suppose

that dedicated facilities cost at least an order of magnitude less than
civilian power and separation facilities presently being sold.

*See John R. Lamarsh, "On the Extraction of Plutonium from Reactor Fuel
by Small and/or Developing Nations," Report to the Library of Congress,
Congressional Research Service, 14 October 1976; and "On the Construc

tion of Plutonium Producing Reactors by Small and/or Developing Nations."
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Chapter 7

«*
I

CONSIDERING TOTAL COSTS AMD TIMES TO THE BOMB;
THE WESTINGHOUSE EXAMPLE
1

After the government release of Information on the usability of power
reactor plutonium in nuclear weapons, the Westinghouse Electric Corporation
published an evaluation of eleven alternative routes to "proliferation."*
They concluded that, while nothing could be categorically stated, "the
least likely choice for a country interested in nuclear weapons capabilities would seem to be the costly and time consuming route of a national
nuclear electric power program." Their report stated that India had not
followed such a route, and this, of course, was in error.
But the West

inghouse evaluation is nonetheless a very useful, detailed and systematic

example of the familiar way of looking at alternative pathways to the bomb
in terms of total rather than marginal costs and times.
It was done in
dependently of our analysis and arrived at much the same estimates of

total times and costs.

It, therefore, forms a very useful counterpoint

^
j

H
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to our own marginal analysis.

The results of the Westinghouse analysis are summarized in a fivecolor chart In which the colors vary from red—or easiest—to blue at the
other end of the spectrum, representing the hardest.
The terms and colors,
as they stress, do not have identical meaning for all the cases, but they
do measure the ease or difficulty of the various paths.

While the authors of the Westinghouse report mention in passing that
each country weighing the option of nuclear weapons capabilities would
have different starting points,** the significance of this fact for the
choices the countries would face is precisely what is missing in the report.
The evaluation, as embodied in the Table and in the conclusions
drawn by the authors, is based entirely on consideration of total costs
and total time starting at the beginning of each path.
But to consider total rather than incremental costs misses the main
point which is that decisions should be considered at the margin, that it
is the extra costs incurred by the decision to acquire nuclear weapons
which count in making the decision.
For in making a decision to build a
reactor exclusively dedicated to plutonium production for weapons and to
plutonium production for weapons and to build a reprocessing plant

_

_
I

-m

* Westinghouse Electric Corporation, Evaluation of Alternative Prolifera
tion Routes, Pittsburgh, Penn., May 1977.

**Ibid.

See the "Comments on the Evaluation" of the colored chart on

page 51.
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For comparative purposes, non-nuclear potential weapons of mass destruction are

is a cost estimate from zero to factor K capacity.

estimates weapons material production per year from a defined capacity; Factor G

ment, starting from the present state of knowledge and no equipment. Factor K

squares, for example, contain estimates of the time required to weapon develop
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personnel, organization, infrastructure and resources to acquire at least a primitive

Tarapur plant. Many of the 46 nations with research or power reactors possess the

reactor through a limited capability reprocessing plant and not from its LWR

power but has exploded many test bombs. India took its plutonium from a "research"

■

the terms and colors seem to be matched. The terms always refer to a specific

that purpose, and not from fuel from a power reactor fuel cycle. The bomb countries

Many of the evaluation squares contain additional evaluation comment. Factor H

the terms and colors do not have identical meanings, even though in many cases

"bomb country" obtained its weapons material from reactors expressly dedicated to

had weapons long before they had civilian power plants. China still has no civilian

of path to proliferation: red is easiest; blue is hardest. It should be noted that

designate the relative ease of achieving the factor. The colors designate the ease

interested in nuclear weapons capability would seem to be the costly and time-

■

Each evaluation factor is a question addressed to each of the routes; for example,

■

factor G asks, "What is the relative cost of route 4?" Answer: "Low ($107)."

The A to L evaluation factors for each route are listed in the left column.

the chart.

The routes to proliferation are presented as column headings across the top of

■
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UNDERSTANDING THE COLORED CHART
•

The routes to proliferation are presented as column headings across
the top of the chart.

•

The A to L evaluation factors for each route are listed in the left
column.

•

Each evaluation factor is a question addressed to each of the routes;

for example, factor G asks,

Answer:
•

"Low ($107)."

"What is the relative cost of route 4?"

Five evaluation terms, "very low," "low," "moderate," "high," and
"very high," designate the relative ease of achieving the factor.
The colors designate

easiest;

the ease of path to proliferation:

blue is hardest.

It should be noted

colors do not have identical meanings,

red

is

that the terms and

even though in many cases the

terms and colors seem to be matched.
The terms always refer to a
specific A-to-L factor, while the colors refer to ease of path to
proliferation.
•

Many of the evaluation squares contain additional evaluation comment.
Factor H squares, for example, contain estimates of the time required
to weapon development, starting from the present state of knowledge

and no equipment.
Factor K estimates weapons material production per
year from a defined capacity; Factor G is a cost estimate from zero to
factor K capacity.
•

For comparative purposes, non-nuclear potential weapons of mass destruc
tion are evaluated as items LA, 2A, and 3A on the chart.
COMMENTS ON THE EVALUATION

None of the routes is absolutely infeasible.
Each country weighing the op
tion of nuclear weapons capability would have different starting points,
perspectives, and needs.

Nothing can be categorically stated,

but the

least likely choice for a country interested in nuclear weapons capability
would seem to be the costly and time-consuming route of national nuclear
electric power program.
Each present nuclear "bomb country" obtained its
weapons material from reactors expressly dedicated to that purpose, and
not from fuel from a power reactor fuel cycle.
The bomb countries had
weapons long before they had civilian power plants.
China still has no
civilian power but has exploded many test bombs.
India took its pluton-

ium from a "research" reactor through a limited capability reprocessing

plant and not from its LWR Tarapur plant.
Many of thd 46 nations with
research or power reactors possess the personnel, organization, infra
structure and resources to acquire at least a primitive nuclear weapon
capability.
*

*

*

*

*

*

51

Source: http://www.albertwohlstetter.com

AC7NC106

exclusively for the purpose of separating such material, all of the costs
of such facilities are the results of the decision to obtain weapons

^
1

material.

On the other hand, if one has already acquired a nuclear reactor with

H

an overtly civilian use, and has also acquired either a separation facil-

ity, or the separation services of another country, or stocks of plutonium
from any source, or stocks of mixed oxide fuel directly under one's own

"^

facilities or stocks can yield explosive material with very little extra

™

control, or possibly even stocks of plutonium or highly enriched uranium
metal for civilian critical experiments, then the decision to use these
effort and only trivial costs.

}

<

1
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Chapter 8
MARGINAL ANALYSIS OF PATHS TO A BOMB*

The primary technical obstacle to obtaining nuclear weapons has been
the inaccessibility of high concentrations of one or another of the fis
sile isotopes uranium-235, plutonium-239 or uranium-233.
Only one of
these, uranium-235, occurs in nature and then only as about seven-tenths
of one percent of natural uranium.
By far the major fraction of cost and
effort during the Manhattan Project was spent in producing concentrated
uranium-235 and plutonium-239.
Today, as then, there are two basic ways
to produce concentrated fissile material.
The first involves isotopic
separation of uranium-235 from natural uranium; that is, an enrichment,
or an increase in the concentration of uranium-235 compared to the nonfissile isotopes in natural uranium.
The second method involves neutron

bombardment (typically in a reactor) of the nonfissile isotopes uranium238 and thorium-232 which occur in nature.
This generates the fissile
isotopes plutonium-239 and uranium-233, respectively.
Since plutonium239 is a different element from uranium-238, and uranium-233 is a differ
ent element from thorium-232, they can be separated by chemical methods
that are simpler than those so far available for separating isotopes of
the same element.

Today, a country wanting to acquire nuclear weapons need not start
from scratch in order to produce the concentrated fissile material.
Ac
cepted civilian nuclear activities have, as a byproduct, advanced many
countries a long way toward the production of such material.
Further
more, since civilian nuclear activities overlap the military ones, they
can provide a cover for further military advance.

The starting point for a government decision to acquire nuclear wea
pons is critical in determining the extra costs, the extra time, the
probability of success in that time interval, and the extra risks of ex
posure and counteraction likely to be incurred by the decision.
Even if
a program to acquire nuclear weapons or the fissile material for such

weapons violates no international agreements, there would be some point
in keeping it inconspicuous or ambiguous since regional adversaries or
other government might take counteraction.
But, a plain violation of an
international agreement is precisely the sort of thing a safeguard sys
tem is meant to observe and report.

It is riskier.

What is a violation

would depend, however, on the legal and other institutional conventions
that define what is accepted as "exclusively peaceful" in the agreement.

*For the original of this,

see Appendix to Swords from Plowshares, op.

cit.
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The Acheson-Lilienthal proposal would have unambiguously outlawed

uranium mines unless they were under international ownership.

No one,

today, suggests an international ban on all but internationally owned and
controlled uranium mines.
Some changes, however, are clearly called for

in the present international conventions to assure that governments can-

not legitimately come so close to obtaining nuclear weapons that "safe
guards against proliferation" would lose all meaning.

We will outline various pathways to a stock of concentrated fissile
material and the various sets of legal restrictions that define the start
ing point of each pathway; that is, the point after which an activity

ceases to be "exclusively peaceful" within the meaning of various agreements on "atoms for peace"—the beginning of the illegitimate part of the
road to explosive nuclear material.

Assuming a desired production rate

of five to ten weapons a year, we estimate for each pathway the order of

magnitude of the additional time and cost required to go the rest of the
way to the needed fissile material.
(We could make the numbers more pre
cise only by specifying particular countries and circumstances.)
We
present the pathways in roughly increasing order of the cost, the time
and difficulty of traversing them, their likelihood of success in a given
time interval, and the risks of exposure and counteraction.
We omit pathways involving the outright purchase, gift or theft of
concentrated fissile material.
We also omit, here, discussion of delivery
systems.
More important, we do not treat the design and manufacture of
the nonnuclear components and assemblies required to compress the fissile
material to a supercritical mass.
This is not because we think the design
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and production of implosion systems is a trivial task, as is sometimes
suggested in discussions of individual or small groups of nuclear terror-

"1
I

ists.
On the contrary, we believe that the task is difficult, but—given
the information now public, and the improved materials, components and

™)

equipment purchasable in the open market—it is certainly within the

competence of a well-equipped and staffed government laboratory,

and less

difficult than acquiring the highly concentrated fissile material in facilities specifically designed to produce it.
However, the essential

]

™

point is that no agreement prohibits the use of high explosives to induce

shock waves for the compression of metal; no such ban has ever been pro

posed nor would it be likely to be accepted or feasible to monitor.

The

monitoring of safeguards in the programs of the IAEA and Euratom and of

the various supplier nations has been directed at accounting for and con
trolling fissionable and other sensitive materials.

The problem is that

H

1

^

both the military and civilian uses of nonnuclear explosives are wide
spread in research and experimentation, in construction and in production.
For example,

chemical manufacturers have listed in their catalogue for

many years explosive materials that are especially convenient and safe
for inducing shock waves in metal as a regular industrial procedure for
prehardening of metals, and for experiments in the rapid compression of
heavy materials.
Some nonweapon states have programs and sophisticated
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equipment for applying such procedures in the course of seismic re
search.

We, therefore, focus on the acquisition of the concentrated fissile
material.
Here the possibilities for changing the conventions of control
are more plausible.

Pathways to the Production of Weapon-Ready Nuclear Material

Pathway 0;

Starting with weapon-ready nuclear material

This pathway starts legitimately with stocks of plutonium or highlyenriched uranium in metallic form; also with facilities for putting the

metal into various shapes, or with the shaped metal itself.
Stocking and
shaping of concentrated fissile metal might be done for the accepted pur
pose of performing critical experiments or of fabricating highly concen
trated fissile fuel.
Governments in such a position essentially start
with nuclear material ready to be inserted in a nonnuclear implosion sys

tem—"weapon ready nuclear material" (WRNM).

The marginal or additional

time and cost associated with this pathway, then, are nearly zero, as is
shown in Figure A-0.
An example of a nonweapon state which may be, at

this starting point, Italy:

At its Tapiro fast research reactor, it has

over twenty kilograms of a uranium-molybdenum alloy in which the uranium
content is 98.5 percent, and that uranium itself is 93 percent uranium235.
Another example is Japan which has performed spherical critical ex
periments with highly-enriched uranium metal.

Figure A-0:

Pathway 1:

Pathway 0

Starting with materials in condition red*

Here a nonweapon state could legitimatley have an enrichment plant
capable of quickly producing highly-enriched uranium or a reprocessing
plant capable of separating plutonium from spent fuel; or it might receive
from other governments the products of such plants in easily accessible
form, such as highly-enriched uranium hexafluoride or plutonium nitrate or

*For definition of conditions red, orange, and yellow, see Moving Toward
Life in a Nuclear Armed Crowd? op. cit., pp. 12-13.
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plutonium dioxide.

The products of enrichment and plutonium we call "stra

tegic special nuclear material" or SSNM.

Such material would, in general,
have to be reworked in order to become weapon-ready (SSNM rework).
The
facilities for such rework are in general quite simple.

remote handling of radioactive material and,

today,

They involve no

they are not illegi

timate.
From a starting point at which the SSNM is put into these facil
ities, the time required to produce weapon-ready nuclear material would

be on the order of days to weeks.
If such facilities were made illegal,
the critical time would be extended by six months to a year, but since the
plants are small and simple, they might be constructed in secret.*
The
cost of

traversing this path,

if we include the cost of overt facilities

for reworking the SSNM, would be on the order of $l-$10 million.
Figure A-l.)
ferent.

ffW

(See

The time and cost for clandestine facilities might be dif

Both Japan and West Germany are well started down this path.

