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Overcoming the challenge of disposing of separated plutonium!

Frank von Hippel
(for the journal of the Japan Association of Disarmament Studies)

Four years after the end of the Cold War, in 1993, the number of U.S. operational
nuclear warheads had dropped by half from about 20,000. The number was halved
again between 2003 and 2008 and was 4717 as of 30 September 2014. (About 2,500
excess warheads were still in the dismantlement queue as of that date.) 2. The
plutonium-containing “pits” from the dismantled warheads are stored in bunkers at the
Department of Energy’s Pantex warhead assembly-disassembly facility in Amarillo,
Texas. Some five thousand of these pits are being held as a reserve but the remainder
has been declared excess

In 1994, U.S. declared as excess for weapons purposes 38 tons of its weapon-grade
plutonium and all its non-weapon-grade plutonium. This declaration of excess was
later increased to 61.5 tons of plutonium, including plutonium in government-owned
spent fuel and waste -- well over half of the total of about 100 tons that US possessed
as of September 30, 1994.3

A U.S. National Academy of Sciences study concluded that diversion of the Russian
and U.S. weapons plutonium that was being recovered from excess Cold War warheads
was “a clear and present danger” and urged that it be disposed of in a way that would
make it at least as inaccessible to potential terrorists as the plutonium in spent nuclear
fuel.4

In 2000, Russia and the U.S. agreed to each dispose of 34 tons of weapon-grade
plutonium — mostly in mixed oxide (MOX) uranium-plutonium fuel for light water
reactors (LWRs). Disposal at a rate of at least 2 tons a year by each country was to
begin by 2008.5

1 This article is based on a talk delivered at the meeting cosponsored by JADS on June 20, 2015,
which in turn is based primarily on two 2015 reports from the International Panel on Fissile
Materials (IPFM), Alternatives to MOX- Direct-disposal options for separated plutonium and
Plutonium Separation in Nuclear Power Programs Status, Problems and Prospects of Civilian
Reprocessing Around the World.

2 Report of the United States of America [to the 2015 Nonproliferation Review Conference] Pursuant
to Actions 6, 20, 21 of the 2010 Nuclear Non-Proliferation Treaty Review Conference Final
Document, April 27, 2015, pp.7-8.

8 Plutonium-’ The first 50 Years — United States Plutonium Production, Acquisition and Utilization

from 1944 through 1994 (U.S. Department of Energy, 1996); and The United States Plutonium

Balance, 1944-2009 (U.S. National Nuclear Security Administration, 2012); and IAEA,

“Communication Received from the United States of America Concerning its Policies Regarding the

Management of Plutonium” INFCIRC/549/Add.6/17, 6 October 2014.

Management and Disposition of Excess Weapons Plutonium (National Academy Press, 1994).

Agreement between the Government of the United States of America and the Government of the

Russian Federation Concerning the Management and Disposition of Plutonium Designated as No

Longer Required for Defense Purposes and Related Cooperation, 2000, Article IV.

(- 3

13



EMEWTZS: Disarmament Review  Vol.6, 2015

The U.S. pledged financial support from itself and its allies for Russia’s plutonium
disposal program® but the costs of both MOX programs increased and their schedules
slipped, while it became clear that the U.S. Congress’ willingness to fund the Russian
program was limited and Russia was not interested in putting significant funds of its
own into LWR MOX. At the same time, Russia’s nuclear-energy establishment had a
long-term interest in developing and demonstrating plutonium breeder reactors. In
2010, therefore, the two sides amended their agreement to allow Russia to use its 34
tons of excess weapons plutonium as fuel in that program. The deadline for beginning
plutonium irradiation slipped to 2018 and the minimum amount to be irradiated
annually was reduced to 1.3 tons per year.

The U.S. continued with its LWR MOX program. Indeed, it eliminated a second track
that would have added 8.4 tons of impure metal and oxide into the radioactive glass in
which the fission products from which U.S. plutonium had originally been separated is
being immobilized for disposal.”

