CHAPTER 5

6/14/2016 1

HOW DARK MIGHT EAST
ASIA'S NUCLEAR
FUTURE BE?

By Henry D. Sokolski

Executive Director, Nonproliferation Policy Education Center
http://www.npolicy.org/

Presented at the RAND Corporation
Santa Monica, California
June 14, 2016

82


Kate Harrison
Typewritten Text

Kate Harrison
Typewritten Text

Kate Harrison
Typewritten Text


Chapter 5

6/14/2016

1. North Korean Nuclear
Worries
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Earlier N. Korean Tests Were Plutonium
Implosion Weapons

Cross-section drawing of the Y-1561 implosion
sphere showing component placement.
Numbers in { } indicate quantity of identical
components. Drawing is shown to scale.
{Author)

A) 1773 EBW detonators inserted into brass
chimney sleves (32)

B) Comp B component of outer lens (32)

C) Cone-shaped Baratol component of outer
lens (32)

D) Comp B imner charge (32)

F) Removable aluminum pusher trap-door plug

screwed into upper pusher hemisphere

F) Aluminum pusher hemispheres (2)

G) Tuballoy (U-238) two-piece tamper plug

H) Pu-239 hemispheres (2)

I) Cok lning

J) 7-piece Durahunin sphere

K) Alumimuon cups holding pusher hemispheres
together (4)

L) Poloniun-Beryllhnn initiator

M) Tuballoy (U-238) tamper sphere

N) Boron plastic shell

Q) Felt padding layer under lenses and inner
charges

""Atom Bombs: The Top Secret Inside Story of
Little Boy and Fat Man,"” 2003, p 140. John
Coster-Mullen drawing used with permission.
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Latest North Korean Claim: A Two-Stage
Hydrogen Bomb?
__— High-Explosive lenses
—— Uranium-238 (tamper)
Primary — Vacuum (“levitation™)
~ Tritium gas (“boosting”)
- Plutonium/
Uranium-235 (hollow core)
~ Polystyrene foam
Secondary " Uranium-238 (tamper)
~ Lithium-6 deuteride (fusion fuel)
~ Plutonium (sparkplug)
~ Reflective casing
6/14/2016 5
What's More Certain:

Miniature Warhead Mockup vs. Trinity Shot
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Boosted Fission Weapon Design

FIRING DETONATOR EXPLOSIVE

THERMAL  SET LENS
BATTERY
ZIPPER
ARMING
CIRCUIT
COMMAND
TRIGGER
CIRCUIT
ZIPPER
M & soosTER ORALLOY BERYLLIUM
JRITIUMGAS RESERVOIR ~ PIT  TAMPER
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Fission-Fusion Chain Reactions in Boosted
Weapons
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Evidence of DPRK Tritium Extraction Plant

Fehirigey J030
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1st Security Implication: Reactor-Grade Pu
Can Make Very Effective Nuclear Weapons

By making use various combinations of advanced technologies -
improved implosion techniques such as ... boosting with deuterium
and tritium...it is possible to offset the problems created by the high

rate of spontaneous fission of PU-240. Thomas B. Cochran, “Technological
Issues Related to the Proliferation of Nuclear Weapons,” Aug. 23, 1998.

When about 1% of the fission reaction has taken place, the
thermonuclear fuel—deuterium and tritium (doubly and triply heavy
hydrogen)—reacts and floods the remaining nuclear explosive with
neutrons. Thus,...With a boosted weapon there is no concern about
stray neutrons starting the fission chain reaction too early and having
the bomb blow apart before attaining full yield... it permits a fission
bomb to use any type of plutonium, including so-called reactor-grade,
without degradation in performance. Gilinsky, Sokolski, “The Other
Dangers from That N. Korean Nuke Test,” WSJ, Jan. 18, 2016.
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Additional Security Implications for
DPRK’s Nuclear Weapons Capabilities

- Higher yield to weight ratio warheads— missile delivered
warheads

- Potential to make more warheads from a given amount of
fissile material

- Potential arsenal size measured in hundreds before 2030

6/14/2016 1"