Japan has negotiated contracts with France and

the United Kingdom to re

process its spent oxide fuel and to return the recovered plutonium after

a given time delay in a form to be specified by the Japanese.**

West

Germany has received large shipments of highly-enriched uranium hexafluoride which it uses for fabricating fuel.

SSNM

t

SSNM
Rework

Figure A-l:

Pathway 2;

WRNM

Pathway 1

Starting with materials in condition orange

If it were illegal for a country to have an enrichment plant capable
of quickly producing highly-enriched uranium,

plutonium from spent fuel,

or a plant for separating

or the direct products of

such plants,

it might

still be legal for it to receive from other countries or a multinational

center fresh-mixed plutonium and uranium oxide fuel (MOX) or highlyenriched uranium (HEU) fuel for their light water reactors (LWRs) or their
liquid metal fast breeder reactors (LMFBRs) or their high temperature gascooled reactors (HTGRs).
(The multinational reprocessing centers, current
especially in proposals in 1975 and 1976, would have brought many countries
to this particular starting point.)
Or they might be allowed to have a
reprocessing plant that coprocesses spent fuel, that is, it removes the
radioactive fission products leaving a mixture of uranium and plutonium.

* See Swords from Plowshares,

op.

cit.

**Ibid.
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Japan has agreed with the United States to limit its Tokai Mura plant,

least for the first two years,

to toe coprocessing of

spent fuel.

at

This

pathway, then, would begin with the fresh MOX or highly enriched uranium
fuel or the coprocessed spent fuel.
A fresh fuel reprocessing plant could
be quite a small and inexpensive laboratory,
volves no remote handling and
in the fuel.
to a year.*

since,

once again,

it in

the fissile material is quite concentrated

The construction of an overt plant might take several months
The plant might also be constructed on a clandestine basis

with different times and costs.

However,

ure of the fresh fuel to the production of

the time elapsed from the seiz
SSNM would be on the order

of days to weeks.
Its product, the SSNM, would have to be reworked to be
ready for insertion in a weapon (rework facilities, discussed above, under
Pathway 1, are again assumed to be illegal here).
This might take on the
order of days or weeks.
The costs would be modest.
For example, the cost
of separating plutonium from the fresh MOX fuel would add only about a

quarter of a million dollars to the $l-$10 million needed for reworking
the special nuclear material.
This pathway is shown in Figure A-2.

Fresh

Fuel*

»

Fresh Fuel
Repro

SSNM

cessing

Figure A-2:

SSNM
Rework

■»

WRNM

Pathway 2

*That contains either plutonium or highly-enriched uranium.

Pathway 3;

Starting with materials in condition yellow

If, in accition to the constraints that define the starting point of
pathway 2, a nonweapon state agreed to forego the storage or use of fresh
highly-enriched uranium fuel or fresh plutonium fuel or coprocessed spent
fuel, it could legitimately operate power reactors such as LWRs or ad

vanced gas-cooled reactors

(AGRs) or CANDUs or Magnox using slightly-

enriched or natural uranium fuel only once.
It might also have research
reactors that produce significant quantities of plutonium in the irradi

ated fuel.

(This pathway,

then, would begin with the highly radioactive

or hot spent fuel from power or research reactors.
It corresponds to
condition yellow in the text of Chapter I, Swords from Plowshares,

"The Military Potential of Civilian Nuclear Energy.")

*Ibid.
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A facility for extracting plutonium from the hot spent fuel, and in
particular from the spent oxide fuel of pressurized light water reactors
(PWRs) that make up the vast majority of power reactors now being sold,
is a substantially more difficult undertaking than the small laboratory
that suffices for reprocessing the fresh MOX.
For such a hot oxide re
processing facility to have a comparable chance of being carried through

Wl

successfully would require much more elaborate equipment, including facil
ities not only for remote operation, but also for remote maintenance and
repair in the event of malfunctions of the kind that have plagued the
entire history of spent oxide reprocessing plants in the advanced indus
trial countries,

especially in their initial operation.

Its success,

moreover, would depend strongly on the professional qualifications and
experience of the people involved in the design, construction and opera
tion.
In particular, it would depend very much on the existence of a core
of technical personnel with actual professional experience in radioactive
reprocessing.
The plant would also require, to be reliable, a substantial
capacity, and we estimate that it is likely to take at least eighteen to

twenty-four months from the starting point of construction (which for this

pathway would entail a violation of an agreement) before it could become
operational.
The enterprise would also be on a scale which would make it
much more difficult to remain clandestine.
(Recent proposals for a simple,
quick version of such a plant have many flaws, including especially con
ceptual flaws.)
Measured from the seizure of spent fuel to the production of weaponready material, apart from the time for constructing the plant, the
elapsed time for the reliable production of material would be on the order
of months to a year.
The costs would be at least $10 million, but prob
This pathway is shown in Figure A-3.
ably closer to $100 million.

Spent

Fuel*

♦

Spent Fuel
Reprocessing

■»

SSNM

Figure A-3:

■>

SSNM

Rework

■»

WRNM

Pathway 3

*That contains either plutonium or highly-enriched uranium.

Pathway 4t

Starting by constructing plutonium production and

separation facilities "dedicated"

to nuclear weapons

Aside from the weapon states, not many countries have large research
reactors producing substantial amounts of plutonium, and in the future
such reactors are not likely to be taken at face value as solely for re
search.
If alternatives for accomplishing the legitimate civilian ends
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such research reactors were provided,

and if a nonweapon state agreed

to use such substitutes rather than to build a large plutonium production
reactor,

a government might elect to start by designing and constructing

facilities specifically for the purpose of generating plutonium in reac
tors modelled on the early production reactors;

and it might design and

build a separation plant specifically to reprocess the spent fuel from
such reactors.

Such fuel would be of

simpler geometry,

would have more

easily-processed cladding and would be less intensely radioactive than
power reactor fuel,

For such reasons,

especially the oxide fuel from light water reactors.

the path to nuclear material through "dedicated" fa

cilities has sometimes been thought of as cheaper and less time-consuming
than the pathways we have described above.
entire time,

However,

in this case,

the

costs and risks are the direct result of the decision to ac

quire nuclear explosive material—a very different case from the marginal

or additional costs and risks that might be incurred if one had already
in place nuclear facilities or materials for a nominal or actual civilian

purpose.
The costs of traveling pathway 4 might be at least of the same
order as the $10 to $100 million involved in pathway 3, and the time would
be longer.
Starting with the engineering and construction, it might take
on the order of several years (Lamarsh* estimates 5 years) to complete
the facilities and to produce the necessary material in a form ready for
weapons.

For many of the less industrial countries,

siderably longer than that.

In any case,

it would take con

the construction and operation

of such facilities is unlikely to be kept secret from start to finish.
Pathway 4 is illustrated in Figure A-4.

Uranium

Plutonium

Production »
Reactor

Spent Fuel
Repro
♦
cessing

Figure A-4:

SSNM

>

SSNM
Rework

WRNM

Pathway 4

We have made a detailed study of some of the signals that may be de
tected if a government follows this path to a bomb.** We assume that a

* Lamarsh, J. R., On the Construction of Plutonium-Producing Reactors By

Small and/or Developing Nations, Report to the Library of Congress, Con
gressional Reference Service,

30 April 1976,

and On the Extraction of

Plutonium from Reactor Fuel By Small and/or Developing Nations, Report
to the Library of Congress,
1976.

Congressional Reference Service,

**PAN 78-832-06, Gregory S. Jones,

19 July

"The Detection of Plutonium Production

Reactors," 20 April 1978.
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government embarking on pathway 4 or pathway 5, has natural uranium avail
able.
For a sufficiently high price, one can find uranium almost any
where, even in sea water.
Seeking nuclear independence, both India and
Pakistan have mined ore in reserves which "did not exist" at the market
price of uranium at that time.
Thus, for a small weapons-oriented pro
gram, the supply of uranium is unlikely to be a major constraint.

Pathway 5;

Starting by constructing an enrichment plant

"dedicated" to nuclear weapons

Given the same legal constraints assumed in pathway 4,

an alternative

of the same sort would be to design and build a plant capable of producing
highly-enriched uranium.
(The feed for such a plant could be natural or
slightly-enriched uranium, both of which could be stocked legitimately.)
For the technologies presently available, this would be a difficult
enterprise, taking on the order of at least five years, and very much
longer for less industrial countries.
It is unlikely that it could re
main clandestine.
The total cost, including that of all the constructed
facilities, would be perhaps on the order of at least $100 million to

$1 billion.

|

i

As in the case of pathway 4, the political risks incurred by

embarking on this pathway would be very much higher than in the earlier
pathways.
Pathway 5 is illustrated in Figure A-5.
It is conceivable that
future technologies of enrichment might be cheaper, and it such advanced
technologies were transferred without constraints, this would alter the
time,

costs and risks.

Uranium

1

■ Enrich
ment*

SSNM

Figure A-5:

SSNM
Rework

WRNM

Pathway 5

♦Capable of producing highly-enriched uranium.

How International Conventions Determine What Is Incremental
Depending on which of these civilian starting points we assume, the
incremental costs might be in millions of dollars or in the case of criti
cal experiments as low as thousands or tens of thousands of dollars to
get the highly concentrated fissile material ready for incorporation in

a bomb.

So the relevant cost comparison in incremental terms would sug

gest that the civilian route to bomb material may proceed along a legiti

mate path for so much of the way that the cost of proceeding down the
final military branch is anywhere from one to five orders of magnitude
60
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lower than the route by way of totally dedicated facilities—not, as one
might infer if one considered total rather than incremental costs, one or
two orders of magnitude higher.

Similar things can be said about the total and incremental time (as
distinct from cost) to get nuclear material for weapons.
And, this is
crucial in judging the political risks for the country getting the wea
pons as well as in determining the opportunities for response by the in
ternational community or by specific countries whose interests are af

fected.
If a country follows the course sometimes claimed to be not only
the most direct, but the easiest, and sets out overtly to dedicate facil
ities to the production and separation of plutonium, the incremental time
that is relevant starts at the outset.
On Lamarsh's estimate, for ex
ample, that time might last about six years:
four years for a small or
developing country to build a plant modelled on the Brookhaven graphite
research reactor, capable of yielding annually spent fuel containing one

or two bombs' worth of plutonium; another year to get that amount of

spent fuel, and then if the separation facility has been built in paral
lel, another period of time, depending mainly on the cooling period, the
throughput and the risks undertaken to do the actual separation and con
version to oxide powder or metal.
(It is worth noting that the clandes
tine construction and operation of such a reactor is likely to be easily
detectable by many means including sensors in satellites.
It is a large
construction enterprise and the operation of nuclear production reactors
one may surmise would yield very large thermal and other signatures.)

The point of a civilian cover is to reduce the interval between what
is overtly civilian and what is unambiguously military.
In the cases dis
cussed above, where stocks of mixed oxide fuel or separated plutonium un
der national control have an accepted civilian use, according to the pre
vailing convention, the incremental time might be measured in weeks or
days.
If plutonium and highly enriched uranium metal stocks are legiti
mate,

the extra time would be a matter of days or hours.

The ten years or so that might be involved in acquiring these civil
ian power and separation facilities are not relevant, then, in determin
ing the risks of undertaking an overt or obvious military program.
Those
ten years or so are indeed longer than the five or six years to traverse
the direct path through overt dedicated facilities.
But the path that
maintains the maximum civilian cover before breaking out openly would
have an exposed final military portion smaller by two to four orders of
magnitude than the direct overt path.

The incremental times and costs that are relevant depend on an en
forceable or observed convention as to when an activity ceases to be ex
clusively or legitimately civilian.
Advocates of the use of plutonium
fuel in civilian power reactors argue that production reactors that are

dedicated to the purpose of getting weapons and reprocessing plants that

are specifically designed and devoted to separating the spent fuel from
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these reactors for weapons grade material are a cheaper and better boute.

Insofar as these are overtly dedicated, these advocates are clearly wrong.

™

|

The relevant costs, time and risks all then stem from the overt military
purpose.
Of course, just as a power reactor which might be really in
tended to supply weapons material can serve as a cover for a military pur-

J

may be called research reactors.
But large production reactors that are
nominally for research are no longer likely to be taken at face value.
At

n

should be to prevent the use of such a cover, to find adequate substitutes
for any genuine civilian purpose, such as training facilities elsewhere,

«,

pose, there are covers for production reactors, too.

Specifically, they

any rate, the principal object of the new conventions about export sales

'

'

|

etc.

Similarly, plutonium separation facilities were once accepted as nor

mal concomitants of the civilian fuel cycle of the future. The object of
the Ford-Carter program is to alter that convention. Then the incremental
time and incremental cost can be said to start at the point at which the
new convention is breached, from the moment when the military purpose be-

comes overt or at least obvious enough for response.

