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Commentary: Recycling and
Enriching Nuclear Explosive
Materials
Bruce Goodwin

V

ictor Gilinsky’s works collected here demonstrate his prescience in recognizing, very early on, the dangers of the
nuclear electric power fuel cycle to create both latent and
actual nuclear weapons capability for the countries hosting those
nuclear plants.
While the US atomic weapons establishment understood this danger
and demonstrated it with a nuclear explosion in 1962, these facts
were not declassified for another 35 years. Once declassified, Dr.
Robert Selden of Lawrence Livermore National Laboratory explained the reasons for these dangers in a clearly stated presentation. Not coincidently, Gilinsky may have initiated the move to have
Selden brief the US Atomic Industrial Forum, one of the first expositions of the problem with Reactor Plutonium. It seems, however,
that all of this may have been too late. Decades of misinformation
and disinformation had become deeply rooted both inside and outside of the nuclear power community. The myth that reactor-grade
plutonium (Pu) cannot be used in a nuclear explosive is simply not
true, yet large nuclear power advocacy organizations continue to
propagate this disinformation.
In his 1967 RAND report "Fast Breeder Reactors and the Spread
of Plutonium," Gilinsky points out that the then anticipated nuclear
power Pu fuel economy presents a serious weapons material availability danger. The blanket material in a fast breeder reactor will
produce serious quantities of weapons-grade Pu during a normal
reactor fueling cycle. This would put weapons-grade Pu in many
non-weapons state locations around the world leading to ease of
proliferation.
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In "A Fresh Examination of the Proliferation Dangers of Light
Water Reactors," he makes a clear case that a Light Water Reactor (LWR) can be used not only to make weapons-usable Pu, but
that the low-enrichment uranium (LEU) fuel can enable a fast path
to weapons-usable, highly-enriched uranium (HEU). Hence, LWRs
are a dual proliferation threat in the wrong hands. He asserts that
clandestine reprocessing is a serious threat not so easily detected.
Further, uranium enrichment safeguarding can be gamed either by
using LEU fuel as feedstock or by taking legally enriched LEU to
a small clandestine plant and enriching it using 1/5th the separative
work units (SWUs) needed to make HEU from scratch. Such a clandestine plant to up-enrich would be much less detectable vs. a full
up plant that is making LEU.
In his Bulletin of the Atomic Scientists editorial with Henry Sokolski, "Nuclear Power’s Weapons Link: Cause to Limit, Not Boost
Exports," he takes the argument that nuclear electric power enables
nuclear weapons capability to argue that we need a policy to limit the sale of LWRs only to states that we can guarantee will not
develop a weapons capability. They take Michael Shellenberger to
task for noting that LWRs enable weapons capability and that this
is a good thing in that the latent capability is a deterrent to potential
aggressor states and so strategically stabilizing. They argue that this
cannot be depended upon to be true and that the risk of nuclear war
is too great. Hence, LWRs should not be sold to countries like Saudi
Arabia.
Finally, I was privileged to join Victor and Henry in The Japan Times
editorial "Commercial Plutonium a Bomb Material." This editorial
letter summarizes the fact that reactor-grade Pu can be used to make
modern nuclear weapons of comparable weight and size to weapons
using weapons-grade Pu. It takes the Japanese Council for Nuclear
Fuel Cycle (CNFC) to task for ignoring and then denying that fact
so as to protect the generation of and use of Pu for nuclear electric
power. The large amount of reactor-grade Pu resident in Japan (11
MT) is enough to make more than 1,000 warheads, making Japan a
significant, latent nuclear weapon state.
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This editorial capped a tour by the three of us to Tokyo, Seoul, and
Beijing where we presented the technical work first presented by
Robert Selden that demonstrates the weapons utility of reactorgrade Pu. In their campaign to promote a Pu nuclear electric fuel
cycle, the CNFC (and others) claimed that reactor-grade Pu, generated in LWRs, cannot be used for weapons because it contains
too much of the Pu isotope 240, which increases the amount of Pu
needed, makes any weapon too thermally hot, and increases the
spontaneous background of neutrons causing the weapon to have
an unusably low explosive yield. All of these assertions are incorrect and have been publicly stated as incorrect since the US government declassified the utility of reactor-grade Pu in 1997. While Pu
240 would, in fact act as a "poison" to a power reactor, it does not
"poison" a nuclear explosive. This is because reactors and nuclear
explosives operate at very different neutron energies. As a result,
weapons-grade and reactor-grade Pu have about the same critical
masses and, hence, would make a comparably sized weapon. The
increased thermal heating of reactor-grade Pu is easily handled from
an engineering point of view. Finally, the increased background of
spontaneous neutrons causing what is called "preinitiation" of the
explosive does not lower the yield in a crude weapon enough to
make the weapon not a threat. Further, the preinitiation problem has
long been solved in modern nuclear explosives. Hence, as stated
by the US Government, "An advanced nuclear weapon state, such
as the United States and Russia, using modern designs, could produce weapons from reactor-grade plutonium having reliable explosive yields, weight, and other characteristics generally comparable
to those of weapons made from weapons-grade plutonium."76
This tour, presentation, and editorial has made each of us persona
non grata within the nuclear industry. The problem, of course, is
that what we have said is true and backed up by US Department of
Energy publications. In conclusion, this is why Victor Gilinsky’s
76. US Department of Energy Publication "Nonproliferation and Arms Control
Assessment of Weapons-Usable Fissile Material Storage and Excess Plutonium Disposition Alternatives, January 1997 http://www.osti.gov/scitech/biblio/425259.
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articles contained herein are so important and well worth the read.
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Commentary: Recycling and
Enriching Nuclear Explosive
Materials
Frank N. von Hippel

A

s this collection of papers spanning 50 years shows, Victor Gilinsky was there early, raising the alarm about and
suggesting how to deal with many nuclear issues, and he
continues to do so today. The proliferation issues associated with
nuclear fuel reprocessing and enrichment plants that he raised in the
papers reproduced in this section are no exception.
In the mid to late 1960s, Victor Gilinsky wrote a series of RAND
studies on nuclear proliferation for the Advanced Projects Research
Agency that identified the key problems that would engage the nonproliferation community for the next 50+ years.
One of these, "Fast Breeder Reactors and the Spread of Plutonium,"
flagged a problem with plutonium breeder reactors, which the US
Atomic Energy Commission was hoping would be built in large
numbers in the US, Western Europe, Japan, India, and other countries
starting around 1980. A single 1000-Megawatt-electric breeder reactor would produce annually in the radial uranium "blanket" around
its core, 100 kilograms of weapon-grade plutonium around the core,
enough for 16 Nagasaki nuclear weapons. Worse, the breeder fuel
cycle required that this plutonium be separated to be fabricated into
fuel, thus exposing it to possible diversion to weapons.
He also worried about the spread of the capability to produce highly
enriched uranium, which had fueled the Hiroshima bomb. Gilinsky
wrote with William Hoehn Sr. a paper, "The Military Significance
of Small Uranium Enrichment Facilities Fed with Low-Enrichment
Uranium," that flagged very early that uranium enrichment with gas
centrifuges had opened up a new front in the nonproliferation wars.
There was no reason why the technology would not spread.
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For civilian use, gas centrifuges made possible small uranium enrichment plants that would ultimately provide a cheaper source of
low-enriched uranium than buying low-enriched uranium enriched
in the three huge energy-intensive gaseous diffusion plants the United States had built to supply weapon-grade uranium for the 18,000
nuclear weapons built during the Eisenhower Administration. Gilinsky and Hoehn suggested the idea of multinational control of enrichment as an alternative to the proliferation of national enrichment
programs and, in fact, the British, Dutch, and German gas-centrifuge
enrichment programs were united under the multinational enrichment company, URENCO, two years later.
The authors also suggested "limitations on the sale of critical technologies to a much wider class of secondary countries." Such limitations were established by the Nuclear Suppliers Group in 1975.
The proliferation of gas centrifuge technology did occur and a number of countries deployed it. Indeed, China, France, Japan, and Israel had done so before Gilinsky and Hoehn wrote their report. India, Pakistan, Brazil, Iran, and North Korea did so afterwards. But
things could have become much worse without the Nuclear Suppliers Group.
The authors also flagged the problem that the US and Soviet Union
were exporting weapon-grade uranium to fuel the research reactors
that they were competitively exporting as inducements to recruit
other countries into their spheres of influence. The authors suggested a policy of exporting only low-enriched uranium-fueled reactors,
a policy that slowly took hold in the US and Soviet Union until
the 11 September 2001 terrorist attacks on the World Trade Center
and the Pentagon. These attacks raised concerns about the possibility of nuclear terrorism and converting US and Soviet-exported and
US-domestic research reactors to low-enriched uranium. Retrieving
previously exported weapons-grade uranium became high national
priorities.
In the 1970s, Gilinsky became quite active in opposing US nuclear
exports unless the US government could assure they would not be
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diverted for military purposes. In 1976, two years after India had
used some of the plutonium it had produced and separated with US
assistance to make and test a nuclear explosive, Gilinsky was invited
to testify on proposed nonproliferation legislation. The legislation
would require that countries agree that any plutonium produced by
a foreign country with US-supplied technology be subject to international safeguards to assure that it was not diverted from peaceful
use. It also included an impossible "poison pill" requirement that
the IAEA would have to be able to alert the US of any diversion at
least 90 days before the plutonium could be used to make nuclear
weapons. As Gilinsky pointed out, "IAEA surveillance of material,
standing alone, cannot provide adequate protection against the sudden appropriation of nuclear material for military purposes." He and
the other witness, Henry Rowen, also expressed skepticism as to
the economic benefits of separating plutonium from spent fuel for
use as startup for breeder reactors. The legislation that Gilinsky and
Rowen supported – the Nuclear Nonproliferation Act of 1978 – became a key part of US nonproliferation policy and, subsequently, the
US only permitted countries in West Europe and Japan to separate
plutonium subject to US control.
Gilinsky further clarified the poor economics of using plutoniumbased fuels commercially in a clear-headed piece Foreign Affairs
published in 1978 on the decisions both France and the UK had just
made to build new plants to chemically "reprocess" the spent fuel
discharged from their own and foreign utility power reactors. Construction of the plants was largely funded by contracts from nuclear
utilities in Belgium, Germany, Italy, Japan, Netherlands, Switzerland, and Sweden to have their spent fuel reprocessed and the recovered plutonium sent back.
That was thirty years ago so we know how things turned out – till
now at least.
When the time came for contract renewal, only the Netherlands renewed its reprocessing contract with France for one small nuclear
power plant. The UK’s domestic utility, which, ironically, had been
bought by France’s Électicité de France (EDF), also refused and the
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UK shut down its plant in 2018. In France, the government continues to force government-owned EDF to have its spent fuel reprocessed by government-owned Orano.
Fortunately, these reprocessing programs have not facilitated proliferation nor nuclear terrorism. One helpful factor in this regard
has been that both France and the UK have insisted on returning
the plutonium to their customer countries in the form of fabricated
mixed-oxide fuel. However, between them, the UK and France have
accumulated a combined stock of about 200 tons of unirradiated civilian plutonium – enough by the IAEA’s metric to make more than
25,000 Nagasaki bombs. What a waste of money! What a legacy!
When the economic argument for reprocessing no longer seemed so
compelling, industry advocates for recycling argued reprocessing
was necessary to manage nuclear reactor waste. Gilinsky resisted
this argument but also opposed the popular alternative – burying the
waste in a geological repository in Yucca Mountain in Nevada. In a
speech he gave as a member of the Nuclear Regulatory Commission
in 1984, he argued, "Even if we agree on the goal of a permanent
repository, we still face procedural gridlock if we cannot get broad
agreement on how that goal is to be met... how will [the NRC] manage to deal with a specific underground site in the face of determined
opposition?" He was right. In 2011, determined opposition from Nevada to the proposed repository under Yucca Mountain resulted in
President Obama and Senate Majority Leader Harry Reid (of Nevada) shutting the project down. It should be noted that Gilinsky
advised the State of Nevada in its opposition.
Gilinsky proposed instead to focus on interim centralized storage
for spent power reactor fuel. Two companies are currently pursuing
licensing of such facilities on either side of the New Mexico-Texas
border.
Gilinsky also proposed that the responsibility for building a deep
underground repository be taken away from the Department of Energy and given to a dedicated government agency. That has become
a favored approach.

103

104

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

In 2008, Gilinsky authored a National Research Council dissenting memo on the advantages of taking this approach to reprocessing spent fuel. Allison MacFarlane (later to become chairman of the
Nuclear Regulatory Commission) cosigned it. The original rationale
for chemically reprocessing spent fuel to recover its plutonium and
uranium was to provide startup fuel for sodium-cooled "breeder" reactors that would convert the abundant but non-chain-reacting uranium isotope, U-238, into chain-reacting plutonium-239 fuel.
Originally, breeder reactors were proposed to deal with the nuclearpower establishment’s fear that, by 2000, an exponentially growing
global nuclear capacity would have depleted the earth’s resources
of uranium available at a price that existing water-cooled reactors
could pay. That concern turned out to be a false alarm. Global nuclear capacity plateaued and the price of uranium today contributes
only about two percent of the cost of nuclear electricity from a new
nuclear power plant.
Advocates of reprocessing and sodium-cooled reactors came up
with two new justifications to continue with spent fuel reprocessing
and with sodium-cooled reactors: i) The hazard to the surface environment from burying spent fuel containing plutonium and other
long-lived isotopes, and ii) By removing these radioisotopes, the
long-term heat load of spent fuel in repositories would be reduced,
allowing for smaller repositories and, in the US, eliminating the
need to site a second radioactive-waste repository.
Gilinsky and MacFarlane’s alternative was long-term surface storage of spent fuel in dry casks. That is, in fact, the de facto policy
that the US and many other countries have adopted as they struggle
with the politics of siting national deep-underground spent-fuel repositories.
Not everyone has gotten Gilinsky’s message. Japan is the only nonnuclear weapon state that reprocesses spent fuel. As a result, it has
accumulated a huge stock of separated plutonium – mostly in France
and the United Kingdom, to which Japan sent thousands of tons of
spent fuel for reprocessing while it built its own large reprocessing
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plant. As of the end of 2019, however, Japan had nine tons of unirradiated plutonium in-country – enough for more than one thousand
nuclear weapons, making at virtual nuclear weapon state. Gilinsky
and Henry Sokolski called this out shortly after the US- Japanese
Nuclear Cooperative Agreement automatically renewed in July of
2018. One of the key points they make in their piece, "Make USJapanese nuclear cooperation stable again: End reprocessing," is
that Japanese reprocessing technically violates US prohibitions on
non-weapons states engaging in such activities unless the US government can certify timely warning of possible military diversions
is assured. The problem is it can’t.
Japan and the US have been having a debate over Japan’s reprocessing ever since 1977 when Prime Minister Takeo Fukuda steamrollered the Carter Administration into accepting the operation of
Japan’s pilot reprocessing plant by declaring that reprocessing was
a matter of "life or death" for Japan’s energy future. This GilinskySokolski paper is part of that continuing dialogue of the deaf. Hope
springs eternal, however, that Japan will awake and realize that not
operating its reprocessing plant could save its electricity customers
$100 billion over the next 40 years and that it is legitimizing reprocessing in other countries for whom having a nuclear-weapon option
might be more time-urgent.
The fundamental problem is that the nuclear industry and its supporters have always supported the dream of using plutonium-based
fuels commercially in fast reactors so that nuclear power could proceed without having to worry about an external supply of uranium.
Gilinsky and Sokolski bear down on this point in their piece, "Why
Congress should say no to yet another fast reactor dream."
There is a saying that, in Washington, no bad idea ever dies. And
so, it is with liquid-sodium-cooled plutonium breeder reactors. During the 1960s and early 1970s, the US Atomic Energy Commission
promoted these reactors worldwide as the future of nuclear energy.
Then, in 1974, India’s nuclear establishment – one of those which
the AEC had infected with its dream – used some of the plutonium it
had produced and separated with the AEC’s assistance in a "peace-
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ful nuclear explosive." This led to a review of the AEC promotion
of plutonium breeder reactors and the conclusion that the US had
nothing to gain economically and everything to lose from promoting
or building them.
It took a while to wind down the US breeder development program.
I was involved myself in 1994 in shutting down Idaho National Laboratory’s (INL’s) Experimental Breeder Reactor II (EBR II).
But INL kept the dream alive and, when the Trump Administration
put the Department of Energy’s Office of Nuclear Energy under
INL’s control, it launched a project to build at INL a bigger version
of EBR II, disingenuously named the "Versatile Test Reactor."
As long as the breeder reactor dream lives, Gilinsky’s writings will
be all too relevant.
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"Fast Breeder Reactors and
the Spread of Plutonium"
Introduction, Appendix D
Victor Gilinsky77
RAND Study RM-5148-PR
March 1967

I. Introduction

T

he connection between the present growth of civilian nuclear
power and the possible spread of nuclear weapons is too flexible to permit any firm predictions. However, the instillation
of nuclear power reactors and the development of an attendant nuclear industry definitely increase the technical capacity to produce
nuclear weapons of those countries that have not yet produced them.
Perhaps the most useful single indicator of this technical capacity
is the quantity of nuclear explosive material available in the civilian nuclear economy. While there are many other complex factors
involved, obtaining suitable nuclear development of at least elementary fission weapons.
Of the two important nuclear explosives, uranium-235 and plutonium-239, probably only plutonium will be commonly available in
the civilian nuclear economy in relatively pure form. Almost all of
the power reactors being installed, or planned for the next ten or fif77. Any views expressed in this paper are those of the author. They should not
be interpreted as reflecting the views of The RAND Corporation or the official
opinion or policy of any of its governmental or private research sponsors. Papers
are reproduced by The RAND Corporation as a courtesy to members of its staff.
This paper was prepared for presentation to the Board of Trustees, November
1966.
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teen years, will be fueled with natural or slightly enriched uranium
and will produce plutonium as a by-product. The slightly enriched
uranium (about 2-4 percent uranium-235) is not usable for nuclear
weapons but the plutonium is usable. The present system of international safeguards is concerned primarily with detecting any illegal
diversion of plutonium from the civilian economy. The implementation and effectiveness of safeguards in the future will be affected by
the economic importance of plutonium, and by the total amount that
is available. This Memorandum explores some of the current ideas
and plans for the important future role of plutonium in the civilian
nuclear economy.
The urgency of the concern about the future of plutonium has been
heightened by the recent extraordinary, and unexpected, boom in
nuclear power. Nuclear power has suddenly become competitive
with coal and oil for the generation of electricity. More than half of
the new power capacity ordered in the United States in 1966 was in
the form of nuclear plants. There are many indications that a similar boom in nuclear power is about to take place in other industrial
countries, especially in Western Europe and Japan. The forecasts
for the future growth of nuclear power have been growing rapidly
over the last few years. For example, the AEC forecast for the United States in 1980 has gone from a 1962 estimate of 40,000 Mwe
(megawatts electrical), to a 1964 estimate of 60-90,000 Mwe, to a
1966 estimate of 80-110,000 Mwe.78 The total for the Western countries and Japan is expected to be more than double the United States
total. In terms of plutonium production, the 100,000 Mwe estimated
for the United States in 1980 corresponds to an annual production
of about 20-30,000 kg of plutonium. World production would then
be about 50-75,000 kg annually. (The critical mass of a plutonium,
sphere surrounded by a good reflector is 6kg.)79

78. The total installed electrical generating capacity in the United States in 1966
was about 250,000 Mwe, of which about 2,000 Mwe were nuclear.
79. Physics Today, Sept. 65, p. 47.
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Nuclear power can compete with conventional power because the
lower nuclear fuel costs more than offset the greater fixed costs of
nuclear plants. But the present generation of thermal reactors still use
uranium rather ineffectively. It is generally believed in the nuclear
industry that power costs can be lowered further with an advanced
type of reactor system, the plutonium fueled "fast breeder," that converts the uranium into plutonium. It "breeds" more plutonium from
uranium than it consumes in the generation of power and therefore
the net fuel costs are very low. It is expected that the increase in
fixed costs of fast breeders over present reactors can be kept sufficiently small so that there will be a net reduction in power costs.
Some countries also find these reactors very attractive because they
greatly reduce uranium intake and permit the users a large degree of
technological independence from fuel suppliers, in particular, from
foreign enrichment facilities.
Present plans call for large scale installation of fast breeders in industrial countries starting around 1980. From then on the generation
of electrical power in advanced countries will be increasingly dependent on plutonium fuel. Eventually enormous quantities of plutonium will be present wherever electrical power will be generated.
In the next ten or fifteen years, before commercial fast breeders become important, their anticipation will lead to plutonium stockpiling
an may affect in an important way the possibilities for future international plutonium safeguard. The implication of this coming revolution in the generation of power clearly goes beyond economics.
They relate directly to the political problems concerning the spread
of nuclear weapons. This Memorandum only raises these questions;
it does not analyze them. Because they are useful for understanding
the economic motivation behind the development of fast breeders
this Memorandum begins with short descriptions of the physics of
breeding of fissionable material and of fast breeder reactors.

109

110

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

Appendix D
PU-240 in Fast Breeder Plutonium
When large amounts of plutonium are available to many countries
it is natural to be concerned about the possibility that some of the
plutonium will be diverted for military use. The military usefulness
of plutonium decreases as the proportion of the non-fissionable isotopes (Pu-240 and Pu-242) increases.80 It is therefore interesting to
find out what will be the isotopic content of commercial plutonium.
Of course, it is always possible to keep down the Pu-240 content by
frequent, and uneconomical, cycling of the fuel. But we shall here
examine just the normal economical fuel cycle.
The composition of the initial fuel load will be just the composition
of plutonium in thermal reactors. These reactors fall in the category
of "proven reactors" - mostly thermal light water types that produce
about 1/3 kg Pu per Mwe-yr. The Pu is highly adulterated with Pu240 if the fuel is exposed for a normal fuel cycle. The economic
operation of these reactors depends on long fuel exposure, which
therefore leads to a high Pu-240 content in the plutonium extracted.
For a given reactor this depends, of course, on the irradiation level,
or burnup. At the present time plutonium in spent reactor fuel typically contains about 15 percent nonfissionable isotopes. This fraction will increase to perhaps 30 percent as reactor fuels are improved
and the burnup is increase, to say, 20,000 Mwd/ton. One of the aims
of the various safeguard agreements and inspections procedures is
to prevent uneconomic variation of the fuel cycles to suit military
needs.
After several fuel cycles, as the plutonium from the fast breeder is
80. This occurs for two reasons. First, the non-fissionable isotopes dilute the
fissionable ones and thereby increase the critical mass; and second, Pu-240 and
Pu-242 fission spontaneously and so cause predetonation problem. Spontaneous fission leads to the production of about 1 neutron per microsecond per kg
Pu-240.

Chapter 2

cycled back, the system will attain a steady state. We shall examine
the composition of the supplied and spent fuel over an equilibrium
fuel cycle for the three recent 1000 Mwe sodium-cooled fast breeder
designs described in Appendix A.81
It turns out that although the fraction of non-fissionable plutonium
isotopes is rather high in the core (say, 30 percent) it is very low in
the blanket (say, 5 percent). The reason for this is that over a normal
fuel cycle (2-4 years) the blanket does not receive a very large total
flux. Roughly speaking, about half of the plutonium comes from the
blanket material.82
In order to get a better idea we shall present the plutonium concentration and composition of the blanket material at discharge after an
equilibrium fuel cycle for the three designs described in Ref. 27,83
29, and 30. These are shown in Tables D1, D2, and D3. Table D3 is a
more complete and shows the material balance in the core and blankets over an equilibrium fuel cycle. A flow chart for the fuel cycle of
a fast breeder is shown in Fig. 2.
It may turn out to be more economical to recycle the blanket material more often in order to reinvest the plutonium. In this case the
fraction of Pu-240 will be even lower. The time dependence of the
isotopic composition of the blanket material in the Westinghouse
reactors is shown in Table D4. Note that after about 2 years the Pu240 content is only about 2 percent.
The general conclusion is that the introduction of fast breeders will
bring with it the commercial production of large quantities of plutonium, much of it with a very low Pu-240 content, possibly less than
81. See Refs. 27, 29,30. These studies are about two years old and are therefore
somewhat outdated. They do, however, illustrate the general characteristics of
fast breeders, in particular the grade of plutonium that is bred in the blanket.
82 . The other half is bred internally in the core.
83. The configuration of the core and blanket for the G.E. design is shown in
Fig. D1.
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5 percent. The point to be stressed here is that this will happen when
the reactors are operated on a normal economical cycle.

Figure D1 – Configuration of core and blanket in G.E. design
for 1000 Mwe fast breeder reactor (taken from Fig. 2.2.1.1 of
Ref. 27).