2. SOUTH KOREAN NUCLEAR
WEAPONS WORRIES
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RoK Politicians React to DPRK’s 4th Test

- “We cannot borrow an umbrella from a neighbor every
time it rains. We need to have a raincoat and wear it
ourselves,” Won Yoo-cheol, ruling Saenuri Party’s floor leader

- “In preparation against Pyongyang's possession of
nuclear arms, (South Korea) should at least have

capabilities sufficient enough to build nukes at any time,”
Rep. Kim Jung-hoon, chief policy maker for the ruling Saenuri Party

- *South Korea needs to consider temporarily withdrawing
from the Nuclear Nonproliferation Treaty in line with the

provisions in the treaty citing national emergency.” Chung
Moong-joon, former chairman of the ruling Saenuri Party
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Chosin lIbo -- RoK Could Go Nuclear in 18
Months

During the course of their operation, nuclear power plants produce
spent nuclear fuel rods that contain small amounts of plutonium. In
particular, the four Wolsong power plants (#1-4), which are heavy water
reactors, produce spent fuel that is of higher plutonium content than
that produced by light water reactors. On average, the spent fuel from
the Wolsong plants consists of 1% plutonium. At the end of 2014, the
Wolsong plants stored 7,414 metric tons of spent fuel rods. If this
reprocessed, it is possible, in theory, to obtain 74 metric tons of
plutonium. Chosin llbo, February 19, 2016. (Note Well: This article
exaggerates how much plutonium Wolsong reactors have made: The
right figure is more like ~30 metric tons, not 74 since .38%, not 1%, is
the correct figure for how much plutonium is produced in a typical
heavy water reactor. Still, that's enough for more than 4,500 weapons)
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Wolsong Heavy Water Reactors

From the four CANDU-6 reactor
cores and spent fuel at
Wolsong, the RoK could
recover 150 kg of lower-burnup
fuel-grade plutonium
(discharged during the first
cycle after start-up—100 to 400
full- power 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.

6/14/2016

More: Pyroprocessing

- South Korea also has advanced reprocessing technology.
One professor of nuclear engineering said that "our
capabilities when it comes to pyroprocessing, which
involves reprocessing by using electolysis, are world-
class." He noted that "if spent fuel is first reprocessed
using pyroprocessing and then dissolved using nitric acid-
which is the typical method-then it is possible to obtain
more fissile material in a shorter amount of time." Experts
estimated that it would take a total of 6 months to
build a reprocessing facility and then obtain the
necessary fissile material for a nuclear bomb
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Planned RoK Pyro Plant
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RoK Has Produced and Stockpiled Enough
Tritium (4 kgs.) to Boost 1,000 Weapons

Wosong Tritium Removal Facility
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3. JAPANESE NUCLEAR
WEAPONS WORRIES
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South Korea’s Other Nuclear Threat: Japan

- Hardliners in North Korea have formed a hostile mutual
dependence with rightwing groups in Japan, who have
pitched the North Korean menace in order to pave the
way for Japan's own nuclear armament...Unless South
Korea gains a full understanding of the security structure
in Northeast Asia and take stern measures, it will once
again end up sandwiched between two terrifying
threats, this time one nuclear-armed country in the
North and another in the East.—Chosin lIbo, June 29,
2012
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Too Much Planned Plutonium

Rokkasho now may open Fall 2018
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Japan Can Master Boosting and Beyond

- The National Institute for Fusion Science (NIFS) in Toki

- Japan Atomic Energy Agency’s (JAEA) Naka Fusion Institute,
Ibaraki Prefecture

- 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).

- Naka Fusion Institute, which includes the Tritium Processing
Laboratory

- National Institute of Fusion Research
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4. CHINESE NUCLEAR
WEAPONS WORRIES

Total Warhead Inventories: PRC, US, Russia
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Source: http://bos.sagepub.com/content/71/2/107 .full.pdf+html and http://bos.sagepub.com/content/71/3/84.full.pdf+html
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Two-Stage Fusion Weapon: Teller-Ulam
Design: What’s Needed

___— High-Explosive lenses

—— Uranium-238 (tamper)
Prlmary — Vacuum (“levitation™)

- Tritium gas (“boosting”)
Plutonium/

Uranium-235 (hollow core)
Polystyrene foam
“Uranium-238 (tamper)

~ Lithium-6 deuteride (fusion fuel)

Secondary

"~ Plutonium (sparkplug)

~ Reflective casing
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What if China Develops Many MIRVs?