Conventions Defining Legitimate Uses of Uranium

T
!
™|

|

\
i

Although PAN's work for ACDA has always formulated the problem in
terms of the control of highly enriched uranium, as well as plutonium,*
we have made much more detailed analyses of plutonium, because that has
been the more widespread, and more imminent threat.
Today, an extended
marginal analysis of various uranium separation facilities, arrangements
for stocking enriched material and the corresponding critical times to
bomb material which these facilities and arrangements permit, is of par
ticular interest.
It has relevance not only for evaluating the safety
of some current fuel cycles, but also some proposed recently by Theodore
Taylor and Hans Bethe which would introduce widespread use of uranium
slightly enriched in uranium-233 as a fuel for burner reactors.
This
would increase the supply of fissile material available for nuclear electrie power apparently without increasing the hazards of proliferation in
nonweapon states that use such material as fuel.
It would require isotopic separation to concentrate the uranium-233 for use in weapons.
How-

ever, it has also been suggested that this isotopic separation might be

much easier than is the case for burner reactor fuel slightly enriched

""*]

™

|
'
H
l
m

]

in uranium-235.

An extended marginal analysis of enrichment processes will also per
mit some clarification of

the kinds of

interdependencies that need to be

considered in evaluating "the proliferation resistance" of various fuel

^

cycles.

*See, for example, Moving Toward Life ♦

.

., op.

cit.,

Chapter I.
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rSome statements about the thorium cycle and its value in slowing pro
p*
\
™

[

|*

(

liferation proceed from the belief that accessibility of highly concen
trated fissile material depends only on the physical sequence of steps
in the production of uranium-233 from thorium and the use of uranium-233
in a reactor.
However, whether countries have access to such material
depends on where the various steps are performed:
in the nonnuclear
«a
weapon state itself or in a weapon state.
For example, if uranium-233 is

produced in a breeder using a thorium blanket, and that breeder is under
the control of a nonweapon state, then, barring some unlikely technical
fix, that state would have quick and easy access to the uranium-233,

since the operation of such a breeder would require the nonweapon state

to have facilities for separating the bred uranium-233 from thorium.

FThe same holds true,

if the uranium-233 were to be produced, as Pro
fessor Bethe suggests, in the thorium blanket of a hybrid fusion machine,
and associated reprocessing rather than in a breeder, and if that reprorcessing were under the control of a nonweapon state.
On the other hand,
if the production of uranium-233 by either method were in the hands of
weapon states, and if the fabrication of uranium fuels slightly enriched
in uranium-233 were also in the hands of weapon states, they might safely

P1

export the fabricated fuel to a nonweapon state.

There are still some questions that
rof the slightly enriched fuel, where the
But, we defer that for a bit in order to
the location of the fuel cycle between a

F

gerous,

that is,

might be raised about the safety
enriched material is uranium-233.
consider the issue of splitting
phase which is recognizably dan

close to bomb material and a phase which permits access

to bomb material only through isotopic separation, and, therefore, may be

L

considerably safer, that is, more distant from bomb material.
Such a
split between safe and dangerous activities was precisely what the authors
rof the Acheson-Lilienthal Report had in mind in 1946.
It appears that
they did contemplate thorium breeders under international control and
reactors using slightly enriched or unenriched material under national
r

control.
(They also hoped that they could make a similar split between
plutonium breeders that were dangerous, but under international control
on the one hand, and reactors using fuel that was slightly enriched with
plutonium, in which the plutonium was denatured by its higher isotopes.
rThat was a mistake which was soon acknowledged—a mistake in the appli

cation of a principle rather than a flaw in the principle itself.)

rAt the time of the Acheson-Lilienthal Report,
would be no nuclear weapons states,

it was hoped that there

just nonnuclear weapons states which

controlled "safe" activities and an international development authority

a

which controlled the "dangerous" ones.

i

that there was no invidious distinction among states.

'

pi

[

That would have meant supposedly
Today,

such pro-

posals would place the dangerous activities in countries that already
have weapons, precisely because they already have weapons.
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Chapter 9

n

THE URANIUM PATH

'

CONCENTRATING URANIUM-235 AND URANIUM-233

!

Current Technologies for Producing Highly-Enriched Uranium

from Uranium-235 or Uranium-233 Burner Reactor Fuel

Scope of the Analysis

In this part of our study we have considered in some detail three
methods of enrichment, two that are in use commercially (gaseous diffusion and the centrifuge) and one that is nearly commercial (the jet noz
zle).
to

First, we have analyzed commercial plants designed to enrich uranium

the degree currently used in fuel for light-water reactors,

percent;

and also,

namely 3

commercial plants designed to produce uranium at

"1
1
^
;

the

limits of the definition of low enrichment, that is 20 percent.
Second,
we have treated enrichment in uranium-233 as well as uranium-235.
Third,

we have studied, as potential feed for such enrichment, stocks of uranium
that had already been enriched—perhaps legitimately at the plant,

'

or ob

These

**]

stocks to be used as feed also were assumed to vary in degree from 3 per-

tained by import under existing agreements on nuclear cooperation.

]

cent to 20 percent.

Fourth, we have asked what is the critical time to

produce highly enriched uranium,

that is uranium enriched to more than 90

percent in the fissile isotope from specified stocks of slightly enriched
uranium in the given commercial plants.
"Wji

Uranium-235

Results on the Three Processes for Obtaining Highly Enriched Uranium
Starting with Uranium Enriched 3 Percent in Uranium-235.*

tm

1Centrifuge enrichment plants designed to produce 3 percent enriched
uranium from natural uranium can also produce uranium enriched to over
90 percent in uranium-235 from uranium that has already been enriched to
3 percent.
It can do this in a week or two.
Too short for timely warning.**

* We are indebted not only to staff members and consultants of PAN Heuris-

tics and of SAI, but also to the work of Dennis Holliday.
We also want
to thank C. M. Newstead of Brookhaven National Laboratory for making available to us the basis of his work on centrifuge separation of uranium-233.

**See PAN Paper 78-832-01, Edward Beardsworth, "Batch Recycle of U-235 in a
Full Production Centrifuge Enrichment Plant'.', February 24, 1978.
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2.

Gaseous diffusion plants designed to produce 3 percent enriched urani

um, would take very much longer—times measured in years—to produce such
highly enriched uranium from 3 percent material.

clearly long enough to provide timely warning,

Such critical

times are

given competent continuous

inspection or even inspection at intervals measured in months.*
3.

The jet nozzle is probably the least important of

these three tech

nologies from an economic standpoint because of its high consumption of
electricity.

That means that as a civilian cover for military activity

it is more transparent.

However,

the laxity of

the civilian economics of

nuclear power has made it easy to use even transparent covers.

Given the uncertainties in the public data,

the results are much less

clear for the jet nozzle production of highly enriched uranium from 3 per
cent material.

With these uncertainties,

calculations indicate a range

of possible critical times for the production of highly enriched uranium
varying from as little as two weeks to as much as four months.
end,

At the low

even continuous inspection would not yield timely warning.**

Producing Highly Enriched Uranium from 20 Percent Enriched Material

Since light water reactors today generally use enrichments of

2

to

4 percent, we tend to think of "low enrichment" as meaning concentrations
in that range.
However, the definition of "low enriched uranium" which
is generally accepted draws the line at 20 percent since that is roughly

the limit below which concentrations of fissile material are too slight
to permit direct use as the active material in a practicable nuclear ex
plosive.

In fact,

the nuclear supplier guidelines transmitted recently

to IAEA*** impose special controls on exported enrichment facilities,
equipment and technology by requiring that

the recipient agree that nei

ther the transferred facility nor any facility based on such technology
will be designed or operated to produce more than 20 percent enriched

uranium without the consent of the supplier.

The 20 percent limit may be

an appropriate boundary for distinguishing weapons grade from nonweapons

grade material,

if the point is to predict whether or not that material

can be directly used

in a bomb.

However,

it appears not to be an appro

priate boundary for distinguishing facilities that can or cannot quickly
produce weapons grade material.

Nor does it appear

to be an appropriate

*

See PAN Paper 78-832-02, Richard Ziskind, "Draft Summary of Topics Re
lated to Production of HEU by Gaseous Diffusion," 8 February 1978.
** PAN Paper 78-832-03, Richard Ziskind, "Separation Nozzle Performance
Analyses," 18 July 1977.
***Reported in Nuclear Engineering International,
No. 267, p. 5.

February 1978,

Vol.
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1
I

boundary for determining whether or not low enriched uranium can rapidly

H

be converted to weapons grade uranium by enrichment facilities even if

I

such enrichment facilities are not designed to produce weapons grade
uranium.

1)

^

In the diffusion case, a plant designed to produce 20 percent en

riched uranium from natural uranium and using 20 percent enriched uranium

as feed, could produce highly enriched uranium in 3 to 4 months.

The re-

suits would be about the same, even if the plant were designed to produce

only 3 percent enriched uranium from natural uranium, though this case
would require very large stocks of 20 percent enriched uranium to be
available for use as feed.

2)

For the nozzle and centrifuge cases,

the availability of large

stocks of 20 percent enriched uranium for use as feed (whether the plants

are designed to produce 3 percent enriched uranium from natural uranium or
20 percent enriched uranium from natural uranium) would permit the pro

m\
i

^j
I

„*

/
!

duction of highly enriched uranium in times that would be too short to

"1

would be less than a month for the nozzle case,

~~

permit timely warning.

For either kind of enrichment plant, the times
and less than a week for

the centrifuge case.

i

H|

i
Uranium-233

_

Uranium-233 has assumed new importance in the last year or two be-

cause it can be used as the active element in slightly enriched fuel

for

a burner reactor, and like uranium-235 would require isotopic separation

from the uranium-238 in the fuel.

This distinguishes it from plutonium

'
"*j

I

which of course is a different element from the uranium with which it is
mixed in slightly enriched MOX fuel.
It appears therefore that, even
though breeders producing uranium-233 from thorium would have to be re

-m

stricted to safe locations in weapon states, burner reactors using urani

um slightly enriched in uranium-233 might be safely located in states that
do not have nuclear weapons.
This has been questioned,

i
however.*

It has been suggested that be

cause uranium-233 differs in mass from uranium-238 more than does uranium-

235, isotopic separation may be much more easily and quickly accomplished;
that,

in short,

^

J

the difficulties and the time involved may be closer to

those involved in chemical separation of plutonium from the element uranium.

*C. M. Newstead, "Preliminary Safeguards Analysis of Denatured Thorium
Fuel Cycles," 10 November 1976, Brookhaven National Laboratory, USERDA.
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The situation,

however,

is more complicated

than that.*

As in the

case of uranium-235 the safety of fuel slightly enriched in uranium-233
depends on the types of enrichment facilities which are permitted in non-

weapon states, the degree of enrichment that they are designed to pro
duce, as well as the degree of enrichment of the burner reactor fuel, and
a good deal else.
There are six points:

1)
There is, of course, a greater mass difference between uranium233 and uranium-238 than between uranium-235 and uranium-238.
This favors
the view that uranium-233 will be easier to separate, at least in the cur
rent technologies of enrichment.
The greater mass difference means that
such facilities of a given size can do almost three times as much separa
tive work, when separating uranium-233 from uranium-238 as compared with
separating uranium-235

from uranium-238.

2)
The fast critical mass of uranium-233 (which is a major determi
nant of the quantity of fissile material needed in a bomb) is only about
one third that of uranium-235.
To obtain material for a given number of
bombs, one needs to produce much less material highly enriched in uranium233 than in uranium-235.
This factor also would tend to reduce the time
and difficulty to produce highly enriched uranium from fuel slightly en
riched in uranium-233.

3)
The slow critical mass of uranium-233 (which is relevant for its
use as a fuel in burner reactors) is smaller than the corresponding criti
cal mass of uranium-235—though the difference is not as great as is the
case for fast critical masses.
As a rough approximation, fuel enriched
to 2.2 percent in uranium-233 would be equivalent to fuel enriched to
3 percent in uranium-235.
Since the burner reactor fuel, which would be
used as the starting point for producing weapons grade concentrations of
uranium-233, has a somewhat smaller percentage of the active element,
weapons grade material will tend to be harder to obtain.
This serves as
a slight offset to the preceding points.

4)

All such comparisons of uranium-233 directly with uranium-235

neglect the fact that in practice uranium-233 which would be produced from
thorium in light water breeders would come mixed with other isotopes of
uranium.
For example, one calculation gave the uranium isotopic composi
tion as follows:
uranium-233—67.9 percent, uranium-234->--19.1 percent,
uranium-235—9.8 percent, uranium-236—3.1 percent, and uranium-232—

.2 percent.**

In this event,

the fuel enrichment for a light water burner

* The preliminary safeguards analysis of the denatured thorium fuel done
at Brookhaven involves some errors in modeling and calculations and some
in principle which we discuss later.

**Final Environmental Statement, Light Water Breeder Reactor Program,
EKDA 1541, Vol. 3, June 1976, p. IX, G(J)-2.
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reactor might have to be slightly higher than is indicated for pure
uranium-233 due to the need to compensate for the neutron captures in the
other uranium isotopes.
The enrichment of this slightly enriched uranium-

H
'.

233 fuel might in this case have to be 3 percent instead of the 2.2 per-

■*»

cent suggested above—in other words,

equal to the enrichment of

the low

enriched uranium-235 fuel.
This point, then, might negate point 3.
But
then, the fast critical mass would be higher for the isotopic mixture

than for pure uranium-233.

This would offset somewhat the indications

of point 2, though the fast critical mass of this mixture would still be

1
'

less than that of uranium-235.

5)

More important perhaps than any of these prior considerations is

another consequence of the fact that, in practice, uranium-233 produced in
the thorium breeder would be mixed with other isotopes of uranium and in
particular, a small percentage of uranium-232.
Uranium-232 decays into

several isotopes that emit strong gamma radiation, in particular,
thallium-208.*

Since the gamma activity comes from isotopes other than

j
^
I

'

uranium isotopes, the gamme activity is absent from freshly reprocessed

"1

cessing, taking only a few weeks to reach quite high levels.