Table D184 – Blanket Plutonium Concentration and
Composition at Discharge (G.E. Design)

84. Taken from Ref. 27, Table 2.1.
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Table D285 – Material Balance on Roundelay Fuel Cycle (for
Westinghouse Design)

Three Year Core and Blanket Life (Kg) in Reactor

Table D386- Blanket Plutonium Concentration and
Composition at Discharge (657 Days) (C.E. Design)

85. Taken from Table II, 2.1-9 of Ref. 29.
86. Taken from Table IV-9B of Ref. 30.
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Table D487- Composition of Radial Blanket v.
Time – Roundelay Refueling (Kg) in Reactor

87. Taken from table II.2.1-11 of Ref. 28. We have ignored the other isotopes
here (Pu-241 content rises to about 10 kg at 1518 days).
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"The Military Significance of
Small Uranium Enrichment
Facilities Fed with
Low-Enrichment Uranium
(Redacted)"
Victor Gilinsky and William Hoehn
RAND Study RM-6123-ARPA
December 1969
Preface

S

ince 1965, The RAND Corporation has been conducting a
program of studies on various aspects of the proliferation of
nuclear weapons. The program was initially sponsored by the
Office of the Assistant Secretary of Defense, International Security
Affairs, and by the U.S. Air Force Project Rand, and is now sponsored by the Advanced Research Projects Agency.
The present Memorandum, written for the nontechnical reader,
analyzes the increased proliferation threat posed by gas centrifuge
enrichment technology when coupled with the coming wide availability of low-enrichment uranium for use as reactor fuel. With this
material, only a relatively small effort is needed to extract highly
enriched uranium suitable for nuclear weapons. The importance of
this possibility has been heightened by the recently increased pace
of events abroad which could lead to the development of commercial uranium enrichment facilities in several non-nuclear countries.
Summary
This Memorandum discusses the potential for the production of
highly enriched uranium suitable for nuclear weapons that arises
from the presence of small uranium enrichment facilities combined
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with the growing commercial availability of slightly enriched uranium for use as feed material.
Although slightly enriched uranium used in U.S.-developed light
water reactors (2 to 4 percent uranium-235) cannot itself be used
as a nuclear explosive, it can be upgraded for that use with relatively little effort. Indeed, the amount of highly enriched uranium
that could be produced in a given time by an enrichment facility, say,
a small gas centrifuge facility, can be sharply increased, typically
by a factor of five or more, if the feed material is slightly enriched
uranium instead of natural uranium.
As Amended
The recently improved prospects for foreign commercial development of gas centrifuge technology in Western Europe and Japan,
with the sub- sequent possibility of the export of this technology to
a wider group of countries, are therefore more ominous when set
against the prospective wide availability of U.S.-produced slightly
enriched uranium.
A country contemplating military nuclear status can be expected:
to be extremely sensitive to the speed and confidence with which
a nuclear force can be deployed. It is now widely recognized that
there are many difficulties in utilizing power reactor plutonium for a
weapons program; many of these difficulties would be ameliorated
by a program using highly enriched uranium. It seems evident that
prospects for the acquisition of highly enriched uranium, either as a
backup to a plutonium weapons program, or as the leading element
of a program to minimize the time required to obtain some form of
weapon, could be a critical element in Nth country decision-making. Accordingly, neither stockpiles of slightly enriched uranium nor
small enrichment facilities, particularly gas centrifuge facilities, can
be considered to be of negligible military significance.
Because it seems impossible to close off completely certain routes to
the acquisition of fissile material for nuclear weapons, especially the
diversion of plutonium produced in civilian nuclear programs, there
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is a tendency to underrate the importance of denying other routes
which may well be faster and easier to implement. The elimination
of easy, vapid, high-confidence production methods could serve as a
substantial deterrent to countries attempting to make nuclear weapons. They might decide that programs with long lead times, technical uncertainties, and no backup options would expose them to
unacceptable political risks.
As always, it is difficult to find policy solutions and to assess acceptable costs. To assure foreign countries of their "security-of- supply"
of enriched uranium, and thus to reduce incentives for foreign development of enrichment technology, the U.S. AEC has announced
that it will permit foreign nations to stockpile slightly enriched uranium in amounts up to a five-year forward supply for existing and
prospective nuclear plants. To radically amend this offer now would
only serve to intensify the "security-of-supply" issue. However, it
may yet be possible to establish special depositories abroad--not
necessarily in every country – in which material in excess of current
needs would be stockpiled under the care of an appropriate safeguards organization. This measure would separate ownership from
immediate physical control.
No country has yet exercised its rights under the AEC offer, but a
similar kind of stockpiling is already under way. The Federal Republic has agreed to purchase and will stockpile a large quantity
of enriched uranium as part of the "offset" payments arrangements
covering the cost of U.S. military forces in the F.R.G.
The facts presented herein add further weight to the argument that
the U.S. should seek to limit the spread of small national enrichment
facilities, especially gas centrifuge facilities. While this issue is exceedingly complex, it seems clear that the jealously guarded U.S.
monopoly on enrichment services is being aggressively challenged,
and it may be that the only way to maintain even a modicum of control on the spread of this technology is through cooperation with our
principal allies in the provision of new enrichment capacity, perhaps
through a multinational consortium.
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It would be unrealistic to hope that a proposal of this sort could
serve to terminate research and development of gas centrifuge technology abroad. But it might reduce incentives for its commercial
development using government-supplied funding and, more important, it could provide a vehicle for arriving at definite agreements
concerning limitations on the sale of critical technologies to a much
wider class of secondary countries.
It should be recognized that general acceptance of the Non-Proliferation Treaty would not help to limit the sale of such technology.
It would, in fact, tend to promote dissemination of technology (at a
price) among the parties to the Treaty. However, that price would
not serve to compensate for the ultimate costs that widespread release of enrichment technology could engender.
Investment decisions that are in prospect abroad in the next year
or two will be difficult to reverse, once taken; thus, the bargaining leverage the U.S. now enjoys through its superior enrichment
technology may be weakened by the pace of events elsewhere. The
question of how best to employ this transitory leverage should be a
high-priority subject of further study.
i. Introduction
The main purpose of this Memorandum is to discuss the potential
for the production of highly enriched uranium for weapons by small
uranium enrichment facilities (in particular, gas centrifuge facilities)
fed with commercially available slightly enriched uranium. If the
feed is slightly enriched uranium, such as used for reactor fuel elements (2 to 4 percent uranium-235 content), this production potential can be much higher, typically by a factor of 5, than when the feed
material is natural uranium. In consequence, the time to produce a
given amount of fissile material for weapons can be significantly
reduced by making use of stocks of slightly enriched uranium.
Although they have only recently become interesting, there is nothing technically novel about these prospects – they are well known

Chapter 2

to those actively concerned with the technical features of uranium
enrichment. However, since this is an area not easily accessible or
comprehensible to the layman, we have undertaken to present some
of these matters in a simplified form for a wider audience, particularly those decision-makers concerned with the spread of nuclear
weapons.
Except for the design and production of nuclear weapons, no area
of nuclear energy utilization has been subject to such restrictive and
determined classification as the technology of uranium enrichment.
Only with the advent of commercial uses of enriched uranium for
the generation of electric power have the barest details been revealed (in the face of heavy foreign and domestic commercial pressures). Indeed, the continuation of the policy expressed in the 1967
U.S. AEC Decision88 that no nongovernmental research would be
permitted in the U.8. on the gas centrifuge – a promising alternative to the AEC gaseous diffusion process – suggests that, outside a
limited circle, prospects are not favorable for more extensive access
to authoritative U.S. information on alternative methods of uranium
enrichment.
In addition to the handicaps occasioned by the security classifications imposed on various aspects of enrichment technology, public
understanding of uranium enrichment is made difficult, often unnecessarily but sometimes unavoidably, by its more or less esoteric
nature.89 We do not intend to burden the reader with technical de88. U.S. AEG Press Release K-70, March 21, 1967.
89. The related technical concept most confusing to the layman is surely that of
separative work. For an explanation of separative work (one which Senator Pastore called "clear as mud") see U.S. Congress, Hearings before the Joint Committee on Atomic Energy, Uranium Enrichment Services Criteria and Related
Matters, 89th Congress, 2nd Session, August 2, 1966. After the explanations by
Dr. Glenn Seaborg and Mr. George Quinn of the AEC, Representative Hosmer
remarked, "It seems whenever the Commission wants to get us confused, or
themselves confused, they tend to resort to mysterious types of semantics. I
think we have indulged in a little bit of that this morning. [Laughter.]" For an
alternative discussion of isotope separation, including the concept of separative
work, see D. Holliday and M. Plesset, An Elementary Introduction to Isotope
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tails, but we hope to increase his understanding of the possible role
of small uranium enrichment facilities in several proliferation possibilities. In the following two sections, we shall sketch some of the
basic ideas involved in estimating production capacities of small
enrichment plants, and provide several quantitative examples.
It is by now well known that, within a few years, many countries
will have substantial quantities of plutonium arising from their civilian nuclear power programs and that one route to the acquisition
of nuclear weapons will be to divert this plutonium to a weapons
program, either overtly (abrogating the safeguards) or covertly (diverting small amounts over a longer time). In view of the absence
of effective safeguards against clandestine diversion of plutonium,
and the lack of effective sanctions against its overt diversion, it is a
natural temptation to ask "Who cares?" when confronted with other,
perhaps even simpler, potential proliferation routes such as outlined
in this report. The problem deserves closer attention. We shall discuss it in some detail in Section IV.
The matter has acquired urgency in the last year or so. First, it is
becoming increasingly likely that small enrichment facilities will
be built in at least some non-nuclear countries in the next decade,
Furthermore, there are indications that if some of these ventures
are successful, notably the U.K.-Netherlands-F.R.G. gas centrifuge
project,90 then strong efforts will be made by the manufacturers to export small enrichment facilities to a larger class of secondary countries. Moreover, in the negotiations with the International Atomic
Energy Agency (IAEA) over Non-Proliferation Treaty (NPT) Safeguards, there is considerable pressure building, particularly from

Separation, The Rand Corporation, RM-4938-PR, June 1966.
90. See "European Centrifuge Partners Iron Out Differences," Nucleonics Week,
November 20, 1969, p. 2. The differences concerned the British insistence on
applying the new technology to their military program. See "Disagreements
Delay British-German-Dutch Centrifuge Venture," Nuclear Industry, June 1969,
p. 30. Also, see "British, Germans, Dutch Agree on 2-Plant Centrifuge Venture,"
Nuclear Industry, March 1969, p. 29; and "Industrial Centrifuge Groups Shape
Up on the Continent," Nuclear Industry, October, 1969, p. 32.
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foreign nuclear industries, to relax international safeguards on
slightly enriched uranium – uranium whose enrichment is too low to
use for weapons.91 At the same time it is argued by some countries,
especially by the F.R.G., that it is not necessary to inspect activities
within "peaceful purposes" facilities, only the inflow and outflow
of fissile material. We shall comment in more detail on these developments in Section V. The results presented in this report suggest
that various combinations of these several trends could have serious
consequences for nonproliferation objectives.
In the final section, we shall discuss some implications of these results for U.S. non-proliferation policy. Of course, there is already
considerable concern in the U.S. Government about the possible
spread of gas centrifuge facilities. The U.S, Atomic Energy Commission has tried to discourage such developments abroad – primarily by reducing foreign commercial incentives through a policy of
maintaining low charges for enrichment in the U.S. gaseous diffusion plants, but also by guaranteeing foreign customers the right
to stockpile up to a five-year supply of enriched uranium for reactor fuel. Nevertheless, it seems clear that some foreign enrichment
developments are approaching a commercially significant technical
level and their potential disruptive impact on U.S. nonproliferation
policies cannot be ignored. Although foreign enrichments facilities
are unlikely to compete with U.S. prices for commercial enrichment services, their performance may be sufficiently high to attract
purchases in small unit capacities from countries that may wish to
achieve at least "token" commercial independence. Such a development, together with the wide availability of slightly enriched urani91. See, for example, A. Albonetti, "Access for Non-Nuclear Weapon States,
Who Have Renounced the Production, Acquisition and Use of Nuclear Weapons, to Technology for Peaceful Uses of Nuclear Energy," A/CONF.35/ DOC 6,
3 July 1968, a paper presented at the 1968 Geneva Conference of Non-Nuclear
Weapon States. Mr. Albonetti, Director of International Affairs, National Committee for Nuclear Energy, Rome, writes (par. 82): "In this spirit, natural uranium and slightly enriched uranium, which are of no use at all for making nuclear
devices, would be freed from control. And in the final outcome, plutonium and
highly enriched uranium--the so-called ‘weapon grade’--alone should be subject
to control." (Italics added.)
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um, could constitute a serious proliferation hazard, since these small
plants would represent a powerful option for the rapid production of
substantial quantities of weapons-grade uranium.
There are no clear and easy solutions to this problem. It does not
appear realistic to expect a complete end to foreign development
of uranium enrichment technology. And to renege on the stockpile
offer would only spur this development. Yet there do seem to be
several possibilities that would lengthen the lead time for the proliferation option discussed in this report.
An appendix contains a broader spectrum of cases delineating the
highly enriched uranium production potential of small enrichment
plants fed by low-enrichment uranium.
ii. Elementary Concepts
Uranium-235, the only naturally occurring fissile isotope, comprises
only about one part in 140 (or 0.71 percent) of natural uranium. The
rest is composed of the relatively inert isotope uranium-238. Most
nuclear reactors make use of uranium in slightly enriched form, that
is, with an increased concentration of uranium-235 – typically up to
4 percent uranium-235. By comparison, nuclear explosives require
material which is substantially uranium-235, say, about 90 percent,
although lower concentrations might be utilized.92
Uranium enrichment, the process of concentrating the fissile isotope uranium-235 in a portion of a uranium supply by depleting its
concentration in the rest of the original supply, requires special facilities, at present available only in the nuclear weapon countries.
The United States has three huge enrichment facilities, located at
Oak Ridge, Tennessee; Paducah, Kentucky; and Portsmouth, Ohio.
All of the present (nonexperimental) enrichment plants use the gaseous diffusion method, but some future facilities may use the gas
92. See H. C. Paxton, Los Alamos Critical-Mass Data, Los Alamos Scientific
Laboratory, Report LAMS-3067, May 6, 1964.
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centrifuge method which appears to permit the relatively economic
operation of smaller facilities. Since we are concerned here with the
potential of small enrichment facilities, we shall deal mainly with
gas centrifuge facilities.
An important property of enrichment facilities is that they are composed of many individual units which can be rearranged to perform
various enrichment tasks. We shall suppose in the following that the
plants we are discussing are perfectly flexible so that the individual
separating units can be rearranged without economic penalty. It is
generally believed that gas centrifuge enrichment plants approach
this degree of flexibility, which is another reason for our emphasis
on this method of enrichment.
A Simple Example
In order to get some idea of what is involved in enrichment, it may
be helpful to work through a simple illustration. Let us suppose that
we would like to produce 10 metric tons per year of slightly enriched
uranium for use as reactor fuel, say 3.3 percent uranium-235.93 This
amount of uranium would be about enough to supply the annual
reload needs of a nuclear electrical generating station with an output
of about 350 megawatts (enough to supply power to a U.S. city with
a population of about 300,000).
The plant input ("feed"), output ("product"), and waste ("tails") are
indicated in Figure 1 for the above case, assuming that the input
to the enrichment plant is natural uranium and the waste stream is
depleted down to 0.2 percent uranium-235 in accordance with current U.S. practice. The amount of natural uranium feed required is
obtained by elementary arithmetic from a simple materials balance,
equating the feed to the sum of the product and tails. However, it
takes more than elementary arithmetic to compute how big an enrichment plant is required to do a given job – in this case, to produce
10 tons of 3.3 percent uranium-235 per year.
93. This fuel concentration is within the usual enrichment range for use in a
pressurized water reactor (PWR).

123

124

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

The capacities of enrichment plants are measured in mass units of
separative work (SW), for example, kilograms SW or tons SW. The
separative work required to perform the task described above turns
out to be about 50 tons SW per year. If a plant of this capacity were
composed of gas centrifuges roughly like those apparently obtainable today in Europe94 – say, each rated at 5 kg SW per year – then it
would contain a total of about 10,000 such machines.
Let us now suppose that the plant is perfectly flexible so that the
machines can be rearranged to perform other enrichment tasks. Under these circumstances, this same plant could, in principle, turn out
as much as 220 kilograms of 90 percent uranium-235, using natural
uranium feed and the same (0.2 percent) tails concentration.95 This
production level could be improved by processing larger quantities
of natural uranium feed material and depleting it less – that is, trading reductions in separative work for (substantial) increases in the
quantity of feed and of tails. For example, by rejecting the depleted
stream at a concentration of 0.6 percent (instead of the 0.2 percent
utilized in U.S. plant calculations), the plant could produce about
350 kilograms of 90 percent uranium-235 per year. This is accomplished by increasing the feed requirements from about 180 kilograms feed per kilogram of product to about 800 kilograms feed
per kilogram of product. Thus, production could be increased only
about 60 percent at the cost of a 450 percent increase in feed requirements. This suggests that, for natural uranium feed, not much can be
accomplished by changing the waste concentration within feasible
limits.

94. Dr. H. Michaelis, Director-General for Research of EURATOM, described a
proposed European centrifuge plant as comprising machines of "several kilograms" annual separative work capacity. See "Quelques Perspectives d‘Avenir
d’une Installation Europeenne d’Enrichissement," FAST Symposium, Milan,
Italy, December 1968. Note, however, that the Nucleonics Week article quoted
earlier (Nov. 20, 1969, p. 2) suggests a machine rating of about 2.5 kg SW per
year.
95. These numbers can be calculated from standard tables of enriching services,
See, for example, AEC Gaseous Diffusion Plant Operations, ORO-658, U.S.
Atomic Energy Commission, February 1968, p. 37.
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However, a great production improvement could be achieved by
using feed material that has already been enriched to a concentration of several percent uranium-235 rather than natural uranium. We
shall take this up in the next section.
iii. The Value of Low-Enrichment Feed
Our previous example involved a small gas centrifuge plant with a
separative capacity of about 50 tons SW per year. This is about the
size that has been considered for small prototype plants in the Netherlands and the U.K. We found that under standard conditions such
a plant could produce enough slightly enriched uranium per year to
refuel a 350 megawatt reactor, and that if the individual machine
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connections were to be rearranged, it could produce about 200 to
350 kilograms of 90 percent uranium-235 per year. In both cases,
the feed material is assumed to be natural uranium.
Let us suppose now that the feed used has a higher concentration
of uranium-235 than occurs in natural uranium. In Table 1, we list
the feed and separative work requirements per kilogram of 90 percent material for three possible low-enrichment feed materials and
tails assays, as well as the two natural uranium cases previously
discussed.
Table 1
Separative Work and Feed Requirements to Produce 1 Kilogram of 90 Percent Uranium-235

As Amended
The 2 percent feed material is roughly representative of the degree
of enrichment in boiling-water reactor (BWR) fuel, while the 4 percent material is typical of pressurized-water reactor (PWR) fuel.
The major point of Table 1 is that, relative to the standard calculation (the fourth line) of separative work requirements to produce
weapons-grade materials,96 the use of reactor-grade enriched ura96. For example, see C.J.H. Watson, "Centrifugal Uranium Isotope Separation
and Nuclear Weapon Proliferation," 19th Pugwash Conference on Science and
World Affairs, Sochi, 22nd to 27th October 1969.
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nium as feed can reduce separative work requirements to about 15
to 30 percent of the nominal AEC requirement. This, in turn, means
that under certain conditions the actual capability of a small enrichment plant to produce weapons-grade materials can be a factor of
from 3 to 7 greater than its nominal capability. Of course, the factor
could be much larger (well over 10) with higher feed enrichment,
but we have purposely restricted this example to feed concentrations
(up to 4 percent) of uranium which will probably be commercially
available in very large quantities. The Appendix contains a set of
more detailed cases using other enrichment and tails assays.
From the data of Table 1, one can then calculate the production potential for the hypothetical 50 ton SW per year plant. The results ate
given in Table 2.
Table 2
Annual Military Potential of a 50 Ton SW Per Year Enrichment Plant Using Low-Enrichment Feed

The results suggest that the military significance of even such small97

97. Fifty tons SW per year represent a very small capacity; by contrast, the U.S.
gaseous diffusion complex has a current capacity of 17,000 tons SW per year.
See, e.g., Gaseous Diffusion Plant Operations, U.S. AEC, ORO-658, February
1968, and Selected Background Information on Uranium Enriching, U.S. AEC,
ORO-668, March 1969 for more detailed information on the U.S. gaseous diffusion enrichment plants.
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plants as discussed above can be considerable. It is evident that the
use of slightly enriched uranium feed greatly increases the weapons
potential.
We should like to make several comments. First, some additional
improvements in output quantities could be obtained by using a
higher waste concentration with, say, the 4 percent feed. Of course,
this would require a higher feed input quantity. (See the Appendix.)
Second, weapons may be manufactured by using material of lower
than 90 percent concentration. Naturally, this would be at the price
of lower weapon performance and/or increase in weight. Even so,
this point should not be overlooked.
Third, these results scale almost linearly for small plants of larger
SW capacity. Thus, a plant of 200 tons SW per year would have a
production potential of about 4 times the results given for our example.
Fourth, since a large fraction of the necessary separative work is
already performed in the AEC’s efficient facilities at a charge of
$26 per kg SW, even very expensive small separation facilities for
enriching to weapons-grade material would not raise the cost by
more than a small multiple of the AEC’s current price for "weaponsgrade" uranium. More to the point, the unit cost should be substantially less than larger facilities designed to produce weapons-grade
uranium from natural uranium.98
iv. Alternative Proliferation Possibilities
It is necessary to place the method of upgrading slightly enriched
uranium as outlined in this report in perspective with the more obvious method of diverting plutonium produced in civilian reactors.99
98. Although the cost of material does not seem likely to be a decisive constraint
on most potential nuclear powers.
99. We have in mind overt diversion in a relatively short period of time. We

Chapter 2

Eventually, civilian plutonium will probably be so plentiful in various forms that the existence of other ways to produce fissile material
for weapons may become irrelevant. But in the time span considered
in this report – the next decade – potential nuclear powers will be
operating under many constraints. Any additional methods for the
rapid production of fissile material could powerfully influence the
assessment of risks and benefits of a nuclear weapons development
program.
Since there are a number of difficulties inherent in the military use of
plutonium normally produced in civilian power reactors,100 a potential weapons program is likely to include the production of its own
relatively pure fissile plutonium. This would involve more rapid cycling and reprocessing of fuel assemblies. In a large nuclear power
economy based on natural uranium reactors (which can typically be
refueled on-line – without shut-down) and with ample reprocessing
and fuel fabricating facilities, this would be relatively easy.
If sufficient facilities were not immediately available, there would be
a delay.101 If it were intended to make use of substantially the entire
plutonium output of the civilian reactors, the more rapid cycling of
fuel elements would require much larger facilities than those needed
for a commercial nuclear power program. Because construction of
much larger facilities would constitute an "early warning" signal,

believe the covert diversion prospect for developing strategically significant
numbers of nuclear weapons has been greatly exaggerated. It may be an intriguing topic for speculation, but the practical difficulties of organizing and carrying
out all of the detailed steps leading to possession of clandestine weapons and
delivery capabilities are enormous. The principal incentives to covert diversion
are probably found in certain small countries (such as Israel), where several lowperformance weapons might constitute a strategically meaningful capability.
100. This material typically contains high concentrations of some non-fissile
isotopes of plutonium (mainly plutonium-240), which are exceedingly undesirable in military applications. The presence of plutoniun-240 leads to so-called
"predetonation" effects, which result in lower warhead yields and less predictable performance.
101. Indeed, relatively "clean" plutonium production would require roughly an
order-of-magnitude increase in both fuel fabrication and reprocessing capacities.
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nations aspiring to nuclear military power might forego this route,
and thus the useful plutonium production capacity might be smaller
than the potential maximum rate.
The difficulties are compounded if the civilian nuclear program is
based on U.S.-type light water reactors fueled with slightly enriched
uranium. These reactors have to be shut down when refueled and
therefore lend themselves less easily to the production of fissile plutonium for military programs. For this reason, the United States has
preferred that foreign nations base their nuclear power programs on
such reactors.102 The U.S. commercial monopoly on enrichment services further ensures that these reactors will not be misused, since
foreign countries will have to obtain reload fuel from the United
States, thus providing a gross check on the "peaceful" nature of foreign programs.
Let us now ask how the situation is altered by the introduction of
even fairly small uranium enrichment facilities such as are now
being contemplated by a number of countries. It is instructive to
consider a sample nuclear power program in order to compare the
potential attractiveness of several ways of obtaining fissile material
for weapons.
Imagine a nuclear power program based on light water reactors with
an electrical generating capacity of about 5000 megawatts (say, for
Germany or Japan around 1975). Suppose there exist domestic fuel
reprocessing facilities with a capacity of about 200 tons per year,
adequate for the entire fuel discharge under normal commercial
operation.103
Suppose, in addition, that there is available a small gas centrifuge
enrichment plant with a capacity of 100 tons SW per year, which
could supply less than 20 percent of the enrichment needs of the
reactors.104
102. Aside from normal economic interests.
103. We are assuming about 3.3 percent enrichment.
104. A small centrifuge plant designed to supply just enough low-enrichment
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The reactors would produce about 1000 kilograms of plutonium per
year under normal commercial operation. This plutonium would
contain on the order of 30 percent plutonium-240. To keep the plutonium-240 content below about 10 percent (which is still not very
good "weapons-grade" plutonium) the fuel exposure would have to
be limited to about one-sixth the burnup level of normal commercial
operation. Thus, about six times as much fuel fabrication and reprocessing capacity would be needed to carry out this process. Moreover, the plutonium production would not be markedly increased, as
the more rapid plutonium buildup in the early irradiation period105
would be counterbalanced by the six-fold increase in shutdown
times (3 to 4 weeks each) for refueling.
As Amended
However, it should be noted again that both fuel fabrication and reprocessing facilities of several times greater capacity must be available in order to get even moderately "clean" plutonium, and also that
sufficient enriched uranium for the increased throughput of fuel elements must be on hand. Such capacity augmentations would seem
likely to generate some early-warning signals substantially before
the facility expansions could accommodate the higher output.
Alternatively, a country would be faced with the necessity of utilizing "reactor-grade" plutonium of relatively high plutonium-240
content. The greater technical difficulties that this program implies
relative to either "weapons-grade" plutonium or enriched uranium
programs might make this an unattractive option.
As Amended

uranium for the annual refueling of a 1000 Mwe reactor would probably have an
annual separative work capacity of about 130 tons.
105. There is a slowdown in the net rate of plutonium formation over time as
an increasing portion of the energy comes from fissioning of plutonium. Thus
a curve of total plutonium in the core versus irradiation time increases at a decreasing rate, approaching an asymptote for long burnups.
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This would require a feed of about 100 to 400 tons of natural uranium (in the form of UF-6), depending on the tails assay.
On the other hand, if a source of enriched uranium were available,
the production potential could be greatly increased.
As Amended
This would require about 80 tons of 3.3 percent uranium, or about a
seven-month inventory for 5000 Mwe of reactors.106 In other words,
an enrichment facility which can barely supply enough enriched
uranium to fuel one 1000 Mwe reactor, if fed with enriched uranium, can compare quite favorably with plutonium production from
reactors totaling 5000 Mwe.
We do not want to push this point too far. The foregoing discussion
is not meant to suggest that the difficulties with plutonium cannot
be surmounted, or that the use of enriched uranium is necessarily
preferred. By adjusting parameters suitably, one can find cases in
which one or another alternative would be preferred. But clearly,
there are many plausible circumstances in which the possibility of
upgrading slightly enriched uranium would be of major importance
for a potential weapons program.
It should be added that plutonium weapons differ fundamentally
from the simplest high-enrichment uranium weapons. A plutonium
weapon necessarily requires the development of implosion techniques107 for fissile material by use of chemical explosives. By comparison, a simple gun-type uranium weapon merely requires forcefully propelling two blocks of nuclear material together to form a
supercritical mass.108 The gun-type design is inefficient in the use of

