East Asian Nuclearization
Is Trump Wrong?
Is the further nuclearization of East Asia inevitable?
Technically, how easy might it be for Japan, South Korea, and China to exploit their civilian
nuclear infrastructure to make large numbers of nuclear weapons? How far could they go?

Is it clearly the case, as Mr. Trump argues, that we “may very well be better off”
if Japan and South Korea went nuclear?
What are the potential negative military implications of such a move for US alliance relations,

military security in East Asia, and nuclear restraint more generally?
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How easy could it be for China to enlarge its nuclear arsenal dramatically
and for Japan and South Korea to get nuclear arsenal's of their own
by exploiting their civilian nuclear infrastructures.

What would be the security implications?

People’s Republic of China

Republic of Korea
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Presentation topics:
• Technical Issues: Nuclear weapons capabilities
in civil programs;
• South Korea: Spent nuclear fuel inventories;
Pyroprocessing;
• Japan: Ready fissile material resources;
Plasma physics expertise;
• China: Future plutonium production
capabilities.

Elements of Civil Nuclear Assets Pertinent
to Nuclear Breakout Capabilities
• Cadres of experts in reactor engineering and nuclear
materials chemistry and metallurgy;
• Nuclear engineering software and physics data
libraries that could be applied to nuclear weapon
design;
• Spent nuclear fuel inventories that could be
reprocessed for weapon-usable plutonium;
• Civil nuclear fuel uranium enrichment capabilities that
could be re-purposed to produce weapons-grade
uranium;
• High energy density physics research that could be redirected to boosted fission and fusion weapon design,
and tritium production and stockpiling.

Historical Review of Nuclear Weapon
Developments in Selected Countries
Country
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Pu dropped, then HEU (nozzle)
Pu, then HEU
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HEU (calutron, other), Pu
HEU, then Pu
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Implosion
Implosion
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Powerful and reliable nuclear weapons can be made
with any grade of plutonium—WGPu, FGPu or RGPu
Plutonium Category
Supergrade (high purity)
Weapon-grade (WGPu)
Fuel-grade (FGPu)
Reactor-grade (RGPu)

Percent Pu-240
2 to 3
less than 7
7 to less than 19
19 or greater

• Plutonium requirements for weapons scale roughly with critical mass of the
plutonium—the critical mass of typically high-burnup RGPu can be 30% greater than for
WGPu, and for very high burnup as much as a factor of two greater (increasing fissile
material requirements);
• Amount of high explosives needed for the shock compression of the plutonium will scale
roughly with the amount of plutonium (adding mass and volume to weapon);
• Alpha-particle radioactivity of plutonium producing heat will be several times greater for
RGPu than for WGPu (a weapons engineering issue);
• Higher radiation emissions of RGPu relative to WGPu will increase dose to workers.

Nuclear engineering software and
physics data libraries that could be
applied to nuclear weapon design

One professor at a private
university in Seoul said that
"we teach some elements of
nuclear weapon design to
students taking classes in
nuclear design, so that they
can understand the power of
nuclear bombs."

Nuclear engineering software and
physics data libraries that could be
applied to nuclear weapon design
Example: MCNP5

MCNP-5 Code
(Monte Carlo N-Particle Transport Code, Version 5)

• Authored and Maintained by Los Alamos
National Laboratory (Distributed by Oak Ridge
National Laboratory, RSIC)
• Originally Developed for Nuclear Weapon
Applications
• Currently in Use around the World for Civilian
Applications, including Criticality Safety,
Nuclear Reactor Design and Radiation Dose
Calculations

MCNP Can be Used to Calculate:
For Nuclear Explosive Devices:
• keff and Critical Masses for Arbitrary, Fixed
Configurations of Fissile Material, Neutron-Reflecting
Materials and other Components
• Neutron Multiplication Rates in Critical Systems

For Detection of Radioactive Materials:
• Radiation Emission and Absorption
• Radiation Dose
• Radiation Detector Response

fission neutrons in generation (i + 1)
keff =

fission neutrons in generation i

keff < 1: subcritical (fission chain reaction will not sustain
itself)
keff = 1: critical (one critical mass - chain reaction will just
sustain itself)
keff > 1: supercritical (the number of fissions in the chain reaction
will increase with time)

