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NEUTRON CROSS-SECTIONS FOR FISSION OF URANIUM AND PLUTONIUM
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U.S. Nuclear Weapons Stockpile, 1962-2017

Since the late-1960s, the United States and Russia have signed a series of nuclear arms treaties that have contributed to steep
cuts in their active and inactive nuclear warhead stockpiles.
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Sources: U.S. Department of State, U.S. Department of Defense, Arms Control Association. Updated: January 19, 2017.




2017 Estimated Global Nuclear Warhead Inventories

The world'’s nuclear-armed states possess a combined total of roughly 15,000 nuclear warheads; more than 90 percent belong to
Russia and the United States. Approximately 9,600 warheads are in military service, with the rest awaiting dismantlement.

10000 Retired:
9000 - warheads no longer in the
stockpile but remain intact as
8000 they await dismantlement
7000 gl 6,800 Stockpiled:
6000 warheadg _assigned for potential
2,800 use on military delivery
5000 vehicles; includes active and
inactive warheads.
4000
Deployed:
3000 warheads on ballistic missiles
and at aircraft bases. Numbers
2000 — New START ceiling (February 2018) agreed to by Russia and the United States. based on New START counting
1000 //// /4 ’//////4 = rule which counts operationally
270 215 deployed ballistic missile
0 M ///% ''''' = 120 80 10 warheads and heavy bombers.
Russia USA France China UK Pakistan India Israel DPRK
Sources: Hans M. Kristensen and Robert S. Norris; U.S. Department of State. Updated October 3, 2017. Arms Control

Association



Land: Intercontinental ballistic missiles

450 Minuteman Ill

S e —

Sea: Submarine ballistic missiles

1,152
warheads

Ohio Class Submarine

F-15 F-16

* The U.S. holds an inactive stockpile of 2,548 to 2,700 tactical warheads
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Gaseous Diffusion Enrichment

Image Credit: USEC, Inc.
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The Tokamak: NN
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ITER Timeline

2005 Decision to site the project in France

2006 Signature of the ITER Agreement

2007 Formal creation of the ITER Organization !
2007-2009 Land clearing and levelling owna lmL
2010-2014 Ground support structure and seismic foundations @for the Tokamak

2012 Nuclear licensing milestone: ITER becomes a Basic Nuclear Installation under French law

2014-2021* Construction of the Tokamak Building (access for assembly activities in 2019)

2010-2021* Construction of the ITER plant and auxiliary buildings for First Plasma

2008-2021* Manufacturing of principal First Plasma components

2015-2021* Largest components are transported along the ITER Itinerary

2018-2025* Assembly phase |

2024-2025* Integrated commissioning phase (commissioning by system starts several years earlier)

Dec 2025* First Plasma

2035* Deuterium-Tritium Operation begins

1) Produce 500 MW of fusion power

The world record for fusion power is held by the European tokamak JET. In 1997, JET produced 16 MW of fusion power from a
total input power of 24 MW (Q=0.67). ITER is designed to produce a ten-fold return on energy (Q=10), or 500 MW of fusion power
from 50 MW of input power. ITER will not capture the energy it produces as electricity, but—as first of all fusion experiments in
history to produce net energy gain—it will prepare the way for the machine that can.

2) Demonstrate the integrated operation of technologies for a fusion power plant

ITER will bridge the gap between today's smaller-scale experimental fusion devices and the demonstration fusion power plants of
the future. Scientists will be able to study plasmas under conditions similar to those expected in a future power plant and test
technologies such as heating, control, diagnostics, cryogenics and remote maintenance.

3) Achieve a deuterium-tritium plasma in which the reaction is sustained through internal heating

Fusion research today is at the threshold of exploring a "burning plasma" —one in which the heat from the fusion reaction is
confined within the plasma efficiently enough for the reaction to be sustained for a long duration. Scientists are confident that
the plasmas in ITER will not only produce much more fusion energy, but will remain stable for longer periods of time.

4) Test tritium breeding

One of the missions for the later stages of ITER operation is to demonstrate the feasibility of producing tritium within the vacuum
vessel. The world supply of tritium (used with deuterium to fuel the fusion reaction) is not sufficient to cover the needs of future
power plants. ITER will provide a unique opportunity to test mockup in-vessel tritium breeding blankets in a real fusion
environment.

5) De ate the safety istics of a fusion device

ITER achieved an important landmark in fusion history when, in 2012, the ITER Organization was licensed as a nuclear operator in
France based on the rigorous and impartial examination of its safety files. One of the primary goals of ITER operation is to
demonstrate the control of the plasma and the fusion reactions with negligible consequences to the environment.
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1 2 3 4 5

Ablation mechanism firing sequence. &3
1. Warhead before firing. The nested spheres at the top are the fission primary; the cylinders below are the fusion secondary
device.

2. Fission primary's explosives have detonated and collapsed the primary's fissile pit.

3. The primary's fission reaction has run to completion, and the primary is now at several million degrees and radiating
gamma and hard X-rays, heating up the inside of the hohlraum and the shield and secondary's tamper.

4. The primary's reaction is over and it has expanded. The surface of the pusher for the secondary is now so hot that it is also
ablating or expanding away, pushing the rest of the secondary (tamper, fusion fuel, and fissile spark plug) inwards. The
spark plug starts to fission. Not depicted: the radiation case is also ablating and expanding outwards (omitted for clarity of
diagram).

5. The secondary's fuel has started the fusion reaction and shortly will burn up. A fireball starts to form.



From the merely absurd to the obscene.

Castle Romeo mushroom cloud,
Bikini Atoll, March 27, 1954: 11 Mt

The Tsar Bomba mushroom cloud
seen from a 100 mi. The crown of
the cloud is 35 mi high at the time
of the picture. October 30, 1961: 50
Mt



Tsar Bomba’s range of total
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60,000ft

40,000ft

15 kiloton 21 1megaton 15 megaton 50 megaton
Hiroshima  Nagasaki Licorne  Castle Bravo Tsar Bomb
Japan, 1945 Japan, 1945  France, 1970  USA, 1951 Russia, 1961