106. Mwe, megawatts of electrical power.
107. That is, explosives surrounding the fissile material must be designed and
detonated to produce a precisely converging spherical wave, rapidly compressing the fissile material to critical conditions.
108. See, for example, the item "Weapons (nuclear)" in J. F. Hogerton, The
Atomic Energy Deskbook, Reinhold Publishing Company, N.Y., 1963.
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fissile material. It would be an unlikely choice for any but the least
technologically skilled country, or for those in a hurry. For the latter,
the gun-type weapons could serve to provide an interim force, pending the (probably lengthier) development of implosion-type weapons. These circumstances might apply to both highly advanced and
less advanced countries.
v. Possibilities for the Spread of Uranium Enrichment Technology
We have noted in the Introduction the existence of research and development programs aimed at commercial development of gas centrifuge enrichment technology. At present date, the proposed tripartite efforts of the Netherlands, U.K., and West Germany appear to
represent the closest approach to commercial feasibility. Whether
the proposed centrifuge pilot plants will be built and whether the
performance of these plants will lead to commercial scale enrichment facilities are open to question. The gaseous diffusion method
competes less with centrifuge methods in Europe than in the U.S.,
both because the U.S. reportedly has better diffusion technology and
because power costs in Europe are much higher.109 Thus, the centrifuge may be more suitable to European needs than it would be for
expansion of U.S. facilities.
One must next raise the issue of the extent to which the commercial
development of gas centrifuge enrichment technology in one or a
few countries would lead to the export to other countries of small
enrichment facilities. The members of the tripartite agreement have
already indicated that they would welcome future participation by
other European countries in further enrichment projects. Moreover,
should the Non-Proliferation Treaty enter into force in the near future, the provisions of Article IV (the so-called peaceful nuclear assistance provisions) could be cited by the prospective purchasers as
calling for free commercial exchange of peaceful-purpose technolo109. The centrifuge method 1s expected to require only about one-tenth the
electric power input of gaseous diffusion (for which power costs represent about
one-fourth of the total separations cost).
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gy. They could also be adduced by the developers of the technology
as a justification for the export of small facilities (and perhaps the
technology of centrifuge manufacture as well) to lesser nations. So
long as the peaceful-purpose provisions of the NPT (Articles I and
II) are met, and a safeguards agreement in force, there appears to be
no barrier to the spread of small national enrichment facilities. Private conversations with various Europeans involved in nuclear energy matters lead us to believe that they would support these views.110
Finally, we must note two factors that may create additional incentives for the spread of national enrichment facilities. First, it is
possible that sales of enrichment facilities or technology to less advanced countries under "appropriate" NPT safeguards could serve
to offset a part of the research and development costs or even of the
production costs incurred by the initial (West European?) developers. And second, it is entirely possible that possession of a small
national enrichment facility might become the next form of nuclear
energy status symbol among less-developed nations,111 much as the
110. The following exchange concerning the tripartite gas centrifuge effort took
place in the House of Commons on 18 February 1969 (see Atom, April 1969, p.
89):
Mr. Judd: Does my right hon. Friend agree that these developments
provide a loophole through which the proliferation of nuclear weapons could take place, and that the international form of cooperation
proposed could unfortunately result in increased East-West tension?
Has not the time therefore come for the Ministry of Technology and
the Foreign Office to get together in proposing ways in which the scope
and powers of inspection of the International Atomic Energy Agency
could be extended?
The Prime Minister: My right hon. Friends have been very close together on all these matters from the very outset of the problem. I have
been very much concerned with it myself from the moment that my
hon. Friend the then Minister of Technology informed me more than
two years ago of the breakthrough British scientists had achieved in this
respect. I do not share my hon. Friend’s anxieties about the possible
proliferation of nuclear weapons arising from the tripartite cooperation
which we are having in the civil use of nuclear energy.
111. It also is conceivable that a country might try to use the acquisition of, or
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nuclear power reactor was several years ago until its status value
was diminished by its more widespread acquisition.
Availability of Low-Enrichment Uranium
A new AEC policy on reactor-grade enriched uranium supply, announced on November 6, 1968, provides that the U.S. AEC will
routinely permit foreign users to stockpile slightly enriched uranium
up to five years in advance of needs.112 This policy allows foreign
owners to maintain a five-year forward inventory for existing needs
and capacity additions planned for that period. It was further stated
that the AEC "would be glad to consider proposals for inventories
covering even longer periods than this."113
This policy was formulated in large part to counter the "security of
supply" argument. Thus, there is some prospect for the "security of
supply" issue to encourage both stockpiling enriched uranium and
building small enrichment plants as a hedge against the necessity of
rapidly increasing national enrichment capacity. In this sense, the
small enrichment plant might be justified as providing experience
in the operation of enrichment facilities and may further lead to the
development of indigenous centrifuge manufacturing capabilities as
well. And the stockpile, in turn, would provide a grace period during
which the physical expansion of enrichment facilities could be affected, so that an interruption of a country’s normal enrichment supply channels would not lead to (as severe) an internal energy crisis.
Of course, stockpiling is expensive – it ties up substantial funds in
inventory, and, under customary accounting rules, generates substantial working capital costs. There is now little commercial incen-

even the plans for acquiring, a small plant to draw the attention of the major
powers (especially the U.S.), and so secure some bargaining leverage or concessions in other nuclear energy areas (e.g., Plowshare) or other economic matters.
112. Nuclear Industry, Nov.-Dec. 1968, pp. 76~78.
113. Ibid. Quotation attributed to AEC Commissioner Wilfrid E. Johnson.
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tive to utilize the AEC’s stockpile offer114 because the near-term demand for enriched uranium is still very small relative to the existing
under-utilized AEC diffusion plant capacity.115 However, as more
of the AEC’s capacity becomes committed, the option may seem
increasingly attractive. Moreover, substantial stockpiling might
precede the acquisition of enrichment facilities, so that stockpiles
and enrichment plants might coexist, even if it were U.S. policy to
terminate the stockpile option if a country obtained even a small
enrichment capacity.
vi. Policy Implications and Options
Any decision by a would-be nuclear power to develop nuclear
weapons will be strongly influenced by the prospects of doing so in
a relatively short time. The period between the first clear external
evidence of a nuclear weapon program and the actual deployment
of a relatively secure, strategically meaningful force will be a peculiarly vulnerable one for any future potential nuclear power. Every
effort will probably be made to shorten this interval. It also appears
likely that if possible parallel options will be exercised to reduce the
risk of failure. To this end such countries will be induced to make
use, insofar as possible, of all materials and facilities already in existence in the civilian nuclear power program, and, within constraints,
to take advantage of those that minimize the time to reach some
meaningful force level.
While the U.S. cannot absolutely prevent the making of nuclear weapons by countries with more than modest nuclear power
114. However, the F.R.G. has arranged to buy $50 million worth of enriched
uranium for stockpiling as part of a soon-to-be signed offset agreement to help
pay for the U.S. military establishment in Germany. See Nuclear Industry, July
1969, p. 9. This would correspond to about 250 tons of 3 percent uranium-235.
See also Nuclear Industry, September 1969, p. 32. The enriched uranium would
be stored in the form of UF, and would be unavailable for use in reactors for "at
least six to eight years."
115. Currently, the AEC diffusion plant complex operates at only about one-third
of its full rated capacity of 17,000 tons SW per year.
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programs,116 a lengthened lead time and a narrowing of options will
act as a deterrent because it will expose the prospective nuclear
power to greater dangers.
Enriched Uranium Stockpiles
Ideally, one would like to make stockpiles of slightly enriched uranium unavailable except when they are ready to be fabricated into
fuel pellets.117 Since no foreign country has yet made use of the fiveyear stockpile offer,118 it may still be possible to establish some more
favorable custodial arrangements over the stockpiled material.
As indicated earlier, the West Germans are in the process of acquiring some enriched uranium as part of their required purchases in the
U.S. to offset part of the costs of stationing U.S. military forces in
West Germany. Of course, any low-enrichment uranium provided
by the U.S., whether for immediate use or for stockpile, would be
subject to safeguards of some sort (Euratom, IAEA, or those under
the NPT). The safeguards problem is to verify that stockpiled material (in the form of solid UF-6 in large containers) has not been tampered with during the interval between inspections. But, annual or
semiannual inspections (as for reactor facilities) may be of little real
assurance.119 In addition, since the material apparently will be under
the physical control of the host country, its use as feed material to
a weapons program in time of crisis will involve no difficulty other
than the technical abrogation of the safeguards agreements.
Alternatively, one could imagine depositing the enriched uranium
116. At any rate, short of military action.
117. As we have indicated earlier, reneging on the stockpile offer would probably have adverse effects.
118. As indicated earlier, the West Germans are in the process of acquiring some
enriched uranium as part of their required purchases in the U.S. to offset part of
the costs of stationing U.S. military forces in West Germany.
119. That is, determination by an inspector that an irregularity existed might
coincide with (or even follow) the acquisition of substantial numbers of nuclear
weapons. Since the avowed purpose of the safeguards is to provide "early warning," the timing of events would be crucial.
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with a third party who would be charged with safeguarding and accounting responsibility and who would release uranium from the
stockpile to the owning country only as needed for its peaceful nuclear program. Ideally, the third party would be the relevant international safeguards organization itself. Material for future use could
be placed in special depositories (perhaps similar to bonded warehouses) at several convenient points with no one but duly authorized
agents of the international safeguards organization permitted access
to the depot.
Moreover, one need not have a special warehouse in each country
that might engage in stockpiling; a few regional warehouses in carefully chosen locations should suffice. The transshipment and storage
costs should be small, and the net effect could be defrayed in several
ways.
The major benefit of such a system is to confer ownership but not
control of the material, while overcoming the "security-of-supply"
objections raised by its "storage" in the U.S. The establishment of
enriched uranium stockpile depositories under the control of an international safeguards organization does not appear tantamount to a
reversal of any of the key provisions of the U.S. stockpiling offer.
Thus, it could hardly be charged that the U.S. was reneging on its
offer to permit countries to purchase material in excess of current
needs as a hedge against unforeseen interruption of U.S. enrichment
services.
Enrichment Facilities
The facts presented in this report add weight to the argument that
the U.S. should seek to limit the spread of enrichment facilities and
technology that lend themselves especially to small-scale application. It is not obvious, however, what is the best way toward this
end. The difficulty is that the U.S. no longer enjoys a monopoly of
enrichment technology and cannot effectively inhibit research and
development activities in other countries. At present, advanced development efforts are under way in some four or five other countries.
These are all industrialized and technologically advanced nations,
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and, given their present incentives, their activities could not easily
be curtailed by U.S. pressures.
We have focused primarily on the gas centrifuge method of uranium
enrichment, both because that is the method already under development and because it is likely to lead ultimately to small national
enrichment facilities. Should any of the countries developing gas
centrifuge enrichment achieve even limited commercial success,
their incentive to export this technology might become intense.120
Since gas centrifuge technology will not be under the sole and direct
control of the U.S., the best that can be done is to seek new ways
to reduce the incentive for developing this new technology commercially.
One way of accomplishing this might be to assist these countries
in other areas of uranium enrichment technology. This is scarcely
a new idea.121 It has been discussed in various forms for some time
both here and abroad, and is apparently being reconsidered at the
present time in the U.S, Government.122 This is an enormously complicated issue. Of particular concern will be the number of participants, the form of agreement, and the extent to which partial ownership of the enrichment facility requires access to classified aspects
of the technology. We cannot discuss it fully here, but we should like
to make several short comments.
1. It is becoming increasingly evident that agreement on control
measures over gas centrifuge technology can be obtained only if
the U.S. is prepared sufficiently early to compromise its position
as sole-source supplier of enrichment services, a compromise that
120. See "European Centrifuge Partners Will Sell Enrichment Technology,"
Nucleonics Week, December 25, 1969, p. 2.
121. See, e.g., J. R. Schlesinger and A. Kramish, A Gaseous Diffusion Plant for
Europe? Problems and Suggestions for U.S. Policy (U), The RAND Corporation, RM~4908-ISA, May 1966 (Confidential).
122. "AEC Considering Export of Gaseous Diffusion Barrier," Nuclear Industry,
July 1969, p. 4. This article refers to testimony by AEC Chairman Glenn Seaborg at Joint Committee on Atomic Energy’s July 8-9 hearings. See also "AEC
Diffusion Technology for Europe?" Nuclear Industry, August 1969, p. 6
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would involve some access to our gaseous diffusion technology.123
This would probably entail construction of new commercial diffusion plants outside the United States. However, possibilities for
multinational ownership (and, therefore, for economies of scale and
of location) exist, and it may still be feasible both to control access
to the more sensitive elements of the diffusion technology through
U.S. involvement in such a project, and to reduce the importance of
the "security-of-supply" argument.
To ensure international inspection of foreign, particularly national,
enrichment facilities it may also be necessary to compromise on the
issue of international inspection of the U.S. gaseous diffusion plants.
In a December 2, 1967, address on the NPT President Johnson stated that he wished to make clear to all that "the United States was
not asking any country to accept safeguards that it was unwilling
to accept itself." He excluded facilities with direct national security
significance, which may be interpreted to include the gaseous diffusion plants. Other countries can be expected to make use of any
ambiguities in U.S. policy to bolster their own position. They may
argue that the U.S. enrichment plants are now mainly civilian facilities and if they are not to be inspected, then foreign enrichment
facilities should also not be inspected.
2. It would be unrealistic to expect the West Europeans and Japanese
to give up entirely their gas centrifuge development programs in
return for access to U.S. gaseous diffusion technology or even U.S.
participation in their enrichment efforts. However, satisfaction with
the capacity and cost terms of a new plant could lead to reduced government R & D support for competing technologies. In any event, a
principal objective of U.S. technology sharing should be to secure
a definite commitment by all parties not to engage in the unilateral
transfer of enrichment technology or facilities. Otherwise, we may
find both enrichment technologies being proliferated abroad.

123. Which is of less concern from the point of view of proliferation since small
facilities are extremely expensive, and diffusion facilities to produce low enrichment uranium are less easily converted to produce highly enriched uranium.
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3. It is important that a multinational consortium include those countries with substantial interest in and prospective demand for enrichment services, especially those which might otherwise be tempted to
pursue alternative technologies. In this regard, it would be particularly dangerous to exclude Japan from arrangements that are made
available to West European countries.
Investment decisions that may be made abroad in the next few years
will be difficult to reverse, once taken. The bargaining leverage the
U.S. presently enjoys through its superior technology may then be
seriously weakened by the pace of events elsewhere. We believe
that enough common interests can yet be found among those technologically advanced countries, increasingly dependent on commercial uses of nuclear energy, so that the possibilities for proliferation,
especially among the less technologically advanced countries, can
be significantly reduced.
Commercial Highly Enriched Uranium
The analysis in this report has assumed civilian nuclear power programs based on U.S.-type light water reactors or similar reactors
fueled with slightly enriched uranium. A whole new range of problems would be created by a future "peaceful purpose" demand for
uranium of enrichment well above the levels typical of present power reactors. The chief near-term possibility is the high-temperature
gas-cooled reactor (HTGR), of which type the U.S. has at present
one in operation (Peach Bottom) and one under construction (Fort
St. Vrain). These reactors, now nearing commercial development
in the U.S., use a composite nuclear fuel, part thorium, and part
"weapons-grade" uranium, dispersed in large graphite blocks.124 The
HTGR shows some promising technical features which, in a few
years, may make it competitive with present water reactors (or may
lead to sufficiently high projections of future competition to be attractive to foreign customers).
124. About 2000 kg of approximately 90 percent uranium-235, easily extractable
by chemical means, would be contained in a 1000 megawatt reactor.
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If other nations acquire HTGRs,125 they may also acquire independent enrichment facilities explicitly for the production of the highly
enriched uranium center pins, for much the same reasons that they
would seek facilities for producing reactor-grade uranium for lightwater reactors. Indeed, pressures for the acquisition of enrichment
facilities may be greater in this case, since the U.S. may be reluctant to supply large quantities of highly enriched uranium. A simple
way to avoid these problems in the future would be for the United
States to continue to limit support of reactor types that are fueled
with highly enriched uranium, and to discourage export possibilities
abroad.

125. And one must remember that supplier nations (including the U.S.) have
never insisted upon a rigorous economic justification for providing a nuclear
power plant to a less-developed country. Had they done so, there would be fewer
around.
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Appendix
Separative Work and Feed Required to Produce 1 Kilogram of
90 Percent Uranium-235 for Various Feed and Waste Concentrations
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"Nuclear Proliferation and
Reprocessing"
Victor Gilinsky
Hearing before the Subcommittee on International
Security and Scientific Affairs of the Committee on
International Relations, House of Representatives,
Ninety-fourth Congress, Second Session
June 7, 1976
Statement of Dr. Victor Gilinsky, Commissioner, U.S. Nuclear
Regulatory Commission

M

r. Chairman, I am very pleased to join you here today to
discuss international nuclear safeguards. I should like
to stress at the outset that I am not here representing the
Nuclear Regulatory Commission, and that these remarks reflect my
own views.
International safeguards problems arise in large part because almost
all nuclear power reactors which generate electricity also produce
plutonium-a material which will support a nuclear chain reaction.
If separated from the spent reactor fuel, plutonium can be used to
supplement the normal uranium fuel for these reactors, or it may be
stored for future use, possibly to fuel "breeder" reactors.
The economic attractiveness of the use of plutonium as fuel in the
near future is yet to be demonstrated. Nevertheless, many nations
have recently become interested in the possibility of reprocessing
their spent reactor fuel to extract its plutonium, either domestically
or, where domestic facilities are lacking, in the facilities of other
countries.
This development threatens to lead to a buildup of sizable stockpiles
of the separated element, stored against a number of possible future
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peaceful needs. There are, however, dangers inherent in this developing situation since plutonium is also a nuclear explosive, and the
amounts produced in the course of the operation of civilian reactors
are very large, by any measure, in terms of its explosive potential.
Once this material is separated and stored, for whatever purpose,
it can be appropriated suddenly and without warning for the manufacture of explosives. Unfortunately, once plutonium has passed
the separation stage in the fuel cycle, the international safeguards
system now available cannot be counted on, in my view, to provide
adequate protection against such appropriation.
Agreements for Cooperation: Requirements Outlined
From the beginning of this Nation’s civilian nuclear export program,
the United States has sought to protect against the use of exported
nuclear materials and equipment for military purposes.
The principal mechanism for achieving this objective has been our
agreements for cooperation with our nuclear trading partners; all
U.S. exports of nuclear reactors and fuel must be made in accordance with such agreements.
These agreements require, first of all, that the importing nation assure the United States that fuel and reactors transferred under the
agreement, and plutonium produced during the course of reactor operation, will be used only for peaceful purposes.
It must be emphasized, however, that the United States has never
viewed peaceful use assurances to be sufficient in themselves, to
provide the security needed as a basis for export of reactors and their
fuel.
Rather, we have insisted from the outset that each agreement for
cooperation-with the exception of those with Britain and Canada
provide for the application of safeguards over our nuclear exports.
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Safeguards Designed to Ensure Compliance
These safeguards, which take the form of material accounting and
inspection, and are now almost entirely administered by the International Atomic Energy Agency, are designed to ensure compliance
with the pledges given in the agreements, and to deter their violation.
Implicit in the long-standing safeguards requirements in the agreements, and more recently in the Non-Proliferation Treaty, has been
the recognition that circumstances may arise in which a nation might
be tempted to disregard its peaceful use assurances to the United
States or other nations, and that this possibility must be contemplated in assessing the adequacy of safeguards.
This imposition of such safeguards in particular instances does not
imply a questioning of the good faith of the assurances they support.
It is, rather, a recognition of the need for a measure of international
discipline if nuclear energy is to be exploited in a manner consistent
with international security.
In assessing the adequacy of safeguards as a protection against appropriation for military purposes of nuclear material stockpiles, it is
important to understand that a nation tempted to disregard its peaceful use assurances is not prevented from doing so by the safeguards
system.
Rather, as the President pointed out last year in a report to Congress,
these systems are designed to sound an alarm, and thereby discourage "national diversion of nuclear material from peaceful application by the risk of early detection."
Discouraging Diversion of Nuclear Material
The rationale of safeguards, and this is a critical point, is that the
discovery by the international community of a breach of peaceful
use assurances, well before the violator can attain an actual nuclear
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weapons capability, exposes him to risks of international reaction
which may frustrate his purpose.
Safeguards effective in this sense provide added confidence to all
countries, particularly suppliers and neighbors, that a nation is not
likely to violate its assurances in the first instance.
Where only the reactors and the low-enriched uranium which fuels
them are involved, material accounting and inspection safeguards
can provide this added margin of security because any plutonium
produced by the reactors’ operation is contained in spent reactor fuel
and is still many time-consuming steps away from a form usable for
nuclear explosives.
Accounting and Inspection for Separated Plutonium Is Open to
Question
Where, however, in addition to reactors and low-enriched fuel, a
nation has access to stockpiled, separated plutonium, or to facilities which permit rapid separation of plutonium from spent fuel, the
value of accounting and inspection as safeguards to deter a sudden
switch from peaceful to military use is open to question.
Safeguarded, or alarmed, plutonium, although it may have been
stockpiled against entirely peaceful future applications, is nevertheless but a short step away from use as an explosive.
Should the owner decide, for whatever reason, on a sudden move to
appropriate the material for illicit purposes, the time between diversion of plutonium and completed weapons can be sharply reduced to
what might be a matter of weeks, or conceivably days.
Under these circumstances, even if it were assumed that IAEA inspection and monitoring systems were improved to the point that
they immediately and unambiguously signaled any violation, it is
hard to imagine that an international reaction could be mustered before the assembly of nuclear weapons were completed.
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This inability to provide a sufficiently early warning to permit such
a response seriously undermines the deterrent effect of accounting
and inspection safeguards where separated plutonium is involved.
Certain IAEA Safeguards Termed Insufficient
Consequently, unless other types of controls are in place, these accounting and inspection safeguards, even if substantially upgraded,
cannot perform their intended function of reinforcing peaceful use
assurances in this context and, therefore, cannot provide the additional measure of protection the United States has always sought.
A number of new Americans and international initiatives plainly,
even if only implicitly, reflect the view that traditional IAEA safeguards, while vital, are insufficient in themselves where national reprocessing and stores of separated plutonium are concerned.
The best known of these is perhaps Secretary Kissinger’s proposal
regarding multinational fuel centers before the United Nations General Assembly in September 1975.
Others include agreements for cooperation currently under negotiation, in which the United States is seeking to obtain increased
protection, including in some cases the requirement that produced
plutonium be stored outside the recipient country.
Additionally, the United States has maintained a policy of restricting
export of reprocessing facilities and of discouraging other supplier
nations from doing so, even though these facilities would be covered by IAEA safeguards.
Moreover, the IAEA itself has apparently recognized that new measures are required to safeguard separated plutonium effectively and
has embarked on a study of internationally supervised storage of
spent fuel, multinational fuel cycle centers, and similar schemes.
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IAEA Surveillance of Reprocessing and Plutonium Storage Is
Inadequate
Whatever may have been the role of IAEA safeguards in the past,
therefore, there is an increased awareness that in the emerging context of reprocessing and plutonium storage IAEA surveillance of
material, standing alone, cannot provide adequate protection against
the sudden appropriation of nuclear material for military purposes.
In essence, certainty as to the whereabouts and current status of
stockpiled nuclear explosives under national control does not offer
security against their future misuse.
Moreover, if ineffective safeguards, that is, safeguards which cannot
be counted on to provide reliable early warning of illicit activity, are
applied in a country, its neighbors may feel compelled to match that
country’s capability to shift rapidly from peaceful to military uses.
A situation in which many states are so poised will inevitably contribute to worldwide tension, and it is clearly a situation we should
like to avoid.
I believe we can ensure that our own exports not contribute to such
a state of affairs only by demanding a strict standard of effectiveness
for international safeguards systems and limiting those activities
which intrinsically cannot be adequately safeguarded.
Only in this way can we keep our growing international nuclear
trade compatible with the constraint we have always insisted on,
that our nuclear export activities not contribute to the further spread
of nuclear weapons.
Thank you, Mr. Chairman.
[Whereupon, at 12:05 p.m., the subcommittee adjourned, subject to
call of the chair.]
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[Subsequent to the hearing, the following comments on the proposed legislation were submitted by Dr. Gilinsky:]
COMMENTS ON THE PROPOSED AMENDMENT BY DR.
VICTOR GILINSKY
I am providing comments on your proposed amendment to the Export Administration Act Amendments of 1976. The availability of
the added controls on U.S. nuclear exports which your amendment
seeks to effect would put the United States in a much stronger position with regard to preventing the use for nonpeaceful purposes of
plutonium produced in exported facilities.
Specifically, I believe that the safeguards protection against such
misuse of U.S.-supplied facilities would be greatly strengthened
if the United States were to retain control over the reprocessing
of fuel used in the reactors exported by this country, a matter addressed by sections 15(b)(1) and 15(b)(2) of the proposed amendment. I have stressed the need for such control in a recent dissenting
opinion concerning the export of a reactor to a non-NPT country.
The consequences of the application of such conditions universally,
as provided in section 15(b)(1), and their imposition immediately
and without exception to all reactor exports, as provided in section
15(b)(2), however, are not entirely foreseeable and I believe some
flexibility or qualification in these requirements may be appropriate. It should also be added that while such controls may be needed
at present, at some future time international controls may well be
strengthened to the point where they would provide an acceptable
substitute. Your amendment could reflect this by providing for U.S.
control until such a substitute were available, as determined, for example, by the Congress.
Information on the status of inventories of nuclear explosive material, provided for in section 15(b)(1)(B), would offer this government useful information it does not now routinely obtain. Since
little more than data on total quantities of the materials would be
involved, I see little reason why provision of this information should
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complicate conduct of peaceful nuclear activities.
As I understand the intent of section 15(b)(3), it is to correct possible ambiguities in existing Agreements for Cooperation regarding
the use of U.S.-origin material and equipment for nuclear explosives. I believe the proposed language will accomplish this important purpose.
Finally, as I indicated in my testimony, I also hold to the view, implicit in section 15(b)(4) of your proposed amendment, that the effectiveness of international safeguards depends on their ability to
provide warning of diversion which is sufficiently early to permit an
international response before nuclear weapons have been obtained.
The practical effect of making this standard explicit and applying it
strictly will be to foreclose reprocessing of U.S. fuel and fuel irradiated in U.S.-supplied facilities by importing nations until technological and institutional arrangements to permit effective safeguarding
can be developed and are in place. I regard the innovations necessary to accomplish this as possible, even though we do not at present
see our way clearly to their application.
It would be desirable, however, to incorporate language in Section 15(b)(4) to allow some flexibility in application of this section.
For example, although I believe an early warning period of several
months or more is desirable, the 90-day standard set forth in this
section implies a degree of precision in estimating the time necessary for the manufacture of nuclear explosives which may be difficult to achieve. One alternative would be to replace the warning "90
days prior to" the manufacture of an explosive device by a warning
by "well in advance of" this event, provided it is understood that this
is not meant to allow erosion of the basic standard.
Let me thank you again for the opportunity to testify before your
subcommittee and to offer these further comments on this important
legislation.
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"Plutonium, Proliferation and
the Price of Reprocessing"
Victor Gilinsky
Foreign Affairs
Winter 1978/79