Modeling a
Gun-Assembly Nuclear Device
• Critical Mass as a Function of:
 Geometry
 Neutron Reflecting Materials

• Estimating Explosive Yield as a Function of Critical
Mass
• Pre-Detonation
 Neutron Background
 Speed of Assembly

Solid Cylindrical Projectile and Target
65.25 kg HEU; Mass HEU Projectile = 1.75 x Mass HEU Target;
10 cm Thick BeO Neutron Reflector
Projectile

critical
Keff = 1
2m

subcritical
Keff < 1

Beryllium Oxide
Neutron Reflector
(Blue)

Target

Thin Stainless
Steel Guide Tube

Highly-Enriched
Uranium
(93.5% U-235)
(Pink)

supercritical
Keff > 1

Hollow Cylindrical Projectile and
Solid Cylindrical Target
Varying Total Mass and Ratio of Projectile Outer Diameter to Inner Diameter:
10 cm Thick BeO Neutron Reflector
Projectile

Target

Boosting:
• Tritium and deuterium gas introduced into a
hollow cavity at the center of the hollow
sphere or shell of fissile material;
• Fusion reactions follow the initiation of the
fusion chain reaction, producing highenergy neutrons;
• High-energy fusion neutrons rapidly and
efficiently cause further fission.

Powerful and reliable nuclear weapons can be made
with any grade of plutonium—WGPu, FGPu or RGPu

• By using boosted fission weapon
designs the problems associated
with spontaneous neutron emissions
can be avoided altogether;
• The weapon can be designed such
that the neutron chain reaction is
insured to begin at the moment
criticality is achieved;
• Such weapon design requires
nuclear testing.

U.S. Savanah River Site:
“War Reserve” reservoirs
(stainless steel containers
that have passed rigorous
quality checks) are loaded
with a mixture of tritium
and deuterium gas,
finished, assembled,
inspected, packaged, and
shipped.”

South Korea
• The primary objectives of the South Korean
nuclear research and development effort, under
the direction of the Korea Advanced Energy
Research Institute (KAERI), have been to secure
national energy supply and to become an
exporter of nuclear power reactors.
• The long-term goal of KAERI is the utilization of
advanced nuclear fuel cycles to power a fleet of
South Korean fast neutron reactors to operate
along with South Korean light-water reactors.

A diagram of the governmental structure regarding nuclear energy in
South Korea. Figure reproduced from Jongsoon Song, 2014

The geography of operating, under construction and planned nuclear reactors in
South Korea, including the site of an under construction low-level nuclear waste
disposal facility (LLW Disposal Facility). Figure reproduced from Jongsoon Song, 2014

*

*Wolseong’s 4 PHWRs are Canada Deuterium Uranium (CANDU)–6
reactors supplied by Atomic Energy of Canada, Limited (AECL).

South Korea: Plutonium Resources
in PHWR Spent Fuel Assemblies
• Since plutonium is created in the reactor by neutron absorption by U-238, reactors
that are fueled with natural or low enriched fuel typically produce plutonium at a
higher rate than reactors fueled with HEU;
• CANDU reactors utilize on-line refuel, and thus do not have to be shut down for
refueling are similarly better suited for plutonium production.

The Four CANDU-6 Units at Wolsong, South
Korea.

From the CANDU-6 reactor cores and
spent fuel, the ROK could recover 150
kg of lower-burnup fuel-grade
plutonium (discharged during the first
cycle after start-up—100 to 400 fullpower days after start-up) and about
220 kg of higher burnup fuel-grade
plutonium that could be used to
fabricate more than 50 nuclear
warheads with yields exceeding 20
kilotons based on pure fission solid
core, levitated core or hollow core
designs.

Pyroprocessing
• Since 1997, KAERI has been doing R&D related to
pyroprocessing in cooperation with the U.S.
Department of Energy’s Argonne National Laboratory
(ANL) and Idaho National Laboratory (INL). About 10
percent of KAERI’s 1100 employees work on
pyroprocessing;
• KAERI research team has worked alongside ANL at the
pyroprocessing facility at INL where spent fuel is
processed. The PRIDE (PyRoprocess Integrated Inactive
Demonstration) facility for the mock demonstration of
pyroprocessing using 10 ton of non-radioactive nuclear
materials per year is complete.

