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Preface
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Hey there, I’m Ralph. That’s my dog Spot over there. Welcome to the
not-so-wonderful world of nuclear weaponry. This book is a journey
from 1945 when the first atomic bomb was detonated in the New Mexico
desert to where we are today. It’s an interesting and sometimes bizarre
journey. It can also be horribly frightening.

Today, there are enough nuclear weapons to destroy the civilized world
several times over. Over 23,000. “Enough to make the rubble bounce,”
Winston Churchill said. The United States alone has over 10,000
warheads in what’s called the ‘enduring stockpile.’
In my time, we took care of things Mano-a-Mano. Like gentlemen.
Yeh, clubs are pretty messy and it takes a lot of effort to knock off people.
But times change and I suppose some see it that the more you can destroy
at once, the better. “More bang for your buck,” some in the nuclear
weapons industry have said. Unfortunately, the use of nuclear weapons
causes more horrific, indiscriminant death, destruction and long-term
problems than a bunch of guys hitting each over the head with clubs.
And nukes are a lot more expensive than clubs.
Be advised that some of the imagery may be disturbing, or could make
you laugh, or just shake your head. I’ll be seeing you around.
Cheers!
And you can bet Ralph will
have something to say when
we see him.
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Chapter 1

Conclusions
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Section One – CONCLUSIONS
1. The Board has reached the following major conclusions:
(1) If used in numbers, atomic bombs not only can nullify any nation's
military effort, but can demolish its social and economic structures and
prevent their reestablishment for long periods of time. With such
weapons, especially if employed in conjunction with other weapons of
mass destruction as, for example, pathogenic bacteria, it is quite possible
to depopulate vast areas of the earth's surface, leaving only vestigial
remnants of man's material works.
(2) The threat of the uncontrolled use of the atomic bomb and of other
weapons of mass destruction is a threat to mankind and to civilization.
Only the outlawing of all war and the setting up of an adequate
international control of weapons of mass destruction can lift this threat
from the peoples of the world.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Chapter 2

The Gadget
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Do you know what a gadget is? It’s usually some object made of assorted
parts to have some specific, though possibly unusual, purpose. Some people
call them a thingamabob, doohickey, da kine, whachamacallit, or whatever.
Well, over here to your left is what scientists called ‘Gadget,’ the world’s first
implosion type atomic fission bomb. It’s sitting on a 100 foot tower in the
New Mexico desert north of Alamogordo at a place known as ‘Trinity.’ That’s
Norris Bradbury, (bomb assembly team leader), standing next to it.
The date is July 16, 1945. History was about to be made.

At the center of ‘Gadget’ is a sphere of plutonium the size of an orange
containing a polonium beryllium neutron initiator called the ‘Urchin’ at its
center. This ‘pit’ weighed about 14 pounds and was warm to the touch. It was
nestled inside another sphere made of uranium 238, the tamper of which was
intended to reflect neutrons back into the fissioning mass. Surrounding this
‘core’ are high explosive shaped charges called lenses that will hopefully fire in
perfect unison to symmetrically compress the bomb core thereby creating
super-critical mass at the point the ‘Urchin’ is crushed and generates a massive
number of neutrons to start an uncontrolled nuclear chain reaction.

six… five…
four… three…
two… one…
Zero Time!

LANL Photograph
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Detonation of ‘Gadget’ at 5:29 AM on July 17, 1945
at the Trinity Site’ in the New Mexico desert about
100 miles southeast of Albuquerque. , Night was
turned into day in a valley known as Jornada del
Muerto, the Journey of Death.

4 seconds after detonation, the fireball begins to climb.

Outward expanding nuclear envelope and
fireball with blast front developing milliseconds
after detonation. The blast was the equivalent
of 22,000 tons of high explosives.

Ten seconds after detonation, the fireball rises
above the desert, changing colors as it rises.

“...now I am become Death,
the destroyer of worlds..."
Passage from the Bhagavad-Gita quoted by
Dr. Robert Oppenheimer, Director of Los
Alamos, when ‘Gadget’ detonated.
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National Archives Photograph

‘Gadget’ was built as a result of the Manhattan Project, an ultra-secret program
undertaken by the United States in 1942 to study fission and develop atomic
weapons. Once the first sustained chain reaction was achieved at an experimental
reactor called “The Chicago Pile,” massive reactors and processing plants at Oak
Ridge, Tennessee and Hanford, Washington were built to produce the highly
enriched uranium and plutonium that would be needed for atomic bombs.
Under the direction of Dr. J. Robert Oppenheimer, scientists and physicists at a
secluded place named Los Alamos (Site Y) in New Mexico set about the task of
designing a workable implosion bomb. It took three years and the expenditure
of over 2 billion dollars, but ‘Gadget ‘was built. It was taken to Trinity, and
detonated. Then another was built to drop on Japan.

White Sands Missile Range Public Affairs Photo

Artist’s depiction of the Chicago Pile, the first
nuclear reactor built in an unused racket ball court
at Staggs Field, University of Chicago. The pile
was made up of over 850,000 pounds of graphite,
uranium oxide and uranium metal. When it went
"critical“ on December 2, 1942, it produced ½ watt
of power, but proved the basis of controlled
nuclear fission.

Dr. J. Robert Oppenheimer
Father of the Atomic Bomb

Nuclear reactors at Hanford, Washington which
produced plutonium for atomic bombs
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The McDonald ranch house where the plutonium
pit for ‘Gadget’ was assembled. The ranch was
seized from the McDonald family,who were paid
“fair value” by the U.S. Government.

Sergeant Herb West carries the neutron initiators
for ‘Gadget’ in a special container at the MacDonald
ranch house.

LANL Photograph

Control bunker 10,000 yards from the tower.

Dr. Louis Slotin and members of his team load the
assembled plutonium core into a car at the
McDonald ranch where the pit and core was
assembled. Then it would be taken to the tower
where ‘Gadget’ waits.

‘Gadget’ is raised onto the 100 foot steel tower.
Mattresses were placed underneath in case it fell.

White Sands Missile Range Public Affairs Photographs

LANL Photograph

100 foot tower built to hold ‘Gadget’

U.S. Army Photographs
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Only known color photograph of Trinity detonation
taken by Jack Aeby.

High altitude photo of Trinity blast site. Dark splotch
is from ‘Gadget’ detonation. The white area at lower
right was where 100 tons of conventional explosives
were detonated in May, 1945 so scientists could
calibrate their instruments before ‘Gadget’ was
detonated. ‘Gadget’ had the explosive force, or yield,
of 22,000 tons of dynamite.

Recovery crew inspects an instrumentation bunker.
Note that they are all wearing masks to protect against
ingesting radioactive fallout particles.

Several days after the detonation,
Robert Oppenheimer, Director of
the Manhattan Project and Los
Alamos Labs, and Major General
Lesley Groves, Manhattan
Engineering District Director, stand
at what remains of a tower footing
which supported ‘Gadget.’
Damaged bunker.

White Sands Missile Range Public Affairs Photos
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Man-oh-man, that was some huge explosion from such a small package! It just
vaporized everything around it, down to the ground. People 200 miles away
saw the flash from the detonation including a blind girl.
In his report to Washington about the detonation, General Groves noted that
1500 feet away from Ground Zero, a 16 foot long 4 inch diameter iron pipe set
in concrete disappeared completely. Even the sand around Ground Zero was
melted into a radioactive green glass called Tritinite from the intense heat.
But how can a bomb so small make such a huge and awesome explosion? Well,
it’s got something to do with pieces of highly enriched uranium 235 or
plutonium 239 that have been shaped into something called a sub-critical mass,
just a cylinder or sphere of highly refined fissionable metal. But if two pieces of
U-235 come together or a sphere of P-239 is compressed, they become what’s
called super-critical and begin the self-sustaining fission process causing a huge
release of energy in the form of heat, radiation, and a really big blast. But that
was the purpose and intent of the atomic bomb. To make a very large high
altitude explosion that would destroy everything beneath it.
So, just what makes these things tick?

Oh brother, he’ll probably try
to build one himself, just to
see what it takes.
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Chapter 3

Making Bombs Tick
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When a neutron impacts a heavy nucleus of Uranium 235, it is absorbed by the U-235 nucleus which then
becomes U-236, an unstable element. The U-236 then splits apart into two lighter nuclei, releasing
substantial energy and creating additional neutrons, at least two per event. Unless controlled, these neutrons
continue to impact other U-235 nuclei and a massive nuclear chain reaction takes place. Within a millionths of
a second, billions of fission events take place in a rapidly growing chain reaction which continues until all
fissile material is burned, or the nuclear mass has torn itself apart. The overall result is an enormous release
of energy, creating heat, radiation, and the blast.
.
The photo to the left shows 100 tons of high explosives
stacked on a wooden tower at Trinity which was detonated
days before ‘Gadget’ in order to calibrate test instruments.
Note the man at the top of the stairs for a size relationship.
The detonation of ‘Gadget’ was 220 times more powerful.
Because of their enormous explosive force, nuclear
weapons are rated in kilotons (a thousand tons) or
megatons (a million tons) of explosive force.