E

urope and the United States have parted company on the question of reprocessing spent fuel from nuclear power reactors,
particularly as it applies to the separation and export of plutonium. The decisions to proceed with the construction of new plants at
Windscale in Britain and La Hague in France, designed in large part
to provide this service for non-nuclear-weapon countries, run counter
to the U.S. conviction that restricting separation and trade in plutonium is essential, at least until more effective controls can be devised.
History, unlike physics, does not allow for controlled experiments, so
we may never know how things would have turned out had the British
and French acceded to the American plea that a commitment to largescale reprocessing be deferred. I do not propose here to rehash the
arguments over whether these European decisions should have been
taken. What I would like to do is to explore their implications for our
common effort at control over the proliferation of nuclear weapons.
There is no disagreement among the United States, Britain and
France that reprocessing plants in non-nuclear-weapon states should
be discouraged. The British Foreign Secretary, Dr. David Owen,
told Parliament during the Windscale debate that Britain had "never
made such a sale, nor do we intend to do so." The recently reported
mutual reexamination of a transaction involving the sale of reprocessing facilities by France to Pakistan is welcome news. There is
disagreement among us, however, over whether provision of plutonium services for export helps the effort to contain proliferation.
The situation is not without its ironies: much of the spent fuel the
United States hopes will not be reprocessed prematurely is in fact
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under its putative control. It is derived primarily from fuel supplied under agreements that require American approval for its reprocessing and for the subsequent return of plutonium to its owners. The granting of such approvals is subject to strict criteria
under the U.S. Nuclear Non-Proliferation Act of 1978. The law
treats the European member countries of EURATOM as a single
entity, and provides certain exemptions where U.S.-supplied fuel
moves inside that community. Reprocessing carried out for nonEURATOM countries, however, is subject to an American veto.
During the period following the announcements by Presidents
Ford and Carter, in October 1976 and April 1977 respectively, of
new U.S. policy on plutonium separation - and in some cases after
the passage of the new U.S. nonproliferation law early in 1978 the Europeans entered into a number of export reprocessing contracts. The United States, as part of its effort to persuade others to
join in a deferral of reprocessing, had invited broad international
participation in a two-year study of technical alternatives to plutonium. In addition to this effort to take some of the sting out of
the tough new U.S. policies, the major industrial countries - the
U.K., France, West Germany and Japan - were assured that ongoing nuclear commercial activities were not expected to be "turned
off" during this period. Unfortunately, the European reprocessors, determined to proceed with their new plants, either failed to
perceive the implication of American decisions for their own export plans, or concluded they did not present serious obstacles.
The result was to put the United States in a box: strict consistency
with its stated policy against premature reprocessing meant withholding assent to the transfer of spent fuel (arising from U.S.-supplied fuel and reactors) to the European plants, thereby pulling the
rug from under close allies and friends. But total acquiescence in the
fulfillment of the contracts implied acceptance of defeat in the effort
to control reprocessing and the widespread use of plutonium before adequate protection is in place. In the circumstances, a middle
course was chosen: permission to transfer spent fuel to the European plants will be granted in certain cases, but strict conditions will
be imposed on the eventual return of plutonium to its owners. The
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implementation of U.S. nonproliferation policy thus becomes an
extremely delicate balancing act. How many exceptions will need
to be made? And how strict will be the conditions on plutonium
return? The most interesting question in nuclear energy policy today
is how the United States will thread its way through this minefield.
II
In addition to the critical issues of policy and national relationships
involved, it is clear that heavy financial investments ride on the
outcome. Over the next decade Windscale is scheduled to receive
about 2,000 metric tonnes of spent fuel from Japan; a like amount
is expected to come in from Europe. La Hague is reported to have
contracts with Japan, the Federal Republic of Germany, Sweden,
Switzerland, Belgium, Holland and Austria to process about 6,000
tonnes of spent fuel. In security terms, this adds up to the separation
of perhaps 50 tonnes of plutonium, or - to use an admittedly crude
measure - enough for about 10,000 nuclear weapons. In commercial terms, when transport charges are included, the European contracts are said to represent almost three billion dollars in business.
The political might of these investments is bound to influence the
issue of control. For, despite international safeguards, the Nuclear
Nonproliferation Treaty (NPT), and various international cooperative arrangements, the history of the past 25 years suggests that in
reality commercial considerations have tended to dominate, complicate and undermine security concerns.
"The problem with disinterring a little history," Tawney once observed, "is that one runs the risk of appearing to sermonize." Nevertheless, we are bound to acknowledge that U.S. policies were largely
responsible for the very situation over which we are now wringing
our hands and importuning our fellow nuclear suppliers.
The idea of nuclear power for the generation of electricity had its
genesis in prewar France and came to Britain early in World War
II by way of two refugee French scientists. When the exigencies of
the war moved the nuclear weapons project to North America, the
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power reactor idea and its commercial possibilities went with it. But
at the end of the war, when the British moved to take up the options
on technical cooperation provided in wartime agreements with the
United States, they ran head on into the Atomic Energy Act of 1946,
which effectively sealed off any outward flow of information. There
was understandable bitterness in the United Kingdom, which saw
this as an attempt to interfere with Britain’s atomic energy development. The French, deprived of credit for their wartime contribution,
were even more incensed.
Commercial rivalry still haunts us today and complicates efforts to
solve the problem of international security posed by the utilization
of nuclear energy. It has been there from the beginning and it is not
going to go away. What we need to do is to set limits on it.
The first best effort at international controls, the Acheson-Lilienthal
Report in 1946, took into account the fact that no control scheme
which precluded national commercial development of peaceful uses
was likely to succeed. At the same time, it insisted on the need to reserve the dangerous aspects of nuclear energy to international ownership and control. Dangerous activities were defined as those for
which an effective inspection system - one which provided sufficient
warning time of diversion to frustrate illicit weapons manufacture was not possible under any circumstances. "Separation plants which
make the material for bombs" were placed on the dangerous list.
It was some years after the failure of the international control proposal based on that Report before the United States moved into high
gear commercially with the Atoms for Peace program, announced
by President Eisenhower in 1953. While there was an element of
altruism in that program, it was by no means unadulterated. In 1955,
for example, a special committee of scientists and industrialists appointed by the Congress reported that U.S. assistance in the European development of nuclear energy would not only pay long-term
dividends in future U.S. programs, but would also open a potential
multibillion-dollar market.
For more than 20 years, the United States pursued that market on the
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theory that the combination of bilateral and international inspections
would provide adequate protection against diversion to military purposes. In assessing the dangers associated with possible misuse of
nuclear materials, we were influenced by the mistaken assumption
that nuclear weapons development would always require long and
costly programs and that even separated plutonium could not easily
or rapidly be turned into military explosives. That notion has now
been pretty much put to rest, but we are still living with the decisions and institutions that were based on it.
In that more innocent time we pushed the idea of the plutonium-fueled breeder reactor enthusiastically, treated the future utilization of
plutonium as inevitable, and regarded reprocessing as a legitimate
and necessary commercial activity to be undertaken as the need
arose. Unfortunately, the possibility that safeguards that worked for
low-enriched nuclear fuel would not also work for plutonium, when
that far-off day came, was not considered. The slow realization that
international inspection of plutonium stockpiles could not provide
sufficient protection turned U.S. policy around.
It was an important break with this history when President Ford,
on October 28, 1976, announced that "avoidance of proliferation
must take precedence over economic interests" and that reprocessing should be deferred until "there is sound reason to conclude that
the world community can effectively overcome the associated risks
of proliferation."
Two elements contributed to this decision and to the subsequent
development and extension of U.S. nonproliferation policy under
President Carter. The primary consideration was that no way is now
known to protect nationally held plutonium stocks (or stocks of highly enriched uranium for that matter) should their owners suddenly
decide to abrogate agreements and appropriate explosive material
for weapons. The second was that since reprocessing and recycling
of plutonium in the present generation of light water power reactors
is a dubious proposition economically, the early introduction of plutonium into international trade is as unnecessary as it is dangerous.
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Both Presidents Ford and Carter believed that a resolution of the
security problem had to precede, not follow, any move to large-scale
reprocessing, a notion our allies and trading partners have resisted.
It is hardly surprising that the sharp policy shift on plutonium caused
widespread irritation, alarm and even the cynical suggestion that the
Americans were less interested in proliferation than in perpetuating
a commercial advantage.
There were other reasons why American efforts to defer reprocessing met with so little success. The United States has so far failed to
establish the credibility of the once-through fuel cycle as the most
sensible technological approach: the International Nuclear Fuel Cycle Evaluation (INFCE), which the United States believes should
confirm the wisdom of reliance on the present generation of power
reactors and their fuels into the next century, will not be completed
for another year. Our earlier uranium enrichment contract policies,
especially the sudden drastic curbs of 1974, left a residual uncertainty about the reliability of U.S. fuel supplies. We failed to provide adequate assistance, either in terms of technology or an offer of
services, for the handling of spent fuel to relieve political pressure
stemming from waste disposal problems. We misjudged the depth
of the commitment to reprocessing in the nuclear bureaucracies of
the big industrial nations; that commitment was very far gone by
the time we moved to intercept it. And last but by no means least,
the idea of plutonium as the ultimate fuel was so entrenched that it
drained conviction from the effort to delay its utilization.
III
I leave it to historians to decide whether, in these circumstances, the
British and French commitment to the new plants at Windscale and
La Hague was inevitable. What is significant and interesting for our
purposes is that both Britain and France have emphasized the security advantages of their reprocessing plans, and have agreed that this
is an essential criterion for evaluating the soundness of these plans.
The British view, as it emerged in recent public discussion, is that
pressures arising from worldwide accumulation of spent fuel, if not
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relieved by reprocessing, will inevitably drive non-nuclear-weapon
states to develop indigenous reprocessing facilities, which everyone
agrees pose serious dangers of proliferation. The best way to discourage this development, it was argued, is to confine reprocessing
services to the states which already have the bomb. As David Owen
put it: "I am second to none in wishing to try to restrict reprocessing,
where it is possible, to those who are nuclear weapon states."
The difficulty with this approach turns on the conditions to be attached to the return of plutonium to its owners. The commercial and
political pressures which led to reprocessing in the first place and
which have made it so difficult for the United States to exercise its
rights of control as the world’s major supplier of enriched fuels will
likely come into play again, forcing return whether or not adequate
international protection has been developed. This pressure would
become acute should the 40-odd nations participating in INFCE arrive at a "consensus" that return is somehow technically safe and
manageable through some international arrangement.
Indeed, if plutonium is held in international storage but remains
under national ownership, pressures for return may be even more
difficult to resist. It is unlikely that controls devised by any group
of countries in the plutonium trade will have any more bite than
the present system of international safeguards. In either event the
problems of setting criteria for return are the same, whether they are
confronted on the national or international level.
The idea of international solutions has always been evoked by the
hard questions. Where can plutonium be stored safely until needed? What rules are to govern the return of plutonium to its owners?
Where will radioactive wastes be stored? Who will lay down the
rules for transportation safety and enforce them? But whenever the
subject comes up I cannot escape the impression that what is envisioned is not international management, but only international caretaking. Are the reprocessors really willing to submit themselves to
a strict, comprehensive international regime of plutonium controls,
with all that implies for the conduct of a competitive commerce?
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Yet can they commit themselves to anything less? The international
community has a right to know what rules are going to govern this
commerce. Country X has a right to know whether and in which
circumstances and in what form its neighbor, Country Y, is getting
potential nuclear-explosive materials. How long will standards hold
if the reprocessors themselves pick and choose among the non-nuclear-weapon countries, many of which would be likely to claim the
right to unconditional reprocessing services (or even conceivably
the right to purchase plutonium from other owners) as a quid pro
quo, perhaps, for foregoing indigenous reprocessing?
In opting to carry out this service, Europe is taking on this as well as
other headaches. It has been proposed that plutonium will be ladled
out carefully as necessary. But this implies fuel dependence, and if
plutonium displaces uranium as the primary fuel for power reactors,
the logic of the long-sought goal plutonium is supposed to fulfill in
the minds of many nations - fuel "independence" - will not permit
fuel dependence simply to shift from the United States to Europe. It
will lead instead to indigenous reprocessing.
But this is crystal-gazing. There are more immediate questions.
We are faced right now with a security problem to which everyone
agrees a ten-year time frame - the construction lead time for the new
reprocessing plants - is affixed. We have in place certain instrumentalities for control which took at least 25 years to build up: a frail
system of international safeguards in the International Atomic Energy Agency (IAEA), the Nonproliferation Treaty pledges to refrain
from nuclear weapons manufacture, not yet universal, and the rough
ground rules agreed to among the nuclear suppliers at London over
the past three years. For reasons I have tried to explain, none of
these alone or in combination is likely to provide any more adequate
insurance against widespread access to plutonium ten years hence
than they do now.
This is why the controls over U.S.-supplied fuel provided in the new
law are so important in American eyes. Non-EURATOM countries
must not only obtain permission to transfer U.S.-supplied spent fuel
to the reprocessors, but must secure an additional approval for the
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return to them of plutonium from the new plants at Windscale and La
Hague. The latter transfer is governed by the strict standard adopted
by Congress in the 1978 Act; it requires that "foremost consideration" be given to whether or not the transfer will take place "under
conditions that will ensure timely warning to the United States of
any diversion well in advance of the time" diverted material could
be transformed into weapons. This standard will be extremely difficult to meet. It is thus risky to infer that any U.S. approval for
transfer of spent fuel to the reprocessor will also bring the plutonium
home to the customer free and clear. In September 1978, the United
States informed the countries concerned that it intended to retain a
veto over transfer of plutonium. Yet there are indications that the
reprocessors think the technicians engaged in the INFCE evaluation
may bail them out of this problem and thereby "vindicate" plutonium.
The conditions under which return will be allowed of course involve
the controls adopted by the reprocessors as well as U.S. criteria. So
far, however, the reprocessors themselves have not made explicit
their thinking about how rules for returning plutonium might be designed.
IV
The 1978 parliamentary and public debate over whether to proceed
with reprocessing for export at Windscale revealed clearly that the
British government is concerned about exporting bomb-ready materials. Much was made of the fact that plutonium will be returned
to its owners only under international safeguards, which are admittedly not "perfect" but said to be improving all the time.
There is a certain amount of bravado in the perennial talk about
"strengthening" international safeguards to protect plutonium; recent IAEA studies indicate we cannot even be sanguine about how
they are working in the far less vexing task of safeguarding reactors.
Confidence in safeguards over plutonium stocks would not appear
to square with the British, French and American determination to
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discourage indigenous reprocessing. If protection against removal
of plutonium from an indigenous stockpile can’t be provided, it is
difficult to see how providing the plutonium from a plant abroad will
help matters.
There is an implied recognition of this in the attention being given
in the United Kingdom to various possibilities for doing something
to the plutonium before it is returned to its owners. Dr. Owen has
pledged the material will be returned "only in a form that will reduce
the risks" of proliferation. In his Report on the official British Windscale Inquiry, the Hon. Mr. Justice Parker took refuge in time: ". . .
this matter can be alleviated to some extent by technical fixes," he
wrote. "It will not in any event happen for ten years . . . ."
I must presume to disagree with the eminent judge. If suppliers and
customers are unable to forge a consensus on some coherent overall
plan for control sooner than that, the plutonium emerging from the
new plants ten years hence may get away from us all.
Of course technical fixes play a role. There is no question that we
should pursue every conceivable scheme for making the fuel cycle
more resistant to misuse; one of the objectives of the international
effort now underway in INFCE is to rethink the technical options.
But leaning on technical fixes which are illusory or impractical can
sidetrack and even undermine the development of sound institutional approaches to controls.
One such technical fix, the so-called CIVEX process, has received
a fair amount of international attention in recent months; it involves
a return of plutonium to the customer in the form of fabricated fuel
retaining radioactive products, to make chemical extraction of bomb
material more difficult. The argument for this scheme is that spent
fuel storage pools around the world constitute "plutonium mines."
As such they are alleged to be a greater proliferation risk than plutonium separated in a nuclear weapon state and stored in central
repositories until withdrawn on demand.
Unfortunately, there is no conceivable way this scheme can be im-
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plemented within the ten-year period Mr. Justice Parker has allowed
us; it was in fact conceived for the future breeder reactor fuel cycle,
not expected for decades. Moreover, the isotopes that the CIVEX
process permits to remain in the fabricated fuel stay radioactive
enough to provide protection for a few years at most - measured
from the time they emerge from the reactor in the original spent fuel.
Since a longer period than this would almost certainly be consumed
in the delays inherent in reprocessing in this century (given existing
backlogs), the CIVEX process cannot contribute to the solution of
the problems we must worry about now.
Technical fixes involving the use of irradiated fuels (and several
which have been suggested do) present special problems. It will be
difficult to persuade the nuclear industry to use such fuels, with their
inevitable increase in occupational and public health exposures. In
addition, the idea that the reprocessors will fabricate fuel for all their
customers flies in the face of commercial reality. The owners of the
material are not likely to accept the dictates of the reprocessor as to
the form in which plutonium is to be returned to them, particularly
when it is hazardous.
It is unfortunate that CIVEX was not at first generally understood
to be unsuitable for application to the stocks of spent fuel from the
present generation of power reactors. The abortive flurry within the
nuclear industry over this process underlines the importance of attacking the problem of plutonium return now, and not ten years from
now. What is to be done if no workable technical fix can be found, or
if one is found but is unacceptable to the customer? The reprocessing country may find itself giving plutonium back pure, or dumping
it on an international agency, if one exists, or being stuck with a lot
of plutonium. It may also get stuck with the associated waste products. That brings me to my next point.
V
A recurrent rationale runs through the record of the Windscale Inquiry: that whether or not plutonium is to be used as fuel, reprocess-
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ing is an essential first step in waste disposal, and therefore the sooner we get on with it the better. It is interesting that the President’s
Interagency Review Group on Waste Management has since found
that reprocessing is not required to assure disposal of commercial
spent fuel. The rush to reprocessing shows a curious disregard for
the price of money, which surely bears on the economics of future
investment. On this point, one of the reprocessors has acknowledged
that reprocessing probably does not make much economic sense so
far as overall use of resources is concerned - but that the contract
terms add up to "very good business."
There are, however, complications in undertaking disposal of reprocessing waste on a large commercial scale. We are confronted with
an immediate question: Where is it all going to go? What if (as one
of the contractors has actually told me) the whole of the waste from
reprocessing will be returned to the customer - not only vitrified
high-level waste, but solidified medium-level plant effluents, the remains of fuel rods, all of it?
If a country’s motive for reprocessing spent fuel now derives from
the pressure for storage, and if it is obliged to take back all the waste
products, the likely increase in volume returned will not simplify
the storage problem in the long term. If the motive lies in public
pressures to get rid of accumulating spent fuel for environmental
or public health reasons, subsequent return of the wastes will only
aggravate the political problem. If the motive is to extract the plutonium and bank it for future use as fuel, where is the customer going
to bank the wastes? Is it implicit in the current arrangements that
each country buying reprocessing services is to have its own permanent waste site? The reprocessors cannot regard this as entirely the
customers’ problem.
I will resist contrasting the disposal of radioactive wastes after reprocessing with the relatively simple and proven procedures now
in use for holding spent fuel safely for long periods of time. But I
might observe that since the projected reprocessing capacity probably cannot sop up the spent fuel expected to be generated yearly by
the end of the next decade, it would be prudent to pursue the idea of
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regional spent fuel storage a little more vigorously.
These practical technical problems are bearing down on us very fast,
and threaten to outstrip the search for ways to cope with a nuclear
explosive in commercial use.
The Nonproliferation Treaty ruled out the acquisition of nuclear explosive devices, however labeled, by non-nuclear-weapon states because explosives for ostensibly "peaceful" purposes cannot be distinguished from explosives for more ominous uses, and the Treaty
provides for explosives services only under strict international physical control. While it does not define a nuclear explosive device, it
would be impossible to sustain the argument that the same rules do
not apply to something very close to a ready explosive device - say,
a disassembled bomb. That being so, what about the nuclear explosive itself? Is it to be covered by the rules for explosives, or is its
use to be unconstrained so long as it is labeled "peaceful"? The only
answer consistent with the Treaty’s prohibition on nuclear explosive devices is that nuclear explosive material is not eligible for the
"peaceful" label until it can be proved capable of being safeguarded
against national appropriation of plutonium stocks.
We have to accept the fact that we cannot put the plutonium we plan
to separate into the stream of commerce until a fail-safe mechanism
can be devised. The rules have to be strict, uniform and universal.
There cannot be one set of rules for those inside the club and another
for those outside. For one thing there are too many clubs: the nuclear
weapons states; the nuclear supplier states; the potential supplier
states; and the states newly arrived at political power, and riches.
VI
In presenting the Windscale question to the House of Commons, the
British Foreign Secretary suggested the basic dilemma to be that
of reconciling the need to utilize the energy in plutonium with the
danger of proliferation. If plutonium is equated with the survival of
nuclear power, then the dilemma has been correctly stated. But the
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idea that without plutonium nuclear energy is at a dead end ought
to be greeted with increasing skepticism in the face of the abandonment as uneconomic of plutonium recycled as fuel in current reactors, more optimistic assessments of uranium supply, and greater efficiency in the preparation and use of enriched fuels. We don’t have
to choose now between plutonium and nuclear energy.
If there is a dilemma, it arises out of the choice between plutonium
and proliferation. Whether we will have to make that choice in the
future depends on how much commercial freedom we are willing to
trade for international security. What I have tried to point out here is
that nuclear explosive materials cannot be handled within the normal rules of commerce - their control is beyond the present capacities of our international institutions - and that time is running out.
Time is running out in INFCE as well; unless its deadline is extended, final report drafting will begin within the next six months.
An emerging political "consensus," based on expected technical results, is already being talked about. It encompasses an acceptance
of commercial reprocessing, at least in a select group of countries,
and international involvement in plutonium storage and possibly the
development of ground rules for its utilization.
The imminent INFCE conclusions may thus present the United
States with difficult choices between compromise of its nonproliferation goals and severe political discomfort. During the "period of
INFCE," for example, U.S. permissions for reprocessing at Windscale and La Hague are being granted only on a case-by-case basis
and held as closely as possible to the applicant’s "need" and "strong
political commitment" to common nonproliferation objectives.
Were INFCE to find for large-scale reprocessing, however, massive
U.S. approvals to feed the European reprocessing plants would obviously be expected. Such approvals will in turn trigger pressures to
ease restrictions on return of the plutonium to its owners. But here
the U.S. Non-Proliferation Act has very little give: it requires that,
in considering permission for return, "foremost consideration" be
given to whether the "timely warning" safeguards standard is met.

165

166

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

The pressure is building toward some degree of U.S. acceptance of
an INFCE "consensus" which will end the current uncertainty over
the future of reprocessing. Here it needs to be kept in mind that while
INFCE is a useful technical exercise, it is unequipped to deal with
the political-military questions integral to the problem of nuclear
proliferation and international security. In the end, it is important to
remember that any consensus that obliterates or even blurs the distinction between safe and dangerous commercial nuclear activities
will cripple U.S. nonproliferation efforts. That distinction is absolutely central to U.S. nuclear energy policy and the new law.
In a press conference following the announcement of his nuclear
energy policy on April 7, 1977, President Carter expressed his desire
to develop a relationship with other countries "to remove the competitive aspect of reprocessing itself. There is obviously going to
be continued competition," he said, "in the selling of atomic power
plants themselves." Nevertheless, the President felt there had to be
a "clearly drawn distinction" between what he called "the legitimate
and necessary use of uranium and other enriched fuels to produce
electricity" and the use of fuels that are also nuclear explosives. He
is right.
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"Nuclear Waste: A New
Approach"
Victor Gilinsky
Remarks before the Waste Management ‘84 Symposium
Tucson, Arizona
March 12, 1984