The cost of the U.S. program continued to increase and its schedule continued to slip,
however. By 2013, the cost estimate of $1 billion in 2002 for construction of the MOX
Fuel Fabrication Facility ($1.5 billion in 2014 dollars) had grown to $8 billion and the
projected operating cost of the completed facility had grown from $100 million per year
to over $500 million per year. The U.S. National Nuclear Security Administration, the
agency within the Department of Energy responsible for executing the program,
therefore decided in 2013 to conduct an assessment of alternative plutonium disposal
options.8

The larger plutonium disposal problem

The problem of disposing of plutonium is not limited to the military program, however.
Indeed, today, globally, there is about as much separated civilian as weapons
plutonium — about 250 tons of each. This civil plutonium is also weapon-usable,
equivalent to more than 30,000 weapons using the IAEA formula of 8 kg per bomb.
The weapons plutonium stocks are dominantly in Russia and the United States. The
civilian stocks are dominantly in the U.K., France, Russia and Japan. India and
China have smaller civilian plutonium programs.

Separation of civilian plutonium from the LWR spent fuel had been launched on a
large scale in the 1960s in the expectation that the era of LWRs would be short because
of a limited global resource of low-cost uranium. LWRs use efficiently only the
chain-reacting isotope U-235, which comprises 0.7 percent of natural uranium.
Uranium-238, which makes up virtually all of the remaining 99.3% can be converted
into chain-reacting plutonium by neutron absorption in a nuclear reactor, however. To
take full advantage of this fact, programs were launched in the advanced industrial
countries to develop plutonium “breeder” reactors that would be fueled by plutonium
while making more plutonium than they consumed thereby making abundant U-238
their ultimate fuel.

6 2000 Plutonium Management and Disposition Agreement, Annex on Assistance.

7 2000 Plutonium Management and Disposition Agreement as amended by the 2010 Protocol.

8 Report to Congress: Disposition of Surplus Defense Plutonium at Savannah River Site (National
Nuclear Security Administration, February 15, 2002) and Department of Energy FY 2014
Congressional Budget Request, April 2013, p.DN-119.
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In order to breed excess plutonium, it is necessary, however, to have a chain reaction
that produces more excess neutrons than are produced in LWRs. This could be done
with fast neutrons but the water that cools LWRs slows down neutrons after a few
collisions with light hydrogen nuclei. Another coolant was therefore required. Molten
sodium was chosen.

Sodium burns on contact with either air or water, however. This makes it difficult to
both maintain and refuel breeder reactors. Almost all prototype breeder reactors have
proved to be costly and unreliable.® Also, global nuclear capacity plateaued beginning
in the 1990s while much more low-cost uranium was found. The problem of increasing
uranium prices therefore did not materialize and the expected rapid commercialization
of breeder reactors starting in the 1990s did not happen. Indeed, only three prototype
breeder reactors have been built since 1985, Monju (280 MWe, 1995) in Japan, which
was shut down by a sodium fire after few months of operation, India’s Prototype Fast
Breeder Reactor (500 MWe) and Russia’s BN-800, both of which are expected to begin
operation in 2015.

This means that it has been necessary to find an alternative use of the civilian
plutonium stockpiles in France, Japan and the United Kingdom.

France. France led in this effort by launching a program to make its plutonium into
MOX fuel for its 900-MWe pressurized water reactors starting in 1987.10 This has
worked technically but not economically. In 2000, a review for France’s Prime Minister
found that the cost of producing MOX fuel was five times higher than the cost of
producing the low-enriched uranium fuel that it was replacing.l! The ratio may be
about double that today because, at the time, about 50 percent of France’s reprocessing
capacity was being used by foreign customers — notably Germany and Japan. Today,
that percentage is down to about one percent and Electricité de France (EDF) has to
support virtually the entire cost of France’s reprocessing and MOX fuel fabrication
complex. Nevertheless, as a matter of policy France’s government continues to require
that EDF separate and recycle the plutonium in its spent low-enriched uranium fuel
and has attempted to recoup some of the loss by trying to sell reprocessing plants to
China and (during the G.W. Bush Administration) the United States. EDF owns the
UK’s nuclear power plants as well and refused to renew its reprocessing contracts
there.