~~

uranium-233.

However, the activity builds up very quickly after repro-

Since the

hexafluoride molecules of the thallium-208 and its precursors, excepting

*1

uranium-232, are not stable they would plate out on the inside of any enrichment plant, rapidly making the entire plant highly radioactive.
Analytic comparisons of the amount of separative work and time needed
to produce highly concentrated fissile material from some specified low
concentrations of uranium-233 hexafluoride on the one hand or uranium-235

!

■

hexafluoride on the other, have in general tended to neglect such consid-

H

made.
They may be critical, in fact, because it is very likely that only
isotopic separation plants designed for concentrating uranium-235 would

"")

erations.

However, they may exceed in importance all the prior points

be available for the production of bomb grade uranium-233.

And such plants

would have little or no shielding against radiation since uranium en
riched in uranium-235 does not emit significant amounts of gamma radiation.
This brings us to the sixth point of difference between uranium-233
and uranium-235 as active elements in burner reactor fuel.

6)

Fuel, slightly enriched in uranium-235 for burner reactors, uses

uranium concentrated in isotope separation plants.
enriched in uranium-233,

Burner fuel, slightly

J

_
'

'

***)

j

on the other hand, would derive its uranium-233

by chemical separation from the product of the thorium breeder.
ian power reactor cycle operating with uranium-233 has no need,

A civilthen, for

an isotope separation plant devoted to the production of uranium-233.
Therefore, there is no economic reason and there is no civilian cover for
a uranium-233 isotope enrichment plant that might produce weapons grade

*Ibid.,

I

p. X-31.
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from reactor grade material.

No reason for it in the supplier states,

still less reason for it in the nonweapon states operating a burner re
actor.

Moreover,

since the dilution of uranium-233 with uranium-238 by

rthe supplier states is an essential part of the process of "denaturing"
uranium-233, there is little reason why the fuel should not be supplied
in the form of rods, of mixed uranium-233 and uranium-238 oxide.
In fact,
rthe fuel fabrication is likely to be easier if done shortly after the sep
aration of the uranium-233 and before the intense gamma activity from the
uranium-232 has had a change to build up.

f*

}

In the case of uranium-235,

the slightly enriched fuel may be shipped

and stocked in the form of uranium hexafluoride.

This would be ready to

be fed into a fuel fabrication plant.
Or into an enrichment plant.
In
rthe case of uranium-233, it would be reasonable to have it shipped and
stocked in uranium fuel rods and this would impose an extra stage in the
process of transforming slightly enriched into highly enriched material.
rThe nonweapon state intending to get uranium highly enriched in uranium233 for weapons would have to extract the uranium-233 from the fuel ele
ments and convert it to UFg.
Moreover, this process of conversion would
be greatly complicated by the presence of the radioactive daughter pror
ducts of uranium-232—just as these daughter products of uranium-232 would
make much more difficult the process of enriching uranium in uranium-233.

I

^

The Results for Uranium-233 on the Three Processes for Obtaining

Highly Enriched Uranium from 3 Percent Enriched Material

rl)

A centrifuge enrichment plant designed to produce 3 percent en

riched material from natural uranium, might also quickly produce uranium

highly enriched in uranium-233 from material 3 percent enriched in uraniumF233.
It might do this in a few days, rapidly enough to avoid a disabling
buildup of the daughter products of uranium-232.
If, as we suggested was
reasonable, the material enriched in 3 percent uranium-233 was stocked for
p,
civilian use at the burner reactor only in the form of fuel rods, these

(

would have to be converted to uranium hexafluoride before the enrichment

■

process could start.
This would take perhaps longer than the enrichment
process itself.
The resulting critical time is not very different in
total from centrifuge enrichment of uranium-235, starting with uranium-

r

235 hexafluoride.
There would be too little time for adequate response
by adversaries, by a supplier state or by the international community.
The Brookhaven preliminary analysis previously cited compared uranium-

233 and uranium-235 in terms of the number of centrifuges and the separartive work required to produce bomb material.
It did not consider the
critical times explicitly.
It concluded that uranium-233 fuel for burner
reactors would require fewer centrifuges and less separative work to yield

J*

{

m

bomb material than was the case for uranium-235.
And that the difficulty
of deriving bomb material from fresh uranium-233 fuel is intermediate be-

tween the difficulty of getting such material from the normal burner
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reactor fuel slightly enriched in uranium-235 on the one hand,

or getting

it from fresh mixed plutonium and uranium dioxide fuel on the other.
The Brookhaven analysis had several shortcomings.
There were errors
in the modeling of the enrichment process and some mathematical errors.

As a result, it exaggerated the difference between uranium-233 and uranium235 so far as ease of centrifuge separation is concerned, even if both had
the same starting point in slightly enriched uranium hexafluoride.*
And

it neglected the point that the differences in critical times would be
essentially obliterated by the fact that uranium-233 is more likely to be
stocked in the form of fuel rods.

««
<

,

i

***]

I
^
j

The more fundamental flaw, however, is that the analysis was limited
to centrifuge separation on the assumption that no attempt would be made

by suppliers or the international community to limit the transfer of cen-

'

""J

trifuge technology to nonweapon states.
In that case, as our results
show, uranium-233 would not be safe in the form of slightly enriched fuel,
but neither would uranium-235.
(It is not even clear that natural uranium
would be safe and U3O3 is not subject to safeguards.)
That is the major
implication of the analysis of each of the fissile elements of uranium.

<^
i
-»■

The problem lies in the technique of enrichment, not in the difference between uranium-233 and uranium-235.
If there is no attempt to restrict

^
!

the transfer of centrifuge technology, the difference between uranium-233

I

:

and uranium-235 would be trivial.

2)

On the other hand, a gaseous diffusion plant designed to produce

j

uranium enriched 3 percent in uranium-235, would take about six months to

yield highly enriched uranium-233 from 3 percent material—if we neglect
the problem of the daughter products of uranium-232.
But, of course, in
this case we cannot neglect the radioactive daughters of uranium-232.
There would be enough time for a buildup of these products to make it

m^
j

unlikely that the plant would be operable throughout the entire six month

'

period required.
In sum, it appears that uranium-233 burner reactor fuel
would be comparatively safe even if one were to permit gaseous diffusion
plants for 3 percent enrichment in nonweapon states using such fuel.

^
i

3)
As
uranium-233
bust enough
most, about

material.

for jet nozzle production of highly enriched uranium from
burner reactor fuel, once again the calculations are not ro
for confident conclusion.
The critical time might take, at
a month, neglecting the problem of the buildup of radioactive

But the experimental data publicly available on the jet nozzle

*For analysis of

the Brookhaven calculations,

as well as

™

""]

the statement of

the basic theory of enrichment cascades, a review of counter-current

"•")

centrifuge theory and an independent calculation of representative cas

cades for uranium-233 and uranium-235,

see PAN Paper 78-832-04 by Edward

Beardsworth entitled "Centrifuge Enrichment of U-233," 21 August 1977.
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is too uncertain and fragmentary, and the available theory of

separation

by jet nozzle is itself too fragmentary to permit anything but a most ten
tative inference.

20 Percent Material
It is likely that

the boundary between weapons grade and nonweapons

grade would be somewhat lower than 20 percent
cent)

in the case of uranium-233.

(perhals as low as 12 per

This does not appear to have been con

sidered so far in the supplier guidelines.

In any case, we have not ex

plored the problem to the extent that we have for uranium-235.
For the
reasons that we have suggested, in setting the boundary for transfer of
enrichment plants,

suppliers would contemplate enrichment facilities for

uranium-235.
Therefore, under presently contemplated rules, enrichment
facilities would be limited to producing 20 percent enriched uranium from
natural uranium feed.

Whether plants designed for producing 20 percent

enrichment in uranium-235, when operating on 20 percent or somewhat lower
uranium-233 feed, would be safe is quite doubtful for any of the three
types of enrichment processes we have investigated.
Centrifuge plants
would of course be unsafe.
safe.

Jet nozzle plants seem quite likely to be un

And gaseous diffusion plants seem likely to be on the borderline.

These judgments, hwoever,

are intuitive rather than the result of exten

sive calculation.

Some Background on Gaseous Diffusion Technology,

Its Effects on

Proliferation and on the U.S. Reputation as a "Reliable Supplier"
There is a considerable body of evidence that the Europeans in the
nineteen fifties and the sixties were concerned about the U.S. monopoly
of enrichment which the U.S.

achieved as an automatic heritage of the
three huge gaseous diffusion plants started in World War II for weapons
purposes.
Papers at the Second International Conference on the Peaceful

Uses of Atomic Energy (for example,

that of Franklin and Hill of the UK)

indicate that the desire to both avoid huge investments in a commercial

gaseous diffusion plant and at the same time to escape dependence on the
U.S. as a supplier of enriched fuel, had much to do with the initial de

cisions of the British (and the French, Japanese, Indians, and Canadians)
to develop a line of reactor technology starting with natural uranium
fuel and going on to plutonium breeders, without an intermediate phase
involving light water reactors fueled with slightly enriched uranium.

the sixties when light water reactors were winning in the world competi

tion with natural uranium reactors,

the continuing desire to escape de

pendence on U.S. enrichment led to the development of centrifuge tech
nology by the British, Dutch and Germans and also by the Japanese.
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The initial concerns then about the U.S. as a "reliable supplier"

had nothing to do with the possibility that the U.S., out of an excessive

^

(

concern about proliferation and security or about the environment, might
stiffen its regulations and for such reasons deprive foreign countries
of fuel.
U.S.

Rather it had

to do with fears of

would use its monopoly of

enrichment

foreign governments that the

to sell

)

its own light water re-

actors and so gain a competitive advantage at their expense.

American

light water reactors had an advantage over natural uranium reactors, such

as the English Magnox, the French UNGG, or the Canadian CANDU, which was
conferred by the way slightly enriched uranium was priced.

*|
j

We used for

determining a price the historical costs in uninflated dollars and charged
only for the small part of the plant actually employed in civilian en-

p*
>

richment.
Our pricing policy did not cover the full replacement costs,
that is, the long-run marginal costs of enrichment.
Natural uranium-fueled
reactors on the other hand had to cover the costs of graphite or heavy

i

water,

'

and had high capital costs related to their large size,

turn is said* to be linked

to

which in

their less concentrated fuel.

When the foreign governments began selling LWRs themselves,
ried about a possible competitive advantage that U.S.

they wor-

by being able to offer an assured supply of enriched uranium.**
Some authorities, such as James R. Schlesinger, held that we could encourage the
British, the French, the Dutch and others to move in the direction of gas
eous diffusion.
We would help them do it by transferring either an equity

interest, in or U.S. gaseous diffusion technology itself, with appropriate
caution and without seriously increasing the danger of proliferation. In
fact,

the U.S.

i

suppliers might get

■"**]
I

government seemed to be moving in that direction in 1969.***

The Europeans frequently harbor suspicions that U.S.

policy which is

nominally directed against the spread of nuclear weapons actually covers
an attempt to further U.S.

*

C.

advantage in competition with Europeans in

„»

Starr, "Fuel Enrichment and Reactor Performance," Proceedings of

the Second International Conference on Nuclear Energy,
1958,

p.

286.

** On the British-Dutch motivations for their joint venture in centrifuge

enrichment, see Nucleonics Week, 28 November 1968, pp. 1-2.

***See Nuclear Industry, July 1969, p. 4, "AEC Considering Export of Gaseous Diffusion Barrier" and Nuclear Industry, August 1969, p. 6.

"AEC

Diffusion Technology for Europe?" cited by V. Gilinsky and W. Hoehn,
The Military Significance of Small Uranium Enrichment Facilities with
Low Enrichment Uranium, RM-6123-ARPA, The Rand Corporation, Santa
Monica,

and A.

,*-

P1078, Geneva,

California,

December 1969,

p.

23.

See also J.

Kramish, A Gaseous Diffusion Plant for Europe?,

R.

Schlesinger

RM-4908-ISA,

May 1966, The Rand Corporation, Santa Monica, California.

1
i

"^
(
^

!
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civilian nuclear sales.
In the 1960s the opening up of our gaseous dif
fusion technologies might have allayed these suspicions.
Foreign govern
ments have some continuing difficulty in keeping straight the differences
between our trade secrets and our military secrets.
While we need in
creased clarity on these matters, some of their doubts are likely to re
main.
They are intrinsic to the problem—which is the large and uncertain
overlap between military and civilian nuclear technology.

Enrichment,

Enriched Material and the Evaluation

of Proliferation Resistance

Some more general points can be based directly on the preceding con
siderations; some flow from related additional work as well.

1)

Our analysis of enrichment technologies so far has focused on the

current or near-term state of the art.
some current technologies,

It shows that the transfers of

and in particular the centrifuge,

need to be

restricted if highly enriched uranium for bombs is not to become easily
accessible to many nonweapon states.
Some techniques of enrichment in de

velopment now would, even more obviously, need to be restricted if the
projected development should prove successful.
Laser isotope separation
in particular may make it easy for governments controlling such techniques
to obtain highly enriched uranium with extremely short time delays.
How
ever, while the use of such facilities may be easy, their development and
design require great sophistication.
It should be possible, therefore,
to limit the spread of the facilities, even if the product of such facil
ities is sold widely.
And it is the facility in this case, more than the
low-enriched product,

which needs to be controlled.