A

British historian once said that "the condition of effective
action in a complex society is cooperation. The condition of
cooperation is agreement…" not only on goals, but also on
the criteria by which we judge success.
Translated into the terms of the nuclear waste program – for which
the observation is particularly apt – this means that even if we agree
on the goal of a permanent repository, we still face procedural gridlock if we cannot get broad agreement on how that goal is to be met.
And it isn’t something that can be forced. The key factor is public confidence that the Federal Government is applying sufficiently
high safety and environmental standards. I know from my own experience at the Nuclear Regulatory Commission that a lack of such
confidence translates itself, through criticism in the press and the
Congress, into irresolution and procrastination at the Commission.
Signs of Slowdown
Let me mention a couple of items that make me wonder how we
are going to reach our goal. Consider the difficulty the Commissioners had in telling the Court of Appeals whether they personally
thought the high-level waste problem was under control. (This issue got tagged with the label "Waste Confidence.") You would have
thought the Commissioners would answer promptly, especially as
the court tied the waste question to the validity of power reactor
licenses. Instead, the Commission launched a long and complicated
proceeding. Four years later, after a record two-feet thick had been
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accumulated, three out of five Commissioners told the Court that a
high-level waste repository was likely in about 20 years. My own
view was that there were too many uncertainties for us to make this
prediction, and that it was not required by the Court’s question. The
point I would emphasize here is that if a group like the Commission,
which is habitually inclined to favor official views, had so much
trouble in expressing confidence in the waste program generally,
how will it manage to deal with a specific underground site in the
face of determined opposition?
A second experience that seemed a sign of trouble ahead was a
meeting NRC held in January on the Department of Energy’s siting
guidelines for a waste repository. As you know, under the Nuclear Waste Policy Act, NRC must concur in these guidelines before
they become effective. We gave DOE and the States and the Indian
Tribes a chance to air their views. What impressed me was the extent and intensity of disagreement, both on technical issues and on
whether DOE was giving fair consideration to other viewpoints. The
States appeared to assume the Federal Government had no intention
of listening to their concerns, while the Federal side seemed to think
that each State would oppose siting a repository within its borders,
no matter what.
The NRC has since decided to require some rewriting of the DOE
guidelines. These changes will not, however, deal with the full range
of State concerns. The NRC is simply not in a position to resolve
disagreement on this scale between DOE and the States; the disagreement will have to be worked out in some other way. Whether
it will or not, is unclear.
Procedural Shortcuts Won’t Work
It should be clear, however, that the waste program contemplated
under the Act cannot succeed against a background of hostility,
charges and countercharges, with each side putting the worst interpretation on the motives of the other.
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The Act provides a framework for obtaining agreement. But, by giving each State a near-veto over sites within its boundaries, it also
leaves the ground so well laid out for guerrilla warfare, that the only
way to success is through close cooperation between the States and
the Federal government.
Yet what I sense happening is that Federal officials, perhaps out of
frustration with slow progress, are thinking of procedural shortcuts
to make up lost time. Cutting corners will invite public distrust,
which will lead to procedural wrangles, and more delay. This will
increase Federal frustration, and start the cycle all over again.
If it comes to that, there is simply no choice but to place agreement
and cooperation ahead of deadlines. We might just as well accept
that fact in setting schedules for both DOE and NRC. This hasn’t
yet been done. For example, DOE is planning to apply to NRC for
a construction authorization in 1991, which is four years after the
date specified in the Act. To make up lost time, DOE expects NRC
to issue a Limited Work Authorization six months after receipt of
this application. (There is, by the way, no provision in the Act for a
Limited Work Authorization.) DOE hopes, by this means, to complete the final repository design, the final waste package design, and
to construct Test and Evaluation Facilities, while the NRC is still reviewing the construction application. By the time the NRC decides,
DOE will have been building the facility for three years. On paper,
this is a way of allowing DOE to meet the Act’s 1998 deadline. In
practice, it is a recipe for trouble.
It would get us into the same problems that we have had in constructing nuclear power plants: an incomplete design is submitted
to the NRC, and construction proceeds as the design is being completed. When problems arise as a result of NRC’s review, the builders resist any changes because of the disruption and costs this would
entail. At that point the NRC has the choice of going along with an
unsatisfactory state-of-affairs, or of being accused of holding up a
vital and expensive project. And no matter what the decision, public
confidence is a casualty. We should not even consider heading down
this road with a first-of-a-kind permanent waste facility.
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Why Are We Having So Much Trouble Agreeing on a Repository?
Having said that, I have to acknowledge that forcing DOE to do the
job "by the numbers," so to speak, is not entirely satisfactory, either. Making sure that every procedural "i" is dotted and every "t" is
crossed in a strongly contested case will inevitably involve working
at a frustratingly slow pace. The frustration breeds a siege mentality,
which isn’t healthy, either. As I said, there are signs of it already.
I have had people tell me that a siting stalemate would continue until
there was a crisis in the nuclear power program. When the public
saw that a repository was essential to keeping power reactors running, local concerns would be overridden, and the Federal Government would get the approval it needed. I must say, I would not count
on this as a way out.
We are kidding ourselves if we think only a small minority of the
public wants to exercise its full procedural rights on the siting of a
waste repository. I have found it interesting, and indeed ironic, that
when it comes to siting waste repositories in their State, even the
most pro-nuclear Congressmen and Senators extoll the virtues of an
elaborate NRC proceeding.
In the face of this, we need to step back to ask ourselves why we are
having so much difficulty meeting the goals of the waste program.
After all, this is not a recent development – we have been struggling
with this problem for nearly thirty years.
It’s pretty obvious that an important source of difficulty is the public’s unease over a decision we will have to live with essentially forever. It is the fear that, in putting waste underground, for good, we
may make a mistake which we won’t be able to correct. The public
confidence was not increased by false starts some years ago in Kansas and in South Carolina, where the underground sites turned out
to be less well understood than was thought at first. (A more recent
example of this, whether strictly applicable or not, is the tunnel collapse at Rainier Mesa.) The effect on plans for a permanent geologic
facility is a demand for extraordinary precautions, which is bound to
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lead to extreme difficulty in reaching agreement on a site. It makes
me wonder whether we have not taken on too great a burden.
Do We Have the Right Goals?
It is worth recalling that about ten years ago the Atomic Energy
Commission was concentrating its main efforts on a surface repository. In fact, the AEC announced in 1972 that it would have such
a repository available in 1979. The advantage of this type of facility is that it is technically simpler, and any mistakes in packaging
the waste can be easily corrected. It would certainly be nice if we
had this facility today. The approach was abandoned in 1975 by the
newly-formed Energy Research and Development Administration.
The reason was not health and safety, but psychology.
The conventional view then, as now, was that anything but permanent underground storage left nuclear power vulnerable to the
charge that there was no "solution" to the waste problem, and to the
consequent demand that nuclear plants should be shut down until
there is a "solution."
The critics saw this dilemma as the Achilles heel of nuclear power.
The government accepted the challenge and shifted its goal to permanent underground storage, and since then all sides have been obsessed with burying the waste, or at least demonstrating that this can
be done. Meanwhile, progress has been slowed by arguments over
the near-perfect standards which must be met by a permanent geologic facility. I don’t think these arguments will be resolved easily.
My own view is that health and safety reasons do not necessarily
dictate waste disposal in a permanent underground repository. There
are important health and safety advantages in a facility that allows
inspection and maintenance of the waste form, whether above or
below ground. The key word is maintenance. There is a lot to be said
for having the spent fuel containers where we can get to them, and
fix leaks, or repackage, if necessary.
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Thinking Seriously about Monitored Retrievable Storage
That is basically what we are planning to do for the time being at
reactor sites. It would be better, however, to get the spent fuel off the
reactor sites and into a central facility. It would then be managed by
a specialized organization, and at the same time the spent fuel would
cease to be a distraction for utilities operating reactors. They have
enough to worry about.
While the Act makes very little provision for central spent fuel
storage, it does, as you know, make provision for something called
Monitored Retrievable Storage. The Act requires DOE to submit a
proposal to Congress for an MRS by June, 1985. Congress will then
have to decide whether to authorize the construction. What I have
been saying is that we need to think seriously about this alternative
because we cannot be sure when we will have a geologic repository,
and we need someplace to put spent fuel.
I know the argument against retrievable storage has been that the existence of an MRS program will slow down the government’s efforts
for a permanent geologic repository. That may be true. I am more
worried, however, about putting all our eggs in one basket, and then
failing to achieve any storage facility. It makes more sense to start
with something we already know how to do.
We Also Need a Change in Organization
No matter how we proceed, we also need a change in organization.
The DOE program has not had a permanent director. For a while
it was not clear whether DOE itself would survive. Now the Administration has once again suggested changes in the management
of DOE’s Waste Program. There was talk of combining it with the
enrichment program. DOE simply does not offer the kind of stability
and continuity the waste repository program needs. This is another
source of public unease.
The Act mandates an examination of alternative means of managing
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the Waste Program. The study was due last January, but, for some
reason, the Study Panel was not appointed until December. The
study is now due next September. I hope this issue will get careful
examination. I think that what we need for this job is an independent
entity. This idea was originally proposed in 1976 by Mason Willrich, who outlined a plan for a self-financed, federally-chartered,
independent corporation similar to COMSAT. The advantage of a
separate entity is that it would have a less political cast, and would
be fully dedicated to the problem of waste storage, without the distractions of other pressing issues.
Another alternative would be to set up a separate government agency. Last May, Senator Cochran proposed the establishment of an independent Nuclear Waste Management Authority. A similar agency
was proposed by Senator Mathias in 1977. One way or another, we
need a dedicated organization.
Shifting to a Two-Track Approach
In closing, let me say there has been so much talk about nuclear
waste being a political, social, psychological, and every other kind
of problem that we have lost sight of the simple truth that, at bottom,
there is a physical problem to which we have a relatively simple solution. I am talking about monitored retrievable storage, for which
the technology is well in hand.
What I am suggesting is that we should take advantage of this easier
option as we proceed carefully toward a permanent repository. Such
a two-track approach will commit us to longer surveillance over the
high-level waste, but that can be an advantage: it allows us to correct
any mistakes.
If I am right about what worries people in the current approach, then
this shift in emphasis in the waste program, together with a change
in organization, may be the key to effective action on safe and secure storage for nuclear waste.
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"A Fresh Examination of the
Proliferation Dangers of Light
Water Reactors"
Victor Gilinsky, Marvin Miller, and Harmon Hubbard
Nonproliferation Policy Education Center
October 22, 2004
LWRs Become the Nuclear Power Workhorse around the World

F

rom the beginning of the nuclear age American efforts to shape
the worldwide development of nuclear energy were driven in
part on US interest in limiting the possibilities for diversion of
civilian facilities to military purposes. US policy went through stages, at each one of which it appeared as if a particular technological
or institutional approach to nuclear energy could tame it sufficiently
to allow world-wide commercial use without spreading access to
nuclear weapons. But in time the real world poked holes in one rationale after another. The subject of this report involves one of these
technological policy initiatives, the consequences of which we are
living with today—encouraging the spread, starting in the 1960s, of
US light water reactor (LWR) technology as the basic nuclear power
workhorse throughout the world.126

126. As nearly every interested person knows by now, light water in this context
is just plain water, so called in the early days of the nuclear era to distinguish it
from heavy water, in which the hydrogen atom is replaced by deuterium. LWRs
come in two basic types—Pressurized Water Reactors (PWRs) and Boiling
Water Reactors (BWRs). In a PWR the nuclear core heats a pressurized primary
water loop that passes through a steam generator that boils a secondary water
loop to provide steam to the electric turbines. In a BWR the water boils in the
nuclear vessel and passes directly to the steam turbine. Most of the LWRs in the
world are PWRs. For our purposes the differences between PWRs and BWRs
are not significant.
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In the 1950s, before the advent of nuclear power plants, the United
States tried to control the uranium market by buying up uranium
at high prices. This naturally encouraged exploration that demonstrated that uranium was plentiful and negated the US effort at control. With easy access to uranium but lacking indigenous uranium
enrichment facilities, Britain, France, and Canada, opted for reactor
designs that utilized natural uranium fuel and heavy water or graphite as the neutron moderator. In the late 1950s and early 1960s, they
interested Italy, Japan, India, and other countries in heading in this
direction. Not only did this threaten America’s competitive position
but it also threatened to spread a type of reactor that lent itself easily to production of plutonium. In fact the first British and French
power reactors were based on their military plutonium production
reactors.
America’s advantage was two-fold. The United States had developed a compact, and therefore relatively low-cost, LWR design
based on a naval propulsion reactor design. And the United States
had invested heavily in gaseous diffusion plants in Tennessee, Kentucky, and Ohio to enrich uranium for weapons.
The LWR could only operate on enriched uranium, that is, uranium
more concentrated in the active uranium-235 isotope than natural
uranium.127 By virtue of its huge enrichment capacity, the United
States had an effective monopoly on the production of this fuel.
Moreover, as the cost of the plants had been largely assigned to the
military budget, the United States decided to sell the stuff at low
prices that did not defray the massive investment. It was a price that
at the time no other country could even hope to offer in the future.
From the point of view of customers, it was a deal that was hard
to refuse, even if it came with US control conditions. Ultimately,
the amount of engineering invested in these designs and the depth

127. Natural uranium contains about 0.7% uranium-235 and 99.3% uranium-238. LWR fuel is normally enriched to about 4%, while bomb material is
usually enriched to about 90% uranium235.

175

176

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

of experience with them overwhelmed any conceptual advantages
other reactor types may have had. While not the exclusive choice—
Canada and India continued developing the natural uranium/heavy
water designs that evolved into the CANDU reactor—the LWR became the standard reactor type around the world. In the late 1960s
France switched to LWRs, and Britain did later. Other European
manufacturers in Germany and Sweden chose LWRs. The Soviets
eventually did, too. There are now over 350 LWRs in operation in
the world today.128
From the point of view of proliferation, the advantages of the LWR
were considerable as compared with natural uranium-fueled reactors. US policy makers thought that the most important security advantage of LWRs was that the LWR customers knew that they risked
losing their reactor fuel supply if they misused the reactors for military purposes. There appeared to be detailed technical advantages,
as well. For a given size of reactor, the LWRs produced less plutonium. The plutonium was, generally speaking, more difficult to extract from the LWR fuel by chemical reprocessing because the fuel
is irradiated for a longer period of time, i.e., it has a higher fuel burnup, and hence is more radioactive, necessitating more shielding of
the separation process. LWRs also had to be shut down for refueling
which makes for easier oversight of the fuel, whereas most natural
uranium reactors are refueled online and continually so it is harder
to keep track of the fuel elements. It was widely believed through
the 1970s—even by the top people in the International Atomic Energy Agency in Vienna—that it was not usable at all.
It is important to correct one widely held belief about LWR spent
fuel. The isotopic characteristics of spent fuel from LWRs are about
the same as that from spent fuel from heavy water reactors such as
the CANDU (see Table 1 on p. 62) even though the LWR burnup
128. There are LWRs in Armenia, Belgium, Brazil, Bulgaria, China, Czech Republic, Finland, France, Germany, Hungary, India, Japan, South Korea, Mexico,
Netherlands, Russia, Slovakia, Slovenia, South Africa, Spain, Sweden, Switzerland, Taiwan, UK, and the US.
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is much higher. This is because of the differences in the enrichment
levels of the two types of fuel. The weapons usability of plutonium
from either fully irradiated LWR spent fuel or fully irradiated CANDU spent fuel would be comparable.
Even the intrinsic technical advantages of the LWRs themselves do
not now appear as significant as they once did. While LWRs do not
produce as much plutonium as natural uranium-fueled reactors of
the same size, the modern LWRs are so much bigger than the older
natural uranium plants that they are also prolific plutonium producers.129 A standard size LWR with an electrical generating capacity of
about 1000 megawatts produces about 250 kilograms of plutonium
per year. (That has to be compared with the nominal 5 kilograms of
plutonium per warhead.)
Worldwide Spread of Enrichment Technology Eases Access to
Nuclear Weapons
In any case, the proliferation benefits of worldwide deployment of
LWRs gradually attenuated. Just as the market for uranium encouraged exploration that negated US control, so the spread of LWRs
and the consequent market for enrichment encouraged both the reinvention by others of the gaseous diffusion enrichment process,
originally developed by the US during World War II, as well as the
development of the gas centrifuge enrichment process, broke the US
monopoly on the supply of enrichment for LWRs.
In particular, France built a large gaseous diffusion plant, and the
UK, West Germany, and the Netherlands established the Urenco
consortium which supplies enrichment services from gas centrifuge plants in each of these countries. While the gaseous diffusion
129. For example, the two LWRs promised North Korea in a 1994 US-DPRK
agreement were nearly ten times the size of the indigenous natural uranium
reactors they were supposed to replace and therefore had a plutonium production
capacity about twice that of the natural uranium reactors.
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plants in France and the US continue to operate, both countries have
announced plans to replace them with new gas centrifuge plants.
Moreover, Russia long ago abandoned the gaseous diffusion process
in favor of gas centrifuge, and is now a major competitor for enrichment supply on the international market. Other countries, which
already rely or plan to rely on nuclear power to a significant extent,
notably Japan and China, respectively, have also built gas centrifuge
plants, although at present they do not supply enrichment services to
the international market.
Global attention on the proliferation implications of centrifuge enrichment has been focused recently as a consequence of the revelations about Pakistan’s role in spreading this technology. The activities of A. Q. Khan and his associates in trading the centrifuge
technology he stole from Urenco to Iran, North Korea, Libya and
possibly other countries has underlined the "front-end" vulnerability
of the LWR once-through fuel cycle.
An important advantage of the gas centrifuge process is that it is
much less energy intensive than gaseous diffusion. The trend towards using gas centrifuge instead of gaseous diffusion for commercial enrichment has also been driven by improvements in centrifuge
performance. The newer models are much more reliable and have
a larger unit enrichment capacity. Gas centrifuge plants are also
inherently much more flexible than gaseous diffusion plants to accommodate different combinations of feed enrichment, tails (waste)
concentration, and product enrichment. Large centrifuge enrichment
plants can be thought of as many smaller centrifuge plants in parallel, so the small modular units can be shifted around fairly easily, or
one can stand by itself. In other words, gas centrifuge technology
lends itself to small-scale operation.
Unfortunately, these characteristics also make the gas centrifuge
process a much bigger proliferation risk than, say, gaseous diffusion
technology. That applies both to (1) the possibility that the owner
of an existing, declared LEU plant would modify it to also produce
HEU and (2) that someone would construct a small clandestine
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HEU plant.
It is now generally appreciated that gas centrifuge plants for LEU
can fairly easily be turned into plants for HEU. It is less appreciated that LEU at, say, 4 percent enrichment, is about 80 percent of
the way to HEU. It takes comparatively little additional "separative
work" to upgrade LEU to HEU. It would be difficult for the IAEA
to keep close enough track of all the LEU to stay ahead of any such
conversion.
Having a gas centrifuge plants producing LEU makes it much easier
to construct and operate a clandestine one. The presence of the larger plant would mask many of the intelligence indicators and environmental indications of a clandestine one so it would harder to find.
But even in the absence of any commercial enrichment—in the case
of a country with one or more stand-alone LWRs—the presence of
LWRs means that a substantial supply of fresh LWR fuel would
also be present at times. That such fresh fuel can provide a source
of uranium for clandestine enrichment is another possibility that has
received essentially no attention in proliferation writings. Since the
fuel is already low-enriched uranium, a much smaller gas centrifuge plant would suffice to raise the enrichment to bomb levels than
would be the case if the starting point is natural uranium. By starting with such LEU fuel pellets, which are uranium oxide (UO2),
the enricher would be able to skip the first five processes required
to go from uranium ore to uranium hexafluoride gas, the material
on which the gas centrifuge operate. To go from the uranium oxide
pellets to uranium hexafluoride the would-be bomb-maker would
crush the pellets and react the powder with fluorine gas. Suitably
processed, the LEU pellets could provide feed for clandestine enrichment.
We elaborate on gas centrifuge proliferation issues in Appendix 1.
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Worldwide Spread of Reprocessing Technology for Plutonium
Separation
By contrast to the heavy attention recently directed at the possibility
of clandestine uranium enrichment, there has been relatively little
attention directed at the possibility of clandestine reprocessing to
separate plutonium from LWR spent fuel. It is a principal concentration of this paper.
In previous debates on the subject the point was made that (1) plutonium contained in LWR spent fuel is unsuitable for weapons; that
anyhow (2) anything short of a high-investment commercial reprocessing plant—beyond the means and capabilities of most countries—would not provide access to the plutonium contained in the
LWR spent fuel; and (3) such reprocessing would be detected by
international inspectors. We believe these bars to using LWRs as a
source of plutonium for weapons are very much exaggerated.
Partial cores removed from an LWR after one fuel cycle (rather than
the conventional three) have lower burnup and hence contain plutonium with a higher Pu239 content than the plutonium in spent
fuel of the full design burnup. Such plutonium is sometime called
fuel grade, as distinguished from weapons-grade at one end and
reactor-grade at the other. In practical effect such plutonium is nearweapons-grade. The characteristics of simple fission weapons using
this material are not very different from those using weapons-grade
plutonium. The fuel grade plutonium is markedly superior for weapons use than reactor-grade plutonium from spent fuel of the design
burnup. The arguments surrounding the usability of LWR plutonium
for weapons deal with the high burnup reactor-grade material and so
are irrelevant for the present discussion.
Reprocessing of LWR spent fuel is not particularly difficult for a
country with modest technological capabilities. Witness North Korea’s reprocessing of its plutonium production reactor spent fuel.
While reprocessing LWR fuel is harder than reprocessing low burnup natural uranium fuel, the feasibility of small-scale, and possibly

Chapter 2

"quick and dirty" reprocessing of LWR fuel has been known for
thirty years.
It is more difficult to make categorical statements regarding the ability of IAEA inspectors to detect a hypothetical clandestine reprocessing plant. Such a plant could likely remain hidden until it is
put to use—until spent fuel is withdrawn from a reactor and the
reprocessing operation begins. Even if the start of operation would
be detected promptly, which is by no means sure, especially as to location, it is possible that the operator of the clandestine plant, could
manage to produce militarily significant quantities of plutonium,
and weapons, before the international system can react effectively.
Our more detailed views on the technical difficulties involved in
clandestine reprocessing of low burnup LWR fuel are presented in
Sections 3 and 4, and Appendices 2 and 3. To place these issues in
context, we first summarize the evolution of US policy on the proliferation implications of commercial reprocessing.
1974 Indian Nuclear Explosion Sparks Policy Debate over LWRs
and Reprocessing
The reasons for addressing these matters now—the reason for a
fresh look— are that firmly held but erroneous views on the facts
underlie important US policies on LWRs. Until 2001, the State Department defended putting LWRs in North Korea as part of the 1994
US-DPRK Agreed Framework on the grounds that LWRs were
"proliferation resistant"—that North Korea would find it difficult if
not impossible to reprocess LWR spent fuel. Even now, that USsupported project is only suspended, not terminated.
The State Department’s Russian counterparts made similar arguments, and continue to make them, in supporting the Russian construction of Bushehr reactors in Iran. And even in arguing against the
Russian power reactor project at Bushehr on proliferation grounds
the United States says only that the civilian project could provide
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cover for a clandestine Iranian bomb effort, not that the plant itself
is inherently dangerous.
The LWR issues also have much wider significance. The idea that
plutonium from LWRs is essentially unusable for bombs is an essential underpinning of the commercial drive for worldwide deployment of LWRs. It has long been understood that the most difficult
hurdle for a country seeking nuclear weapons is getting the nuclear
explosive materials—either highly enriched uranium (HEU) or plutonium. By comparison the design and fabrication of the nuclear
weapon itself poses a less difficult obstacle. That is why the technologies that extract the nuclear explosive material—uranium enrichment and reprocessing—are designated as "sensitive" technologies
in the polite international discussions over nuclear controls against
proliferation. In plain language, "sensitive" means dangerous.
The 1974 Indian nuclear explosion alerted the United States to the
ease with which a country that had reactors and reprocessing could
progress to nuclear weapons.130 It also alerted those concerned with
the spread of nuclear weapons to the extent to which reprocessing
technology had spread and was spreading further. Even though it
was equally dangerous, the United States had never restricted its
reprocessing technology the way it had restricted enrichment technology. Perhaps this was because the United States could hope to
maintain a commercial monopoly on uranium enrichment whereas
that was unrealistic in the case of reprocessing. It was assumed in
the early days of nuclear power that uranium was scarce and that
reprocessing was an essential part of all reactor operation. In the
background was the near-universal notion that the future of nuclear
power lay in plutonium-fueled reactors, that uranium-burning reactors were just a transition phase, so cutting off access to plutonium
was thought tantamount to putting a lid on the expansion of nuclear
130. There was an additional cause for alarm and chagrin. India used American
heavy water in the reactor that produced the plutonium. The heavy water had
been sold under a 1956 contract that restricted its use to "peaceful uses." India
claimed its explosion was "peaceful."
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energy.131
The United States revealed extensive information on reprocessing at
the 1955 Geneva Atoms for Peace Conference. Under the Atoms for
Peace program the United States trained many foreigners in reprocessing technology at the US national laboratories such as the Oak
Ridge National Laboratory and the Argonne National Laboratory
that did pioneering work in reprocessing. That is where the Indian
and Pakistani reprocessing experts got their start.132 The US Atomic
Energy Commission, and later the Department of Energy, published
encyclopedic technical volumes on the subject as well as detailed
engineering reports that explicated reprocessing "know how."133
131. This is still a common view in nuclear bureaucracies, not least in the US
Department of Energy, where it underlies advanced plutonium-fueled reactor
and spent fuel reprocess research and development.
132. To cite one important example, Munir Khan, who as head of the Pakistani
Atomic Energy Commission in the 1970s launched the weapons program and
associated fuel cycle activities, studied in the United States on a Fullbright Grant
and received an MSc in nuclear engineering from Argonne National Laboratories as part of the Atoms for Peace Program. (http://www.hipakistan.com/en/
detail.php?newsId=en62190&F_catID=17&f_type=source&day=)
133. See Justin T. Long, Engineering for Nuclear Fuel Reprocessing, American
Nuclear Society, 1978. This volume of over 1000 pages was published by the
Atomic Energy Commission in 1967 and republished in 1978 for the Department of Energy. The 1967 Forward by Floyd Culler, Assistant Director of the
Oak Ridge National Laboratory, and one of the foremost experts on reprocessing, states: "This book presents the engineering aspects of the reprocessing of
power reactor fuels. From many diverse sources of information, an attempt has
been made to summarize the basic approaches to the engineering of a chemical
separation plant. The book does not offer engineering information only; it also
reviews the processes most widely used and most of those under development.
Particular attention has been given to describing the equipment used in reprocessing fuel. Shielding, criticality control, liquid and gaseous waste disposal,
safety, ventilation, fuel-element storage and handling, materials accountability,
and maintenance are covered in summary form, and the information given is
supplemented by extensive and selected references to reports that are available
from the rather specific domain of atomic energy literature. The information is
presented in such a way that the book, either as a whole or in part, can be used
as a text for instruction in a course on radiochemical course design. The process
data and the underlying engineering principles make the book useful either as
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None of this was in any way prohibited by the Nuclear Nonproliferation Treaty as it was then universally interpreted even though it was
at odds with the purpose of the Treaty. According to the prevailing
interpretation of the Treaty nuclear technology that was labeled by
its owner as "peaceful," had some possible civilian application, and
was subject to inspection by the International Atomic Energy Agency (IAEA) was deemed to be legitimate. This was so even if the
technology—say, reprocessing or enrichment—brought the owner
to the threshold of nuclear weapons. At that time the real role of the
IAEA inspectors was to legitimize trade rather than to find wrongdoing. The view was that international nuclear gentlemen did not
inquire too deeply into the affairs of other nuclear gentlemen, and in
any case kept what they learned to themselves.134
In its public pronouncements the US government more or less stuck
to the position that the NPT legitimized all "peaceful" nuclear activities. At the same time the government could not ignore the dire
security implications—post-1974 Indian nuclear explosion—of unrestricted commerce in nuclear technology, even if it was subject to
IAEA inspection. France was then negotiating with Pakistan for the
export of a reprocessing plant and Germany was pursuing a package deal with Brazil that involved both reprocessing and enrichment technology.135 A complication at the time was that France was

a textbook or a handbook. . . . We hope, too, that it will serve as a reasonably
accurate introduction to reprocessing technology for those who are now entering
the field."
134. The IAEA continued in this mode for many years. After the embarrassment
of the discoveries after the first Gulf War that Iraq had run a weapons program under the noses of the IAEA inspectors the Agency carried out important
improvements in its mode of operation. In recent years the IAEA has become a
first-rate international inspection agency limited principally by what its Board of
Governors will permit.
135. The Germans sought to sell the Brazilians a type of enrichment technology
that did not offer much promise. The Brazilians later got involved in centrifuge
technology and are now constructing a centrifuge enrichment plant that would
supply more or less the fuel needs of one of their two reactors. They have been
reluctant, however, to allow the IAEA inspectors to see the centrifuges, presum-
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not yet an NPT member. To help introduce a common set of export
guidelines that included "restraint" in the export of "sensitive" technology, the United States organized the Nuclear Suppliers Group of
nuclear exporting countries, initially 15 of them. This Group operated, and continues to operate, as a kind of extra treaty backstop for
the NPT. The main concern at the time of its founding was technology that provided access to plutonium as uranium enrichment
technology was still tightly held.136 There were some important US
successes, among them stopping the French sale of a reprocessing
plant to Pakistan, which France finally abandoned in 1978.137
What the United States should do about reprocessing and plutonium
use, both domestically and internationally, became an election year
issue in 1976. President Gerald Ford issued a nuclear policy statement that plutonium was at the root of the security problem associated with nuclear energy. Once separated from the radioactive waste
contained in spent fuel, the material could rapidly be put to military
use. President Ford stated that reprocessing, that is chemical separation of plutonium, "should not proceed unless there is a sound reason to conclude that the world community can effectively overcome
the associated risks of proliferation." In perhaps his boldest step, he
announced that the United States would act domestically in a way
that was consistent with what we asked of others. The United States
would no longer in its energy planning assume future reliance on
plutonium fuel. He said that he believed that we could make use of
nuclear energy, and even increase reliance on it, with this security
restriction. "We must be sure," he said, "that all nations recognize
that the U.S. believes that nonproliferation objectives must take

ably because the inspectors would then know the source of the technology. The
US government has so far not reacted to this very suspicious and worrisome
state of affairs.
136. Perhaps it would be more accurate to say, "was thought to be tightly held,"
as the industrial spy A.Q. Khan was already delivering to Pakistan centrifuge
plans and contractor lists that he had stolen from Urenco while he worked there.
137. Although it now appears that Pakistan may be trying to revive the plant,
possibly with Chinese help.
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precedence over economic and energy benefits if a choice must be
made." To this day, US policy on spent fuel assumes that it will be
disposed in a repository on a "once through" basis, that is, without
reprocessing, although the current reason for this probably has more
to do with economics than with security.
Gerald Ford lost the 1976 election to Jimmy Carter and as a consequence it is Carter’s name that usually attaches to the origin of
a restrictive US nonproliferation policy with respect to plutonium.
Unfortunately, President Carter’s erratic style and his administration’s tendency to equate saying something with doing it left US
nonproliferation policy in a confused state that did not engender
respect either at home or abroad.138 At first Carter took a rigid antiproliferation stance on a number of key issues but abandoned these
positions one after another when they met with domestic and international criticism, most particularly with respect to reprocessing
and future use of plutonium.139 Subsequent presidents watered down
further US policy on disapproval of foreign reprocessing so that it
is now barely perceptible except as regards countries of direct and
near-term proliferation concern and which the United States considers hostile.