France also may be encountering problems with its MOX program. Approximately half
of its plutonium stock — about 30 tons — is in the form of unusable MOX. Furthermore,
the 900-MWe reactors that France is using to irradiate its MOX fuel are its oldest and
will mostly reach 40 years of operations within the next decade, and could be shut
down if France’s government continues with its policy of reducing France’s dependence
on nuclear power from 75 to 50 percent by 2025. Finally, EDF is concerned about the
cost of reprocessing and has been forcing cost cuts on AREVA, the government-owned
company that owns France’s reprocessing and MOX fuel fabrication plants. This has

9 Fast Breeder Reactor Programs: History and Status (IPFM, 2010). The most reliable breeder
reactor has been the Soviet/Russian BN-600, which has operated with a lifetime capacity factor of
about 75% (IAEA, Power Reactor Information System).

10 Mycle Schneider and Yves Marignac, Spent Nuclear Fuel Reprocessing in France IPFM, 2008).

11 J M. Charpin, et al, Report to the Prime Minister [of Francel: Economic Forecast Study of the
Nuclear Power Option, 2000. For a summary of the cost analysis, see Frank von Hippel, Managing
Spent Fuel in the United States: The Illogic of Reprocessing IPFM, 2007) p. 38.
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contributed to AREVA’S financial problems that forced it to sell a majority stake in its
reactor division to EDF in June 2015 with a government bailout likely still required.!2

Japan. In connection with its plan to use separated plutonium as startup fuel for
breeder reactors, Japan shipped spent fuel to France and the UK to be reprocessed
during 1969-2001. Japan also started operating its own pilot scale reprocessing plant
in the 1970s and launched the construction of a large-scale reprocessing plant in 1993.

Japan’s breeder program stalled, however, and it decided to follow France’s example
and use its stockpile of separated plutonium in MOX fuel for LWRs. Japan’s MOX
program too has been delayed, however. More than 20 tons of Japanese plutonium had
been separated in France by 1999 but, because of local political opposition, less than
two tons had been irradiated in MOX before the 2011 Fukushima accident. Another 2.5
tons had been shipped in MOX fuel from France to Japan but not used. No MOX fuel
from the UK has been used in Japan due to UK’s failure to operate its MOX fuel
production facility, which is discussed below.

As a result of these delays of its MOX program, as of the end of 2014 Japan had 47.8
ton of separated plutonium: 10.8 tons in Japan, 20.7 tons in UK, and 16.3 tons in
France. According the secretariat of the Japan Atomic Energy Agency another ton is to
be allocated to Japan by the UK by the time the UK’s THORP reprocessing plant for
LWR spent fuel ends its operations around 2018.

Japan’s plan, however, still is to complete in March 2016 the construction of the
Rokkasho reprocessing plant with a capacity to separate about 8 tons of plutonium.
The current planned startup date of Japan’s J-MOX fuel fabrication facility, located on
the same site, is October 2017. Both dates are likely to slip. In any case, between the
dates when the Rokkasho Reprocessing Plant and J-MOX begin operations, Japan’s
domestic stock of separated plutonium will grow further. It will continue to grow
thereafter if J-MOX does not operate well enough to keep up with the rate of plutonium
separation — as happened in the UK — or if there is insufficient light water reactor
capacity with local approval to use the MOX fuel at the rate at which it is produced —
as was the case for the MOX fuel imported from France during the ten years before the
Fukushima accident.

Proceeding with reprocessing with neither a proven MOX fuel production plant nor a
proven MOX fuel use program therefore puts into question the credibility of the
Government of Japan’s policy of not accumulating excess stocks of unirradiated
plutonium.