- “The most obvious concern from the perspective of potential
adversaries is the potential for China to significantly increase the
number of nuclear warheads deployed on its MIRV-capable missiles.
According to the Belfer Center’s Hui Zhang, China’s limited fissile
material stockpile means that the country does not have the ability
to build significantly more warheads without restarting fissile
material production.” BAS March 24, 2015, Tong and Logan

“The second coming of MIRVs in Asia — in addition to new ballistic and
cruise missiles — places a greater obligation on national leaders to
exercise strategic restraint... The key to strategic restraint with the
second coming of MIRVs is to avoid the pursuit of counterforce
capabilities.” Arms Control Wonk May 12, 2016, Krepon
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What About Chinese Tactical Nuclear
Weapons?

- China developed and tested a neutron bomb in 1988 as a
“technological reserve” - Liu Huaqiu, Senior Chinese
Nuclear Scientist

- What future mission— Countering the U.S., its allies, or

Russia?

6/14/2016

Stocks of Highly Enriched Uranium
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Uranium Enrichment for Peace?
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Projected PRC Supply vs. Demand —
3 million SWU surplus beyond any projected
domestic civil requirement or ~ 1,000

96

bombs’ worth /year

Figure 11: Projection of China"s SWU Supply and Demand (2014—2020)
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Tons of Separated Plutonium
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PRC’s Limited Plutonium Production Capacity
Is the Bottleneck to Many More Weapons

* PRC has only 2 plutonium production reactors

* One is being dismantled

« One hasn’t operated since the early 1990s

- If restarted, the single reactor could produce roughly 300kg of
plutonium a year, only enough to make roughly 75 plutonlum

triggers or bombs.

Jluquan pIutonlum productlon reactor
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PRC’s Most Immediate Alternative Plutonium
Production Option: Its Heavy Water Reactors

- Two Candu-6 reactors (600 MWe each) at Qinshan
- Capable of producing ~650 kilograms of plutonium a year
- Sufficient for roughly >100 bombs a year

Source: https://en.wikipedia.org/wiki’CANDU_reactor
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1987: Reagan Administration Proposed Using
WPSS LWR to Make Weapons Plutonium

Source: http://www.historylink.org/index.cfm?DisplayPage=output.cfm&File_|d=5482
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So a Standard Power Reactor Produces Lots of

Plutonium That Can Be Used For Bombs

- A standard 1 GWe light water reactor (LWR)—the main type

used world-wide and in East Asia—provides roughly 200
kilograms of nuclear explosive plutonium at each refueling.
This is enough for 50 bombs.

- At each subsequent refueling, 1/3rd of the core can be

removed with about 100 kgs of near-weapons grade
plutonium in it—enough for roughly 20 bombs

- The LWR can also be operated to make as much as 150 kgs

of weapons-grade plutonium—enough for roughly 30
bombs—every 10 months

- More details can be found in a report by the Lawrence

Livermore Laboratory, "Verifying the Agreed Framework," April
2001

How Much Plutonium Could a 1 GWe LWR
Generate/Year?
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PRC’s Other Plutonium Production

Bottleneck: Lack of Large, Reliable
Reprocessing Plant

Images of 50tHM/year Chinese
Reprocessing plant at the Jiuquan
Atomic Energy Complex
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Solution: By French
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Projected Plutonium Stockpiling in East Asia:

The Next Three Decades
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What Might Be Done?

- Current policy of trying to “balance” Japan’s production
and consumption of commercial plutonium is failing.
Japan now has stockpiled 47 tons of Plutonium

- If Rokkasho operates, PRC and RoK likely will respond
with fissile production hedges of their own

- French sale to China of a large reprocessing plant,
however, is likely to lock in Rokkasho’s opening in 2018

- This argues for promoting an East Asian plutonium pause
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