Nuclear Files Photo

The photo below shows the size of the plutonium pit used
in ‘Gadget.” It weighed about 14 pounds and produced
22,000 tons (22 kilotons) of explosive force even though
only 10 percent of it actually fissioned.

White Sands Missile Range Public Affairs Photo
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Gun Type Weapon
Highly Enriched Uranium
Each two-thirds critical mass

Gun Tube
Propellant Tamper Slug
Tamper
The gun type weapon is probably the most simple and reliable weapon design, but one that requires a
substantial quantity of highly enriched uranium (HEU), usually about 75 kilograms. It is also a very unsafe
design. Two sub-critical pieces of HEU are physically separated in what is basically a cannon barrel. When
the explosive charge at one end fires, the slug is driven over the second piece of material at a tremendous
rate of speed, causing the combined mass to become supercritical and creating a sustained chain reaction.
The tamper, or neutron reflector, contains the mass and reflects neutrons back into the fissioning mass until
pressures tear the core apart. The gun type weapon is also very inefficient, burning less than 10 percent of
the fissile material.
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Implosion Type Weapon
Detonators

U-238 Tamper
Levitated Plutonium Pit
Neutron Initiator (Urchin)
Fast explosives

Dural Shell

Slow explosives

Imploded core

The implosion type weapon uses less fissionable material and provides a higher yield than a gun
type weapon, but it requires much more precision. Either highly enriched U-235 or Plutonium 239
can be used as fissile material in what is called the “pit” of the weapon.
The plutonium pit and neutron reflector (tamper) which make up the core are surrounded by high
explosive lenses which, when precisely detonated, compress the entire core to achieve supercriticality. Unless all explosives fire at precisely the same time, the weapon will “fizzle,” producing a
much lower nuclear yield than intended or desired. The tamper, usually made of depleted U-238 or
berylium, will contain the mass and reflect neutrons back into the center of it until all fissile material
is gone or the core tears itself apart.
A neutron initiator “squirts” neutrons into the mass to initiate and enhance the fission process at the
moment of compression.
In order to further increase a weapons yield, the pit is levitated within the core which allows for a
better compressive shock when detonated. The yield can be “boosted” if the area between the
levitated pit and the tamper are filled with deuterium-tritium gas just prior to detonation. The fusion
of these elements under the heat and pressure of the fission process produces an enormous
amount of neutron activity, which intensifies the rate of fission in the core. The result is a more
powerful weapon using less fissionable material. Increased neutron activity allows more fissile
material to be burned.
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Components of a Nuclear Detonation
Residual Radiation
(Alpha/Beta)
10%
Direct Radiation
(Neutron/Gamma)
5%
Blast
50%
Heat
35%

A nuclear detonation releases energy in the form of heat, blast, and radiation.
The chain reaction within the nuclear mass lasts for less than a millionth of a second, creating a plasma of
intensely hot weapon residue at temperatures exceeding 10 million degrees centigrade. This plasma emits
massive amounts of electromagnetic radiation which heats the surrounding air to extremely hot temperatures.
Moving at the speed of light, this thermal radiation creates the outward expanding envelope of the fireball,
turning the air luminescent and radiating tremendous heat outward for miles in what is called the thermal
pulse, igniting flammable material in its path.
As the gaseous residues expand at supersonic velocities, a high pressure wave called a hydrodynamic front
is produced which compresses the air, creating the blast or shock wave. Leaving the vicinity of the fireball,
this primary blast wave initially moves outward at the speed of sound, creating static overpressures capable
of crushing things below it. When the primary wave strikes the earth, it is reflected back to merge with the
primary wave, reinforcing and intensifying the blast front, creating what’s known as the Mach Front or Stem
which has overpressures and winds with the power to blow down buildings, trees, and most anything else in
its way.
Neutron and gamma rays radiate outward from the instant of detonation until fission is complete. Gamma
rays continue to be emitted for up to a minute by the fireball as it burns, rising upward. The range of these
rays from a 20 kiloton detonation is about 2 miles.
Residual radiation includes alpha and beta particles from fission products, uranium or plutonium that has
escaped fission, and vaporized weapon casing materials. If dirt and debris are drawn up into the fireball, the
fission products condense onto the foreign matter, creating highly radioactive particles which eventually settle
back to earth as fallout. They remain radioactive for as long as the half-life of the fission product, in some
cases up to several weeks. Neutron-induced radiations remain for years, particularly in metal and sodium.

DOE Photographs
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Fireball from detonation expands over the Nevada desert, spewing intense radiation and thermal energy. The
fireball never touches the ground but is distorted by the blast front incident wave which reflects back from the
ground. The surge of earth moving upward is from the suction created by the reflected blast wave. This will
become the stem of the mushroom cloud.
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As a result of the very high temperatures and pressures at the point of
detonation, the hot gaseous residues move outward from the center of the
explosion with very high velocities. Most of this material is contained
within a relatively thin, dense shell known as the hydrodynamic front.
Acting much like a piston that pushes against and compresses the
surrounding medium, the front transfers energy to the atmosphere by
impulse and generates a steep-fronted, spherically expanding blast or shock
wave. At first, this shock wave lags behind the surface of the developing
fireball. However, within a fraction of a second after detonation, the rate
of expansion of the fireball decreases to such an extent that the shock
catches up with, and then begins to move ahead of, the fireball. For a
fraction of a second, the dense shock front will obscure the fireball,
accounting for the characteristic double peak of light seen with a nuclear
detonation. This is called “breakaway.”
During the time the blast wave is passing through the superheated
atmosphere in the fireball, it travels at supersonic velocities. After it leaves
the vicinity of the fireball, it slows down to the normal speed of sound in
the atmosphere. When the expanding blast wave from a nuclear air burst
strikes the surface of the earth, it is reflected, and the reflected wave
reinforces and intensifies the primary wave. The two fuse to form a
combined wave front known as the Mach stem or front. The height of the
Mach front increases as the blast wave moves outward and becomes a
nearly vertical blast front. As a result, blast pressures on the surface will not
decrease as the square of the distance, and most direct blast damage will be
horizontally directed on the walls of a building rather than on the roof.

Wow, Ralph. You
sound so scientific.
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Development of an Air Burst
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20 KILOTON AIR BURST – 3 SECONDS
1 MEGATON AIR BURST – 11 SECONDS

FIREBALL
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So, we generally understand how nuclear weapons work
and the forces created when detonated. But the real
question is, “ What do these weapons actually do?”
The answer is quite simply, “Terribly horrific things.”

Caution: Disturbing
stuff ahead.
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Chapter 4

‘Little Boy’
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On August 6, 1945 at 8:15 AM, ‘Little Boy’ detonated 1,900
feet above the city of Hiroshima after being dropped from a
B-29 bomber named “Enola Gay.”
Survivors reported a flash of intense, blinding garish bluewhite light, like a giant magnesium flare. The flash was of
short duration and accompanied by intense heat. The
duration of the heat pulse was less than 3 seconds, but
was sufficiently intense to cause third degree burns to
exposed human skin up to a distance of a mile. Hair and
clothing ignited, telephone poles charred, thatch-roofed
houses caught fire. Clay tiles on roofs a mile away
bubbled from the 2,200 degree heat. In the area of ground
zero, the heat was in excess of 7,000 degrees, charring
corpses beyond recognition, vaporizing many.