138. Just before the Shah was overthrown in 1979, as part of a reactor sale
agreement, Jimmy Carter had agreed to grant Iran "most favored nation" status
for reprocessing so that Iran would not be discriminated against when seeking
permission to reprocess US-origin fuel. That meant Iran would now have the
same right as Japan to reprocess US-enriched power reactor fuel. The Shah left
Iran before the negotiations were concluded. —Nucleonics Week, 12 January
1978, pp. 2-3; in Daniel Poneman, Nuclear Power in the Developing World,
(George Allen & Unwin: London), 1982, p. 88. (http://www.nti.org/e_research/
profiles/Iran/1825.html)
139. Carter rapidly reversed himself on the issue of Japanese reprocessing of
US-supplied fuel (over which the United States had reprocessing control) after
his proliferation policy advisor, Gerard Smith reminded him that World War II
started after the United States cut off Japan’s oil supply. In the case of Pakistan’s
nuclear weapons program, then in its early stages, the United States looked the
other way after the Soviet invasion of Afghanistan so as to promote Pakistani
help in opposing the Soviets.
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What has remained, however, is the view—agreed to over the entire
spectrum of nuclear opinion—that if commercial reprocessing is not
present in a country then the reactors themselves do not pose a proliferation danger. Gerald Ford drew a sensible distinction between
what is too dangerous for the arteries of commerce (that is, separated
plutonium) and what in the circumstances was a reasonably acceptable alternative (a once-through uranium fuel cycle). Over time, the
reasonably acceptable came to be described as entirely satisfactory.
This view, however, ignores some stubborn technical facts that have
been known for decades but unfortunately forgotten, about the ease
and rapidity with which a country could reprocess LWR spent fuel
and about the usability of such plutonium for bombs. That is the
reason for a fresh look at this subject.
1976-1977 Ford-Carter Restrictive Policy on Commercial
Reprocessing Leads to Debate over Clandestine Reprocessing
Generally speaking, the nuclear industry and the nuclear bureaucracies in the Department of Energy and elsewhere did not support the
once-through nuclear fuel cycle that avoided reprocessing. Ironically, industry saved a lot of money over the last nearly thirty years by
adopting this approach, however reluctantly, because commercial
reprocessing and recycle of plutonium as fuel is highly uneconomic.140 Mostly the defense of commercial reprocessing was based on
the arguments that Ford and Carter had exaggerated the dangers—
that so long as the commercial activities were subject to IAEA inspection (which went by, and continues to go by, the misleading

140. In spite of the unfavorable economics support for plutonium recycle continues, including in high places in the current administration, as witnessed by
comments on this issue in the president’s National Energy Plan of May 2000.
Such support is based in part on ideology (on the part of nuclear true believers)
but mainly on commercial opportunism (on the part of nuclear fuel firms looking
for subsidies). Nuclear fuel firms providing reprocessing and plutonium services
have discovered that a process does not have to be economical in order to be
profitable.
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name of "safeguards") there was nothing to worry about. And, it
was said in further defense of reprocessing, that the plutonium from
LWRs was unsuitable for bombs and was therefore not a source of
worry.141 Both of these points are wrong and we will devote special
attention in this report to the latter one.
For the present, however, we are more interested in a different line of
argument against the Ford-Carter policy supporting a once-through
fuel cycle. These critics argued that banning commercial reprocessing wouldn’t provide any additional security because it was anyhow
easy to extract the plutonium from spent fuel using small jerrybuilt
plants that most countries could build quickly and secretly. Although
they didn’t put it that way, they argued, in effect, that if a country
had nuclear power reactors things were much worse than the new
Carter administration thought.142 This line of argument was based on
an informal technical report written in 1977 by reprocessing experts
at the Oak Ridge National Laboratory that presented a design for
a small, quickly-built, simple reprocessing plant that the designers
thought could easily be hidden.143 The argument based on this report
didn’t gain much traction because the nuclear industry was reluctant
to support an argument that, if taken seriously, could lead to the
conclusion that nuclear reactors were themselves too dangerous to
operate on a commercial basis. And supporters of the once-through
approach tended to write off the significance of the Oak Ridge report

141. That is what Sigvard Eklund, the IAEA Director General, told one of the
authors in conversation in 1976. To correct this view the US government offered
Mr. Eklund a briefing on the subject. At that briefing his jaw literally dropped
when presented with a slide that refuted his earlier view. The new facts had farreaching implications for the IAEA inspection system.
142. One needs to reemphasize, because it is so frequently forgotten, that the
initial rejection of US reprocessing was done by President Ford. But he lost the
election a few days after announcing his policy and so the focus turned to Jimmy
Carter.
143. D.E. Ferguson to F.L Culler, Intra-Laboratory Correspondence, Oak Ridge
National Laboratory, "Simple, Quick Processing Plant," August 30, 1977, 22
pages. This is the same Mr. Culler whose Forward to a USAEC volume on
reprocessing was cited earlier.
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in the context of the arguments over allowing large-scale commercial reprocessing. The report may have overstated to an extent the
ease with which LWR spent fuel could be reprocessed quickly and
secretly, but it and a number of other subsequent studies on smallscale and clandestine reprocessing made an important point. It is that
LWRs operating on a commercial once-through fuel cycle—with no
commercial reprocessing—are not as safe a proposition from the
point of view of proliferation as they were made out to be.
A Number of Studies on "Quick and Dirty" Clandestine
Reprocessing for Bombs Suggest This Is a Feasible Option
There have been a number of studies on small-scale reprocessing
but perhaps none that received comparable attention and none that
involved persons as prominent in the field. The godfather of the
1977 study was Floyd Culler, then Oak Ridge assistant director, and
a leading developer of PUREX technology. He assembled a team to
prove that a country with a minimal industrial base could quickly
and secretly build a small reprocessing plant capable of extracting
about a bomb’s worth of plutonium per day.
The response came in the previously cited 1977 Oak Ridge memorandum that presented a design for such a plant together with a flow
sheet and equipment list, with dimensions and specifications. The
main technical references were from standard textbooks and handbooks.
The equipment is chosen with a several-month campaign in mind
rather than long-term operation so, for example, plastic pipe can
serve in places where steel pipe would be used in a commercial
plant. A plant diagram attached to the memorandum and keyed to the
equipment list shows the plant equipment layout from the receiving
pool for radioactive spent fuel to the metal reduction furnaces for
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producing plutonium metal "buttons."144 The structure housing the
entire operation would be about 130 feet long and much less wide.
Although they describe the plant as a "quick and dirty" one, the designers went to some pains to contain the radioactive wastes and to
filter the effluents both for reasons of safety and to avoid detection.
The study concluded the plant could be in operation four to six
months from the start of construction, with the first 10 kilograms
of plutonium metal (about two bombs’ worth) produced about one
week after the start of operation. Once in operation the small plant
could process about one PWR assembly per day, which translates
into production of about 5 kilograms of plutonium per day. If one
accepts this conclusion about the possible performance of such a
"quick and dirty plant," or something close to it, the implications
are very far-reaching concerning the risks posed by LWRs in countries interested in obtaining nuclear weapons. There would be little
chance of detecting such a plant until it was in operation and spent
fuel to be processed was missing from a power reactor storage pool.
Given the short process time—a few days from delivery of spent
fuel to plutonium metal—IAEA inspectors would have little chance
of detecting a diversion and start of reprocessing under the current
approach. From metal plutonium to weapon components is a matter of days. The IAEA guidelines for LWR inspections assume that
from LWR spent fuel to metal weapon components takes about 1-3

144. The diagram appears in the Washington Post of August 4, 2002, to illustrate
an article, "Those N. Korean Reactors Light Up Danger Signals," by Victor
Gilinsky and Henry Sokolski. The Oak Ridge report does not see the initial
mechanical disassembly of the LWR spent fuel as a particularly difficult step.
This issue came up in arguments over the risks posed by the two LWRs that the
United States had promised North Korea as part of the 1994 Agreed Framework.
The State Department insisted that while North Korea had experience with
reprocessing it would not be able to reprocess LWR fuel because of the difficulty of cutting up the fuel rods, a part of the process with which a high-capacity
French commercial plant had difficulty. The Oak Ridge design proposed abrasive saw cutting underwater and it refers for the details to the 1967 Long volume
which has a section on the subject.
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months,145 but the Agency’s resource limitations and the resistance
of member countries keep the actual inspection frequency of LWR
inspections lower than once every three months. Therefore if the
Oak Ridge design or something similar would work as planned—
start up quickly and then produce about a bomb’s worth of plutonium a day—the operator could produce dozens of bombs before the
IAEA could count on detecting it, at least using the current inspection approach.
This conclusion assumes of course that the reactor operator cooperates with the would-be bomb-makers. It also assumes that weapon
design and readiness for fabrication would be prepared in advance.
Both of the latter are difficult to detect and when detected are often clouded in ambiguity. In any case such detection has not led in
the past to drastic international action to halt nuclear activity in the
country. The history of nuclear activities in Iraq, North Korea, and
Iran, suggests that the more time-scale for international enforcement
actions is more typically on the order of years. The George W. Bush
administration’s tougher approach on "weapons of mass destruction" and the preventive invasion of Iraq point in a different direction. But what the lesson from that experience will be, and what
policy will emerge toward countries suspected of nuclear weapon
ambitions, is yet unclear. The difficulties of coping with post-invasion Iraq suggest that the United States is likely to be slower on the
trigger in the future.
In view of the potentially far-reaching implications of the Oak Ridge
report, the General Accounting Office prepared an evaluation for
Congress.146 The GAO examined reviews of the Oak Ridge memo-

145. IAEA 2001 Safeguards Glossary, p. 22. Available on the IAEA web site,
www.iaea.org.
146. Report by the Comptroller General of the United States "Quick and Secret
Construction of Plutonium Reprocessing Plants: A Way To Nuclear Weapons
Proliferation?, EMD-78-104, October 6, 1978. Senator John Glenn, then Chairman of the Subcommittee on Energy, Nuclear Proliferation and Federal Services,
Committee on Government Affairs, and very active on nuclear proliferation is-
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randum by five Federal agencies and a number of individuals.147
The GAO raised questions about quickly the plant could be built and
to what extent it could be hidden, but concluded it was a credible
possibility for an experienced group of reprocessing engineers and
operators. In other words, one cannot assume that a country interested in nuclear weapons will be barred from extracting militarily
significant amounts of plutonium from its LWRs simply because it
lacks a commercial reprocessing capability.
On the question of detectability, since 1977 we have greatly improved intelligence—for example, in the case of overhead photography and chemical analysis of environmental samples. Yet intelligence on Iraq’s nuclear program was caught flatfooted in 1991
(and, of course, the IAEA completely missed the weapons program)
and then was wildly off the mark in 2003. North Korea’s uranium
enrichment facilities have not been found. And Iran’s enrichment
plant was located after a dissident Iranian group specified the coordinates.148 There are probably more people around today skilled
in the arts of reprocessing and they have more information to work
with. Additionally, we have learned that NPT membership does not
guarantee performance—Iraq and North Korea violated the Treaty,
and very likely Iran did, as well.
Since the publication of the Oak Ridge report other studies have
been published that also consider the issue of the credibility of clansues, made the request. (Throughout, we do not distinguish between Oak Ridge
report and Oak Ridge memorandum.)
147. The Arms Control and Disarmament Agency (ACDA), the Department of
Energy (DOE), the Nuclear Regulatory Commission (NRC), and the Congressional Research Service (CRS). In terms of his knowledge of reprocessing, the
most imposing of the 11individuals consulted was Manson Benedict, Institute
Professor Emeritus, Massachusetts Institute of Technology. The CRS review
in its entirety was published separately several days later. Warren Donnelly,
A Preliminary Analysis of the ORNL Memorandum on a Crude Nuclear Fuel
Reprocessing Plant, November 4, 1977.
148. According to rumor they served as a conduit for Israeli intelligence.
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destine small-scale LWR reprocessing.
The subject of clandestine plutonium extraction was addressed in a
1995 Livermore report.149 The report states that "plutonium can be
separated from spent nuclear fuel with modest facilities and equipment," which tracks fairly closely with the conclusions of the Oak
Ridge study.
In 1996 a Sandia National Laboratories team produced a design for a
small plant for reprocessing LWR spent fuel quickly and secretly.150
They characterized it as "…a relatively simple process that might
be operated by an adversarial group in makeshift or temporary facilities such as a remotely located warehouse or a small industrial
plant." The estimated preparation lead-time for producing the first
kilogram of plutonium employing a staff of 6 technicians was about
8 months, which is even more optimistic than that of the Oak Ridge
team about 20 years earlier.
The Oak Ridge and Sandia proposals are both bare bones paper designs about which some reservation is appropriate. Both processes
differ in some important respects from the standard PUREX process
flow sheet. Also, no information is provided on crucial matters such
as control instrumentation. This is not a process that inexperienced,

149. W.G. Sutcliffe and T.J. Trapp, Eds., Extraction and Utility of Reactor-Grade
Plutonium for Weapons (U), Lawrence Livermore National Laboratory, April
27, 1995. The report is based on briefings given to the National Academy of Sciences’ Committee on International Security and Arms Control during its study of
the management and disposition of excess weapons plutonium. The full report is
classified. The material used here is taken from an unclassified summary.
150. J. P. Hinton et al., Proliferation Resistance of Fissile Material Disposition
Program (FMDP) Plutonium Disposition Alternatives: Report of the Proliferation Vulnerability Red Team, Sandia National Laboratories, Report no.
SAND97-8201, October 1996, Section 4.1.1.3 Recovery Process for LWR or
MOX Spent Fuel, pp. 4-3 – 4-9. The work was done in the context of assessing
the proliferation resistance of various alternatives for the disposition of stocks
of weapons-grade plutonium that have been declared excess to national security
needs by the US and Russia.
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even if competent, persons could handle easily. Spent fuel reprocessing is among the most sophisticated chemical engineering processes and making it work takes a good deal of know-how. But even
the critics of the practicality of the Oak Ridge design all thought
that the highly skilled and experienced Oak Ridge team could have
made it work.
In this context it is also worth mentioning a much earlier commercial design that does not cut corners. In the late 1950s the Phillips
Petroleum Company made a very detailed feasibility study of a
small PUREX plant designed to reprocess per day about one-third
ton of LWR spent fuel. It was designed to handle spent fuel whose
burnup is roughly that of current LWR fuel after one refueling cycle
(as opposed to the normal three).151 The plant’s head end used an
underwater saw to free the fuel pins from the fuel assembly and a
mechanical shear to chop individual fuel pins into small pieces. One
of the striking features of the plant is its small size, about 65 feet
square.152
It is credible for states with an industrial base and nuclear infrastructure needed to operate LWRs to construct and operate such reprocessing plants "without cutting corners" to produce significant
quantities of plutonium as quickly as possible without detection.153
Whether or not a country might opt for a "quick and dirty designs,"
it would have the possibility to of building one with a lower probability of malfunction and with smaller telltale releases. Details in
support of these conclusions are provided in Appendix 2.

151. The Phillips design was for spent fuel with an average burnup of 10,000
MWd/t.
152. H. Schneider et al., A Study of the Feasibility of a Small Scale Reprocessing Plant for the Dresden Nuclear Power Station, Report IDO-14521, Phillips
Petroleum Company, April 28, 1961. Available from the National Technical
Information Service (NTIS), Washington, DC.
153. In our judgment, it is not credible that a sub-national group with the type
of skills enumerated in the Sandia report could construct and operate even the
simplified plants outlined in the Oak Ridge and Sandia reports.
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Before we consider the policy implications of the possibility of
quick and dirty reprocessing for the use of LWRs let us pursue this
question of the suitability of LWR plutonium for weapons.
Contrary to Conventional Wisdom, LWRs Can Be a Copious Source
of Near-Weapon Grade Plutonium Suitable for Bombs
Since the beginning of the nuclear age it has been difficult to rationalize the widespread use of uranium-fueled reactors that—inescapably—produce plutonium, which is one of the two key nuclear explosives. The 1946 Acheson-Lilienthal plan, that required
"dangerous" nuclear activities to be used only under international
auspices, did contemplate that uranium-fueled reactors would be in
national hands. The authors’ rationale was that the plutonium produced by these reactors could be "denatured" to make it unusable
for military application. They didn’t spell out the scientific basis for
the denaturing they had in mind but it appears to have been the idea
that the isotopic composition of plutonium formed in reactor fuel
that had been irradiated for an extended time would be unusable for
bombs. The notion is wrong but it is understandable that it would
appear plausible at that early point.
During the World War II Manhattan Project it was discovered that
just as a uranium-238 nucleus can absorb a neutron to form plutonium-239, so the plutonium239 can absorb a neutron to form plutonium-240.154 The longer the uranium fuel is irradiated in a reactor
to form plutonium-239, the more of the plutonium-239 will convert
into plutonium-240. This isotope fissions spontaneously and releases neutrons which tend to "pre-initiate" nuclear explosions as soon
as the mass of nuclear explosive is in a "critical" configuration. It
is this effect that made it impossible to use plutonium in a gun-type
nuclear device (as it is possible to do with uranium-235 and was in

154. In turn the plutonium-240 absorbs neutrons to form plutonium-241. Plutonium-240 is not fissionable by neutrons in an LWR core but plutonium-241 is.
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fact the design used in the Hiroshima bomb). It was not possible to
use a gun to bring two pieces of plutonium together fast enough. As
soon as they got close enough to form a critical mass the spontaneous neutrons from plutonium-240 would set off a chain reaction
whose heat would blow the pieces apart before the nuclear yield was
significant.
It was this stumbling block that led to a focus on the implosion design—using high explosives to drive the nuclear explosive rapidly
inward to form a dense supercritical mass. The speed of the process
reduces the chance of pre-initiation. Even so, an unwanted that appears early in the compression can set off a premature chain reaction
and limit the yield to a "fizzle yield." To reduce the chance of this the
plutonium used in the first US warheads was produced in uranium
fuel that had been lightly irradiated to keep the fraction of plutonium-240 at about 1 percent. In an implosion design, however, the
fizzle yield, while not optimal, is still large—in the case of the first
Trinity explosion it was about 1 kiloton, which it is useful to recall is
one thousand tons of high explosives. In short, the trouble with the
idea that higher plutonium-240 content would only produce a fizzle
is that the fizzle yield is still pretty large.
Since the time of the Acheson-Lilienthal report, weapons designers
have learned to work around the pre-initiation problem to achieve
high yields with the lower quality plutonium. In time, as advanced
weapon designs made the pre-initiation problem more or less irrelevant, the US weapons complex settled on plutonium with a plutonium-240 content of about 7 percent (and thus a plutonium-239
content of about 93 percent) as a reasonable compromise between
quality and production rate. Plutonium of this isotopic content, or
something close to it, say in the range of 90 percent, is termed weapons-grade.
That the denaturing argument was not valid in technical terms did
not dissuade those who found it convenient for rationalizing commercial plutonium activities from using it. The idea permeated the
technological permissiveness of the 1950s Atoms for Peace program
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when it came to plutonium extraction and application. One could say
that the false security of denaturing plutonium underlay the whole
Atoms for Peace program.155
After the Indian nuclear explosion in 1974 that used high isotopic
purity plutonium extracted from the spent fuel of a Canadian-supplied research reactor, the United States woke up to fact that misinformation in the international nuclear community downplaying the
dangers of commercial plutonium was standing in the way of effective security measures. By this time commercial LWR fuels were
fairly highly irradiated during commercial operation and the notion
gained currency that the plutonium in such fuel, "reactor-grade" plutonium was not usable at all for bombs. The Ford administration
felt compelled to brief foreign nuclear leaders to correct this view
and arranged for Dr. Robert Selden of the Livermore laboratory to
present the material.156 Selden’s summary slide stated: "Reactor155. In time the Atoms for Peace program permitted the US export of large
quantities of HEU to fuel foreign research reactors. There was no question about
the dangers of HEU as a bomb explosive. As Albert Wohlstetter once said, "The
nuclear bureaucracy knew what they were saying about denaturing plutonium
was false so they didn’t think it mattered if they exported HEU, too."
156. The author returned from a 1976 European trip and reported to the National Security Council (NSC) staff that the IAEA Director General and his staff
believed plutonium from commercial LWR fuel was not usable for weapons,
and that the top German officials, then negotiating a nuclear sale to Brazil that
involved reprocessing technology were adamant in this view. They thought that
US statements to the contrary were made for commercial, rather than security,
reasons. This report to the NSC led to the November 1976 Selden briefings for
select top international nuclear figures that included Sir John Hill, head of the
UK Atomic Energy Authority, M. Andre Giraud, the head of the French Atomic
Energy Commission (CEA), Dr. Eklund, Director General of the IAEA, and
Mr. Ryukichi Imai, a senior advisor on nuclear affairs to the Japanese Foreign
Ministry. Shortly before this the author, then a commissioner of the U.S. Nuclear
Regulatory Commission, gave a speech at the Massachusetts Institute of Technology in which he said the following: Of course, when reactor-grade plutonium
is used there may be a penalty in performance that is considerable or insignificant, depending on the weapon design. But whatever we once might have
thought, we now know that even simple designs, albeit with some uncertainty in
yield, can serve as effective, highly powerful weapons—reliably in the kiloton
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grade plutonium is an entirely credible fissile material for nuclear
explosives."157
But despite numerous reports and analyses that addressed the issue and arrived at the same result, the controversy would not die
because so much was at stake commercially and bureaucratically in
the hundreds of LWRs deployed throughout the world and, in some
countries, in the reprocessing and recycle of LWR plutonium. 158
Rather than pursue this argument, which seems to have reached a
stalemate, the approach we take here is to circumvent it by pointing
out that LWR can also be copious producers of near-weapons-grade

range. Victor Gilinsky, "Plutonium, Proliferation, and Policy," Remarks given at
MIT, November 1, 1976 (NRC Press Release No. S-14-76).
157. Robert W. Selden, "Reactor Plutonium and Nuclear Explosives," Lawrence
L Livermore Laboratory, undated slides.
158. See, for example, Management and Disposition of Excess Weapons Plutonium, National Academy of Sciences, National Academy Press, Washington,
1994. The Executive Summary, p. 4, states: "Plutonium of virtually any isotopic
composition, however, can be used to make nuclear weapons. Using reactorgrade rather than weapon-grade plutonium would present some complications.
But even with relatively simple designs such as that used in the Nagasaki
weapon—which are within the capabilities of many nations and possibly some
subnational groups—nuclear explosives could be constructed that would be
assured of having yields of at least 1 or 2 kilotons. Using more sophisticated
designs, reactor-grade plutonium could be used for weapons having considerably higher yields. A report of a US-Japanese arms control study group arrived
at the following statement: The participants agreed that as a technical matter,
with some additional efforts, a country can produce nuclear weapons using any
kind of plutonium, using well-known technologies. The members of the working
group on reactor-grade plutonium included Hiroyoshi Kurihara, former Executive Director of the Japanese Power Reactor and Nuclear Fuel Development
Corporation, Atsuyuki Suzuki, Professor of Nuclear Engineering at the University of Tokyo, and Victor Gilinsky. The overall report was published as Next
Steps in Arms Control and Non Proliferation, Carnegie Endowment for International Peace, 1996. See also Richard L. Garwin, "Reactor-Grade Plutonium Can
be Used to Make Powerful and Reliable Nuclear Weapons: separated plutonium
in the fuel-cycle must be protected as if it were nuclear weapons", August 26,
1998, available on www.fas.org.
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plutonium and even of weapons-grade plutonium itself. To explain
the difference between our point of view and the conventional one
as regards LWR plutonium we have to say a few words about the
way an LWR is fueled.
A PWR core, to use a specific example, may contain about 75 tons of
uranium.159 The operators refuel the reactor about every 18 months.
The fuel elements normally stay in the reactor for three fuel cycles,
or about sixty months. But the refueling schedule is staggered so
that at each refueling the operators take out one third of the fuel assemblies—the ones that have been in the core for three cycles—and
replace them with fresh fuel.
The conventional characterization of the isotopic composition of
the plutonium contained in LWR spent fuel—so-called reactorgrade plutonium—is of fuel that has been in the reactor for a full
three fuel cycles. This is the LWR plutonium over which arguments
have raged concerning its usability for weapons. Such fuel indeed
has a high content of isotopes other than the most desirable plutonium-239. There is a certain logic in this characterization in that most
of the LWR spent fuel in storage pools at LWRs contains this type of
plutonium, and the LWR-bred plutonium that has been separated in
reprocessing plants is more-or-less of this composition, too.160
But an LWR operator seeking better plutonium for weapons is not
constrained to using the plutonium from irradiated fuel assemblies.
For example, if the operator of a newly operating LWR unloaded the
entire core after 8 months or so the contained plutonium would be
weapons-grade—with a plutonium-239 content of about 90 percent.
The amount of plutonium produced would be about 2 kilograms per

159. In nearly 200 fuel assemblies containing over 40,000 fuel rods.
160. There is an exception worth noting. Some fuel is removed early from a
reactor, generally because it is not performing properly, possibly because it is
leaking radioactive material. The plutonium is such fuel will have a composition
higher in plutonium-239 than the fuel that remains in the reactor longer.

