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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 (1992)

Former Soviet nuclear weapons returned to Russia.
Russian economy is a bit smaller than Canada’s - limited resources.

Return to Great Power competition ≈ 2014 (US, China, Russia).
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Nuclear Weapons 101
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Nuclear Weapons 101

Play
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https://www.youtube.com/watch?v=ztJXZjIp8OA
https://nuclearsecrecy.com/nukemap/?&hob_ft=1968&hob_opt=2&psi=20,5,1&linked=1&kt=15&lat=37.5746711&lng=-77.5386671&hob_psi=5&zm=13
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The Strategic Balance

Russia and the US have, for decades
maintained a policy of strategic de-
terence. Both sides have a large
number of secure warheads and deliv-
ery systems that can mount an over-
whelming response to an adversary’s
attack. This is the policy of mutual
assured destruction or MAD. China
has a smaller arsenal, but is expanding
rapidly and intends to match or over-
take the US in the future.
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The Nuclear Arms Race
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Who Has Nukes?

STOCKHOLM INTERNATIONAL PEACE RESEARCH INSTITUTE
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Why We Don’t Want To Use Them.

Little Boy dropped on Hiroshima (Aug 6, 1945)1

1 66,000 -140,000 prompt deaths.
2 radiation-induced cancer and leukemia

started appearing about 5 years later.
3 number of birth defects not significantly higher.
4 Severe mental retardation from prenatal exposure.

India-Pakistan Regional Exchange Simulation2

1 Regional nuclear war.
2 Involve about 100 15-kiloton nuclear weapons.
3 Launched at heavily populated urban areas.
4 27 million prompt deaths.

Full US-Russia Exchange Simulation2

1 Over 4,000 100-kT nuclear warheads.
2 360 million prompts deaths.
3 Societal collapse.
4 Global climatic changes, widespread radioactive contamination.
5 Famine could cause more than 10 times as many deaths.

1 “Atomic bombings of Hiroshima and Nagasaki”, https://en.wikipedia.org/wiki/Main Page.
2 “Nowhere To Hide”, François Diaz-Maurin, Bulletin of the Atomic Scientists, October 20, 2022.
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How Do We Prevent Their Use?

Arms control agreements and confidence building
measures manage strategic competition.

Testing bans reduce the proliferation of nuclear
weapons to other countries.

The Comprehensive Test Ban Treaty (CTBT) pro-
hibits all nuclear explosions.

An array of seismological, hydroacoustic, infrasound,
and radionuclide sensors will monitor compliance.

On-site inspection to check compliance.

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 90% 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 occurred, a Mem-
ber State can request an on-site-
inspection subject to a vote.
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Status of the CTBT in the Biden Administration

1 Biden supported the CTBT while in the Senate in the 1990’s.

2 Key priority that serves the national security interests of the United States.1

3 Part of an array of arms control initiatives including negotiations with China and
Russia while maintaining the viability of the US arsenal without nuclear weapons
testing.2

4 International Monitoring System (IMS) can detect even relatively low-yield nuclear
explosions in any environment on Earth.1

5 Resuming U.S. nuclear testing ‘would be ‘as reckless as it is dangerous,’ -
Candidate Joe Biden.3

6 “Consistent with the goals of the CTBT, the United States continues to observe a
moratorium on nuclear explosive testing and calls on all states possessing nuclear
weapons to declare or maintain such a moratorium.” - NNSA Administrator Jill
Hruby, June 19, 2023.

1 Ambassador B.D. Jenkins, Under Secretary for Arms Control and International Security, UN Headquarters, September 23, 2021

2 National Security Advisor Jake Sullivan, Arms Control Association (ACA) Annual Forum, June 02, 2023

3 The Nevada Independent, May 28th, 2020.
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Testing the Testers

North Korean tests a nuclear bomb October 9,
2006.

Over 20 CTBTO seismic stations detect it.
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 seismic, 2 infrasound stations.
Radionuclides found again!
Yield: 6 - 16 kt.

January 6, 2016 Test

NK claims a hydrogen bomb, but data
consistent with previous test.
Yield: 7 - 10 kt.
Radionuclide evidence inconclusive
due to background.

September 9, 2016 Test

Yield: 20-30 kt.
No radionuclides detected.

September 3, 2017 Test.

Yield is large - 70-280 kt.
Hydrogen bomb or boosted
fission.
error ellipse = ± 6.7 km.
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Testing the Testers
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What is Happening?

Geologists detect the shaking induced by the blast and pinpoint the
site of the explosion within a few hundred meters - 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 (geology, nuclear physics).