2)

The dangers in any given fuel cycle and the possibility of ade

3)

One cannot evaluate the proliferation resistance of fuel cycles

quate safeguards against violation, depend not simply on technical con
siderations but on international conventions, new or established, as to
what facilities and what stocks of material, and what kinds of operation
are legitimate and where these may be legitimately located.

one at a time starting with the fresh fuel.

Whether even a once-through

fuel cycle permits quick access to highly concentrated fissile material

after a breakout from an agreement, or whether it permits a successful
clandestine diversion, depends on what conventions are established about

the legitimate location of various facilities that may be involved in
producing the fresh fuel.
The active element of fresh fuel for a oncethrough power reactor may be produced in another power reactor which in
volves recycling.
So, a thorium breeder power reactor may yield the
uranium-233 for a burner which uses on a once-through basis fuel slightly
enriched in that isotope.
The analysis we have presented of enrichment
technologies illustrates a potential synergy which is dangerous between
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enrichment facilities and slightly enriched material which seem separately

""]

activities, is an essential for determining the kinds of activities that
may be located in nonweapon states, without making highly concentrated
fissile material quickly accessible.

r™

to be quite innocuous.

4)

The int erd ep end enc e then of various fuel cycle

There is a potential conflict between assuring supply by allow

ing large stocks of slightly enriched fuel and the problem of reducing the

opportunities for quick access to highly concentrated material.

To re

i

*]

solve this conflict requires a strict control of the transfer of enrich
ment technologies which could quickly transform nonweapon to weapon grade

»-*)

material.

5)

An analysis of enrichment technologies, stocks of enriched ma-

_

terial and their relationship of interdependence with various fuel cycles
makes clear that some enrichment technologies should not be transferred
to nonweapon states if bomb material is not to become quickly accessible.

This is true for gas centrifugal technology and facilities now, and is

/
'

"*}

likely to be true for laser separation facilities if and when they become
commercially useful.

On the other hand,

some enrichment technologies may,

from the standpoint of proliferation at any rate, be safely transferrable—

;
"**

*n

gaseous diffusion may be an example.
In this case, however, supplier
guidelines should limit such transfers to facilities designed to produce
uranium enriched to 2-4 percent in uranium-235.
If such facilities are

^

transferred, even this constraint on the level of enrichment which it is

]

designed to produce, will not suffice.

Constraints are likely to be

necessary on stocks of low-enriched fuel, and especially on the degree of
enrichment of such fuel.
The above suggests a further needed evolution

in supplier guidelines.
6)

'

**}

j

At the present time,

the economics of enrichment as distinct from

considerations of security of supply, does not offer much incentive for
many additional countries to acquire enrichment facilities.
As was sug
gested by work at PAN Heuristics three years ago, the demand for enrich
ment had been greatly overestimated and plans underway suggested there

would be "an embarrassment of enrichment facilities."*

This is now widely

recognized.
A limitation in transfers of enrichment facilities would im
pose no economic sacrifice on the part of prospective purchasers of enrichment facilities.
Indeed some of these facilities, like the German
jet nozzle facility in Brazil, with its extremely high consumption of
electricity, will be an economic drain on the purchaser.

7)

\

m

)

i

"*]

'
„*,

Some countries, of course, may consider the purchase of enrich

ment facilities out of concern for the security of their supply of slightly

^Science, 28 May 1976, Vol.

192, No. 4242, p. 866; and Vince Taylor, How

the U.S. Government Created the Uranium Crisis,

PAN Heuristics, June 1977.
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enriched uranium.
Many of the countries at the Persepolis Conference in
April of 1977 on the transfer of nuclear technology believe that the sup
ply of slightly enriched uranium for burner reactors is more uncertain
than the supply of oil.
There should be effective, less costly ways of
assuring a fuel supply for burner reactors than the spread of additional
facilities.
And less dangerous ways.
This is the avowed purpose of the
United States fuel assurance program.
Excess world capacity for enrich
ment should make such a program easier to put into effect.

THE HIGHLY CONCENTRATED PRODUCT AS DISTINCT FROM THE
SEPARATION FACILITIES THEMSELVES

It is clear that some uranium separation facilities,
nonweapon states, would not afford timely warning,

if located in

just as it has become

clear that the Purex process of plutonium separation would not afford
timely warning.
The United States has embargoed the transfer of uranium
as well as plutonium separation facilities.
Curiously, though, we have
been much less careful about restricting transfers of the product of
these plants. We have transferred both plutonium and highly-enriched
uranium in simple compounds that can be quickly converted into weaponready material; and we have transferred large amounts to some nonweapon
states.

As pathway zero in our analysis' of pathways to a bomb suggests, such
transfers are the most dangerous of all.
They essentially eliminate ad

ditional (marginal) costs.
The evident incoherence of this policy has
been puzzling.
In the case of plutonium, however, it is explicable in
terms of the widespread prevalence since 1946 of the myth that plutonium
would be automatically denatured when produced in the course of the op
eration of a power reactor with its attendant long irradiation times.*
We wanted very much to believe that nuclear energy was of massive and

enduring importance.
We thought plutonium fuel was going to be essential
in order for nuclear electricity to be of any substantial importance at
all, and we, therefore, encouraged other countries to move toward plu
tonium fuel for use in breeder reactors.
In the 1940s, we thought that
all United States reserves of uranium-235 would support only four and a
half months of electricity consumption in the United States at the then
current rate.** We exhibited great confusion, but many United States
officials believed and some allowed others to believe that power reactor
plutonium was safe because it was denatured.
Denaturing is the key to
the puzzle about plutonium.

* See Chapter III of Swords from Plowshares, and PAN ERDA-1, by Albert
Wohlstetter, op. cit., for an extended analysis of denaturing in the
last 30 years.

**0n this, see A. Wohlstetter, Spread of Nuclear Bombs:
Premises,

Policies,

op.

Predictions,

cit.
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But how about highly-enriched uranium?

more of a puzzle.

Our policy here has been even

Nobody has suggested that uranium highly enriched in

uranium-235 could not be made into a formidable nuclear explosive.
the case of the reprocessing plants and

their product,

even larger for

the case of uranium.

separated plutonium,

In fact,

"*j

the contrast is

This clearly is odd,

product that makes the plant potentially dangerous.

[

As in

we have tended to be more cautious about enrichment plants than about
their product, highly enriched uranium (HEU).

«_

since it is

;
the

No one projects drip-

ping an enrichment or a reprocessing plant on an adversary,

m

but some just

possibly might consider dropping a supercritical mass of uranium or plu

tonium.

In the case of plutonium, we did contemplate in the 1960s allow-

ing an American firm to sell the Japanese a reprocessing plant,

they accepted stringent controls.*

provided

But, we seem never to have come close

'

to letting an American firm sell an enrichment plant.
However, if one is
thinking simply of the dangers of proliferation, the sale of a large gas-

^

eous diffusion plant for uranium might be less worrisome than that of a
chemical separation plant.

low enrichment and, as we have shown in the case of gaseous diffusion—
the process we have been guarding most carefully—the transition to HEU

from slightly enriched uranium-235 fuel could give plenty of warning.
the other hand,

a*

On

highly enriched uranium metal is very easily made into a

simple gun-type bomb, plainly needing no peacetime testing whatsoever,

we demonstrated at Hiroshima with the first nuclear weapon ever used in
combat.

{

The enrichment plant might be designed for

as

;

)

How could we have been so careless with HEU?

Here we can only speculate.

Several factors might have been at work.

]

The first has to do with the ambivalent precedent set by our treatment of
plutonium.

To say it briefly, we were careless about plutonium because

it was denatured and, hence,

safe; we were careless about highly-enriched

uranium because it was no more dangerous than plutonium, which,

in the

back of our minds, we knew was really not safe.

Second,

the transfers of highly enriched uranium were connected with

!

experiments in research reactors directed toward developing future power

reactors.

What is required for the purpose of research,

however,

is no-

m

toriously difficult to fix precisely in advance.
That is part of the
nature of research.
Determining the requirements for experiments in a
research reactor differs markedly from specifying the fuel requirements

of a power reactor.

The mode of operation even of a power reactor may

have uncertainties associated with the frequency of down time for maintenance or for refueling and the consequent degree of irradiation of

fuel.

Precise requirements may be hard to identify as justified or not

justified by civilian economics.

However, the situation is much vaguer

and more uncertain for research reactors.

*A.

Wohlstetter,

Swords from Plowshares,

The fact that

op.

the transfers

cit.
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of highly enriched uranium served the purpose of research, therefore, made
their legitimacy still less questionable in any precise way.
Third, we were careless about the product of enriched uranium as dis
tinct from the technology of enrichment, in part for another reason that
applies also to our carelessness about the product of plutonium separation
plants as distinct from the plant itself.
A transfer of a plant is a large
enterprise,

involving billions of dollars in the case of an enrichment

plant.
That, obviously, would have to be approved by the Congress.
On
the other hand, the transfer of a few kilograms of highly enriched uranium
or plutonium could be handled almost entirely by the bureaucracy, and when
it got the attention of the relevant Congressional committee,

didn't get very much attention:

it normally

The sums involved were too small, the

events too frequent.
It seemed only a slight extension of the transfers
of slightly enriched uranium.
In fact, the degree of enrichment which marked the arbitrary boundary
between danger and safety—20 percent—was breached in 1955 in a shipment
to Canada.*

Our first shipment of highly enriched uranium in 1955 was for

an experiment in the Canadian NRX reactor on behalf of

the United States,

to further our own research program.
This prepared the way for transfer
ring highly enriched uranium to Canada for its own experiments, then to

the United Kingdom,

Belgium,

and so on.

Some of these early shipments

were associated with the belief that uranium was extremely scarce,

and

that the countries receiving these transfers of highly enriched uranium
might be able to extend the available supply of fissile material by fur
thering the development of the breeder power reactor.
Fourth,

the decisions on how much to permit of a continuously varying

quantity are more liable to erosion than decisions based on qualitative

distinctions.

Thus,

it was easy for the low- or middle-level officials in

the State Department and

the AEC to decide to increase the degree of en

richment from less than twenty percent to more than twenty percent in some
cases, and to increase the number of kilograms from less than a bomb's

worth to a bomb's worth or more.

*This first shipment was considerably earlier than the results of pre

liminary research had suggested.
"Spreading the Bomb Without Quite
Breaking the Rules," Albert Wohlstetter, Foreign Policy, No. 25, Winter
1976-77,

assumed that the first shipment took place in the early sixties.
see Arthur Steiner, PAN Paper 78-

For the results of our recent work,

832-10, "Some Points on the Export of Highly Enriched Uranium," December
1977.
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Fifth,

the policy was developed on a case-by-case basis.

The first

countries to receive highly enriched uranium were those with whom we had
had the longest history of nuclear cooperation.

nonweapon states,

they were,

of course,

While two of

them were

highly reliable allies and,

even

then, we limited them to quantities of highly enriched uranium which we

felt would not be of "military significance."

The meaning of the phrase,

however, was rather vague and also subject to erosion,

as was the limita

tion on the list of countries that might receive highly enriched uranium
on a case-by-case basis.
We have recently shipped highly enriched uranium
for a Triga reactor in Romania.
We tend, perhaps, to deprecate the mili

tary significance of transfers to governments we think are unlikely to

""*]

undertake a military program.

Whatever explains the evolution of our policy on the transfer of
highly enriched uranium or plutonium in the past, it is clear that such
transfers can bring a government to the very verge of bomb material and,

^
[

thus, make it easy to go the rest of the way.

_
\

fMV

■
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Chapter 10

WHAT MIGHT MAKE A COUNTRY "DETERMINED" TO GET NUCLEAR WEAPONS?

Those who are for an immediate commitment to commerce in plutonium
are in the habit of starting their assertions with phrases like "A nation
that makes the political decision to arm itself with nuclear weapons can

always, etc . . ."; or "Countries determined to get nuclear weapons will,
etc . . . ." But such assertions evade the main issue, which is to dis
courage countries from becoming so "determined."
A policy to prevent or

slow the spread of nuclear weapons must con

sider factors influencing a country to change its mind when it

is unde

cided or has even definitely decided against acquiring nuclear weapons.
Such factors, as we have indicated, are complex.
They include, among
other things, the threats a country might perceive and its alternatives
for meeting these threats without nuclear weapons.
But they surely in
clude also the additional costs and risks that would be incurred by the
decision and

the period of

time during which the country in question

would be exposed to the risk of counteraction.

This period of exposure

and the political military risks in general plainly depend on the inter
val of time during which a movement

toward getting nuclear explosive ma

terial is clearly distinguishable from what is accepted as legitimate
civilian nuclear activity.
Since inspection systems are directed at detecting illegitimate ac
tions,

inspection alone cannot substitute for a redefinition of conven

tions or legitimacy.
Present conventions allow activities to come too
close to a bomb to give a warning system time to work.
Control of stocks

of highly enriched uranium or plutonium makes it easier for a country to
change its mind, when political circumstances change, and to decide then

to get nuclear weapons.

It is also easier for a government to make such

decisions one step at a time rather than all at once.
A paper cited at

the Windscale Inquiry by BNFL as authority for the

irrelevance of a ban on the transfer of sensitive technologies because
"it would not prevent states from developing nuclear weapons once they
had decided to do so," immediately admits that a ban "would, however,
slow the progress of a weapons programme and might also have an influence

on the decision process itself."
mission, damaging enough,

(Adelphi Paper 130, p.

