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Some Bits of History

US develops and uses nuclear weapons on Japan at the end of World
War II (1945). Other countries follow; current count is nine.

Cold War leads to nuclear arms race between US and its allies and the
Soviet Union.

Nuclear Non-Proliferation Treaty (NPT) enters into force (1970).

Prevent the spread of nuclear weapons, fissile materials, and
technology.
Reduce or eliminate nuclear weapons.
Support the right to peacefully use nuclear technology

Collapse of the Soviet Union

Many components of the Soviet nuclear arsenal left behind in the
former Soviet Union (FSU).
Collapse of Russian ruble in 1998 leaves even Russian arsenal with
limited funds for maintenance and security of nuclear materials.
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Nuclear Weapons 101 - Radiation

Emission or release of energy from atomic nuclei in the form of
sub-atomic particles like photons, electrons, or other atomic nuclei.

Ionizes atoms in material it passes through and disrupts the material.

Natural background radiation accounts for about 80% of exposure.

Wide range of uses: sterilize food, medical supplies, smoke detectors,
cure industrial materials.

Types

γ - high-energy photons; greatest penetrating power (requires several
cm of aluminum to shield).
β - electrons and positrons; medium penetrating power (a few mm of
aluminum).
α - 4He nuclei with little penetrating power (not relevant here).
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Nuclear Weapons 101 - Fissile Materials

Fissile materials (235U, 239Pu) release enormous energies.

As nucleus splits, it emits ≈ 2 neutrons plus energy (≈ 180 MeV).

If density is high, a ‘chain reaction’ will cause other fissions in a
self-propagating process.

neutrons

235
U nuclei

A Chain Reaction

Only about 8 kg of plutonium or 25 kg of highly-enriched uranium
(HEU) is needed is needed to produce a weapon.

Low-enriched material can be used in reactors.
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Nuclear Weapons 101 - Design

Uranium, gun-type weapon - High ex-
plosive fires highly-enriched uranium
slug down the gun tube and into the
uranium target. The density increases
enough to sustain the chain reaction.

Plutonium implosion device - High ex-
plosive crushes the plutonium primary
to a density where fission can occur.

Two-stage, thermonuclear weapon -
Fission weapon crushes secondary
containing deuterium and tritium gas
and/or a fissile ‘spark plug’.

Active
Material

Tamper Gun Tube
Tamper

Propellant

Shaped

Pusher

238−U tamper

High Explosive

Plutonium

Nuclear fireball 1 ms after deto-
nation (Tumbler Snapper); it is
about 20 m across.
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Nuclear Weapons 101 - Effects

Crater

first−degree burns
from thermal pulse

All Buildings
Destroyed

Limit of 
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The Comprehensive Test Ban Treaty (CTBT)

The CTBT bans all nuclear explosions to limit the
proliferation of nuclear weapons.

A network of seismological, hydroacoustic, infra-
sound, and radionuclide sensors will monitor com-
pliance.

On-site inspection to check compliance.

The US has signed the CTBT (1996), but has not
ratified it.

Green - ratified
Blue - signed
Red - outside treaty
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The CTBT Verification Regime

The International Monitoring System (IMS), consists of 337 facilities that constantly
monitor for signs of nuclear explosions. Over 70% are already collecting data.

Detection technologies:

Seismic: 50 primary and 120 auxiliary seismic stations monitor shock waves.
Hydroacoustic: 11 hydrophone stations ‘listen’ for sound waves in the oceans.
Infrasound: 60 stations on the surface can detect ultra-low frequency sound waves
(inaudible to the human ear) that are emitted by large explosions.
Radionuclide: 80 stations measure radioactive particles in the atmosphere, 40 also
pick up noble gases.

On-site-Inspection: If IMS data show
a nuclear test has ocurred, a Mem-
ber State can request an on-site-
inspection subject to a vote .
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Testing the Testers

North Korean tests a nuclear bomb on October 9,
2006.

Over 20 CTBTO seismic stations detect the
blast.
Radionuclides detected two weeks and 4700
miles away (!) in the Yukon.
Yield: 0.7 - 2.0 kt.

They do it again on May 25, 2009

61 CTBTO seismic stations detect blast.
No radionuclides are found!!?? Epic fail?
Yield: 2 - 5.4 kt

February 12, 2013 Test

94 CTBTO seismic and two infrasound
stations detect the blast.
Radionuclides found again!
Yield: 6 - 16 kt

January 6, 2016 Test

77 seismic stations detect blast.
Yield: 7 - 10 kt
No radionuclides detected.

September 9, 2016 Test

Over 100 seismic stations detect blast.
Yield: 20-30 kt
No radionuclides detected.

