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Outline
• Why liquid-sodium-cooled breeder reactors failed.
• Why separating plutonium by reprocessing spent nuclear is
not economical.
• How France’s AREVA has tried to make money off of
reprocessing and MOX fuel fabrication.
• Stocks of civilian separated plutonium (a nuclear-weapon
material) have been growing.
• Why reprocessing is not necessary for radioactive waste
management.
• The danger of accidents at reprocessing plants.
• The problem of tritium discharges.

In the 1970s, plutonium breeder reactors were projected to
dominate a much larger nuclear power reactor fleet
U.S. Atomic Energy
Commission (1974)
Similar projections were made
by many other countries and
by the IAEA for global
nuclear capacity
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Monju illustrates problems due to liquid sodium cooling
1995 sodium fire

2010 refueling machine accident

Cost per kiloWatt-hour increases if reactor operates little
Average “capacity factor” for water-cooled reactors ~ 80%.
For sodium-cooled “demonstration” reactors, mostly <20%
Country

Reactor

Power

Lifetime Capacity Factor*

20 MWe

0.2%

China

BN-20

France

Superphénix (1985-98)

1200

8% (sodium leaks)

Germany

SNR-300 (1991)

300

Did not receive safety license

Japan

Monju (1994-)

246

1% (sodium fire)

UK

PFR (1975-94)

500

19% (sodium leaks)

USA

Clinch River

300

project cancelled

Russia

BN-600 (1980-)

560

74% but 15 sodium fires

“Sodium-cooled reactors are “expensive to build, complex to
operate, susceptible to prolonged shutdown as a result of even
minor malfunctions, and difficult and time-consuming to repair.”
– Admiral Hyman Rickover, developer of the pressurized water reactor for U.S.
nuclear submarines, 1956
*IAEA Power Reactor Information System

After 50 years and $100 billion of research, development
and demonstration, liquid-sodium-cooled reactors,
are 0.4% of global nuclear power capacity

Reactor Type
Water cooled
Gas cooled
Sodium cooled
(2 reactors in Russia, 1 in China)
* IAEA Power Reactor Information System

Capacity*
97.7%
2%
0.4%

Today’s fuel cycles (31 countries):
Once-through (25 countries) and plutonium separation (6)

From one waste form, many
(Pu use, 12% LEU savings at 10x the cost per ton of fuel)
India & Russia reprocess to recover plutonium for proposed breeder reactors.
China plans to do the same. UK is quitting.
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Most of the plutonium is
not fissioned but the
spent MOX fuel would
not be reprocessed again
but would be stored
indefinitely waiting for a
future fleet of Monjus.

France, Russia and the UK sold reprocessing services.
Only the Netherlands renewed.
Countries that reprocess (6) Countries that have or plan
Countries that store
9
(GWe, [10 Watts])
to quit reprocessing (14)
spent fuel (11)
Large-scale for MOX
Armenia (in Russia)
0.4 Argentina
1.6
France
63.1 Belgium (in France)
5.9 Brazil
1.9
Japan
18-40.2 Bulgaria (in Russia)
1.9 Canada
13.5
Czech Rep. (in Russia) 3.9 Iran
0.9
For breeder RD&D
Finland (in Russia)
2.8 Mexico
1. 4
China (pilot plant, 2011) 31.4 Germany(in France/UK)10.8 Pakistan
1.0
India
6.2 Hungary (in Russia)
1.9 Romania
1.3
Russia (pilot plant, 1977) 26.6 Slovakia (in Russia)
1.8 Slovenia
0.7
Spain (in France, UK) 7.1 South Africa
1.9
Remaining customer
Sweden (in France/UK) 9.7 South Korea
23.1
Netherlands (in France) 0.5 Switzerland (France/UK) 3.3 Taiwan, China
5.1
UK (stopping, ~2018)
8.9
Ukraine (in Russia)
13.1
United States (1972)
99.9
Total
146-168 Total
171
52

France’s AREVA now sells reprocessing and MOX
plants and also decommissioning and cleanup services
Reprocessing plants. Japan (Rokkasho); U.S. (attempted
during the G.W. Bush Administration); China
MOX plants. Japan (Rokkasho); U.S.; UK (attempting)
%
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Growth of civilian plutonium stocks by country
Customer countries have stopped reprocessing and are using up their stocks.
UK is ending its reprocessing program and puzzling over its disposal options.
France and Russia continue to build up their stocks.
Japan
300planning large-scale plutonium separation starting in 2018.
European customer
countries + India & China
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The radioactive waste argument
Plutonium breeder reactors have not been commercialized.
Reprocessing and plutonium use in MOX fuel save a small amount of
uranium at great cost but create new waste streams and risks of
nuclear proliferation and nuclear terrorism.
Now reprocessing advocates make another argument:
“We can’t bury plutonium (and other transuranic elements) because it
could come to the surface thousands of years from now.
“Therefore we have to separate out and fission it.
“The best way to fission it is with fast-neutron reactors, the same
reactors that we have been developing for breeding plutonium.
“Therefore we must continue to develop sodium-cooled reactors.
“Although Japan’s Monju and France’s Superphénix have failed, we
must join with France to build ASTRID as a plutonium burner
reactor.
“That way, we also can keep the breeder dream alive.”