Japan: Separated Plutonium Resources

Facility Name
Incorporated Administrative Agency,
Japan Atomic Energy Agency (JAEA)
Reprocessing Plant
Japan Nuclear Fuel Limited (JNFL)
Reprocessing Plant
JAEA Plutonium Fabrication Plant

Joyu
Monju
TEPCO Kashiwazaki Kariwa Unit 3
Chubu Electric Power Company
Hamaoka Unit 4
Kansai Electric Power Company
Takahama Unit 4
Shikoku Electric Power Company Ikata
Unit 3
Kyushu Electric Power Company
Genkai Unit 3
JAEC Fact Critical Assembly in Tokai
R&D Center
JAEC Deuterium Critical Assembly in
Oarai R&D Center
Static Experiment Critical Facility and
Transient Experiment Critical Facility
in Tokai R&D Center
JAEC Other
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66.3%

33.7%

3,612 2,348 65.0%
3,364 2,333 69.4%
134
98 73.1%
31
21 67.7%
205 138 67.3%

35.0%
30.6%
26.9%
32.3%
32.7%

Total
(kg Pu)

751

213

213

145

68.1%

31.9%

184

184

110

59.8%

40.2%

198

198

136

68.7%

31.3%

160

160

103

64.4%

35.6%

331

331

293

88.5%

11.5%

87

87

72

82.8%

17.2%

15
11

15
11

11
9

73.3%
81.8%

26.7%
18.2%
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Japan: Plasma Physics Expertise
• Japan has a robust fusion energy research effort which includes the
National Institute for Fusion Science (NIFS) in Toki, Gifu Prefecture
and Japan Atomic Energy Agency’s (JAEA) Naka Fusion Institute,
Ibaraki Prefecture. The Large Helical Device (LHD) at NIFS is the
world's largest stellarator.
• As its contribution to the International Thermonuclear Experimental
Reactor (ITER) under construction in France, Japan will provide
much of the high-tech components and will host an €1 billion
materials testing facility – the International Fusion Materials
Irradiation Facility (IFMIF).
• To develop more advanced boosted fission warheads, Japan could
turn to its Naka Fusion Institute, which includes the Tritium
Processing Laboratory, Japan's National Institute of Fusion
Research and other parts of Japan’s fusion energy community for
expertise and facilities.

China: Pursuit of a
Closed Nuclear Fuel Cycle
•

•

French President Francois Hollande
and Chinese Presidents Xi Jinping
conclude the reprocessing deal on 25
April 2013

•

•

•
The China Experimental Fast Reactor
connected to the grid in July 2011.

China has a longstanding commitment to
developing a plutonium-based nuclear fuel
cycle, with spent-fuel reprocessing and fastneutron reactors;
Program rationales: reduce the volume of
nuclear waste, increase the efficient
utilization of energy content in uranium,
energy security/energy independence;
China is essentially unconstrained in its
ability to use existing nuclear plants to
augment plutonium and tritium production
for weapons.
China could remove from IAEA safeguards,
the two CANDU-6 reactors, Qinshan Units 31 and 3-2. These two PHWRs, each 2,064
MWt, would be capable of producing on the
order of 1,000 kg of plutonium annually,
sufficient from several hundreds of new
nuclear warheads annually.
The constraint on plutonium production, if
any, would be from China’s current ability to
chemically separate the plutonium from the
spent fuel.

Hypothetical Timeline for New
Chinese Plutonium Production
• 2020: Start of construction
of new reprocessing plant
with Areva’s assistance
in Jinta County, Gansu
Province;
• 2030: Plant construction
complete (800 tons spent
fuel/year);
• 2031: Begin annual
production of about 8,000 kg
Pu/year.
Source: http://www.world-nuclear-news.org/WR-Chinesereprocessing-plant-to-start-up-in-2030-2409155.html

“a race to stockpile plutonium
in East Asia that could end
very, very badly”

“a race to stockpile plutonium in East
Asia that could end very, very badly”

Solutions?
• East Asian commercial plutonium time-out;
• US officials make the nonproliferation and
regional security case for Japan, South Korea,
and China to follow America’s example of
deferring the commercializing of plutonium
fuels;
• US Department of Energy stops making
plutonium recycling the focus of US
cooperation with East Asian nations.