29.)

That ad

puts the matter much too mildly.

When a country is moving toward a nuclear capability under the cover
of legitimate activities,

it may receive not only cooperation but subsi

dies from states with nuclear weapons.

But if it should be seen unambig
uously to be undertaking an illegitimate action aimed directly at a
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military nuclear program, it is unlikely to receive such help and may be
exposed to great peril.
For that reason, even thin disguises have been
adopted in the past when all of this was less seriously regarded.
The
Israelis, for example, talked of their 26 MWt research reactor (which
produces perhaps enough plutonium for one bomb every year) as a textile
plant.
Today in these less innocent times the importance of having a
legitimate cover for a disguised production reactor of a military separa
tion plant is suggested by the lengths to which Pakistan has gone to
insist on the fulfillment of its contract with the French for a nominally
civilian reprocessing facility.

The ambiguities,

however,

can function in many different ways in

various governments to make the decision for a weapon ultimately more

likely.
In some governments, political leaders are likely to find such
a decision easier if they can inch toward such a capability rather than
try to reach it is one leap.

In other governments the bureaucracy can

move the country toward a capability for military weapons,

as long as

their moves are ambiguous, with little interference or even consciousness
on the part of a rapid succession of political leaders.

Moreover,

the

ambiguities may be valued not only by the bureaucracy in the country mov
ing toward a weapon capability, but also by the bureaucracies of governments supplying nuclear cooperation which may be eager to continue to sup-

ply, and happy with a fiction enabling them to do so.
Thus, much of the
bureaucracy in the United States persisted in the fiction that India had
not violated their Agreement for Cooperation with the United States in
using our heavy water

to produce plutonium for

explosives.

An examination of the history of decisions on nuclear energy in a

n

good many countries confirms that preservation of ambiguity as to the
civilian or military applications for a program matters a great deal.

It

makes it possible to drift into a military program without making a posi
tive decision until very late, and to keep the decision covert once it
has been made, and therefore less dangerous.

In particular,

the legiti-

mate acquisition of large quantities of highly concentrated fissile ma

terial has facilitated the decision to make bombs in the past.
Three of the last four countries to make and test nuclear explosives—
that is,

the three in which the evidence is public—The United Kingdom,*

France,** and India***—decided to produce and separate plutonium well

*

Margaret Gowing,

Independence and Deterrence,

!

Britain and Atomic

Energy 1945-1952, Volume 1, Policy Making (New York:
Press, 1974), pp. 168 and 172.
** Bertrand Goldschmidt, The Atomic Adventure (New York:

pany, 1964), p. 81.

„

St. Martin's
Macmillan Com-

***M.G.K. Menon, "Homi Jehangir Bhabba, 1909-1966," Proceedings of the
Royal Institution, Volume 41, Part IV, No. 191, 1967, p. 434.
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before they overtly decided on a nuclear explosives program.
The decision
to get plutonium carried these governments along most of the path toward
a bomb, but left it ambiguous as to just where the path would end.
The
ambiguity may, at the early stages, have reflected some uncertainties and
indecision in the governments themselves, or it may,

in the later stages

in particular, have been ambiguous only so far as the public is concerned.

Each of these cases differs.

The British had decided by the end of

1945 to produce plutonium on a scale large enough to form the material for
15 bombs a year.*
There is no doubt that at least an inner group of mem
bers of the government understood the weapon potential of this decision,
but that

is about all that can be said definitely.

In November 1946,

this

is what could be said according to the official historian of the British
atomic energy program:

Decisions had been taken which enabled work on large-scale produc
tion of

fissile material—plutonium—to begin.

for atomic bombs?

Was it to be used

Here there was what can only be called a non-

decision:
the Government had not said "yes" and had not said "no,"
The
nor even clearly and emphatically "we shall wait and see."
scale of production decided upon had certainly not been related to
strategic policy,
the confusion of

as Lord Portal himself admitted later, although
the decision-making process was such that a secre

tary of the Chiefs of Staff Committee believed it had been.

On var

ious occasions at ministerial level the statement was made that

the

use to be made of the fissile material would depend on "circumstances."**
In 1946 and 1947

there were many powerful forces moving England

a decision to make the bomb.
greatest powers.

toward

It had been, up to then, one of the world's

It had been a partner in the American weapons program,

recently excluded,

and

it had no military commitment from the United

States to come to its aid in case of war.***

Yet the decision to make a

bomb was not "taken casually as a simple acceptance of an assured fact."
Nonetheless,

the prior decision to produce plutonium made it much easier

to proceed with the military program and

to proceed with the necessary

secrecy.

Nor should it be thought that the decision to make plutonium without
deciding whether or not to make bombs nor even to wait and see,

acteristically British.

was char

The French decided in 1952 on a five year plan

for natural uranium reactors and plutonium production and separation.

This is how the circumstances were described by a scientist prominent in
the French nuclear energy program from its beginning:

*

Margaret Gowing,

** Ibid.,

p.

173.

***Ibid.,

p.

185.

op.

cit.,

pp.

168 and 172.
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Ten years later, as a result of the plan,

the first atomic power

station had been completed by the French electricity supply authority, and atomic weapons had already been available for some
years.
The 1952 plan had made no mention of possible use of
plutonium for military purpose, as decisions in this field did
not need to be taken for several years more.
Certainly, however,
this aspect of the atomic problem had been much present in the
minds of those responsible for the plan.*

{

The military potential did not have to be present in the minds of
those who made the plan for it to have turned out the same way.
Take the
case of India.
We do not know precisely when the military potential of

"^
■

separated plutonium first became a strong motive for the separation of
plutonium in India.

We do know that the Indians decided to separate plu-

m

tonium and to make it available in significant quantities long before any
power reactor was likely to be ready to use it as fuel.

In fact, their
separation plant started operating in 1964, while their first power re

actor did not go critical until 1969.

""]

We know that the Indians decided to separate plutonium sometime in

1956,

and decided in 1958 to build the Phoenix separation plant; and that,

""]

after the Sino-Indian War in 1962 and the Chinese explosion in 1964, they
began talking a great deal about the supposed fact that it would cost
them only a modest extra effort to make nuclear explosives; and that they
did not overtly decide to make an explosive until long after the 1956 and
1958 decisions.**

\

rmi
'

Starting from scratch it is clearly easier politically and psychologically to decide on piling up highly concentrated fissile material than

**]
'

it is to decide, and especially to decide overtly, on what ultimately to
do with the material.
But in any case, once one has the material in

«»

stock, one is already much closer to a bomb.
If programs are also under
taken to develop nonnuclear components and to make the appropriate de
sign studies,

one can be very close indeed.

* Bertrand Goldschmidt,

op.

cit.,

p.

81.

_

**See Roberta Wohlstetter, "Seminar on U.S. Peaceful Aid and the Indian
Bomb," op. cit., pp. 1-3, 13-16.
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Chapter 11

THE UNCERTAIN FUTORE AND THE PENALTIES OF EARLY COMMITMENT

Projections of

the quick spread of nuclear electric power and of

the

supply and demand for particular nuclear fuels have been as subject to
error as past predictions of

the imminent spread of nuclear weapons.

And

errors in predicting civilian and military use have been connected.
We
have exaggerated the early benefits from nuclear electricity, and we have
exaggerated the scarcity of

the nuclear fuel which is supposed

needed to make these benefits feasible and enduring.

the development of forms of

to be

This has encouraged

the nuclear fuel cycle that are more danger

ous than is necessary.
Such projections have in turn led on the one hand
to attempts to understate the actual dangers—to say, for example, that
power reactor plutonium cannot be used in an effective explosive—and on
the other hand,

to a feeling of resignation about the inevitable wide

spread of nuclear weapons to many countries.

But the uncontrolled and

rapid spread of nuclear weapons to many countries is not

inevitable.

It

can be affected by policies which alter the conditions assumed in an easy
fatalism.

An extended analysis of past forecasts in the nuclear fuel field has
several functions.

It has, besides the purpose of bringing out the per

sistent assumptions that underlie systematic errors in these predictions,
a useful chastening effect in reminding us of how uncertain all such longrange technical and economic forecasts are.
(Estimates of nuclear elec
tric power in place in the United States by 1985 have varied by a factor
of 4.5.*
Forecasts about nuclear power by the year 2000 have varied by
more than that.
These forecasts have implied even larger errors in an

ticipating the derived demand for uranium.)
Predictions about the need for and the coming of a plutonium breeder
have been among the least successful.
The idea that the breeder was es
sential, if nuclear electric power was to have a significant future, orig
inated during the Manhattan Project when it was estimated that the eco

nomically recoverable reserves of uranium yellowcake (U3O8) consisted of
5000 tons in the United States and only 20,000 tons worldwide; enough to
generate only the equivalent of a year and a half of electricity for the

United States at the time..

The U.S.

estimate was cut in half two or

three years later.

*A. Wohlstetter,
Policies,

op.

Spread of Nuclear Weapons:

Predictions,

Premises,

cit.
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"1

In the United States we started with the belief that we needed the

breeder, if fissile material were to suffice for the production of electricity for more than a year or two.

That belief persisted long after

we had produced in the United States two orders of magnitude more urani-

um than we had estimated in total in 1948 for the United States, and the

<**»

(

1

market for uranium collapsed.

One reason we need not commit ourselves to plutonium separation is
that it is too early to lock ourselves into

the plutonium breeder.

commitment now to the sort of breeder which would

of plutonium is not justified.

"**]

Firm

involve the separation

If we were to assume that such a plu-

tonium breeder eventually would be the best economic alternative,

m,

the

date at which it would provide a significant fraction of our energy needs
is quite remote.

Even from a narrow economic standpoint which ignored

the large political and social costs entailed by a breeder that made plu-

"*)

tonium widely accessible a commitment now is premature.
There are enormous uncertainties about the technology, the capital
the reprocessing costs, the rate at which it would produce fissile

costs,

material compared with the rate at which it would consume it

ling time"),

the future price of natural uranium,

(the "doub

the efficiency with

which light and heavy water reactors that do not breed material would use

uranium, the capital costs and fuel costs of various fossil fuel alterna
tives, and so on.
The President of Westinghouse Power Systems, writing

in the New York Times, says that reliable estimates show that the breeder

reactor will be economically competitive.*

"*]
■

Yet Westinghouse recently in-

««.
>

1

!

curred a possible liability of a billion and a half dollars by the sale

of uranium futures at a fixed price continuing until shortly before the
spot price of uranium jumped to four times that of the fixed price.
Its
legal defense was that the price rise was an act of God, that no one
could predict uranium prices.
Yet a statement that the breeder will be

^
;

reliably competitive in the twenty-first century assumes among many other

1

As to judgments on the date when the breeder might be operating com-

!

things that it is possible now to predict reliably the price of uranium
in the twenty-first century.

mercially on a significant scale, that history is at least as chastening
as that of any other set of predictions in the nuclear field.
Some of

the most brilliant members of the Manhattan Project—Enrico Fermi, Robert

Oppenheimer,

Ernest Lawrence,

and Arthur Compton—and

'

««■»

!

the two leading

scientific administrators, Vannevar Bush and James Conant,

estimated in

May 1945 that because there were some metallurgical problems the breeder

*Gordon C. Hurlbert,

Letter to the Editor dated 23 June 1977,

in the New York Times,

appearing

7 July 1977.
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|

would not be operating on a large scale until January 1,

1949!*

A few years later there followed a period of technical discourage
ment during which the present day supporters of immediate commitment to
the breeder emphasized that there was uranium enough to supply light water
reactors for 100 years and an excessive fear of shortage and excessive
hopes for the breeder might stunt the development of light water reactors.**
Then again in the mid-1960s,
seems,

as a consequence,

prospects for the breeder improved.

the prospects for uranium looked worse,

It

thus

making the now feasible breeder essential.
After that, we have had a suc
cession of predictions that the breeder would be commercially available
in the 1970s, then the 1980s, then the 1990s, and most recently Dr. Schlesinger*** has indicated that it might be feasible in the year 2004, but un
necessary before the year 2020.

Analysis of
breeder,

these related forecasts of uranium supply and of

suggests that at first we felt we needed

the extreme scarcity of uranium.

the

the breeder because of

Now it seems we need a severe uranium

shortage to justify commitment to the breeder.
No one, no matter how of
ficial, can presume much authority in presenting such forecasts in the
future.

Moreover,

contrary to a rather widespread current belief,****

there are very substantial penalties associated with betting large sums on
either the high or low side of such large intervals of uncertainty.
These penalties may involve both political and military costs as well as

*

"Notes of the Interim Committee Meeting, May 31,
of Harrison-Bundy collection,
Record Group

**

1945" in folder #100

Manhattan Engineer District Records,

77, Modern Military Records,

National Archives,

Reprinted as Appendix L to Martin J.

Sherwin,

Atomic Bomb and the Grand Alliance.

New York:

pp.

(statement of Dr. A.H.

See,

295-304.

This passage on p.

for example,

297

Washington,

A World Destroyed:

Alfred A.

the testimony of Chauncey Starr,

Knopf,

D.C.

The

1975,

Compton).

then General Manager
Inc.,

of the Atomics International Division of North American Aviation,
and now President

of

the Electric Power Research Institute,

Hearings

before the Joint Committee on Atomic Energy and Development,

State of the Atomic Energy Industry,

23 February 1960;

and C.

Growth and

Starr

with R.A. Lauberstein, "The Availability of Uranium for a Nuclear
Power Industry," Atomics International, 15 February 1960; and E.
Zebroski, "Breeding—How Soon a Necessity?
About a Century Away,"
Nucleonics,
***

Vol.