199

200

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

ton of uranium, or about 150 kilograms per 8 month cycle.161 This
comes to about 30 bombs’ worth. Does a would-be nuclear weapon
state need more? If the short refueling cycles were continued the
annual output of weapons-grade plutonium would be about 200 kilograms (allowing for refueling time), but this would require a large
amount of fresh fuel. Such a progression involves a considerable departure from commercial operation and for an NPT member would
signal Treaty violation. Still, it illustrates what a standard LWR can
do when viewed as a plutonium production reactor.
The small Oak Ridge-designed reprocessing plant described earlier
would have difficulty keeping up with this kind of reactor operation
for long because it wasn’t designed for reliable long-term operation.
But suppose we just consider one run of 8 months. The small reprocessing plant was designed to handle about one assembly per day.
To reprocess the entire core of 177 fuel assemblies in our example
would take about six months of operating time plus some realistic amount of down time. In less than a year the would-be nuclear
weapons country would have about 30 bombs’ worth. That is quite
an arsenal.
Consider a mode of operation closer to commercial operation. Because of the staggering of the refueling, at any refueling once the
reactor has been operating for a time, one-third of the core (about 25
tons in our example) will have been in the reactor for three cycles,
on-third will have been in the reactor for two cycles, and one-third
will have been in the reactor for one cycle. The plutonium in the onecycle fuel would have a much higher content of the most desirable

161. The details come from a chart, "Trends in LWR Pu Production", in a set of
briefing slides, Light-Water Reactor Fueling Handling and Spent Fuel Characteristics, J.A. Hassberger, Lawrence Livermore National Laboratory, dated
February 26, 1999. The briefing was presented to a Stanford University/Livermore Laboratory group preparing a report on the problems of safeguarding the
LWRs to be supplied to North Korea under the 1994 US-DPRK Agreed Framework, Verifying the Agreed Framework, Michael May, General Editor, UCRLID142936/CGSR-2001-001, April 2001.
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plutonium-239 isotope than the three-cycle fuel—over 80 percent as
opposed to about 55 percent. This plutonium is often called "fuelgrade" to distinguish it from the better weapons-grade stuff and the
less desirable reactor-grade.162 At each normal refueling the operator
has available 25 tons of uranium containing about 5 kilograms plutonium per ton, or about 125 kilograms of plutonium with about 80
percent plutonium-239, not bad material for bombs. (There is more
plutonium per ton than in the earlier example because the irradiation time is longer.) In fact, this characterization understates the usefulness of the one-cycle material for weapons because what really
counts is the amount fissile fraction—the sum of plutonium-239 and
plutonium-241—which in the case of spent fuel removed after one
refueling cycle is nearly 85 percent.
Even more interesting is an example we will consider in detail—the
situation at the start of operation. We shall examine the weapons
characteristics of the plutonium produced in the first core after the
start of operation and will compare that with the characteristics of
weapons-grade plutonium. At the end of the first refueling cycle all
the fuel will have been irradiated for only one cycle. The first cycle
162. The distinction is made in a useful paper by Bruno Pellaud, a former deputy
director general of the IAEA and head of the IAEA Department of Safeguards.
Bruno Pellaud, "Proliferation Aspects of Plutonium Recycling," Journal of
Nuclear Materials Management, Fall 2002, Volume XXXI, No. 1, p. 30. He provides the following table of "plutonium mixtures for explosive purposes:"

The categories are to some extent arbitrary, but they make for useful peg points.
Pellaud’s aim is obviously to vindicate the use of MOX grade fuel. Still, he
makes helpful points along the way.
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is also normally a bit shorter than the later ones so the plutonium
is even higher in plutonium239 content—about 84 percent plutonium-239. At the end of the first cycle the 75-ton core will contain
about 330 kilograms of plutonium, or more than 60 weapons’ worth.
According to its designers it would take the Oak Ridge plant about
150 days of operation to reprocess the entire core.
One might say that this kind of operation in violation of the NPT
would not be allowed, that the international community, or perhaps
some country, would step in to prevent it. Yet North Korea is believed to have reprocessed the missing 8,000 fuel rods from its small
reactor and there has been no world response. Suppose they had by
now had in operation the LWRs that the United States promised
them under the 1994 US-DPRK Agreed Framework and had operated them in the way outlined above. Can we be confident that there
would be international action to enforce the NPT rules?
How good would the first core plutonium be for weapons? The usual
standard of comparison is US weapons-grade plutonium, which is
nominally taken to contain about 93 percent plutonium-239. How
different then are the weapons characteristics of the plutonium in
the fuel after the first cycle as compared with weapons-grade plutonium?
NPEC asked Dr. Harmon W. Hubbard, an experienced physicist
who had worked on nuclear weapons at the Livermore Laboratory,
and served for several years on the panel that evaluated foreign nuclear explosions for the U S government, to examine the issue relying on publicly available information. His paper, "Plutonium from
Light Water Reactors as Nuclear Weapon Material," May 2003, is
appended to this report. All of the data and theory used in his paper
have been in the public domain for many years.
The subject of illegal construction of nuclear explosives was earlier
reviewed in technical detail by J. Carson Mark, late T-Division head
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at Los Alamos National Laboratory (LANL), in a 1990 report.163 He
concluded that the difficulties encountered in using reactor-grade
plutonium for explosive fabrication differ only in degree, but not in
kind, from the problems in using weapon grade plutonium. In his
2003 paper, Hubbard develops the calculations for the better grade
of plutonium available in spent fuel after irradiation for the first
fuel cycle to see how this plutonium compares in weapons use with
weapons-grade plutonium.
Hubbard assumes the simplest design for a first effort explosive,
one consisting of a solid plutonium spherical core. This core is very
nearly a critical mass when surrounded by a high density tamping
(that is, neutron reflecting) material which is taken here to be uranium. This larger sphere is then encased in the high explosive system
which is designed to provide a converging spherical shock wave that
would compress the assembly for a few microseconds before it flies
apart from the force of the nuclear explosion.
Then, based on the published Trinity data, Hubbard calculates probabilities of yields to be expected from reactor-grade plutonium. He
then extends these probabilistic yield estimates to improved implosion technology by adjusting a parameter in the model. One might
think of these steps as increases in the speed with which the core is
compressed, although some other aspects of design are involved, as
well. He carries out the yield calculations for first-cycle LWR plutonium and for weapons-grade plutonium.
Although the weapons-grade plutonium has less of it, both materials
have some plutonium-240 that spontaneously emits neutrons. These
spontaneous neutrons can start the chain reaction prematurely and
cause the nuclear explosion to blow the bomb apart before the plutonium core reaches maximum compression. Hubbard takes weapons-grade material that contains 6 percent plutonium-240 (and thus

163. J. Carson Mark, "Reactor-grade Plutonium’s Explosive Properties, Nuclear
Control Institute, 1990.
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93.5 percent plutonium-239 and 0.5 percent plutonium-241, which
is more-or-less equivalent for explosive purposes) and first cycle
LWR plutonium contains 14 percent plutonium240 (and 84 percent
plutonium-239 and 2 percent plutonium-241). In both cases there
is some spread in resultant yields—more in the case of first cycle
LWR plutonium because it contains more plutonium-240, but not
dramatically so.
The following Table sums up the results of the calculations. The entries in the first three columns give the probabilities that the design
will achieve an explosive yield in the ranges: 1 to 5 kilotons, 5 to
20 kilotons, and greater than 20 kilotons (the nominal yield of the
1945 Trinity shot in the New Mexico desert). The first row gives the
probabilities for the Trinity design using the type of plutonium that
was actually used at the time. This might be termed "super-grade"
as the plutonium-240 content was only about 1 percent. The following three rows provide the same estimates for three levels of bomb
technology: the 1945 Trinity technology, a two-fold (100 percent)
improvement in that technology, and a three-fold improvement (200
percent). In each case the results are presented for weapons-grade
plutonium and for first-cycle LWR plutonium (bold). So, for example, the probability that a bomb using 1945 Trinity technology
and first-cycle LWR plutonium would exceed 20 kilotons in yield is
12 percent. If we drop to the next row—that provides the probabilities for a two-fold improvement in the 1945 technology—we find
that the probability of exceeding 20 kilotons becomes 34 percent,
or about one-third. And if we drop to the last row—that assumes a
three-fold technology improvement—the probability of exceeding
20 kilotons with first cycle LWR plutonium is 49 percent, or almost
one-half.
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TABLE:
Probability of Achieving Various Explosive Yields and the
Expected Yield for 1945 US Technology and for Two Improved
Levels Using 1st Cycle LWR Plutonium and Weapon Grade
Plutonium (WGPu)

The last column is especially interesting. It lists rough estimates
of the average yield of the specific weapon design and plutonium
quality combinations listed on the left. Even though there is some
uncertainty in yield, the average yields are quite substantial, and the
differences between weapons-grade and first-cycle LWR plutonium
becomes very much less as technology is improved (that is, moving
down in the Table).
A country attempting to build nuclear weapons today could take
advantage of the wide availability of declassified nuclear weapon
information and the enormous increases in computing and other
technological aids since the 1945 Trinity shot. It seems reasonable
to attribute to a new group at least a doubling of the efficacy of the
Trinity implosion system through the use of advances in implosion

205

206

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

technology, initiators, and better core design.164 At this level of design a would-be nuclear state could use first-cycle LWR plutonium
to produce fission weapons with a modestly reliable yield around an
average of about 10 kilotons. A weapon of this design would have
about a 70 percent chance of exceeding 5 kilotons. It should be remembered that the minimum, or fizzle, yields will likely be at least
as large as that of Trinity—around 1 kiloton and that this guaranteed
yield is already quite destructive. Considering that the destructive
radius of the explosions varies roughly as the third root of the yield,
the differences between the performance of weapons with first-cycle
plutonium and those with weapons-grade plutonium are not very
great.
LWRs Are Less Proliferation-Resistant Than Usually Assumed in
Policy Discussions and Are Dangerous in the Wrong Hands
What emerges from this discussion is that LWRs are not the proliferation resistant technology they have been made out to be. Forgotten from the earlier days of nuclear energy is that LWRs can produce
large quantities of near-weapons-grade plutonium, and that a country bent on making bombs would not have much trouble extracting
it quickly in a small reprocessing operation, and possibly even keep
the operation secret until it had an arsenal.
The possibility of clandestine centrifuge enrichment exists even in
the absence of a nuclear power program. Pakistan pursued enrichment before it had any reactors that used enriched uranium fuel. But
a nuclear power program provides resources and makes it easier to
mask a clandestine enrichment program. There is however one respect in which the presence of an LWR offers added opportunities
164. An initiator is a contrivance that injects neutrons into the device at the proper moment—when the nuclear explosive has been compressed to a super-critical
state—to start the explosive chain reaction. If the neutrons arrive too early, we
get a reduction in yield, at worst a fizzle. If the neutrons come too late, there
may be no nuclear explosion at all.
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for clandestine enrichment. Fresh LWR fuel, which typically has an
enrichment level (uranium-235 concentration) of 4 percent can, after crushing and fluorination, itself be used as feed for a clandestine
gas centrifuge enrichment operation. Use of such low-enriched feed,
as opposed to natural uranium with a uranium-235 concentration of
less than one percent can reduce the enrichment effort by a factor of
five.
In other words, LWRs themselves pose a large security issue if they
are in the wrong hands. It would be useful for informing U.S. policy
to gain a clearer understanding of the extent to which near-weaponsgrade plutonium is readily available from these reactors. Two specific examples stand out of nuclear policy inadequately informed by
an understanding of the technical possibilities.
The first is the confused and inconsistent policy toward North Korea
which included promising, as part of a 1994 US-DPRK nuclear deal,
two large LWRs whose plutonium production capacity turned out
to larger than that of all the indigenous North Korean reactors they
were supposed to replace. When this came to light the State Department insisted that the North Koreans would not have the technology
to extract the LWR plutonium.
The second example involves Iran. The United States opposes Russian supply of LWRs at Bushehr, but does so on the grounds that the
nuclear project can serve as a cover for clandestine nuclear activities. There does not seem to be recognition yet that the LWRs could
themselves be a copious source of plutonium for weapons, or their
possible link with enrichment.
Altogether, underestimating the production capacity of LWRs for
weapons-grade and near weapons-grade plutonium and overestimating the difficulty of "quick and dirty" reprocessing have contributed to poor decisions.
There are several broad policy implications of the weapons-grade
production capability of LWRs:
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1. We need to reassess the role of LWRs in international programs.
They are not for everyone and we should be cautious about promoting their construction in worrisome countries. This is not a benign
technology. At a minimum we should not support such technology
where it is not clearly economic.
2. Clandestine enrichment and reprocessing. The IAEA and national intelligence has constantly to be on the lookout for clandestine
plants because they can rapidly change the security equation. There
needs to be much closer accounting of LEU fuel in view of its significance as possible feed for clandestine enrichment.
3. IAEA inspection of LWRs. IAEA inspection frequencies for LWRs
to check on fuel inventories and refueling need adjustment upward
in countries of concern from the point of view of potential bombmaking to take account of possible undiscovered clandestine reprocessing. Because of inevitable IAEA resource limitations it is necessary for the agency to concentrate the inspection where they are
most important. It would help to gain support for such a system if it
were possible to develop some objective way of defining "countries
of concern." The IAEA should take greater account of the presence
of weapons-grade plutonium or near weapons-grade plutonium in
spent fuel pools and storage in devising its inspections.
4. Enforcement. The NPT members must enforce the IAEA inspection system. An important purpose of IAEA safeguards is to deter
nuclear weapons activities— by would-be nuclear weapon countries—by the threat of early detection. This assumes there will be a
strong reaction to such an early detection of illicit activity. If wouldbe bomb-makers conclude they have nothing to fear because the
international community is not likely to react to their violations, the
whole system of control falls apart.
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"Minority Opinion:
Dissenting Statement of
Gilinsky and Macfarlane"165
Victor Gilinsky and Allison Macfarlane
Appendix A from Review of DOE's Nuclear Energy
Research and Development Program,
National Academies Press
2008

T

hese remarks concentrate on the Global Nuclear Energy Partnership (GNEP), the most prominent U.S. Department of
Energy (DOE) R&D program addressed in the committee’s
report. The committee report criticizes DOE’s excessive eagerness
to start building commercial-scale facilities when the technologies
it relies on are still unproven.
However, the committee does not question the desirability of a
substantial "closed" fuel cycle R&D program; moreover, it recommends a reprocessing and fast reactor R&D program along the lines
of GNEP’s predecessor, the Advanced Fuel Cycle Initiative (AFCI).
Nor does the committee question whether DOE and its laboratories
should have a key role in developing the new fuel cycle technologies, despite DOE’s poor track record in developing commercial
technologies.
Our own views on these issues may be summarized as follows: (1)
commercial reprocessing and recycle will not help solve resource or
waste or proliferation problems and are not sensible technical goals
for the United States for the foreseeable future—we would close
down GNEP and hold DOE R&D spending in this area to pre-2003
165. National Research Council. 2008. Review of DOE's Nuclear Energy
Research and Development Program. https://doi.org/10.17226/11998. Reproduced with permission from the National Academy of Sciences, Courtesy of the
National Academies Press, Washington, D.C.
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levels, before AFCI; and (2) DOE is the wrong agent for developing commercial technologies beyond the early laboratory stage—it
has been unsuccessful in the past and its overall record of managing
sizeable projects is very poor. Our thinking is explained below.
It is important to clear up one point at the outset. No one appearing
before the committee argued that conserving uranium was a reason
for pursuing reprocessing and recycle. The resource argument does
not appear in the GNEP Strategic Plan. Instead, the Strategic Plan
argues that reprocessing and fast reactors would solve the waste disposal and proliferation problems that bar expanded use of nuclear
energy.
Waste Disposal: Dealing with Spent Fuel
GNEP proposes to operate the nuclear fuel cycle so as to eliminate
the need for more than one U.S. waste repository for the rest of the
21st century, even if the number of power reactors—now at about
100—increased by many hundreds. This goal drives the design of
both GNEP reprocessing and fast reactor technologies. (By comparison, the "proliferation" constraint—no pure plutonium—is only
a wrinkle on the basic pattern.)
GNEP’s waste logic runs as follows. A much larger U.S. nuclear
program operated on the current once-through basis—with direct
disposal of spent fuel—would require many repositories—say, one
for every 100 reactors. But the struggle over DOE’s proposed Yucca
Mountain nuclear waste repository proves, the argument goes, there
will never be any additional repositories. We therefore need a closed
fuel cycle that could accommodate a large expansion in nuclear
power and still use only one repository.
GNEP plans to finesse Yucca Mountain’s design capacity—limited
by temperature constraints on the repository rock—by leaving the
heat-generating waste out of the repository. In particular, it would
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leave the hottest fission products (shown in red in Figure A-1)166
in surface storage. This does not expand repository capacity; it just
puts less of each reactor’s waste inside. Of course, you could do
that without GNEP by putting spent fuel in dry cask surface storage,
which is essentially unlimited. But GNEP excludes this option. If
Yucca Mountain fails to get a license and long-term surface storage is acceptable, the GNEP story collapses; and the same is true if
people accept other repositories in the future.
Note that GNEP would leave the radioactive cesium-137 and strontium-90 on the surface. The half-lives of these isotopes are about 30
years, so they would have to remain in such storage for at least 300
years. There is no word on where DOE would store this material.
As this would involve roughly as much storage capacity as would
the original spent fuel, it is difficult to see any gain over the current
once-through fuel cycle, especially considering that reprocessing
would produce other waste streams as well.

FIGURE A-1 50 GWd/MTIHM spent PWR fuel actinide and
fission product decay heat. GWd, gigawatt days of thermal
energy production; MTIHM, metric tonnes initial heavy metal;
PWR, pressurized water reactor. SOURCE: R.A. Wigeland,
T.H. Bauer, T.H. Fanning, and E.E. Morris. 2004. Spent Nuclear Fuel Separations and Transmutation Criteria for Benefit to
a Geologic Repository. Paper presented at Waste Management
2004 Conference, February 29-March 4, 2004, Tucson, Ariz.
166. See https://www.nap.edu/read/11998/chapter/10#p200148cc9960074001.
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The proposed technology is complex and would inevitably be very
expensive. The design requirements for GNEP’s form of light water reactor (LWR) spent fuel reprocessing are driven by the need to
separate the various radioactive spent fuel constituents into separate
streams to allow different solutions for each. Aside from the radioactive cesium and strontium, the main ones are the plutonium and
minor actinides neptunium, americium, and curium (shown in blue
in Figure A-1),167 which are destined for transuranic fast reactor fuel.
The longer-lived fission products, technetium-99 and iodine-129,
are to be sent to a geologic repository. There are also assorted other
radioactive products, including gases such as tritium and krypton;
uranium, which DOE wants to send to a low-level waste repository;
the cladding hulls, which are destined for a geologic repository; and
other wastes from the reprocessing process.
Even if GNEP worked as planned it would likely exacerbate the
nuclear waste problem, at least for a long time. The most important
thing to remember is that the hottest fission products would accumulate on the surface for hundreds of years. These fission products
are the reason that the NRC, the last time it looked at separation
and closed fuel cycles, in 1996, recommended the need for geologic
repositories. Putting less of the waste into a repository is a choice
we could make now without GNEP—we could leave the spent fuel
in surface dry storage and put nothing in a repository. Or we may
be able to site other repositories. GNEP’s notion that siting reprocessing plants and fast reactors and surface storage for radioactive
cesium and strontium would be easier is fanciful.
The need for specialized fast reactors comes from GNEP’s decision to burn the plutonium and minor actinides to further reduce the
repository heat load and long-lived radioactive isotopes. The main
heat source after cesium and strontium’s radioactivity subsides is
americium-241. A new type of fast reactor would have to be designed to burn actinide fuel (and, secondarily, to produce electricity). To make the scheme work would take about one fast reactor for
every four ordinary LWRs, so about 100 fast reactors out of a total
167. See https://www.nap.edu/read/11998/chapter/10#p200148cc9960074001.
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of, say, 500 nuclear units. DOE acknowledges fast reactors would
be more expensive than LWRs; but in our opinion DOE still underestimates the difference in capital and fuel costs.
Further, as pointed out in Chapter 4,168 it would take many cycles
through the fast reactors to burn up a large fraction of the actinides.
That means, in effect, the spent actinide fuel from the fast reactors
would be reprocessed many times (each time separating the hot
fission products for surface storage). The fast reactors’ spent fuel
would need an entirely new and different reprocessing technology.
Each cycle—residence in the fast reactor, cooling, reprocessing, and
fuel fabrication—would take a good many years. So in the best of
circumstances, many cycles would take the better part of a century.
But no one has yet fabricated such an actinide fuel, or designed a
reactor to burn it, or developed a reprocessing scheme that could
handle it. It is premature to be thinking of going beyond the laboratory with reprocessing and fast reactor technologies.
Finally, the GNEP concept applies only if there is a multifold expansion of nuclear capacity. However, even today’s optimistic projections involve a relatively small number of reactors (as of July 2007
no new reactors had been ordered); it would take hundreds more to
get into the GNEP ballpark. Nor is it plausible that GNEP would
facilitate such an expansion.
Proliferation: International Aspects of GNEP
The other main GNEP goal is antiproliferation, keeping additional countries from getting bombs. There is a lot of confusion about
this goal. GNEP’s fuel cycle is said to be "proliferation-resistant"
because it would keep plutonium mixed with other radioactive elements—the current choice is neptunium—to provide some selfprotection.
A committee member pointed out that mixing plutonium with mild168. See https://www.nap.edu/read/11998/chapter/6#p200148cc9970047001.
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ly radioactive neptunium is about as effective protection as mixing
it with highly enriched uranium, because neptunium-237 and uranium-235 have similar properties. Therefore, the proposed addition of
actinides to plutonium does not significantly increase the radiological barriers to theft or make it significantly more difficult to use the
material as an explosive. This feature of the reprocessing scheme is
really intended to protect against theft and terrorism in the supplier
countries that have reprocessing plants and has nothing to do with
antiproliferation.
The more important point—GNEP Strategic Plan (Section 2.1.2)—
is that the GNEP Strategic Plan is based on there being no technological fix that would make reprocessing safe enough to spread to
all countries. The GNEP Strategic Plan argues that antiproliferation
dictates finding a way to keep most countries from engaging in reprocessing. Thus GNEP would rely on fuel supply assurances to
dissuade most countries—call them B countries—from developing
their own enrichment or reprocessing facilities.
These countries would in effect lease fuel from a small number
of A countries and return the spent fuel containing plutonium. In this
scheme, only the A countries would reprocess and burn the plutonium-actinide mixture in their own fast reactors, so the B countries
would never have access to this nuclear explosive. GNEP assumes
the B countries would voluntarily forgo reprocessing to get assured
access to fresh fuel.
But if this decision were based on economics, there would not be
any reprocessing and recycle today (MOX, plutonium-based fuel, is
several times as expensive as low-enriched uranium fuel). And there
is no problem today for any country adhering to the Non-Proliferation Treaty (NPT) in buying uranium fuel, so what advantage would
GNEP assurances have over current fuel contracts? DOE’s Office of
Nuclear Energy (NE) said the extra assurances would make it even
more difficult than it now is for a country like Iran to justify its own
enrichment or reprocessing. That is not a serious reason to spend
tens of billions of dollars.
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It is also unclear why, as GNEP argues, the United States has to reprocess in order to provide fuel assurances. Since the GNEP idea is
that the B countries would just lease fresh fuel and send back spent
fuel, why would they care whether the spent fuel is reprocessed or
not?
There is also the problem of creating, beyond the NPT, another division of nuclear countries, the As and the Bs—or haves and havenots. One indicator of the likely reaction is that there are lots of volunteers to be "A" countries but, apparently, none to be a "B" country.
There is another problem: consistency. It is evident from the presentations to the committee that the administration does not intend to
take back foreign spent fuel—for one thing because doing so would
jeopardize congressional approval of the initial parts of the GNEP
program. So the nonproliferation part of GNEP is really about other
"supplier" countries—for example, France—taking back foreign
spent fuel. It is naïve to expect that the existing reprocessing countries would adopt the more complicated and expensive GNEP technology.The ultimate nonproliferation argument for GNEP is that
only if the United States engages in large-scale reprocessing can it
gain a seat at the table in international discussions about the rules
for nuclear energy use. The only thing to say about this is that the
United States is always going to have a seat at the table.
To sum up, the main point of our discussion is that GNEP’s antiproliferation goal does not provide a rationale for DOE-NE R&D on
reprocessing and fast reactors, whether in the context of GNEP or of
the original AFCI.
We do want to acknowledge that while we disagree with its planned
execution, we agree with some of GNEP’s underlying assumptions
about the dangers of easy access to plutonium: (1) that all grades of
plutonium, regardless of the source, could be used to make nuclear
explosives and must be controlled; (2) that widespread access to
reprocessing, no matter what the technology, is equivalent to access
to plutonium and poses an international security problem; (3) that
widespread use of MOX fuel by both weapons states and nonweap-

216

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

ons states is similarly risky, because the contained plutonium can be
extracted relatively easily; and (4) that even in the weapons states,
the plutonium must be in a self-protecting form.
Management
DOE-NE has no track record of successful project management. We
are unaware of any successful historical DOE model for bringing
technology to a commercial scale, as the agency intended to do under GNEP; nor was NE able to provide an example.
In fact, DOE has suffered chronic project management problems, as
recorded in numerous GAO reports, the latest of which169 states as
follows:
For years, GAO has reported on DOE’s inadequate management and oversight of its contracts and projects and on its
failure to hold contractors accountable for results. The poor
performance of DOE’s contractors has led to schedule delays and cost increases for many of the department’s major
projects. Such problems led us to designate DOE’s contract
management—defined broadly to include both contract administration and project management—as a high-risk area
for fraud, waste, abuse, and mismanagement in 1990…. Ultimately, in January of this year, we concluded that despite
DOE’s efforts to address contract and project management
weaknesses, performance problems continued to occur on
DOE’s major projects, and DOE contract management remained at high risk for fraud, waste, abuse, and mismanagement.
Congress has taken note of this in reviewing the FY 2008 budget.
169. Government Accountability Office, Department of Energy Consistent Application of Requirements Needed to Improve Project Management, GAO-07-518, May 2007. https://www.nap.edu/read/11998/
chapter/1#p200148cc8960075001
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The presentations to the committee by NE were also disappointing
in how they reflected on NE management capability. The briefing
points on GNEP were all pluses and no minuses, and the DOE managers were defensive about any possible deficiencies in their arguments and planning. Perhaps it is natural that they underplayed the
technological uncertainties and difficulties, but they also showed a
lack of the intellectual flexibility and depth that managers need to
address a complicated new subject. Nor did cost enter importantly
into their thinking. We had a similar impression of the Idaho National Laboratory presentations and reports.
We also doubt that the DOE laboratories are able to develop technology to full scale in a form that is attractive to the commercial
world. The problem is that the laboratory R&D environment is not
sufficiently cost-conscious. The laboratories have a lot of strengths,
but developing commercial technology is not one of them.
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"Commercial plutonium a bomb
material"
Victor Gilinsky, Bruce Goodwin, and Henry Sokolski
Japan Times
May 31, 2017