Problems with the radioactive waste argument
1. Even if all conventional nuclear power plants were shut down today,
generations of costly reactors and reprocessing plants would have to
operate for hundreds of years to eliminate 99% of the already
existing plutonium.*
2. Plutonium is relatively immobile deep underground. Other
radioisotopes would dominate any leakage to the surface.
3. Reprocessing and fabricating plutonium fuel would create much
more serious contamination problem on the earth’s surface than
leakage from a deep underground repository ten thousand years
from now.

* Nuclear Wastes: Technologies for Separations and Transmutation (National
Academy Press, 1996) Figure 4.5.

Ingestion toxicity of spent fuel would be reduced. But who
would dig 500 meters down to eat spent nuclear fuel?

J. Magill, et al., “Impact
limits of partitioning
and transmutation
scenarios on the
radiotoxicity of
actinides in radioactive
waste,” Nuclear Energy
Vol. 42, No. 5, Oct.
2003, 263–277.

Many toxic elements underground but we don’t eat deep
rocks and they don’t poison us on the surface.

straightforward to express analytically. See further Section 13.5.10.

Doses
on the surface are determined by relative solubility.
Table 13-5 shows peak annual doses from the pulse releases from the instantaneously released fracIRF, for the deterministic calculation. The IRF inventory at 100,000 years has been multiplied
Intion,
Sweden’s
repository
study, dominated by radium, a
by the pulse LDF values given
in Table 13-2.
It is noted that
these doses are, for
nuclides, higher A
than the
peak doses from
the continuous
decay
product
ofsomeU-238.
billion
tons
of U-238 already
releases in Figure 13-16.
in Japan’s rocks down to 500 meters.
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Ra226
Ni59
Se79
Np237
I129
Nb94
Pb210
Pu239
Tc99
Ac227
Pu242
Th229
Zr93
U233
Pa231
Sn126
Cl36
Total

(2.6)
(1.3)
(0.68)
(0.24)
(0.15)
(0.11)
(0.044)
(0.024)
(0.018)
(0.014)
(0.013)
(0.0082)
(0.0063)
(0.0060)
(0.0037)
(0.0031)
(0.0013)
(3.2)
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Figure 13-16. Far-field annual effective dose for a deterministic calculation of the central corrosion case.
The legends are sorted according to descending peak annual effective dose over one million years (given in
brackets in µSv). SKB, Long-term safety for the final repository for spent fuel at Forsmark: Main report of the SR-Site Project, Vol. III (TR-11-01, 2011).

An emerging consensus that repository benefits of
reprocessing and transmutation are not worth it.
“None of the dose reductions seem large enough to warrant the
expense and additional operational risk of transmutation.”
– U.S. National Academy of Sciences, 19961

“Transmutation of minor actinides should not significantly alter the
radiological impact of deep geological disposal, which is mainly
due to fission and activation products.”
– Nuclear Safety Authority of France, ANS, 20132

”If our aim isn’t to utilize resources [with breeder reactors], then it
would be better to dispose of the waste directly without
reprocessing it.”
– Osamu Tochiyama, chair, METI technical working group on radioactive waste
disposal, 1 May 20143
1. Nuclear Wastes: Technologies for Separations and Transmutation (National Academy Press, 1996), p. 3.
2. ANS, “Opinion No. 2013-AV-0187 of July 4, 2013, transmutation of long-lived radioactive elements”
3. “As I See It: Gov’t needs to look at options on handling disposal of radioactive waste,” Daisuke Yamada, Mainichi, 1 May 2014.

Reprocessing increases risk. 1957 reprocessing accident in the
Soviet Union that was covered up by intelligence services to protect
reprocessing in the West. ~ 1000 km2 evacuated (same as Fukushima).

Will China and South Korea build up
their own huge stockpiles of “civilian”
plutonium?

Korean Atomic Energy
Research Institute has
been seeking reprocessing
technology since 1970s.
Today, 54% of South
Koreans want nuclear
weapons (January 2015)

Reprocessing discharges
huge quantity of
radioactive tritium in
water and therefore
needs to be on the
ocean.
In China, Lianyungang
City has rejected
hosting a Frenchdesigned Rokkashotype of reprocessing
plant.

Conclusion: Advocates of reprocessing and
breeders are facing increasing challenges
• The failure of Monju shows again that sodium-cooled reactors are
not economic.
• In the UK, reprocessing is being abandoned because Électricité de
France refused to pay for it.
• In France, the government has not yet allowed Électricité de France
to refuse to pay for reprocessing but AREVA’s plant is wearing out
and reprocessing may soon become unaffordable.
• South Korea’s government is giving priority to spent fuel storage.
• The Abe Administration is forcing Japan’s ratepayers to pay for
reprocessing; China’s government is trying to do the same but, since
Fukushima, the publics have become more skeptical.
• How long can advocates of reprocessing and breeders in these
countries have their way?

If we continue to point out that the emperor is wearing
no clothes, eventually he will wake up to the fact.