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? Probably. Not all underground tests have
vented noble gases. From 1971 to 1992 only six out of 335 US nuclear tests
released radiation.1

1 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.
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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 by managing the
strategic competition with Russia - arms agreements and testing
moratorium.

Has the threat of a nuclear conflict increased? Yes.
The war in the Ukraine, the positioning of tactical nuclear weapons by
Russia in Belarus, the actions of North Korea, and other nations have
raised the possibility of a limited nuclear exchange.

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! Think! Cut through the hype.

Vote! Write to Congress!

The US and other countries are in desperate
need of technical expertise.
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Additional Slides
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Risk of a Nuclear War in Ukraine

Russia has long-held a significant number of tactical nuclear weapons
(≈ 2000) for use on the battlefield or “smaller” targets. Their yield
ranges from a few tons to 100 kT. The Hiroshima bomb was 15 kT.

Threats by Putin have raised the possibility of the Ukraine war going
nuclear. There are many scenarios for how this would happen and
many experts claim this is the most dangerous time for a nuclear war
since the Cuban Missile Crisis.

Many war game simulations in the past have shown that is is difficult
NOT for a war to escalate after first-use. This is called climbing the
escalation ladder. It is hard to climb down.

It is likely a first-use of nuclear weapons by Putin would be met with
a conventional response by NATO on military targets, e.g the site
that launched the attack. It could also lead to strikes on other sites
including ones in Russia.
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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, cost about $500 million in 1994 (about
1/4− 1/2 a Space Shuttle mission).

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

4 Production of trained scientists, engi-
neers, technicians. .... all from basic
science research.
About 250 doctoral theses have come
out of 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 have been
patented.

4 Production of trained scientists, engi-
neers, technicians. .... all from basic
science research.
About 250 doctoral theses have come
out of 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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Another Reason To Care - Timeline of North
Korean Nuclear Program

1960’s - First NK reactor built at Yongbong with Soviet help.
1970’s - Plutonium reprocessing starts with Soviet help.
1980’s - NK develops nuclear weapons infrastructure with significant out-

side help.
1990’s - US President G.H.W. Bush announces US withdrawal of all nu-

clear weapons from S. Korea.
- US, SK, and NK agree to nuclear-free Korean peninsula, but

mutual inspections fail.
- Agreed Framework “freezes” NK nuclear program and allows in-

spections in exchange for building power reactors and fuel oil.
2000’s - US President G.W. Bush names NK in the axis of evil.

- Agreed Framework collapses over delays in inspections (US) and
construction of reactors (NK).

- NK starts reprocessing spent fuel, gets technical support for nu-
clear weapons from Pakistan in exchange for missile technology.

- First nuclear tests.
2010’s - NK nuclear tests show increasing yield and technical prowess.

- Rapid growth in missile technology.
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Another Reason To Care - Timeline of North
Korean Nuclear Program

1 US Defense Intelligence Agency
finds that North Korea has pro-
duced a miniaturized nuclear war-
head for mounting on an ICBM
and could have up to 60 nuclear
warheads.5

2 Rapid development of interconti-
nental ballistic missile capabilities
(17 tests in 2017) leading to the
Hwasong-15 tested on November
28, 2017 with a potential range of
- 13,000km range.

3 The population of Seoul, South Korea area is about 25 million and is located
40 km from the Demilitarized Zone. Seven hundred artillery pieces and
rockets (out of an arsenal of about 14,000 guns and rockets) can reach
Seoul. Twenty-three thousand US troops are stationed in South Korea.

How do we respond to a
nuclear North Korea?

5Joby Warrick, Ellen Nakashima, Anna Fifield (August 8, 2017) Washington Post.
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The Nukes are Loose. - 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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Can an Opponent Cheat on the CTBT?
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Why Should You Care?
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Loose Nukes

The Soviet 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?
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Why Should You Care?
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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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Public Policy Opportunities
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Science Policy and Education
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Assessing Risk

What should you stay awake worrying about at night?

Deaths Cause
in 2019∗

2,854,838 All causes

659,041 Heart disease

606,880 Cancer

224,935 Accidents

40,400 Influenza/Pneumonia

47,500 Suicide

Deaths Cause
in 2019∗

45,404† Car accidents

26,031 Homicide

65,773 Poisoning

39,443 Falling

4,301 Drowning

3,704 Fire

∗ Assembled from CDC, Statista.com websites.
† Included in “Accidents” category

∗National Vital Statistics Reports, 65, no. 4, June 30, 2016.
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