18,

Testimony of James R.

No.

2,

February 1960,

Schlesinger,

op.

pp.

61-63.

cit.

**** Regarding the view that overestimating demand in relation to supply

is much less harmful than underestimating it, see (as one among many

examples) the statement by the International Review Committee of ERDA
quoted in the Joint Economic Committee, U.S. Congress, 27 May 1976, p. 18.
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large dollar investments by both private firms and governments.

We cannot

play safe simply by assuming, for example, that we must make huge fixed
commitments now to avoid shortages later.
Some of the technologies under
discussion may not play a large role until the second quarter of the
twenty-first century.
And, as the chairman of the General Advisory Comraittee of ERDA has recently reminded us,* it is most implausible to

suppose that we know which of the alternatives we are contemplating will
appear best at that distant date, or even that we know what the important
alternatives will be.

For example, a serious list of alternative energy

technologies made forty years ago would not have included nuclear energy
at all.

As for political forecasts of the spread of military nuclear technology, they have been, if anything, rather worse than the economic fore
casts.
The military nuclear genie has been declared to be out of the
bottle every year since 1945.
Errors in political forecasting also have
their penalties.
In short, our experience with both civilian and military
nuclear energy since World War II suggests the importance of strategies
of sequential decision-making if we are to deal sensibly with the basic
opportunities and problems posed by nuclear energy.
As part of such a
sensible strategy we should defer ambitious plans to sell separated plutonium to nonweapon states at least until we can devise safer interna
tional conventions on the limits of civilian nuclear energy.

t*flj\

*Charles J. Hitch,

"Unfreezing the Future," Science, 4 March 1977,

lead editorial.
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Appendix A

NINE POINT DRAFT STATEMENT PRESENTED AT THE IRAN CONFERENCE
ON THE TRANSFER OF NUCLEAR TECHNOLOGY,

PERSEPOLIS,

APRIL,

1977

r
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1.

The essential point is that most countries look upon nuclear power as

the only route to energy independence.
For those countries which do
not have large resources of uranium, this independence will come only
The reprocessing of fuel and recycling of
with the breeder reactor.
fissile isotopes are essential to the operation of any breeder, no
matter what the type.
Hence, any suggestion that reprocessing and
recycling are unacceptable strikes at the very root of this motiva
tion for adopting nuclear power and, naturally, is viewed with alarm.
2.

Although President Carter has concluded that the United States can af
ford to defer the breeder,
course.

many other countries cannot afford such a

They view the breeder as an imminent reality,

and this view

is supported by the rapid progress in LMFBR development in Europe.

They want to make firm plans for a nuclear future now.

The national

investment required to establish a nuclear power capability is far
too large a commitment to be made if its ultimate objective is in
doubt.
3.

In the interim until

independence is achieved

through the breeder,

most countries are likely to take the view that uranium offers no more
security than oil as an impartial fuel supply.
Indeed, so long as
uranium enrichment remains a near-monopoly of the United States, it
might be argued that the supply of enriched uranium is less secure
than the supply of oil.

In this circumstance,

restrictions on the reprocessing and

the implication of new

enrichment technologies is again

cause for alarm.

4.

An implication that the United States,

through its enrichment, repro

cessing, and recycling policies, will attempt to affect the course of
implementation of those technologies throughout the world is another
worry.

The required pace of implementation will depend upon the rate

of growth of energy needs in the various countries, upon the world
resources of uranium,

and upon the policies taken by those nations

which are in a position to export uranium.

Most of the importing na

tions would like to determine their own courses of nuclear implemen
tation, particularly the implementation of reprocessing and recycling,

without which their uranium feed requirements increase by about 45
percent.

5.

The Carter statement is regarded by some as an implication of uni
lateral abrogation of international agreements:

Article 4 of the Nonproliferation Treaty.

Dr.

Eklund has cited

This perception, on the

one hand, weakens the confidence of other nations in the United States
promises of nuclear fuel supply, and, on the other hand, may weaken

the effectiveness of the existing agreements and may even cause some
NPT signatories to reconsider.

Another possibility that has been

mentioned is the independent development of

enrichment and reprocess

ing capabilities by other nations.
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6.

Many feel that the restriction of reprocessing is not an effective
determent [sic] to nuclear weapons proliferation.
This leads to
two concerns:
that restriction of reprocessing is far too high a
price to pay for a marginally effective safeguard; and that reli
ance on that restriction will blunt the effort toward more effec
tive means of proliferation control.

7.

The emphasis in the Carter statement on exploring other breeder types
and other fuel cycles tends to destroy the credibility of the tech

nical basis for the statement.

There are no fuel cycles which are

consistent with breeding and which provide an effective technological

barrier to proliferation.
The so-called Taylor fuel cycle may have
advantages of this kind, but only if reprocessing of fuel is re
stricted to locations considered "safe," and the resulting plutonium
is burned or otherwise disposed of on that site or a similarly "safe"
one.

8.

Many nations feel that reprocessing of spent fuel is the only feasible
route to safe ultimate disposal of radioactive wastes.
ly committed to that route.

9.

Some are legal

Regardless of any further international actions by the United States
to implement the points of the Carter statement, the implementation
of the domestic points will be regarded as a victory for the groups
which oppose nuclear power.
This will give them greater power in
other countries, where they have already shown the capability of
seriously impeding nuclear power projects.
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Appendix B

THOMAS DAVIES1 LETTER AFTER PERSEPOLIS
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UNITED STATES ARMS CONTROL AND DISARMAMENT AGENCY
ymshington

OFFICE OF

April 22,

1977

THE DIRECTOR

(Asst.

Dir.-NTB)

"|
I

Open Letter

to

the

Principal

Delegates

to the

I

Iran Conference on Transfer of

H
i

i

Nuclear

Technology

At Persepolis a number of delegates expressed
concern at the US action to defer reprocessing and
the commercialization of the breeder reactor.
I
promised to follow up our conversations with a documentation of

the belief

that

substantial pause before

the world

can

afford

^
I

a

deciding whether to adopt

technologies that give ready access to weapons-usable

"1

material.
I v/ill focus rny comments in this letter on
the three issues that seem to be most important to
those who favor a plutonium economy:

^

—

the scarcity of uranium;

—

.the value of
recycle;

light water

reactor plutonium

:

and

]
i

-- the value of breeder reactors

for energy

independence.

SCARCITY OF URANIUM

;

Much of the interest in utilizing technologies that
involve access to dangerous nuclear materials results from
the

fear

that the

current

fuel cycles

an impending uranium scarcity.

Is

will be

undercut by

a shortage of

uranium

likely over the next several decades?
Let me first discuss
the uranium situation in the United States, which is

perhaps

the most

intensively explored

address the rest of the world.

nation,

<m
i

and

then

'

"*[
i

The ERDA estimates of US uranium resources are shown
in Attachment 1.
The first two categories of resources,
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"reserves" and "probable potential"—totaling 1.8
million tons at present prices—arc considered to be
sufficiently high confidence resources that we can
make firm plans based on their availability and location.
The last two categories, "possible potential" and
"speculative potential," cannot be confidently pinpointed
as to location; however, ERDA has expressed confidence
that given sufficient time and effort the quantities set
forth in these resource categories would be discovered—
doubling the resources available.

We should make two observations about these resources.
First, additional resources are available at higher prices.
ERDA has noted that in excess of 5 million tons of U30g
may be producible at a cost of $100 or more per pound
from known US deposits.
Secondly, the resources displayed
on Attachment 1 are largely confined to sandstone types
of deposits and areas that have already been explored.

ERDA has noted that

"a number of additional

have been identified which appear
istics, but for which information

to
is

formations

have favorable character
considered to be

inadequate for evaluation."
In order to assess this aspect
of the estimates, the Huclear Regulatory Commission
convened an industry panel.
Their estimates are included
as Attachment 2.
The industry panel concluded that,
allowing for resources at slightly greater than present
cost and allowing for favorable areas that have not yat

been extensively explored, the likely US resources would
double from these predicted by ERDA.
The US is now under
taking a National Uranium Resource Evaluation (NURE) and
hopes, by 19 81, to have a more developed understanding
of

these matters.

With respect to the rest of the world (except for
centrally planned economies) Attachment 3 shows the
OECD-IAEA estimates of 2.2 million tons—corresponding
in confidence to the high confidence US 1.8 million tons
categories.
This total of approximately 4.0 million
tons of high confidence uranium (with respect
both
to amounts and location) is approximately twice as much
as

is required to

fuel

the world's

light water

reactors

(except for centrally planned economies)—without recycle—
through the year 2000, at which time ERDA estimates that
approximately 1,000 GWe of capacity will be operating.

We have,

consequently,

to carry

us

into

the

enough high confidence

21st

resources

century.
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Unfortunately,

]
i

there are not yet

international

_

estimates of additional resources corresponding the
ERDA's "possible" and "speculative" categories.
recent paper by

IAEA staff

{J.Cameron,

The

'

A

*

Development

of Uranium Resources:
A Review of Some Problems
Related to Uranium Supply for the Period 197 5-2025,

^
'

May 1975 ) has noted that only 6% of the geologically
"favorable" or "reasonably favorable" areas outside
of the US had been explored as of 1969.
There is no reason
to expect a freak geological distribution that would
confine uranium resources only to those areas that have

been explored.

material will be

One can reasonably postulate
found.

that more

Let me advocate that we take advantage of the pause

that our known resources

for more uranium.

to

intensively explore

^
j

™

I

"1

The United States will be pleased to

take an active part in
to our domestic NURE.
VALUE OF

permit

.

international activities

similar

LWR PLUTONIUM RECYCLE

1
;
^
j

The most dangerous

technology

in

the

near term

that has been suggested for widespread commercial application
would be plutonium recycle for LV.'Rs.
This technology has

been advocated on the grounds of uranium savings,

waste management,

shall discuss

and

preparation

these matters

for

in turn.

the

breeder.

economics,
I

;

"^

The uranium savings from LWR recycle are limited
and would not confer total national independence.
Attach-

ment 4 shows . the summary estimate of uranium savings
from the latest ERDA study of plutonium reprocessing and
recycle.
The cumulative savings through the year 2000

would be approximately 25%—a savings that could be matched
by alternative safer technologies such as the spectral
adaptation of LWRs or heavy v/ater reactors on a once-

I

shift

^

j

™

]

through cycle.

H

With respect to the economic argument, Attachment 4
reprints the entire analysis and conclusion section of the
ERDA report on plutonium recycle.
As noted in the second

""I

paragraph, under the most
cycle costs savings would

optimistic
be as high

assumptions the fuel
as 16%.
Because of

the capital intensiveness of nuclear power this represnets

only a 1-2% savings in the delivered cost of electricity.
The same paragraph notes that reprocessing and recycle
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could actually result in an increase in the cost of
electricity.
The economic savings to be realized

from plutonium reprocessing/recycle are, consequently,
marginal at best; and there is a
substantial chance
that economic

loses could result.

With respect to the waste management 'arguments the
case is commonly made that reprocessing/recycle would
result in a packaging of high level waste in stable
glass or ceramic form that would only be one-fifth of
the volume of the spent fuel

that would otherwise require

storage.

With respect to the volumes of nuclear waste,
Attachment 5, adapted from ERDA Report 76-4 3, displays the
volume comparison between spent fuel and high level
waste from reprocessing.
A five-to-one advantage for
reprocessing waste is clear when the comparison is made
on this narrow basis.
However, there are many categories of waste,other
than high level waste,resulting from the reprocessing/recycle
industry—and most of the volume of these wastes requires
geologic storage.
Attachment 6, drawn from the same source,
displays this fuller picture.
The volume of packaged
reprocessing/recycle waste requiring geologic storage is
some 12 times the volume of canistered spent fuel.
Advanced
waste handling techniques—not all of which have been
developed and some of which may not be economically justifiedcould reduce this volume of waste.
Attachment 7, based on
an industry survey in the US, shows an estimate of the
maximum volume reductions that could be achieved.

Thus, at best, the waste from reprocessing/recycle
requiring geologic storage is twice the volume of canistered
spent fuel.
However,, the size of a salt repository to
store these wastes is determined more by heat than by
physical volume; taking this into account, reprocessing/
recycle will still require slightly more repository space
(see Attachment 8) than will the geologic storage of
spent fuel.

It should be noted that spent fuel is a stable ceramic.
Recent ERDA sponsored research (BNWL-2057, "Leaching of
Irradiated LWR Fuel Pellets in Deionized and Typical
Ground Water," Y. B. Katayama, Battelle-Northwest
Pacific Northwest Laboratories, July, 1976) compared the
leach rates of spent fuel irradiated to 54,000 MWD/MTU
B-5
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with the leach rates for solidified reprocessing waste.
The principal finding was that "the cesium based
periodic leach rate for irradiated fuel fragments are

similar to the cesium based leach rate for borosilicate
glass containing radioactive waste."
Moreover, even
though spent fuel appears approximately as stable as
vitrified reprocessing waste, the primary defense over
geologic periods against waste release into the environment

w\

is not the form of the waste; rather it is the integrity

of the geologic storage.

The alternative to reprocessing/recycle—spent

fuel storage—is a course we must pursue in any'case, a

course that holds open the option for later extraction

of energy from spent fuel.

I would hope that the nations

of the world can join together to pursue spent fueJ

H

(

storage on an international basis.