‘Little Boy’
Gun assembly using highly enriched uranium
Width: 28 Inches
Length: 120 Inches
Weight: 8,900 pounds
Yield: 13 kilotons

Detonated over Hiroshima, Japan
August 6, 1945

The blast wave which followed the flash seconds later was
of sufficient force to press in the roofs of reinforced
concrete structures and to flatten completely all less sturdy
structures. Reinforced-concrete structures including
bridges suffered structural damage or collapse up to 700
feet from ground zero. The blast wave was accompanied
by much flying debris. Shattered glass, window frames,
doors, and partitions were hurled at high velocity through
those buildings which did not collapse, killing inhabitants.
Wood houses and brick buildings were flattened up to
7,300 feet away. Beyond these distances structures
received less serious damage to roofs, wall partitions, and
the like. Glass windows were blown out at distances up to
5 miles. In some cases, glass shards amputated limbs.
Over 4 square miles in the center of the city (nearly 60
percent of the city) was flattened with the exception of
some 50 reinforced concrete buildings, most of which were
gutted and suffered structural damage. Most of the people
in the flattened area were crushed or pinned down by
collapsing buildings and flying debris. Deaths from
radiation set in immediately.
People watched victims leaving the remains of the city
with their skin hanging down in sheets from arms and
bodies, the “alligator people” whose charred flesh bore that
resemblance, women carrying dead babies, people with
eyeballs hanging out from blast pressure, a man with his
feet missing, walking on the stumps of his legs, bloodied
people begging for water which after it was given, lay
down and died.
Hiroshima’s pre-attack population was 255,000.

Casualties: 140,000 killed*
69,000 injured
*Total deaths vary by source from 66,000 up to 140,000. Figures cited here are
from Hiroshima historical documents and include all deaths up until December
1945 from radiation, flash, or blast induced injuries.

U.S. Army Photographs

‘Little’ Boy’ was comprised of about 140 pounds of highly
enriched uranium. Only 1.3 pounds actually fissioned as
part of the chain reaction. Little Boy was very inefficient.
Had all the HEU burned, the explosion would have been
considerably greater, nearly 1 megaton..
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High altitude reconnaissance photographic mosaics showing before and after perspectives of Hiroshima.
Ground Zero was directly above the Hiroshima Prefecture Industrial Promotion Hall marked with the X.
Within 4,800 feet, exposed humans were incinerated or irradiated with lethal doses of gamma radiation.
Everything within 1-1/2 miles of Ground Zero was completely destroyed and burned (outer circle).
Photos from United States National Archives Image Library

Seizo Yamada Photograph

Hiroshima Peace Culture Foundation Photograph
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Wristwatch worn by woman in Hiroshima.
Both she and watch stopped at the
moment ‘Little Boy’ detonated.

Photographs by Yoshito Matsushige

Photographs by Yoshito Matsushige

Photo of rising mushroom cloud
taken 7 km northeast of Hiroshima.

Banking district 24 hours after blast.

US Army Photograph

Mitsunobu Kishida photograph from the
Hiroshima Peace Culture Foundation

Hiroshima residents at the Miyuki Bridge, 1-1/2 miles from ground zero three hours after detonation.

Banking district of Hiroshima weeks after blast.
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US Army Photo

Photo by R. Young, USNR

The blast pressure at Ground Zero, or ‘hypocenter’, was 49 pounds per square
inch with winds exceeding 1000 miles per hour. One-half mile away, the pressure
was 21 PSI with winds of 447 MPH which destroyed all but poured concrete
buildings. At 1-1/4 miles, blast overpressure dropped to about 4 PSI with winds at
130 PMH, still sufficient to severely damage brick buildings over 2 stories tall.

Aioi Bridge
Steel-reinforced concrete bridge railings are bent outward from downward directed blast.
The blast wave reflected off the water, buckling the roadway upwards.

Toshio Kawamoto

Looking towards Ground Zero from the East

US Army Photograph

The Aioi Bridge, Enola Gay’s aiming point
Described by Enola Gay pilot Paul Tibbets as “The
most perfect AP I’ve seen in this whole damned war.”
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Ground Zero – The Hypocenter

US Army Photograph

US Army Photograph

Although the Aioi bridge was the aiming point, ‘Little Boy’
detonated above the Hiroshima Prefecture Industrial
Promotion Hall, about 550 feet from the bridge.

Satsu Nakata Photograph

Hiroshima Institute for Peace Education Photograph

Hiroshima Prefecture Industrial Promotion Hall

Streetcar stands gutted where it stopped

Perspectives of Hiroshima destruction

US Army Photograph

US Army Photograph

Bodies being collected for mass cremation.

31

Aioi Bridge

Nagarekawa Church in the foreground. Hiroshima Station upper far-right.
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Shunkichi Kikuchi photograph

Nuclear Age Peace Foundation Photograph

US Army Photograph

The thermal pulse from the detonation traveled at the speed of light and
was brighter and hotter than the sun, leaving its mark on many things it
fell upon. Take this bridge over here. The white areas on the pavement are
shadows of the posts and rails. Those areas were shielded from the intense
light and heat of the pulse which scorched the remaining pavement. The
white shadow in the lower center of the picture is that of a person who was
on the bridge at the time.

Image of valve is burned onto side of water tank.

Shadow of ladder, soldier, and his
hanging sword left on wall from
intense thermal pulse.

US Army Photograph
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Shadow of woman imprinted on granite steps of bank where she sat at the moment
’Little Boy’ detonated over Hiroshima.

US Army Photographs
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Masama Onuka Photographs

Residents of Hiroshima exposed to the thermal effects of ‘Little Boy’.

Temperatures at the hypocenter exceeded 7,000 degrees Fahrenheit, more than
enough to melt glass, metal, and ceramic tiles, and carbonize human beings.
As far out as 1-1/2 miles, roof tiles were found blistered from temperatures
exceeding 1,200 degrees within the thermal pulse. Any exposed flammable
material caught fire. Shielding provided some protection, but people caught in
the open were horribly burned.
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The burst of gamma and neutron radiation from the chain reaction
and fireball of ‘Little Boy’ extended out from the hypocenter for
thousands of yards, lasting for over 60 seconds as the fireball burned,
rising into the sky. Nearly everyone in a direct line with the
hypocenter out to a distance of one-half mile received a lethal dose of
radiation. Those not killed outright by the thermal pulse or blast
found themselves horribly sick, and dying.
Then there was radioactive fallout, Alpha and Beta particles that fell
from the mushroom cloud as it rose and drifted away. Particles
falling onto people miles away, remaining radioactive for days or
weeks, further increasing the dosage of radiation they received from
the detonation. People who otherwise were uninjured soon found
themselves suffering from radiation sickness.

Hiromi Tshucida Photograph

Part of Hiroshima experienced a “black rain” after the detonation of
‘Little Boy.” The rain that fell was filled with radioactive soot from the
firestorm that burned in Hiroshima. People with great thirst from
injuries drank this water, giving the phrase, “dying of thirst,” new
meaning. The picture to the left show a wall streaked with black rain.
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Doses of radiation are measured in roentgens: RAD, which stands for
Radiation Absorbed Dose, or REM, Roentgen Equivalent Man-Dose.
Radiation doses are cumulative meaning that you can still get a fatal dose,
just a little at a time. It is generally accepted that a whole body combined
dosage exceeding of 600 RAD is enough to kill an adult. Exposure to 300
RAD will make a person really sick, and can still kill depending upon the level
of medical treatment received. 100 RAD will make you ill for a period of
days and will create a lot of physical problems down the road. It took many
years for some people in Hiroshima to die from the effects of radiation they
received on August 6, 1945. Some are still dying today.
You see, radiation affects the hematological or blood system, causing major
problems. Cellular changes, loss of bone marrow, and creation of ‘free
radicals’ which overwhelm your immune system. Cancers such as leukemia
are generally developed in people subjected to radiation, even low doses.

It’s not a pretty sight

US Army Photograph
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Photo by Toshikichi Kikuchi

US Army Photograph

Boy with radiation burns caused by alpha and beta
particles that settled on his unprotected head. Radiation
sickness causes a person’s hair to fall out.

October 1945 photograph of brother
and sister with hair loss from radiation
sickness. He died in 1949, she in 1965,
both from long-term effects of radiation
from the bomb.

Exposed part of face badly burned by thermal rays.

Photo by Toshikichi Kikuchi

US Army Photograph

Subcutaneous hemorrhaging shows as purple spots
radiation sickness
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Hiroshima Gamma Ray and Neutron Radiation Doses in RADS
Distance from Ground Zero
0
650 feet
1,640 feet
2,300 feet
3,000 feet
3,600 feet
4,265 feet
5,250 feet

Gamma
10,300
6,050
2,790
1,110
419
155
58
13

Neutrons
14,100
7,700
3,150
1,080
344
106
33
6

Extracted from:

“Hiroshima and Nagasaki: The Physical, Medical, and Social Effects of the Atomic Bombings”

RAD

SYMPTOMS

0-70

•

Very few short term effects, possible blood cell changes

70-150

•

Mild nausea and vomiting within 2 hours and lasting 24 hours.