United Kingdom. The UK ended its breeder program in 1994. It only has one LWR, and
therefore did not mount a MOX program for its own use. It continued reprocessing the
fuel of its COz-cooled power reactors, however, and today owns about half of the global
stock of separated civilian plutonium. The UK did build a MOX fuel fabrication plant
in order to fabricate MOX fuel for its foreign reprocessing customers — primarily Japan,
which accounted for 60% of its foreign reprocessing business. The MOX plant was
abandoned in 2011, however, after ten years of failed efforts to get it to operate at even
a modest fraction of its design capacity.

12 “Slimmed-down Areva will need large capital increase-CEO” (Reuters, 30 July 2015), at
http://www.reuters.com/article/2015/07/30/areva-capital-idUSL5N10A47120150730#aS91zbTYKvH
gBqt.97.
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None of the UK’s domestic or foreign contractors renewed their reprocessing contracts.
Reprocessing will therefore end when the current contracts are completed. By then, it
is projected that the UK will have 140 tons of separated plutonium to deal with,
including about 20 tons of Japanese plutonium. In 2005, the UK’s nuclear reprocessing
complex was taken over by the UK Nuclear Decommissioning Authority (NDA). The
NDA has begun to consider plutonium disposal options but is still far from a conclusion.
Given the already huge size of its own plutonium disposal problem, UK has offered to
take ownership of foreign plutonium it is storing including Japan’s for a suitable
payment.

Non-MOX plutonium disposal options

The U.S. is the furthest along in considering non-MOX options for plutonium disposal.
Currently, its favored non-MOX option is to blend down plutonium oxide with a
classified mix of dry chemicals from which plutonium would be difficult to separate.

Then the mix would be placed in pipes inside overpack drums and emplaced in the U.S.
Department of Energy’s (DOE’s) geological repository for plutonium-contaminated
waste, the Waste Isolation Pilot Plant (WIPP) in New Mexico. There is a debate,
however, on whether all of the DOE’s excess plutonium could be disposed in WIPP
without a relicensing process, which could become controversial in New Mexico.

DOE currently considers that it is too late to revive its previous non-MOX option of
placing the plutonium inside the glass within which it is fixing the high-level military
reprocessing waste at its former plutonium production Savannah River Site (SRS) in
South Carolina. That judgment may be subject to reconsideration, however, if it proves
possible within a few years to begin to immobilize the plutonium in matrix such as
ceramic inside cans in an existing SRS plutonium handling facility and then emplace
the cans on a framework in the canisters that are to be filled with radioactive glass.
This i1s the so-called “can-in-canister” approach. If all the SRS high-level waste is
glassified before all the excess plutonium is immobilized, immobilized plutonium could
be shipped to the other U.S. former military production site on the DOE’s Hanford Site
in Washington State. High-level waste glassification has not yet begun there.

Another possible approach that the DOE has under development is deep borehole
disposal in which compact radioactive waste forms such as immobilized plutonium
could be deposited in boreholes up to 5 kilometers deep. The political willingness of
local governments to host a borehole project remains to be tested, however.

Probably all of these approaches should be pursued -- at least until it is established
that the political and technical obstacles can be overcome for at least one.

Given the failures of their MOX programs thus far, the UK and Japan might wish to
join the U.S. in this exploration. Given the growing problems it is having with its
MOX program, France may as well.

A first step for Japan would be to abandon its plans to separate more plutonium.

During 1983-90, von Hippel worked with President Gorbachev’s science advisor,
Evgenyi Velikhov, to develop successful initiatives to end nuclear testing and the
production of plutonium and highly enriched uranium for weapons.
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Von Hippel has advised U.S. Administrations and Congress on nuclear security issues
since the Carter Administration. During 1993-4, he served as Assistant Director for
National Security in the White House Office of Science and Technology Policy and
played a major role in developing U.S. - Russian cooperative nuclear initiatives,
including programs to strengthen the security of Russia’s nuclear materials, to shut
down Russia’s last three plutonium-production reactors and eliminate excess stocks of
weapons plutonium.

For the past four decades, von Hippel also has worked on reactor safety issues and, for
the past three years, has served as a member of the U.S. National Academy of Sciences
Committee on Lessons Learned from Fukushima, which currently is completing its
phase II study on risks from spent fuel storage pools.
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