J

BREEDER REACTORS AKD ENERGY INDEPENDENCE

The primary reason for interest in breeder reactors

appears to be energy independence.

The United States,

which is now taking active steps to enhance its own
energy independence, has considerable sympathy for that

interest.
However, there are several factors which
should be taken into account in assessing the contribution
which breeder reactors can make to energy independence.
In the first place, successful implementation of
a breeder reactor economy would not grant any country
energy independence, but only provide relative independence
from external sources for fuel for the generation of baseload electricity.
Countries would still have substantial
energy needs for transportation, industry, and other sectors.

'

1

"">
i
^

1

What a breeder reactor would do would be to largely

eliminate that portion of fuel needs currently met by

uranium for electrical generation.

~,
j

Second, the U.S. has not proposed to eliminate
consideration of breeder reactors, or even of liquid
metal fast breeder reactors, but rather has suggested
that the current uranium supply situation permits a pause
while we consider relatively safer breeder and advanced

converter concepts, both those involving entirely different
reactor concepts, and those involving modified fuel cycles

for existing reactor concepts.

_
,
'
"1

Some interesting possibilities
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have been suggested,

which offer the prospect of

being relatively safer from a proliferation perspective,
and as effective or more effective in technical terms

when compared

to existing LMFBR plans.

Third, breeder reactor economics currently present
a wide range of uncertainties.
Generally'speaking, because
breeder reactors and their associated fuel cycle facilities
will have to be very large in order to take advantage
of economies of scale, few countries will have electrical
grids or the financial resources to engage in widespread
introduction of breeder reactors for some time to come.
Favorable breeder economics would depend on a price of
uranium sufficiently high to overcome the probable capital
cost disadvantage of breeders compared to LWRs.
As I
have mentioned, there are sufficient prospects for more
uranium discoveries that such a high uranium
price may not
occur soon.
Ws ought
breeder accordingly.

to

hedge our commitments

to

the

The immediate problem is not so much energy independence
as reliable energy supplies.
It seems to me that a sound
approach to reliable energy supply is an international nuclear
fuel assurance regime—perhaps backed up by a fuel stock

pile shared by many nations.

Clearly,

through an economical

is

breeder

far

the era of independence

enough off

so that

nations can explore forms of international fuel assurances
and

forms of healthy
To sum up,

I

interdependence.

believe

the world

has

ample

time

to

jointly"explore nuclear technologies as safe as our present
technology, to search for additional supplies of uranium,
to develop a stable international fuel assurances regime,
and to pursue safe technical and institutional arrangements
for spent fuel storage.
Even if this process were to
cause us to lose minor advantages in the areas of economics

or energy independence—which I do not believe it will—
we should weigh this against the grave dangers of developing
technologies that provide access to weapons-usable material
on a worldwide basis.
I believe the balance is clear.

C".

Davies
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OECE-IAEA ESTIMATES OF NON-COMMUNIST,

NON-U.S. URANIUM RESOURCES*1
Thousands of Short Tons U-jO-

$/ib u3o8

Estimated

Reasonably

Totals

Additional

Assured

Cutoff Cost

760

500

1260

$15-$30

596

368

964

Totals

1356

868

2224

<$15

pw

[
SOURCE:

OECD Nuclear Energy Agency and the International
Atomic Energy Agency,

Uranium Resources,

Produc-

tion and Demand, December 1975, Tables 1 and 2,

pp.

aIncludes:

22,

23.

Algeria, Argentina, Australia, Brazil, Canada,

Central Africa Republic,

Denmark,

Finland,

France,

Gabon,

West Germany, India, Italy, Japan, Korea, Mexico, Niger,
Portugal,

!

'

South Africa,

Kingdom, Yugoslavia,

Spain,

Sweden,

Turkey, United

Zaire.
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ANALYSIS AND CONCLUSIONS

r

This study compares LWR fuel recycle with a throwaway cycle and coneludes that fuel recycle is favorable on the basis of economics, as well
as being highly desirable from the standpoint of utilization of uranium
resources.

The absence of a reprocessing and recycling capability could

p,

reduce possible LWR growth in later years.

1

uranium required through the year 2000 could be reduced by 20% with

I

Assuming that sufficient re-

processing and recycling facilities are available, the total amount of

uranium and plutonium recycle.
Utilization of recycled uranium will alrlow a more orderly expansion of the uranium producing industry. The ad

ditional uranium saved could be used for later fueling of reactors to be
on line in the year 2000 or provide for additional nuclear power growth.

j

On the basis of current estimates, the economic benefits of repro

cessing and recycle to the year 2000 exist over a broad range of varia-

rbles.
The cumulative cost advantage is 7% of the total fuel cycle costs
for the base case comparison and could be as high as 16% when all assump
tions are changed to favor recycle.
However, when all assumptions are
chosen to favor the throwaway cycle, the throwaway mode has a 2% advan-

rtage.

In this latter case,

retaining one variable such as the separative

work charge at its base case value, results in essentially a breakeven

r

r

situation for the two fuel cycle modes.
Extending the base case analysis
through the year 2030 results in a 20% improvement relative to the throw
away mode for the 2000-2030 time period and an overall savings of 14% for
the total study period.
Without recycle,
would be higher.

uranium demand will be greater, and uranium prices

The same price versus quantity relationship was used

for both the recycle and throwaway mode, which ignores the effect of the
P>

rate of utilization on price.

r

demand.

[

The savings with recycle are therefore

somewhat understated, since one would expect the uranium price schedule
for the throwaway cycle to be higher,

reflecting the greater level of

The savings attributable to fuel recycle would increase further

if breeder growth occurs as their power cost would be less than for LWRs.

r

Although favorable fuel cycle economics demonstrate an advantage for
recycling LWR fuel material, uranium availability and natural resource

r

dual fissile content of spent fuel could never be utilized.
Without recycle, production levels in the year 2000 would increase from 86,000 to

conservation are also important considerations.

Without recycle the resi

126,000 tons U3O8 and this would involve many more mines and mills.

To

support production capacity, a commensurate natural resource base must
rbe maintained.
The increased annual requirements by the year 2000 would
necessitate the establishment of over one million tons of U3O8 in the ore
reserve and probable potential categories, to assure adequate production
capacity.

B-ll
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Recycle of uranium and plutonium would result in the generation of
additional energy from a given amount of natural uranium and thus assist
in achieving energy independence.
The reduction in uranium requirements
is equivalent to providing the additional fuel necessary to increase the

„

installed electrical generating capacity of 500,000 MWe in the year 2000

|

assumed in the base case of this report to a level of 650,000 MWe.
150,000 MWe difference is equal to 30% of today's total

This

(fossil, nuclear,

and hydroelectric) installed electrical generating capacity.

SOURCE:

ERDA Report #76/121, "Benefit Analysis of Reprocessing and Re-

'
""

|

cycling Light Water Reactor Fuel," December 1976.

*ERDA 76-1, A National Plan for Energy Research, Development and Demonstration:

{

Creating Energy Choices for the Future.

pro

5

j

1
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ATTACHMENT 5

INCOMPLETE PICTURE OF ALTERNATIVE WASTE VOLUMES

Requires

Geologic Storage

600

H

500

o

©
in

£

400

300

5
200
o

3

O

100

Spent

High Level

Level

Waste

Casks

Canisters

NO REPROCESSING

REPROCESSING / RECYCLE
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Data for Attachments 5 and 6 are from Alternatives for Managing
Wastes from Reactors and Post-Fission Operations in the LWR Fuel Cycle,

Volume 1, ERDA-76-43, May 1976, pp. 1.3, 1.8, and 1.9.
On the basis of
data in ERDA-76-43, p. 1.12, 42.9 GWe-yr were calculated to be handled
by a 1500 MTU per-year reprocessing plant.
Data for Attachments 5 and 6 are:
Cubic Meters

Spent fuel

588

Reprocessing waste

High-level waste (HLW)

129

Hulls

635

Non-high-level solid waste

4,505

Failed equipment

197

Decommissioning waste

36_
Total

5,502

MOX fabrication waste
Noncombustible trash

553

Noncombustible solid waste

1,115

Decommissioning waste

127
Total

Non-transuranic

1,795

(TRU) waste

Failed equipment

157

Decommissioning waste

283

Solid wastes

1,995
Total

2,475
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ATTACHMENT 6

COMPLETE PICTURE OF ALTERNATIVE WASTE VOLUMES

Requires

■

i

Geologic Storage

6000 r

Does Not Require
Geologic Storage

-Decommissioning Waste

5500 ■

"Failed Equipment
5000

4500

^4000

2

NHL Solid
Waste

3000

2 2500

^Failed
Equipment

-Decom

2000

mission

777//

/Decom
mission

ing

Waste

ing

1500

Waste

1000

Noncom-

Solid

bustible

Waste

Solid

500

Waste

Hulls

Noncombustible

t-HLW

Trash

MOX
Spent

Reprocessing

Fabrication

Fuel

Waste

Waste

NO REPROCESSING

Non-TRU
Waste

REPROCESSING / RECYCLE
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ATTACHMENT 7

BEST POSSIBLE VOLUME REDUCTIONS ACCORDING TO "INDUSTRY SURVEY
Requires

Does Not Require

Geologic Storage

Geologic Storage

6000

5500

S000

4500

4000

OOS'I

i

I

1

1

1500

1000

500

MOX
Spent

Fuel

_s

NO REPROCESSING

\

Reprocessing

Fabrication

Waste

Waste

Non-TRU
Waste ,

REPROCESSING / RECYCLE
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Data for Attachment 7 are from industry survey by Dr. Francis O'Hara,
Ohio State University, August 18, 1976.
O'Hara's lowest values were used.
The non-TRU waste volume was reduced
by a factor of 7.9, which is the average of the reduction of the repro
cessing waste and of the MOX fabrication waste.

Nuclear Engineering Department,

Data for Attachment 7 are:
Cubic Meters

Spent fuel

588

Reprocessing waste

892

MOX fabrication waste

187

Non-TRU waste

313
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ATTACHMENT 8

EFFECTIVE WASTE VOLUMES IN A SALT REPOSITORY

I:-:-::! Volume Determined

1 i::;:--!

300,000

By Hea t

Output

275.000

All Other

Recycling
Waste
250,000

225,000

;:;:•:•:

;:;:;:|:

s

'••!•*"!'

jjjjlljjj

| 175,000

:;:|:J:J:

D

200,000

:•:;::•;:
;;;•:•;•:

£ 150,000

HLW

01
u

::;::::•:

0)

I 125,000

•:•:•::::

-

2

° 100,000

-

75,000

-

50,000

-

25,000

-

;••»;«*!;

::::•:•::

[iiijijii

iijijiij:

ijljiij::
0

Reprocessing

and MOX
Spent

Fabrication

Fuel

Waste

NO REPROCESSING

REPROCESSING / RECYCLE
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Attachment 8 uses a limit of 150 kw per acre
and assumes the repository room is 16 ft.

(ERDA-76-43,

p. 24.63)

high.

The heat output of spent fuel at 10 years after discharge is 1.26 kw

per MTU.

The heat output of

reprocessing and recycling,

the HLW 10 years after discharge,
is 1.31 kw per MTU.

produced by

These data are from Final

Generic Environmental

Statement on the Use of Recycle Plutonium in Mixed
Oxide Fuel in Light Water Cooled Reactors, Volume 3, August 1976, p. IV

H-39.

For all the other waste it is assumed

portant.

It is assumed,

in the repository,

however,

that heat output

is not im

that when this waste is finally stored

it contains a 50-percent void volume.

Data for Attachment 8 are:
Cubic Meters

248,700

Spent fuel
Reprocessing and recycling wastes

258,600

HLW

14,340

All other recycling waste

Total

272,940
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THE BRIEFING ROOM

11:20 A.M.

EST APRIL 7,

THE PRESIDENT:

1977

Good morning,

everybody.

I have two items to discuss with you this morning,

and then I would

like to answer a few questions.

One relates to the economy and the need for continuing emphasis on

the stimulation package.

Based on the best information available to us

now, we will have an accumulated spending shortfall for this current fis
cal year,

fiscal year 1977,

plus revenue collections in excess of the

anticipated amount of about $10 billion.
In other words, we have col
lected about $10 billion more from the American taxpayers than we anti
cipate spending in 1977.
I feel very strongly that this money should go back to the American

taxpayers.

We need it for the economy to maintain its present strength

and the only equitable way that I see is through the already-prepared tax

refund which would average about $50 per person which, as I have said be
fore, would .be about 30 percent of the 1976 income taxes paid by a family
making about $10,000 a year.
The second point I would like to make before I answer questions is

concerning our Nation's effort to control the spread of a nuclear explos
ive capability.
As far back as 30 years ago, our Government made a pro
posal to the United Nations that there would be tight international con
trols over nuclear fuels and particularly those that might be made into
explosives.

Last year during the Presidential campaign, both I and President Ford
called for strict controls over fuels to prevent the proliferation, further
proliferation,

of nuclear explosive capability.

There is no dilemma today more difficult to address than that con
nected with the use of atomic power.

Many countries see atomic power as

their only real opportunity to deal with the dwindling supplies of oil,
the increasing price of oil and the ultimate exhaustion of both oil and
natural gas.
Our country is in a little better position.

We have oil supplies of

our own and we have very large reserves of coal.
But even coal has its
limitations, so we will ourselves continue to use atomic power as a share
of our total energy production.
The benefits of nuclear power,

particularly to some foreign countries

that don't have oil and coal of their own, are very practical and critical.
C-2
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