150-300 •

Moderate nausea ,vomiting, diarrhea ,fatigue, fever, drop in blood count. Symptoms start
within 2 hours, lasting 2 days or more. About three weeks after exposure, bone marrow stops
producing normal numbers of blood cells. People would become prey to infection. Sores form
in mouths. Burns and other wounds suffered in the initial attack would become infected and
fail to heal. Severe drop in the number of platelets, the cell fragments that help blood to clot.
Hemorrhage into skin, and new bleeding would begin in the intestines and stomach. Intensive
medical treatment needed for at least 40 days. 5 to 25 percent will die within 30-60 days.

300-500 •

300-500 Severe nausea, vomiting, diarrhea ,moderate fatigue, fever, severe drop in blood
count. Symptoms start within two hours and last up to 3 days Livid skin ulcerations are
noticeable and hemorrhages occur. Hair loss after 14 days. Medical treatment for months is
needed. 25 to 50 percent will die within 30-60 days.

500-800 •

Severe nausea and vomiting that sets in within an hour lasting for several days and then
seems to improve. After a few days to a week, the symptoms return and become worse. The
diarrhea and vomit would become bloody as the lining of their stomachs and intestines,
damaged by the radiation, began to shed. Practically no lymphocytes exist in the blood
system after two days. Circulatory system and part of central nervous system malfunction.
50 to 90 percent will die within 21 to 35 days.

800 Plus •

Extremely severe nausea and vomiting setting in within 3 minutes. Fatigue, weakness,
dizziness and disorientation, severe fluid and electrolyte imbalance, possible physical
collapse. Bone marrow completely depleted in 2 days. Outcome very rapid. Internal bleeding,
organ failure, nervous system collapse, heart failure or coma, death. I00 percent will die within
21 days.

Extracted from:

Army Field Manual 8-9, “The NATO Handbook on the Medical Aspects of Nuclear, Biological,
Chemical Warfare”
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Section Four—Effects Upon the Human Organism
9. The menace of nuclear radiation is present at the instant of explosion,
and residual radioactivity may persist for a considerable length of time
thereafter in the immediate vicinity, and at greater distance for diminished
lengths of time.
10. Within one second of the explosion of a bomb in air, it is estimated,
gamma radiation and neutron emissions are sufficient to destroy human life
at distances exceeding 1,000 yards, with casualties potentially resulting at
2,000 yards.
11. In the case of a burst at the land surface or at very low altitude, there is
a deposition of fission products over an area of several hundred yards'
radius, sufficient to be dangerous for several years. Neutron emission at the
instant of a burst induces radioactivity in various elements, notably sodium.
12. When a bomb is exploded underwater, lethal residual radioactivity
assumes an importance greater than the physical damage caused by the
explosion. Vast quantities of water falling from the explosion column and
traveling outward in the base surge and, also falling as "rain" from the
cauliflower cloud, carry, not only highly radioactive fission products, but
un-fissioned material as well.
13. Massive shielding is the only known protection against external nuclear
radiation. No treatment to cancel the effects of radiation upon living
organisms exists, nor is there reason to hope that means of cleansing
radiation from the body can be found. So-called "supportive measures"
may be effective in prolonging life in certain "borderline" cases and, it has
been suggested, could reduce mortality in exposures of less than 400
roentgens.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Chapter 5

‘Fat Man’
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On August 9, 1945 at 11:02 AM, Fat Man detonated at
an altitude of 1,700 feet above the city of Nagasaki
after being dropped by the B-29 bomber named
“Bocks Car.” In actuality, the bomb was off-target and
detonated over the suburb of Urakami which was
situated in a valley.
Survivors reported basically the same flash of light,
heat, and blast as those at Hiroshima had. However,
destruction was over a greater area than that in
Hiroshima. Since it detonated over a valley, the blast
wave was reflected from the surrounding hills,
increasing the force and extent of the blast wave.
Most reinforced-concrete structures suffered structural
damage or collapse up to 2,000 feet from the
hypocenter at Nagasaki. Brick buildings were flattened
out to 8,500 feet along with houses of wood
construction.

‘Fat Man’
Plutonium implosion type
Width: 60 Inches
Length: 128 Inches
Weight: 10,300 pounds
Yield: 22 kilotons

Again, like at Hiroshima, victims with charred “alligator
skin,” flesh hanging in strips, ruptured eyes, and
horrifying cuts and abrasions were seen.

Detonated over Nagasaki, Japan
August 9, 1945

The death toll within a distance of one kilometer from
the hypocenter was 96.7% among people who
suffered burns, 96.9% among people who suffered
other external injuries, and 94.1% among people who
suffered no apparent injuries. These data show that
the deaths occurring immediately after the atomic
bombing were due not only to burns and external
injuries but also to severe radiation-induced trauma.
In the hypocenter area corpses and debris were
immediately reduced to ashes.

U.S. Army Photographs

Mortality rates for distances from ground zero:

Casualties: 75,000 killed*
74,000 injured
*Casualty figures vary by source. Figures cited
here are from Nagasaki historical documents.

0 – 1000 Feet
1000 - 2000
2000 - 3000
3000 - 4000
4000 - 5000
5000 - 6000
6000 - 7000
7000 - 8000
8000 - 9000
9000 - 10,000

93.0%
92.0
86.0
69.0
49.0
31.5
12.5
1.3
0.5
0.0

Nagasaki’s pre-attack population was195,000.

42
PRE-ATTACK
NAGASAKI



POST-ATTACK
NAGASAKI

Photos from Nagasaki Atomic Bomb Museum



Before and after high altitude photographs of Nagasaki.
The outer ring on lower photo represents 2,000 yards, over 1 mile

Yosuke Yamahata Photograph
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Yosuke Yamahata Photograph

Nagasaki Mitsubushi aircraft works

Yosuke Yamahata Photograph

Charred bodies lay twisted in Nagasaki on Aug 10th.

Nagasaki industrial area

Hiromichi Matsuda Photograph
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Mushroom cloud forms over Nagasaki
Charred corpse of a boy near hypocenter

Corpse of baby lays in wreckage

The dying sit among the dead as soldier draws diagram

Boy carries his burned brother

Diagram drawn by soldier in photograph above

These photographs were taken by Yosuke Yamahata in Nagasaki on August 10, 1941, the day after Fat Man was detonated

National Archives Photo

Yosuke Yamahata photo
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Entrance to Shintu shrine below the Nagasaki Hospital and Medical College
Left-hand photo was taken the day after ‘Fat Man’ was detonated with remains of shrine burning. Shrine
entrance archway was not destroyed as blast forces went around and through it. Right-hand photo taken
weeks later framing the remains of the Nagasaki Hospital and Medical College on the hills above.

Nagasaki Hospital and Medical College
Nagasaki Hospital and Medical College

Nagasaki Hospital and Medical College

Nagasaki Hospital Courtyard

600 of the 850 students at the Nagasaki Medical College were killed outright with most the rest severely injured.

National Archives Photograph

U.S. Army photograph
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Chinzei School
1500 feet from Ground Zero

National Archives Photograph

U.S. Army photograph

Urakami Catholic Cathedral

Alligator skinned woman

Yosuke Yamahata photo

US Army Photograph

Urakami Catholic Cathedral
Cross bent by blast looks out over
devastated valley

Shiroyama School
Crushed by blast 1,500 feet away from Ground Zero
Man treated for burns
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Section Four—Effects Upon the Human Organism
1. From a military viewpoint, the atomic bomb's ability to kill human beings or
to impair, through injury, their ability to make war is of paramount importance.
2. Thus the over-all result of a bomb's explosion upon the crew of a ship or the
inhabitants of a city is of greater interest here than an analysis of the
physiological causes of these results.
3. Instrumental data and the results of animal experimentation at Bikini
sustained reports from Nagasaki and Hiroshima that the effects of an atomic
explosion upon living organisms took one of four ways:
(1) They may be burned by the flash heat of the bomb.
(2) They may suffer organic impairment by external radiation at the instant of
blast.
(3) They may suffer impairment by radiation after the blast from contaminated
surfaces or by the entrance into the body of fission fragments and unfissioned
material.
(4) They may be subjected to the air blast of the explosion and also to the
mechanical effects of falling and flying debris and to secondary fires.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947

Yosuke Yamahata Photograph

Charred corpses of mother and her baby lay at Urakami Railroad Station, 3,000 feet from ground zero.