2016 ellipse radius: 9.1 km
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What is Happening?

Geologists detect the shaking induced by the blast and pinpoint the
site of the explosion - first sign of a test. And then estimate the yield
(geology).

A few special nuclei made in the blast (xenon) are chemically inert
and find their way through a kilometer of rock to reach the
atmosphere.

Calculations of the weather enables meteorologists to predict the
spread of the plume from the blast (meteorology, physics,
computer science).

Air monitoring stations process huge amounts of air to capture the
xenon atoms (chemistry).

Nuclear physics detectors make the final identification of the decay of
the xenon nuclei (nuclear physics).

Now comes the response (political science).

Detecting the nuclear test re-
quires sophisticated science that
draws on many people in many
disciplines!

International response is driven
by the scientific results - scien-
tists have to get it right!
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What is Happening to the Radionuclides?

Did the IMS fail? The plume should have reached IMS radioxenon stations.

Did the North Koreans fake it? No ‘engineering’ signatures of such a large effort.

Was the underground site sealed? Maybe. Not all underground tests have vented
noble gases. From 1971 to 1992 only six out of 335 US nuclear tests released
radiation.∗

∗ J. Medalia, North Korea’s 2009 Nuclear Test: Containment, Monitoring,
Implications, Congressional Research Service, R41160, April 2, 2010.

There is abundant, public information on containing gases from nuclear
blasts.
Higher yield bomb could have sealed the rock from venting.
The North Koreans learned from the first test.

The seismometers captured the event easily. Are seismic sensors enough?

The American Geophysical Union and the Seismological Society of America
have stated the IMS will detect all explosions down to 1 kiloton (and much
less in some areas) and within a radius of 35 km (October, 2009).
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Why Should You Care?

... clandestine nuclear tests could not be verified (by the IMS). ... even when
Pyongyang declared that it would conduct a nuclear-weapons test and announced
where and when it would occur, this monitoring system failed to collect necessary
radioactive gases and particulates to prove that a test had occurred.

Senator Jon Kyl - R, Arizona: Why We Need
to Test Nuclear Weapons, Wall Street Journal,
October 20, 2009.

The worst-case scenario under a no-CTBT regime poses far bigger threats to U.S.
security - sophisticated nuclear weapons in the hands of many more adversaries -
than the worst-case scenario of clandestine testing in a CTBT regime, within the
constraints posed by the monitoring system.

National Academy of Sciences (NAS), Tech-
nical Issues Related to the Comprehensive
Nuclear-Test-Ban Treaty, Washington, D.C.,
National Academy Press, 2002, pp. 10.

Sponsored by Joseph Wilson of South Carolina,
February 7, 2017
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Loose Nukes

The Soviet/Russian and US Nuclear Arsenals

By the end of the Cold War the US and USSR had nuclear arsenals
containing about 64,000 warheads on various delivery vehicles.

US and Soviet military stockpiles contained about 1600 tons of
highly-enriched uranium (HEU) and about 200 tons of plutonium.

An unforeseen consequence of the end of the Cold War was the
disposition of nuclear weapons materials.
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Loose Nukes?

Fissile Material Security in Russia Declines in the 1990’s

The economic situation in Russia left few funds for maintaining the
security of now-unused nuclear materials.
Reports by the National Research Council in 1994, 1997 and 1999
revealed the extent of the decline of security.

Building at the
Kurchatov Institute
housing HEU with
no motion sensors,
detectors, or portal
monitors.

In the 1990’s there have been numerous instances of smugglers
apprehended with nuclear materials.
In late 1998 the Russian FSB (successor to the KGB) reports stopping
an attempt to steal 18.5 kg of weapons-usable material (HEU?).
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Why Should You Care?

The US and most other nations have a long-standing policy of nuclear
nonproliferation.

A nuclear blast would have horrific consequences; loss of life,
property, and security.

Even acquisition of a nuclear weapon by an adversary could have a
devastating influence on US security and non-proliferation.

One of the highest hurdles to obtaining a nuclear weapon is
acquiring enough weapons-grade fissile material to produce a
bomb. Iraq spent $5-$10 billion in the 1980’s to produce a few grams
of plutonium.

Smuggling fissile material is a ‘short-cut’ to acquiring nuclear
weapons; it lowers the acquisition hurdle.

Prevention (i.e., security) is critical especially against an ‘insider’
threat.
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What Can an Opponent Do?

What can a terrorist organization do?

Acquiring the necessary technology to enrich uranium or plutonium is
beyond the capabilities of most terrorists.
Stealing the necessary fissile material is NOT!
A gun-type, uranium weapon of low yield is still a difficult endeavor,
but could be done.
There are other alternatives for terrorists like a ‘dirty bomb’.
The likeliest terrorist weapons are still guns and bombs.