Y

ou would think that by now, in discussing the future of Japan’s plutonium stockpile, one fact would be incontrovertible: Commercial plutonium — often called reactor-grade
plutonium — can be used as an effective nuclear explosive material
in weapons. We are not talking about simple or primitive nuclear
weapons, but modern weapons comparable in sophistication and
performance to those held in the arsenals of the major nuclear powers.
Yet despite the availability of public information and repeated statements by knowledgeable officials, the advocates of commercial plutonium use as fuel still refuse to acknowledge the point. The respected Council for Nuclear Fuel Cycle (CNFC) prominently displays on
its website an article that dismisses concerns expressed by nuclear
experts over stockpiles of Japanese plutonium separated from power
reactor fuel. The Tokyo-based CNFC specifically criticizes expert
statements at meetings in Japan in 2015. As we were among those
experts expressing concern at those meetings, we think it is important to explain why CNFC is wrong.
It is understandable that CNFC defends commercial use of plutonium. The organization believes that plutonium use is essential to
long-term reliance on nuclear energy. It has been devoted for many
years, in its own words, to "promotion of peaceful uses of plutonium." It has relied on the assumption that plutonium from Japan’s
nuclear power reactors — of the so-called light water reactor (LWR)
type — cannot be used for bombs. The fact that it is now clear such
plutonium is useful for bombs threatens the foundation of CNFC’s
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thinking. It is difficult to convince the public that a plan to use many
tons of nuclear explosives to fuel power plants is an entirely peaceful one when 1 ton could be used to produce over 100 nuclear warheads. The usability of reactor-grade plutonium for weapons thus
threatens the whole nuclear fuel-cycle concept of CNFC. This includes not only extraction of plutonium by reprocessing and recycling it in LWRs, but also the planned use of plutonium from LWRs
to fuel a future generation of fast breeder reactors — the ultimate
goal of plutonium advocates.
CNFC is naturally looking for some way to protect its traditional
position on the necessity to use plutonium fuel in the face of undeniable facts about plutonium’s weapon usefulness. The council has
been forced to concede that it is indeed possible to use reactor-grade
plutonium for a nuclear "device." But it seizes on the difference between weapon-grade plutonium and reactor-grade plutonium, the
latter coming from spent fuel that has been irradiated for a much
longer time than weapon-grade plutonium produced in military
production reactors. The reactor-grade material contains an admixture of undesirable plutonium isotopes (other forms of plutonium).
CNFC insists the use of it for an explosive device poses difficult
technical problems. Such a device, in its view, would be too heavy
and bulky and dangerous to be a practical weapon. No country has
created an arsenal of such weapons, from which CNFC concludes it
would be "absurd" to think any country would do so in the future. It
goes on to flatly predict: "Nuclear weapons will never be made from
plutonium extracted from LWR fuels."
The problem is that CNFC’s thinking regarding the technical characteristics of nuclear weapons is 70 years out of date, and simplistic
as a result. The additional plutonium isotopes in reactor-grade plutonium increase the radioactivity, and therefore also the heat output,
of the material. But nuclear- weapon designers have found ways
to keep the devices from overheating, without significantly adding
to the weight. And fabricators can easily cope with the additional
radioactivity.
Some of the additional isotopes spontaneously release neutrons. In
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the first nuclear- weapon designs this neutron background would
tend to initiate a chain reaction too early and thus tend to reduce the
yield of the explosion and make it less predictable. But this is an
irrelevant consideration for the weapons use of this material by an
industrially advanced country.
Quoting from the U.S. Department of Energy Publication — Nonproliferation and Arms Control Assessment of Weapons-Usable
Fissile Material Storage and Excess Plutonium Disposition Alternatives dated January 1997: "Advanced nuclear weapon states such as
the United States and Russia, using modern designs, could produce
weapons from reactor-grade plutonium having reliable explosive
yields, weight, and other characteristics generally comparable to
those of weapons made from weapons-grade plutonium."
Until now, CNFC has apparently been unaware of this. This should
make CNFC aware of the essential equivalence of reactor-grade and
weapons-grade plutonium for modern nuclear weapons use. One of
us, having extensive experience in nuclear explosives design, can
attest to the truth of this U.S. government statement.
We would urge CNFC and others who hold similar views to reflect
on this and to reconsider their position on the weapon usability of
reactor-grade plutonium. It may have been tenable years ago, but no
longer. It would be a shame if those who guide Japan’s nuclear energy policy disregarded this fact out of suspicion that it is presented
for political purposes. It is undeniable that reactor-grade plutonium
— extracted from spent reactor fuel by reprocessing — can be used
for effective and powerful nuclear weapons.
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"Make US-Japanese nuclear
cooperation stable again: End
reprocessing"
Victor Gilinsky and Henry Sokolski
Bulletin of Atomic Scientists
June 27, 2018

I

n a little-noticed but remarkable statement last week, Japanese
Foreign Minister Taro Kono described a key pillar of the Japanese-American alliance—US-Japanese peaceful nuclear cooperation—as "unstable."170 His pronouncement comes on the eve of
the automatic renewal of the 1988 US-Japan peaceful nuclear cooperation agreement in July and days after US officials privately pressured Tokyo to reduce171 its vast plutonium holdings (some 45 tons
—which translates to nearly 9,000 nuclear bombs’ worth).
The starting point in dealing with this massive plutonium stockpile:
Keep it from growing. That means Tokyo needs to freeze plans to
open its large Rokkasho reprocessing plant, which can separate
eight more tons of plutonium a year.
The United States and Japan got to this awkward spot in the 1970s
and ‘80s, when Tokyo insisted it needed plutonium to fuel a future
generation of fast breeder reactors and sought permission to extract
it from irradiated US-supplied uranium fuel. We had earlier allowed
the Euratom countries to do this and so President Reagan, hesitating to distinguish among close allies, relented. As Under Secretary
of State Richard T. Kennedy told the Senate in 1982 in explaining
blanket approvals for Japan and Euratom, "The US will not inhib-

170. See http://www.asahi.com/ajw/articles/AJ201806170027.html.
171. See https://asia.nikkei.com/Economy/Reducing-Japan-s-plutonium-stockpile-easier-said-than-done.
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it or set back civil reprocessing and breeder reactor development
abroad in nations with advanced nuclear programs where it does not
constitute a proliferation risk … nations which regard the uses of
plutonium as crucial to meeting their future nuclear energy needs."
The 1988 understanding with Japan was the only US nuclear cooperation agreement with an individual country that granted blanket
reprocessing approval for the duration of the agreement (which, with
automatic extensions, effectively meant forever). The agreement approved reprocessing for Japan both in British and French reprocessing plants and in any that Japan itself might build. Meanwhile, Japan’s fast breeder development faltered (as did other such breeder
programs around the world), and Japan installed no commercial
reactors of this type. Because it has a large fleet of nuclear power
plants that produce spent nuclear fuel containing plutonium and reprocessing arrangements at home and abroad, Japan has amassed an
enormous plutonium stockpile.
The legal basis of this blanket approval was problematic from the
start. The General Accounting Office (GAO) told Congress172 that
the agreement was so permissive it violated the strict nonproliferation requirements in Section 131 of the US Atomic Energy Act. For
this reason, the Senate Foreign Relations Committee urged the Reagan administration to renegotiate the agreement, but the administration overrode Congressional opposition.173
In Section 131 b 2,174 the Atomic Energy Act requires that reprocessing of nuclear reactor fuel supplied by the United States, and
extraction of plutonium, take place only with US permission and
sets forth the standard for granting reprocessing approvals: The secretaries of Energy and State must find that the action "will not result
in a significant increase of the risk of proliferation." The "foremost
consideration" in making that finding is whether the United States
will have "timely warning," that is, "well in advance of the time at
172. See https://www.gao.gov/products/421758#mt=e-report.
173. See https://www.tandfonline.com/eprint/5fGtT8y3eEvrw9kmH99k/full.
174. See https://www.nrc.gov/docs/ML1327/ML13274A492.pdf#page=19.
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which the non-nuclear weapon state could transform the diverted
material into a nuclear explosive device."
The GAO rejected the Reagan administration’s claim that it was
complying with the law by making a one-time finding that Japanese
reprocessing would entail no "significant increase" in proliferation
risk. The GAO said that "it cannot be asserted with any degree of
confidence that over the succeeding 30-year period … the timely
warning standard can be applied in a systematic and effective way
to the blanket approvals at issue here."
The GAO was of course right. Japan has accumulated roughly 10,000
kilograms of plutonium at home and another 35,000 kg abroad over
the course of the agreement. Can anyone claim with a straight face
that this has not increased proliferation risks both in East Asia and
globally? Why otherwise would US officials have asked Tokyo to
reduce its plutonium holdings?
The plain fact is that the timely warning standard cannot be met
in dealing with separated plutonium because, as the International
Atomic Energy Agency acknowledges in its safeguards documents,
the material can be fashioned into a nuclear weapon in a matter of
days (in contrast with the low enrichment fuel used in common
power reactors, which is far from weapons-grade). It is impossible
to devise any system that can provide warning in time for an effective international response. A country with a scientific and technological base, if it had secretly done preparatory work, could probably arm nuclear weapons in a matter of weeks after accessing its
store of plutonium.
The official justification for allowing nuclear power systems based
on plutonium—a fuel that is also a nuclear explosive—argued that
they would be subject to IAEA inspections, which are intended to
deter diversion of fissile material to military use by providing warning in time to thwart any such diversion. But the IAEA couldn’t do
that in the case of separated plutonium, so something had to give.
What buckled was the definition of timely warning, which was rationalized to be met if we had sufficient confidence that the recipient
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of our exports would not build nuclear weapons. Hence, Under Secretary of State Kennedy could speak in 1982 of countries like Japan
where nuclear explosive materials do "not constitute a proliferation
risk."
The situation today, though, is radically different. The economic
prospects of civilian nuclear power are now generally far less favorable than they were then; the rationale for plutonium-fueled breeder
reactors, once widely believed to be the energy source of the future,
has essentially evaporated. There is no longer any reason to twist the
plain meaning of the Atomic Energy Act’s requirement for timely
warning. It effectively rules out approvals for plutonium separation,
and therefore for reprocessing. Whereas one could have once plausibly argued that this would impose a severe cost on Japan, the situation is now completely reversed: If Japan shut down its Rokkasho
reprocessing plant, it would now be freed from an outdated policy
and would save a great deal of money.
The Rokkasho decision is of course up to Japan. But the United
States should make clear where it stands, which it has not yet done.
Such a step should be part of an overall US approach to end plutonium separation throughout the world, for which current nuclear
power programs have no need. Nonproliferation and economics
point in the same direction: no reprocessing provisions in future 123
agreements and urging other countries that sell nuclear material and
technology to include such provisions in their agreements. The recent Korean summits emphasizing denuclearization and Secretary
Pompeo’s recent stand175 against reprocessing in the United Arab
Emirates, Saudi Arabia, and Iran are steps in the right direction.
They underline the importance of Japan ending its reprocessing.

175. See https://www.youtube.com/watch?v=CHY5KFYds1A.
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"Nuclear power’s weapons
link: Cause to limit, not boost
exports"
Victor Gilinsky and Henry Sokolski
Bulletin of the Atomic Scientists
September 20, 2018

T

he criticism that supporters of US nuclear exports have found
most difficult to counter has been that their wares give an importing country a big leg up on getting a bomb. For decades
the exporters’ response has been to pretend this was not so. Now
comes Michael Shellenberger, a prominent nuclear power advocate,
who casts all this aside. Yes, he writes,176 there is a strong link between nuclear electricity and weapons, and in fact most countries
that built nuclear power plants did so with weapons at least partly
in mind. But this is not so much a confession as a sales pitch. He
thinks the weapons potential of nuclear power plants actually prevents war—the weapons shadow cast by nuclear plants itself deters
enemies—and that this attribute should be exploited as a sales advantage by US nuclear exporters.
Shellenberger’s assessment of the nuclear power-weapons link is
important rhetorically because it comes from the nuclear side of the
house. He has been celebrated by the nuclear industry and the conservative press as one of the new breed, "pro-technology," environmental activists who joined the nuclear ranks and are not afraid to
do battle with their colleagues over nuclear power. So, his admission
about the closeness of civilian and military nuclear technology—realistically what lawyers call a declaration against interest—carries

176. See https://www.forbes.com/sites/michaelshellenberger/2018/08/29/for-nations-seeking-nuclear-energy-the-option-to-build-a-weapon-remains-a-featurenot-a-bug/.
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a certain weight and may convince people who have up to now resisted the notion.
But Shellenberger goes on. He was always a bit unrestrained in his
advocacy of nuclear power, and in speaking of nuclear weapons he
surpasses himself. In an earlier piece,177 he presents an anecdotal
case on why nuclear weapons were a cure-all for world conflict.
He said if only "weak" France had nuclear weapons in 1940 then
"strong" Germany would not have attacked. But what if Germany
was the one with the bomb?
He also points to India and Pakistan: They had three large wars before they armed themselves with nuclear weapons but none afterwards, only "border skirmishes" with relatively low casualties. And
if such conflicts got out of hand and led to nuclear weapon use, well,
not to worry—Shellenberger cites an academic "expert" who claims
that the nuclear conflict would surely be contained at the "tactical"
level. In truth, of course, no one has any idea.
That the presence of nuclear weapons has reduced the frequency of
war is an arguable proposition. But one only has to consider the experience of the Cuban Missile Crisis to realize it comes at the price
of gambling on nuclear war. Most people have forgotten about them,
but our nuclear forces are still on alert, and their use is not ruled out.
The "experts" speak of deployment for deterrence only, but deterrence is predicated on use in certain circumstances.
All these inescapable uncertainties apparently got swept away in
Shellenberger’s mind by the "Eureka" moment he describes in the
latest article: Based on a paper by a couple of political science professors, he asserts that a nuclear power program itself provides a significant level of "deterrence-related" benefits—"a bomb isn’t even
required." He says that when he thought of this, he almost fell off his
177. See https://www.forbes.com/sites/michaelshellenberger/2018/08/06/
who-are-we-to-deny-weak-nations-the-nuclear-weapons-they-need-for-selfdefense/#1e860dd522fb.
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chair. Why, he wondered, was this fact "not being promoted as one
of nuclear power’s many benefits?"
One reason is that it’s a ridiculous proposal based on half-baked
ideas.
But there is a serious side to this too. Unfortunately, his views, foolish as they are, are not so different from primitive views privately
held in high official and semi-official nuclear circles. It is useful to
bring them out of hiding, and we have to thank Shellenberger for
that.
Take the Bush Administration’s 2005 nuclear deal with India. It tore
a gaping hole in the Non-Proliferation Treaty and yet was described
as promoting nonproliferation. Is there anyone so foolish as to believe that hypocrisy? Or to doubt that India’s interest in the arrangement was mainly fortifying its nuclear weapons? And wasn’t the
notion of supporting India as a strategic foil to China at the core of
US interest?
Consider also the current administration’s efforts to negotiate a nuclear agreement with Saudi Arabia to facilitate nuclear exports to
that country. One doesn’t even have to speculate about the Saudis’
interest in bombs—the Crown Prince famously made that clear. And
from the US side, it is also clear that a reason to put nuclear technology in the hands of the Saudis is to frighten Iran.
The immediate nuclear issue now is what controls, if any, our government should impose on the proposed US-Saudi nuclear cooperative agreement. The sensible course from the security point of
view, which Secretary of State Pompeo has publicly backed, is to
make sure Saudi Arabia will not have the capacity to produce nuclear explosives—a controlling condition called the gold standard.
But the Saudis are pushing back on that—for obvious reasons—and
their supporters in the administration would like to relax the export
controls that would apply, in part to get the business but also to have
another stick to shake at Iran.
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We should have none of this. It has been settled US policy for decades that we don’t want more countries with nuclear weapons or
countries threatening to make them. Where we haven’t been consistent in applying that policy regarding nuclear power exports, we
need to make corrections, not by exporting more, but less.
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"Why Congress should say no
to yet another fast reactor
dream"
Victor Gilinsky and Henry Sokolski
Bulletin of the Atomic Scientists
June 4, 2019

I

n its effort to revive a moribund US nuclear industry, the Trump
administration has put itself in the hands of our national laboratories. The laboratories have used the opportunity to reach for
the public purse to pursue their nuclear dream, the same one that
they have had since the beginning of the nuclear age, and that now
has nothing to do with the country’s energy needs. The starting point
on their wish list is a multibillion-dollar "Versatile Test Reactor" at
the Idaho national laboratory, to test fuel for a new generation of
advanced "fast" plutonium-fueled reactors.
From the beginning, the nuclear power technologists have really had
one idea that gripped their imagination: that it is possible to build a
plutonium-fueled fast reactor ("fast" because the neutrons released
in the fission reaction are not slowed by a moderator) that produces
more plutonium than it consumes. This allows continually refueling
the reactor and using the excess plutonium to start more such reactors (hence the name "breeder reactors").
It sounds like getting something for nothing, but in reality, it means
using all the relatively cheap natural uranium as fuel instead of only
the less than 1 percent that is uranium-235, as is done in the current generation of power reactors. In principle, this hugely extends
the available fuel supply, a vital consideration in the early days of
nuclear energy, when uranium was thought to be a scarce material.
In the 1960s the US Atomic Energy Commission saw the fast breed-
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er reactor as the answer to the country’s long-term energy needs. It
organized itself to produce prototype breeder reactors that industry
would then replicate commercially. Breeder cores needed lots of
plutonium as an initial charge. This had to come from reprocessing
of spent fuel of existing reactors, so reprocessing was an essential
feature of the shift to a fast breeder future. "Atomic" commissions
in countries around the world followed this example, all with experts absolutely sure fast breeders would soon take over electricity
generation.
As we know, it didn’t happen. The fundamental flaw in the argument
was that uranium wasn’t scarce at all, there’s lots of it. Also, the
breeder and reprocessing technologies turned out to be much more
challenging and expensive than expected. Altogether, they didn’t
make economic sense.
Another negative element entered the equation in the late 1970s.
In their excitement over the fast breeder, the nuclear community
ignored the consequences of feeding plutonium, a fuel but also a
nuclear explosive, into commercial channels throughout the country, and ultimately the world. In 1976, to the dismay of fast-breeder
enthusiasts, President Gerald Ford announced that US non-proliferation objectives would take precedence and put the technology on
the shelf. He added that we could develop nuclear energy perfectly
well without it. Jimmy Carter continued these restrictive policies
with respect to plutonium.
None of this, however, changed the fast breeder’s Holy Grail status within the nuclear engineering community. That community got
another chance during the George W. Bush administration, under a
program called Global Nuclear Energy Partnership, or GNEP. This
time, instead of arguing uranium resource constraints, an economic
non-starter, they focused on the nuclear waste issue and claimed fast
reactors (now dubbed as "burners" rather than breeders) had special
advantages in dealing with waste.
GNEP proposed to "burn" the (mildly radioactive) longest-lasting
waste, by incorporating these elements into the plutonium fuel and
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consuming them along with the plutonium. The trouble was, making such fuel to commercial standards remained an unsolved problem, and the fast breeder prototype, slated for the Idaho nuclear lab,
never got off the ground. In any case, with the advent of the Obama
administration, the GNEP program was disbanded, and the Energy
Department’s fast reactor program dropped out of sight.
It is now returning for the third time in the guise of the Versatile
Test Reactor, which itself is derived from a fast breeder reactor design. Just like the old Atomic Energy Commission did half a century
ago, the Energy Department now tells us plutonium-fueled fast reactors are in our energy future, never mind economics or the dangers
of flooding the world with plutonium fuel. Under the heading of
"Putting America First,"178 the Energy Department tells us building
fast reactors is essential for "protecting our interests," apparently
because the Russians and the Chinese, unconstrained by economics, would be building them, and we would fall behind. It is thus
"imperative" to build the several-billion-dollar VTR as a first step.
The first surge of interest in fast breeders the 1960s had a certain
rational basis in resource economics, even though it got the basic
facts wrong about the scarcity of uranium. The second surge, during the George W. Bush administration, however poorly conceived
and opportunistic, was an effort to take advantage of a real public
concern about disposal of nuclear waste. The current third push, using the Versatile Test Reactor as the thin end of a larger wedge of
government support for fast breeder reactors, is based far less on
economics or concern about waste than purely on patriotic slogans.
We don’t need it. Congress should say, "No."

178. See https://www.energy.gov/ne/articles/doe-theres-definite-need-fast-testreactor.
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"The Energy Department’s
Dangerous Plutonium Dream"
Victor Gilinsky and Henry Sokolski
The American Interest
June 25, 2020

I

t seems, like moths drawn to a flame, nuclear power enthusiasts
cannot resist the lures of plutonium. How else can you explain
the recent179 remarks by the Energy Department’s Assistant
Secretary for Nuclear Energy, Rita Baranwal, supporting U.S.
reprocessing and even foreign (including Japanese and Indian) reprocessing of used fuel from U.S. nuclear power plants to extract
plutonium? She is not alone. The nuclear engineers’ professional
society, the American Nuclear Society,180 and the industry lobby,
the Nuclear Energy Institute,181 have been urging the Nuclear Regulatory Commission to get to work on the rules for licensing reprocessing plants. All this despite it being clear for decades that reprocessing nuclear fuel makes no economic sense, and despite there
being no proposals for any such U.S. commercial facilities.
The original idea, dating from the 1960s, was to reprocess spent
uranium fuel used in light water reactors to extract its contained plutonium and to use it to fuel a new generation of advanced reactors,
so-called fast breeder reactors. These could in effect produce more
plutonium than they consume. Suffice it to say, this was an intoxicating idea, propounded by the old U.S. Atomic Energy Commission
(AEC) and all the other nuclear bureaucracies throughout the world.

179. See https://www.exchangemonitor.com/doe-nuclear-energy-chief-reaffirmsinterest-foreign-reprocessing-u-s-spent-fuel/?printmode=1.
180. See https://www.ans.org/news/article-222/ans-backs-nrc-rulemaking-onspent-fuel-reprocessing/.
181. See https://www.nrc.gov/docs/ML1119/ML111930124.pdf.
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They painted a nuclear future in which fast reactors (fast because
the neutrons were fast) would power the globe with an essentially
infinite supply of plutonium fuel—a nuclear nirvana. The trouble
was, all the underlying economic assumptions were wrong, and are
even more wrong now.
The nuclear dream also involved pretending the international security risks could be adequately managed by international inspections
by the Vienna-based International Atomic Energy Agency (IAEA).
But basing energy production on a fuel that is also a nuclear explosive, and urging the entire world to do so, would if successful lead to
large flows of nuclear explosives in international commercial channels. Such a flow of bomb-capable material is beyond the capacity
of international inspectors to protect. In 1976, after a White House
study, President Gerald Ford concluded that we should not plan for
commercial use of plutonium until the world can cope with the associated risks of proliferation. Does anyone think that we have solved
this problem?
The George W. Bush Administration tried to revive U.S. reprocessing under a program called the Global Nuclear Energy Partnership,
but at least it was clear that commercial plutonium was usable for
military weapons and that international safeguards were not adequate protection against countries prepared to divert it to weapons.
Moreover, the key document added, "there is no technology ‘silver
bullet’ that can be built into an enrichment plant or reprocessing
plant that can prevent a country from diverting these commercial
fuel cycle facilities to non-peaceful use."
Assistant Secretary Baranwal surely knows all this. But the potential
of making use of nearly all the uranium instead of a couple of percent’s worth is such a neat idea that she and other nuclear engineers
have apparently convinced themselves they can see past the cost
hurdles and international security risks into the distant future of harmonious efficiency. Baranwal harps on the notion that disposing of
spent nuclear fuel means throwing away a huge amount of energy.
"As somebody who has spent the entirety of my career in nuclear
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fuel, to me it’s devastating that we call it waste."
This is like saying that not using the energy in ocean waves, or all
the sunlight shining on the Earth, means wasting energy, ignoring
the prohibitive cost of getting the energy out. It’s a childish argument. David Lilienthal, the first AEC chairman and a great and practical builder, said that in his experience engineers were naïve.
When it comes to naïveté, though, nothing can match Congress. The
Republicans on the Senate Environment and Public Works Committee naturally support everything nuclear—all they had to hear was
that we are losing the race to Russia and China—and have passed
legislation to encourage "advanced reactors," the Nuclear Innovation and Modernization Act (NEIMA) of 2019. They managed to
rope in a couple of Democrats182—Sheldon Whitehouse (D-RI) and
Cory Booker (D-NJ).
Senator Whitehouse, in particular, has become a key a promoter
for advanced reactors, which he believes will somehow eliminate
the nuclear waste problem, apparently not realizing that he is buying into the thin end of a large wedge. At a January 15, 2020 hearing183 of the Senate Environment and Public Works Committee,
Whitehouse spoke plaintively about "repurposing" our stockpile of
nuclear waste, by turning it into "something that could be positive."
Turning the stocks of spent fuel into something "positive" would
mean massive reprocessing, which would entail massive negatives.
In her pitch184 for support, Baranwal said, "I do think this is an area

182. See https://www.epw.senate.gov/public/_cache/files/6/4/6485c017-07c24ee8-a690-4c86b645feac/849DF8BB792DF0BC456C2CF4303DBE
BF.05.14.2020-letter-to-the-nrc-on-the-advanced-reactor-rulemaking.pdf.
183. See https://www.epw.senate.gov/public/index.cfm/2020/1/one-year-ofprogress-an-update-on-implementation-of-the-nuclear-energy-innovation-andmodernization-act.
184. See https://www.exchangemonitor.com/doe-nuclear-energy-chief-reaffirmsinterest-foreign-reprocessing-u-s-spent-fuel/?printmode=1.
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where there can be plenty of international collaboration." That seemingly mild comment pronounces a devastating verdict on the economic usefulness of reprocessing technology. Valuable technologies
are not offered up for "international collaboration." Can we really
justify wasting money to mimic the command nuclear bureaucracies
of Russia and China? It is time to reassess the role of nuclear energy
realistically, free of the nuclear shibboleths of the past.
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