Not surprisingly, the Japanese surrendered. Who wouldn’t? World War II in
the Pacific was finally over and the killing stopped, but the dying continued.
Thousands of people in Japan were dying of blast, heat, or radiation injuries
from ‘Little Boy’ and ‘Fat Man. Many lasted just weeks, others months, and
some years before dying from the long-term effects of the atomic bomb,
particularly radiation. The US military and scientists studied the effects these
bombs had on people and buildings. They saw what these bombs did. They saw
what intense heat and radiation did to people. It was simply horrifying.
Scientists knew about fallout and it’s terrible nature. They understood what
unleashed atomic forces could do. They knew it before the bombs were
dropped. The only difference was, they just hadn’t seen it. Now they did.
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Effectiveness
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Section Seven – Effectiveness of the Bomb against Cities
4. We can form no adequate mental picture of the multiple disaster which
would befall a modern city, blasted by one or more atomic bombs and
enveloped by radioactive mists. Of the survivors in contaminated areas,
some would be doomed to die of radiation sickness in hours, some in
days, and others in years. But, these areas, irregular in size and shape, as
wind and topography might form them, would have no visible
boundaries. No survivor could be certain he was not among the doomed
and so, added to every terror of the moment, thousands would be
stricken with a fear of death and the uncertainty of the time of its arrival.
5. Rescue parties could not enter any part of the city, except at the hazard
of life, until the contaminated areas had been established and delimited.
When this had been done, relief might be brought to those remaining in
lightly contaminated areas, but the dead would remain unburied and the
wounded uncared for in the areas of heaviest contamination where
certain death would lurk for many days and, in which, for many years to
come, continuous habitation would be unsafe.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947

Some pretty stark language, but from what we’ve seen, it is the sad truth.
Yet work continued on the development of nuclear bombs in the United
States, but not without terrible, yet ironic, consequences.
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Death by Radiation
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Radiation Kills Los Alamos Physicists
You may remember that Dr. Louis Slotin was
leader of the team that assembled the core for
‘Gadget’ at Trinity.
At 3:20 P.M. on May 21, 1946, at the Los
Alamos Laboratory in New Mexico, Dr. Slotin
was demonstrating to seven other scientists
and technicians how to determine the critical
mass of plutonium pits when assembling the
bomb core. The process involved placing the
top half of a beryllium sphere (a neutron
reflector) around the plutonium pit resting in
the bottom half of the sphere slowly and
carefully while watching neutron counters. It
was a dangerous technique commonly known
as “tickling the dragon’s tail.”

Dr. Louis Slotin

Reenactment of procedure Slotin was following

Drawing showing location of scientists during accident
LANL Photographs

With his left thumb wedged into a cavity in
the top element, Slotin moved the top half of
the sphere closer to the lower portion, a
micro-inch at a time. In his right hand was a
screwdriver, which was being used to keep the
two spheres from touching completely. Then,
the screwdriver slipped. The top half of the
sphere fell completely over the other half and
the plutonium went supercritical, spewing
neutron and gamma radiation into the room.
Air particles were instantly ionized and
observers reported a blue glow and surge of
heat that swept over them.
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Slotin threw himself over the assembly and knocked the spheres apart, (the upper
portion is seen laying on the floor near the stack of blocks in the photo below),
but deadly gamma and neutron radiation had already flashed into the room.
Slotin, closest to the mass, absorbed the brunt of it. In addition to the blue glow
and heat, Slotin experienced a sour taste in his mouth and an intense burning
sensation in his left hand. The 32 year old physicist had been exposed to over
2,100 rad whole body radiation, far more than a lethal dose. It was as though
Slotin had been fully exposed to the radiation from an exploding atomic bomb at a
distance of 2,000 feet. As soon as Slotin left the building, he vomited, a common
reaction from intense radiation. The other seven people in the room at the time
received lesser doses of of about 360, 250, 160, 110, 65, 47,and 37rad.
Dr. Slotin died 9 days later on May 31 after an agonizing sequence of radiationinduced traumas including severe diarrhea and diminished output of urine, swollen
hands, erythema (redness) on his body, massive blisters on hands and forearms,
paralysis of intestinal activity, gangrene and a total disintegration of bodily
functions. It was a simple case of death from radiation, similar to what American
scientists and medical personnel saw in Japan among A-bomb victims.

LANL Photograph

But it was not the first death from radiation when something “went wrong.”

Photograph of Omega Site Laboratory in Pajarito Canyon,
Los Alamos, New Mexico after the accident.
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Nine months earlier on August 21, 1945, only 12
days after ‘Fat Man’ was dropped on Nagasaki,
Harry Daghlian was conducting similar criticality
studies and measurements at the Omega site
which required that he place blocks of tamper
material around a mass of fissionable PU-239.
He had seen Slotin do this many times, but
Daghlian was doing it by himself after working
hours with no assistance: a violation of policy.
Harry Daghlian

Photo of the critical assembly after the
accident and dismantling by Daghlian.
The pit is nickel-plated PU-239 resting in a
tungsten carbide cradle and surrounded
by blocks of tungsten carbide tampers.

As in the Slotin incident, at the point the mass
became critical, Daghlian slipped, allowing a
block of tamper material to fall onto the
assembly, causing the mass to go supercritical. A
blue glow was noted and Daghlian quickly
disassembled the tamper, receiving additional
radiation doses to the hands and arms. His totalbody radiation exposure was estimated to be 480
roentgens of soft x-rays and 110 roentgens of
gamma rays, with additional complications
arising from the non-uniform distribution of
radiation exposure, particularly to the upper body
and, especially, to the hands. The left hand, that
had held the fallen brick, possibly received 5,000
to 15,000 rad; the right hand, used to push the
brick away, was exposed to a considerably higher
dose, in the range of 20,000 to 40,000 rad.
He died 25 days later from radiation-induced
trauma, just as many people in Hiroshima and
Nagasaki were also doing at the time from the
radiation effects of ‘Little Boy’ and ‘Fat Man.’
Harry Daghlian had also been a member of the
team that assembled the plutonium core for
‘Gadget,’ the first bomb detonated at Trinity.
How ironic, for both he and Dr. Slotin.

Daghlian’s right hand
LANL Photographs
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A few more of the Little Boy and Fat Man type bombs were built. They were designated the
Mark-I and Mark-III bombs, respectively. In June 1946, the stockpile consisted of nine bombs,
none of them assembled. Now the United States had “the Bomb,” in quantity.

The atomic bombing of Japan had clearly shown the horrible effects a nuclear weapon had on
cities and people. However, the military decided that more information about the effects of
atomic weapons was needed, particularly the results when used against naval vessels. Lewis
Strauss, who was to become chairman of the Atomic Energy Commission argued, "If such a
test is not made, there will be loose talk to the effect that the Fleet is obsolete in the face of
this new weapon.” He suggested a large number of target ships widely dispersed over a large
area. The Strauss test was designed to demonstrate ship survivability, at least in theory. The
U.S. was essentially at a crossroads, either pull back from further development and possible use
of the atomic bomb, or move forward.
At the urging of the Navy and Senate’s Special Committee on Atomic Energy, Operation
Crossroads was planned. Its primary purpose was to determine the effects of atomic bombs on
ships, material and equipment, using the same type bomb dropped on Nagasaki. There would
be three tests; one bomb dropped from an aircraft on the target ships, one detonated 90 feet
under water near the ships, and one detonated deep under water.
There was considerable debate over Operation Crossroads,. Some Manhattan Project scientists
felt that any additional testing was unnecessary and was environmentally dangerous. In
particular, one Los Alamos study warned that “the water near a recent surface explosion will be
a witches’ brew of radioactivity.” Secretary of State James Byrnes argued that further display
of U.S. nuclear power could harden Russia's position against acceptance of a plan to control
nuclear weapons and prevent an arms race. Needless to say, Russia was already upset that the
U.S. and Britain had kept the atomic bomb a secret from them during WWII, even though
they were an ally. Russia was secretly working on their own bomb.
Regardless of the naysayers, Operation Crossroads went ahead, at great cost economically,
ecologically, and environmentally. Bikini Atoll has never been the same since.
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Beginning in February 1946, over 42,000 people
supported by 242 ships and 156 aircraft were
assembled in the Marshall Islands at a group of small
islands known as Bikini Atoll.
The 167 people who lived on Bikini were removed to
a smaller atoll, Rongerik, 125 miles east of Bikini.
They left voluntarily after being told that it would only
be a temporary move so the United States could test
atomic bombs “for the good of mankind and to end all
world wars.” They were paid ten dollars for the use of
Bikini.
A “target fleet” of more than 90 ships made up of older
US vessels and ships captured from the Germans
and Japanese was placed in Bikini lagoon, included
aircraft carriers, battleships, cruisers, destroyers,
submarines and all other manner of naval vessel.