All of the above can be negated if one of the current nuclear powers
gives one away. This is unlikely.
There is continued smuggling activ-
ity for nuclear materials.

IAEA Incident and Trafficking Database (2016 Fact
Sheet)

The ITBD includes three incidents
involving HEU and three involving
plutonium during the period 1992-
2015.
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The US Response

In 1991 the US Congress passes the Nunn-Lugar Act. The US pays to
improve security of fissile materials and to dismantle the Russian
nuclear complex (cooperative threat reduction).

The US spent about $700 million a year to reduce this threat.
The Fissile Material Storage Facility (FMSF) securely stores plutonium
and uranium from dismantled weapons.
HEU Purchase Agreement downblended about 500 metric tons of HEU
to reactor fuel (not usable in a nuclear weapon) for $20 billion.

Fissile Material Storage Fa-
cility at Mayak financed by
the US Cooperative Threat
Reduction program.

Most of these cooperative programs ended by December, 2014 due to
the conflict over Russian actions in the Ukraine.
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How Loose are the Nukes?
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The Nukes are Looser. - NTI Threat Index 2016

The Nuclear Threat Initiative (NTI) is
a nonpartisan, nonprofit organization
that works to prevent catastrophic at-
tacks and accidents with weapons of
mass destruction and disruption. Its
threat index ranks the nuclear secu-
rity practices of 176 countries.

...

Since early 2010, a dozen countries have
eliminated weapons-usable nuclear mate-
rials from their territories, dozens more
have strengthened their nuclear security
practices and policies...

However, the global threat environment
has worsened...

Without a comprehensive and effective
global system in place, states approaches
to nuclear security continue to vary
widely, thereby creating dangerous weak
links that terrorists could exploit as they
seek the easiest path to weapons-usable
nuclear materials.
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Conclusions

Do we live in a safer world than during the Cold War? Yes, sort of.

The threat of nuclear Armageddon has receded with the lowering of
tensions between Russia and the US.

Has the threat of a nuclear conflict increased? Yes, sort of.

While the threat of a large-scale nuclear war between Russia and the
US is smaller, the proliferation of nuclear weapons technology has
increased the risk of nuclear weapons being used.

What can be done? Lots, but it will take time, money (Opps! There
goes my tax cut!) and leadership from the US (CTBT, NPT, ABM,
BWC, CTR).

What can I do?

Learn! Cut through the hype.
Vote! Write to Congress.
The US and other countries are in desperate
need of technical expertise.
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Why Should You Pay For It (basic science, that is)?

1 Over the last 100 years at least 50% of the growth in our
standard of living is due to technological change.

2 It’s expensive!
JLab, where I do my research, just completed a $348 million upgrade -

about the same as two tickets to circle the Moon and return to Earth
at Space Adventures, a travel agency that arranges space journeys for
private citizens with Roscosmos, the Russian space agency.

3 Technological spinoffs: NMR→MRI,
WWW, transistors, computers, ... At JLab
about 100 devices were patented.

4 Production of trained scientists, engineers,
technicians. .... all from basic science re-
search.
About 200 doctoral theses from JLab.

In Paris in 1783 Benjamin Franklin watched with amazement one of the
first hot-air balloon flights. The following exchange was said to occur.

Questioner to Franklin: Sir, what’s the use of flying in the air?

Ben Franklin’s answer: Sir, what’s the use of a newborn baby?
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3 Technological spinoffs: NMR→MRI,
WWW, transistors, computers, ... At JLab
about 100 devices were patented.

4 Production of trained scientists, engineers,
technicians. .... all from basic science re-
search.
About 200 doctoral theses from JLab.

In Paris in 1783 Benjamin Franklin watched with amazement one of the
first hot-air balloon flights. The following exchange was said to occur.

Questioner to Franklin: Sir, what’s the use of flying in the air?

Ben Franklin’s answer: Sir, what’s the use of a newborn baby?
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Assessing Risk

What should you stay awake worrying about at night?

Deaths Cause
in 2014∗

2,626,418 All causes

614,348 Heart disease

33,736 Vehicle accidents

55,227 Influenza/Pneumonia

42,826 Suicide

Deaths Cause
in 2014∗

11,019 Homicide

42,032 Poisoning

31,959 Falling

3,406 Drowning

2,701 Fire

∗National Vital Statistics Reports, 65, no. 4, June 30, 2016.
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Can an Opponent Cheat on the CTBT?
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What is the Threat?
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Public Policy Opportunities

Jerry Gilfoyle Science Policy 32 / 33



Science Policy and Education
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