On July 1, 1946 at 9 AM, ‘Able,’ a Mark-III bomb was dropped onto the target fleet from a B-29 bomber
named ‘Dave’s Dream.’ Detonating at an altitude of 520 feet, the 23 kiloton weapon caused five ships to be
sunk even though the bomb was dropped 980 feet short and 1870 feet left of the intended target.
Surprisingly, the bomber crew was investigated for un-American activities and it was later found that the
bombardier miscalculated and loaded the wrong settings in his bombsight.

Bill Cunningham Photo

NGS Photo

NAIL Photograph

Bill Cunningham Photos
Courtesy National Association of Atomic Veterans
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US Navy Photograph
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Sailors “swab the deck” in an attempt to remove
radioactive fallout, gamma or neutron-induced
radiation. It was proven ineffective.

Deck of USS Pensacola cruiser is inspected after
the blast from ‘Able.’ The hand painted sign on
the gun turret says, “No Smoking – No Souvenirs,”
which was wise advice.

Five of the ships were sunk outright; a heavy cruiser, two destroyers, and two
transports. Many others suffered damage to superstructures. Most ships had
been instrumented to gather data from the blast, heat and radiation. Sailors
and soldiers were required to board these ships to gather the information
collected and retrieve other experiments, some that used live animals. They
also practiced decontaminating the ships. It should be noted that few sailors
were provided with dosimeters to measure the radiation they received.
Then, on July 23rd, things got real interesting. Another Mark III bomb was
placed in a watertight caisson and lowered 90 feet into Bikini Lagoon
suspended under a barge. Then it was detonated at 8:35 AM. As the Navy
soon found out, it was not a really bright idea.

FAS Photograph
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American Philosophical Society Photograph

The “spray dome” from the underwater detonation of ‘Baker’ emerges from sea at 2,500
feet per second four milliseconds after detonation. Behind it is the rapidly expanding
bubble of highly radioactive hot gases from the fireball.

The low pressure zone behind the advancing shock wave causes water droplets to condense out of the
moisture laden tropical air producing the "Wilson Cloud" effect. This cloud hides the stem and debris
cloud being blown upward by the blast.

NAIL Photo
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American Philosophical Society

Side-view of ‘Baker’ as Wilson Cloud effect begins to dissipate. The stem is a massive column of
highly radioactive water and vaporized coral still rising into the air from the blast. Over 2 million
tons of water (approximately 550 million gallons) was blown upward by the detonation.

As the Wilson Cloud effect continues to dissipate, the extent of the mushroom cloud can be seen.
Water in column begins to arc outward as blast pressure drops. This water column was 2,000 feet
across with walls 300 feet thick and over 6,000 feet tall.

NAIL Photo
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NAIL Photo

Highly radioactive water in column begins to fall back onto target fleet creating a base
surge, a massive amount of water that created a wave that reached 900 feet in height.

Base surge continues to grow, enveloping target fleet as debris begins to fall from cloud.
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Aerial views of Baker detonation
Crown of debris emerges from Wilson Cloud. Ships
are visible as shock front (white circle on surface)
passes them. Bikini Atoll is visible beyond the cloud.

View directly overhead of debris crown extending
outward from Wilson’s cloud effect. The center
of the column contains highly radioactive gasses.

US Navy Photographs

NAAV Photographs
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Sailors on deck of ship are cloaked in radioactive mist from base surge and falling coral debris.

The blast from ‘Baker,’ a 23 kiloton bomb, caused the sinking of nine ships including
two battleships, the aircraft carrier Saratoga, and two submarines. The remaining
target ships were contaminated with varying degrees of radiation from the base surge
and vaporized coral, some so extensively that they could not be safely boarded. 65 of
the remaining ships were eventually scuttled or sunk by naval gunfire due to unsafe
levels of radiation. Eight ships were sold as scrap.
The area around the blast site had radiation levels exceeding 730 RAD for over 24
hours. Bikini Island, which was hit by the base surge, could not be safely occupied for
over a week until radiation levels fell to “safe” levels. Ships not in the target area and
miles away were covered with radioactive spray and mist.
The base surge and massive amount of radiation left behind was unforeseen by
Operation Crossroads planners, or so they say. I’m not sure what they were thinking
would happen when an atomic bomb was set off underwater, but they sure found out.
A third test, ‘Charlie,’ a deep water test, was cancelled after the mess ‘Baker’ left.
Unfortunately, Bikini Atoll has never been inhabited again due to the amount and
types of radiation that remains there today from 23 nuclear detonations conducted
there between 1946 and 1962.

Image of radioactive flounder captured from Bikini Lagoon and
laid on photographic plate after Operation Crossroads.
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Section One -- Operation CROSSROADS
1. The Board finds from available figures that operation CROSSROADS, in the
conduct of atomic bomb tests, ABLE and BAKER, held at Bikini Atoll, 1 July
and 25 July 1946, respectively, cost the Government an extra expense
approximating $50,000,000.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Section Six – Consideration of Targets
2. The correlation of the results of the explosions of atomic bombs over
Japanese cities and against naval vessels, at Bikini, gives ample evidence
that the bomb is preeminently a weapon for use against human life and
activities in large urban and industrial areas, as well as seaports.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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OK, let’s stop for a moment and consider where we were at.
It’s 1946, WWII is barely over, the U.S. is the only country to possess atomic
weapons and just used two of them as part of Operation Crossroads. Russia
became very nervous at this point, since this was viewed as the U.S. flexing its
atomic muscle. They were right.
There were two schools of thought in the United States concerning atomic
weapons. One group believed that the secrets of the atom bomb were scientific
in nature and could not be monopolized forever: eventually others would get
the bomb. They further felt that holding the bomb in reserve while negotiating
with Russia not to develop one would simply drive Russia into developing their
own weapon to restore the balance of power. They were right.
The other group felt that the US monopoly on atomic weapons had been
honestly gained and should not be surrendered. The view of this group was that
Russia understood only raw power, and that could only be met with atomic
weapons. They felt more bombs were needed to keep Russia in line. They were
wrong.
At the end of 1945, a proposal to pass the responsibility for the control of
atomic energy to a United Nations Atomic Energy Commission had been
endorsed by both the United States and Russia. Unfortunately, the U.S. had
not yet established a plan on how to do so. Time was wasted as both schools of
thought argued back and forth.
President Truman asked Secretary of State Dean Acheson and David Lilienthal,
head of the Tennessee Valley Authority, to draw up a report on how to control
the atom. Everyone agreed that it would not be easy, but it could be done.
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The Acheson–Lilienthal Report was created with the help of Dr. Oppenheimer
and other Manhattan Project officials. It recommended that all uranium be
placed under international control by the Atomic Development Authority,
which would release small amounts to individual nations for the development of
peaceful uses of atomic energy. It also proposed to exchange scientific
information for peaceful use with other countries; control nuclear power to the
extent necessary to ensure its use only for peaceful purposes; the elimination of
atomic weapons by the U.S.; institute safeguards by way of inspection and other
means to protect complying countries against the hazards of violations and
evasions by other nations.
The report was turned over to diplomat Bernard Baruch who made some changes
to it, most notably not allowing any member of the U.N. Security Council to
veto any actions against offenders. This would make it iron-clad. When Baruch
presented what was now called the “Baruch Plan” to the U.N. he stated,
“We are here to make a choice between the quick and the dead. That is our business.
Behind the black portent of the new atomic age lies a hope which, seized upon with
faith, can work our salvation. If we fail, then we have damned every man to be the
slave of fear. Let us not deceive ourselves; we must elect world peace or world
destruction.”
Regrettably, the U.S. insisted on retaining its atomic bombs until they were
satisfied with the effectiveness of international control, Russia would not consent
to inspections and controls until they did so, and ultimately the Baruch Plan was
rejected by Russia, to the surprise of no one. This failure to secure international
control of nuclear weapons virtually guaranteed the nuclear arms race that
followed. The Cold War was on.

And at an almost
unbelievable pace.

71

Chapter 11

The Tests

72

Two - Research, Development and Stockpiling
6. The United States cannot retain dominance in atomic warfare - the
loss of which might be fatal to our national life - unless by unflagging
effort it retains the leadership in nuclear physics, chemistry and
engineering, which made the bomb possible. Hence, a vital part of our
national defense must be a program of research and development in
every field involved in bomb production.
7. No development of any weapon or skill in its use can be achieved
without periodic tests. The phenomenon of nuclear fission precludes the
explosion of an atomic weapon of less than critical mass, and hence all
tests must be "full scale”.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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OK, the United States had atomic bombs that had proven to
work, in combat or testing, with terrifying results.
But it wasn’t enough. The press for the development of
smaller and more powerful weapons proceeded. In a way,
great progress was made over the years, unfortunately at
great cost, economically and environmentally.
You see, when you design a new weapon, it has to be tested
to make sure it works. Besides this, many people wanted to
know more about the effects from weapons and ways in
which to try to survive those effects. Where else could you
test them other than somewhere in the ocean or remote
regions of the United States?
Defying any logical thinking about the harsh realities, the
United States embarked on a testing program that seemed
to have no end.

I’ll tell ya, some pretty strange, dangerous, and stupid things
were done along the way. And I have to ask, for what?

Yeh,
Really.

74
Operation Sandstone involved the detonation of three MK-3 bombs using new levitated cores within the
tamper. Levitating the core allowed for a more efficient compressive shock resulting in an higher yield from
the weapon. The result of Operation Sandstone was the fielding of the MK-4 and scrapping of MK-3
bombs in the inventory.
These three detonations took place at Enewetak Atoll, another chain of islands in the Marshall Islands
similar to Bikini, and involved over 10,000 personnel.

‘X-Ray’
37 kiloton bomb detonated on a 200 foot tower at Runit, an island at
Enewetak Atoll in the Pacific Ocean at 6:17 AM on April 15, 1948

‘Yoke’
49 kiloton MK-3 bomb detonated on a 200 foot tower on Aoman
Island at 6:09 AM on May 1, 1948
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It cost a lot of money to test nuclear bombs in the Pacific Ocean. Operation
Crossroads alone cost $1.3 billion. Even Operation Sandstone was expensive,
involving over 10,000 personnel.
An isolated test site within the United States was needed. After studying several
possibilities including Cape Hatteras, North Carolina, Alamogordo-White
Sands, New Mexico, Wendover Bombing Range, Utah, and Pamlico SoundCamp Lejeune area of North Carolina; the desert of Nevada north of Las Vegas
was selected to be the atomic proving grounds under the control of the Atomic
Energy Commission.
The area that was isolated, was near to Las Alamos and other nuclear facilities,
and was already in the possession of the military being used as an aerial gunnery
and bombing range. It was seen as an ideal location. Heck, it was near Las
Vegas!

National Nuclear Security Administration Photo

Concerns were voiced by some scientists that the Nevada location would allow
dangerous fallout to drift across the United States and had recommended a
location on the east coast, but to no avail. The Nevada Proving Grounds
became a reality. It would later be called the Nevada Test Site. It is now called
Nevada National Security Site, or Site N2S2. Cute, eh?
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Topographical perspective of Frenchman & Yucca Flat
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Just the Beginning
Detonation of “Fox” from a series of five bombs dropped over Frenchman’s Flats during
Operation Ranger over a period of 11 days beginning January 27, 1951. B-50 bombers
dropped the 11,000 pound MK-4 Bombs used in the first four blasts and the 8,500 pound Mk-6
in ‘Fox’ .
January 27, 5:45 AM: ‘Able’ ~ 1 kiloton
January 28, 5:52 AM: ‘Baker-1’ ~ 8 kiloton
February 1, 5:47 AM : ‘Easy’ ~ 1 kiloton
February 2, 5:49 AM: ‘Baker-2’ ~ 8 kiloton
February 6, 5:47 AM: ‘Fox’ ~ 22 kiloton
Mk-4

Mk-6
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Annie 1 (16kt) March 17, 1953

Badger (23 kt) April 23, 1953

Climax (61kt) June 14, 1953

Nevada Test Site - #33

Nevada Test Site - #38

Nevada Test Site - #43

Hornet (4kt) March 12, 1955
Nevada Test Site - #54

Bee (8kt) March 22, 1955

Met (22kt) April 15, 1955

Nevada Test Site - #55

Nevada Test Site - #61

Boltzman (12kt) May 28, 1957

Stokes (19 kt) August 7, 1957

Doppler (11 kt) August 23, 1957

Nevada Test Site - #87

Nevada Test Site - #99

Nevada Test Site - #102

Smoky (44 kt) August 31, 1957

Fizeau (11kt) September 14, 1957

Charleston (12kt) September 28, 1957

Nevada Test Site - #105

Nevada Test Site - #110

Nevada Test Site - #114

Between 1945 and 1962, the United States detonated 216 nuclear bombs in the atmosphere totaling 154,676,000
tons of explosive force. The two bombs dropped on Japan totaled 37,000 tons.
LANL Photographs
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Union (6.9Mt) April 25, 1954

Seminole (13.7 kt) June 6,1956

Blackfoot (8.5kt) June 11, 1956

Bikini Atoll - #47

Enewetak Atoll - #74

Enewetak Atoll - #76

Dakota (1.1 Mt) June 25, 1956
Bikini Atoll - #80

Yeso (3 Mt) June 10, 1962
Christmas Island - #251

Mohawk (350 kt) July 2, 1956
Enewetak Atoll - #81

Bluestone (1.27 Mt) June 30, 1962
Christmas Island - #262

Of the 216 atmospheric detonations, 106 were
conducted in the Pacific (Enewetak, Bikini,
Johnston Island, or Christmas Island) and 3 fired in
the South Atlantic. Many of the tests in the Pacific
were in the 1 megaton and higher range.

Apache (1.8 Mt July 9, 1956
Enewetak Atoll - #82

Chama (1Mt) October 18, 1962
Johnston Island - #285

I have to admit that I find them
to be horribly beautiful, but
really, enough is enough.

LANL Photographs
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They put ’em on towers,
hung ‘em from balloons,
dropped ‘em from planes,
fired ‘em from cannons,
and shot ‘em as missiles
or rockets. Just unreal.

‘SMOKY’
44 kiloton weapon sits in shot
cab atop 700 foot tower

‘RUTH’
3 kiloton weapon “fizzled,” only
producing 200 tons of blast and
failing to destroy the tower.

Operation Plumbbob Balloons
The use of balloons allowed detonating weapons at higher
altitudes and were quicker and cheaper than towers.

Davy Crockett - 10 ton yield

280 millimeter cannon fires 15 kiloton shell during ‘GRABLE’

NTS Photos
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Dog

Nambe

Met

Fizeau

Yukon

Charlie

Seems to me that if you’ve seen
one, you’ve seen ‘em all. So what’s
the sense of setting more off?

Easy

Names assigned to detonations included insects, fruits, birds, flowers, wines, cheeses, people, games, places, or
common terms. Some pretty esoteric or odd names were given. Danny Boy, Milk Shake, Ferret, Frijoles, Gum
Drop, Marshmallow, Mudpack, Tiny Tot, and Zucchini are some notable names. The folks in Muskegon should be
proud to know that a nuclear device named after their city was detonated over Christmas Island on May 11,1962
with a yield of 50 kilotons. At one point during weapons design competition between the Las Alamos National Lab
(LANL) and Lawrence Livermore National Lab (LLNL), tests of weapons from each lab were named after trees,
wines, and flowers so each could associated with each lab.
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Fireball from ‘George’

Moment of detonation. This is the fireball of a
nuclear bomb, detonated as it sat on a tower in the
Nevada desert. The spikes extending below the
nuclear envelope are the result of energy flowing
down the tower guy-wires and support cables. Tower
is barely visible between the two large spikes.

These photographs were taken by a Rapatronic camera
designed by Thomas Edgerton, creator of stroboscopic
photography and one of the founders of EG&G, a
company involved in weapons development and nuclear
testing. Since each camera could record only one
exposure, banks of cameras were set up to take
sequences of photographs. The average exposure time
was three millionths of a second.

Sequence of photographs showing growth of the fireball. The mottling is due to irregularities in the fireball
surface created when the expanding bomb debris, traveling at high velocity, catches up to the decelerating
surface of the expanding fireball and "splash" into it. Upper photo sequence is the detonation of ‘How’ on
June 5, 1952 at the Nevada Test Site. The bulge on lower photos is the debris from the tower cab the bomb
sat in for the detonation of ‘Mohawk,” a 360 kiloton bomb set off at Eniwetok Atoll on July 7, 1956.
EG&G Photographs
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Man, those envelopes look like bugs or something creepy, don’t they?
OK, intense light and heat followed by a big wall of air and blast moving
outward. Massive destructive force. Did anyone have any idea as to what it
would do? After Hiroshima and Nagasaki I would certainly hope so, but the
people involved in setting these weapons off just had to see what happened
themselves.
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Ground Zero
3/4 mile

EG&G Photographs

NTS Photograph

Camera Tower

Homes and other structures were built in the Nevada desert to determine the effects nuclear detonations had on
them . In this sequence of photos, the house is first illuminated by the fireball at the moment of detonation of
Apple-2, a 29 kiloton warhead, on May 5, 1955. Note the long shadow which shortens in the next frame as the
fireball rises. The house and telephone pole begin to burn as the intense thermal pulse from the detonation
passes house one second after detonation. Moments later, the 180 MPH Mach front from the detonation
reaches the house, blowing it apart.
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DOE Photographs

Fireball expands over target array of military vehicles. Milliseconds later, all were obliterated.

Like a wall of air, the 600 MPH Mach front hits the side of a railroad car, tipping it over on its side.

86

Mach front approaches

Vehicles blown over by mach front

DOE Photographs

Sequence shows bus hit by thermal pulse then crushed and blown over by mach front blast

2-1/2 ton Army trucks afterward

Car crushed by house roof

Blasted cars
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Harry, I told you we should have asked
for directions! This certainly doesn’t
look like Pahrump! You must have
taken a wrong turn somewhere. Now
we’re going to be late for the party!

DOE Photographs

Ah, shaddup!

A variety of vehicles were positioned at varying angles and distances near Ground Zero to determine blast
effects upon them when the nearby nuclear bomb is detonated. Vehicles used ranged from cars and trucks
on up to train locomotives. Mannequins were placed inside some and cameras recorded what happened
when thermal and blast effects reached them.

Seems to me it doesn’t take a
rocket scientist to figure out
what happens to a car and
occupants when a nuclear bomb
goes off. The scientists who
studied Nagasaki and Hiroshima
already knew.
.
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Surplus WW-II B-17 bomber used during nuclear weapons effects tests. Its
nose is pointed towards Ground Zero. Aircraft were placed in the area of a
nuclear test to see what would happen to them during an atomic detonation.
Depending upon the distance from Ground Zero, they were damaged or
destroyed. This particular aircraft “survived” two detonations, suffering only
minor damage to fabric-covered ailerons, flaps, and rudder. It was later sold
to an individual from Arizona who restored it to flying condition.

It seems somewhat ironic
that weapons of past wars
would be used to test
weapons of future wars.

B-17 that was not so fortunate with
its back broken by the blast wave.

Fighter plane first smokes from thermal pulse, then is lifted up by 180 MPH blast wave from the Mach stem.
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It is one thing to put buildings, trains, trucks, cars, towers, bridges, airplanes,
and all other manner of material in the way of a nuclear detonation to see what
happens, but what about people?
Well, not too many folks I know would volunteer to sit near Ground Zero and
wait for a nuclear bomb to go off, so you’ve got to find a dummy to do it. In
this case, quite a few dummies.
Mannequins of men, women and children were placed inside buildings or
vehicles, and out in the open of a “typical American town” built at Yucca Flat
to see what would happen to them during a nuclear detonation. J.C. Penny
donated the mannequins and clothing that were used during “Operation
Doorstep” on March 17, 1953, and “Operation Cue” on May 5, 1955 at the
Nevada Test Site. Both tests included participation by Civil Defense personnel,
some of who were placed in trenches 2 miles from Ground Zero.
Military and scientific studies on the effects of atomic weapons on buildings
and people in Hiroshima and Nagasaki clearly showed the effects of nuclear
warfare and the potential for survival without having to detonate even more
weapons in Nevada to destroy fake towns and people: curiosity, I suppose,
being among the least objectionable premises.

NTS Photograph

In this photo here, a mother and her children wait for the blast yet to come
through their front window which faces the bomb on a 300 foot tower a mile
and a half away. None of these dummies survived.

NTS Photograph

Yosuke Yamamata Photograph
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Stony-gazed mannequin sits quietly in a basement
fallout shelter on the Nevada Test Site prior to the
detonation of ‘Annie,’ a 16 kiloton a weapon as part of
Operation Doorstep, a test to show the effects of a
nuclear detonation on a typical American town, and
ways that people could survive a nuclear attack.

Two mannequin couples sit down for a quiet dinner,
unaware of the blast yet to come from ‘Annie.’.

Woman, with the stony gaze of a mannequin,
sitting outside in Nagasaki nursing her baby the
day after the detonation of ‘Fatman.’ Injuries to
both are obvious.

The blast blew in the window, “killing” the dummies
and making a mess of their dinner.

NTS Photographs

NTS Photograph

Yosuke Yamamata Photograph
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Human family the day after the ‘Fatman’ atomic
bomb was dropped on Nagasaki, August 9,
1945. The 22 kiloton device was detonated as
they went about their daily tasks. All died within
weeks from injuries or radiation induced trauma.

NTS Photograph

Mannequin family participating in nuclear test
‘Annie’ on March 17, 1953. The 16 kiloton bomb
was detonated nearby as they sat in their basement
fall-out shelter. The test was to demonstrate ways
people could survive a nuclear attack.

Mannequin burned by ‘Annie’ thermal pulse

Human burned by ‘Little Boy’ thermal pulse
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Chapter 12

Guinea Pigs
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They sure tore up a lot of dummies during those tests. I’m still having trouble
understanding why. Didn’t Hiroshima and Nagasaki show them enough?
Well, using mannequins is one thing, but what about real people?
The military thought it would be great training to have Army, Air Force,
Marine, and Navy personal participate during atmospheric tests. The
leadership wanted to see how military personnel reacted to detonations and
to prepare them for the possibility of fighting in a nuclear battlefield.
Thousands of troops were transported to Camp Desert Rock, near Mercury,
Nevada where they were placed around Ground Zero prior to a detonation.
Those closer in towards the blast hunched down in trenches, foxholes, or
bunkers. The weapon would be detonated and after the blast the troops would
set about tasks they would perform during combat, often being marched
down to the area around Ground Zero or flying aircraft through the
mushroom cloud, often with test animals on board. During the March 25,
1953 detonation of ‘Ruth’ a 24 kiloton weapon, volunteer officers were placed
in a trench 2,500 yards from Ground Zero as a confidence builder for the
troops. However, ‘Ruth’ “fizzled,” providing a lower yield than planned.
All in all, The National Association of Atomic Veterans estimates that over
350,000 military personnel participated in atmospheric tests in Nevada and
the Pacific. Many of them developed cancers later in life. Unfortunately, it’s
difficult to prove that these illnesses were caused by nuclear detonations and
their aftereffects, particularly when much of the radiological measurement
data has been lost, or was never collected to begin with.
The fact remains that many GI’s were exposed to radiation with no protective
equipment and still today are dying from radiation-induced diseases.
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US Army Photograph

Oh, man! Which
way to the latrine?

Soldiers hunched down in trenches as the hills beyond are
illuminated by the fireball of “Simon,” a 43 kiloton nuclear
weapon detonation on April 25,1953. The smoke seen is
from the sandbags and brush being heated by the thermal
pulse. The blast front has not yet arrived.

NAIL Photograph

US Army Photograph

Operation Buster-Jangle atmospheric nuclear test ‘Dog’ on 1 November, 1951, in which United States
soldiers were positioned several miles from Ground Zero. Afterwards, the soldiers marched towards the
detonation point to “get them used to fighting in a nuclear battlefield.” Servicemen from all branches of the
armed services participated in atmospheric tests during Operations Buster-Jangle, Tumbler-Snapper, and
Upshot Knothole by marching into the detonation area, flying aircraft through mushroom clouds, and
sitting in bunkers near the detonation point. Many of these “guinea pigs” developed cancers later in life.

Marines rise from their foxhole to
begin march towards Ground Zero.

GI’s watch detonation of atomic bomb. Note that many are
smoking cigarettes. Don’t they know smoking is bad for their
health and can cause cancer? As many found out, so does
Two Marines ‘high-five’ as the mushroom cloud
radiation.
rises over the desert, then to drift over Nevada
and Utah, dropping fallout on towns such as St.
George, Cedar City, and Enterprise.

Troops begin march towards Ground Zero.

DTRA Photograph

Soldier who marched into fallout area
being decontaminated with a broom.

Manned or drone aircraft would fly through the
mushroom cloud to collect samples or expose
small animals to the radioactive cloud.

The proverbial 10 foot pole
Ground crew at Indian Springs uses long pole
to retrieve radioactive samples.

NAIL Photograph
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Chapter 13

Atomic Animals
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Let me tell ya. There were some things done during these tests that were just
terrible and cruel. Inhumane to say the least. Things you wouldn’t do to any
living being. But they sure showed the horror of nuclear weapons.
As far back as Operation Crossroads, animals were used during tests of nuclear
weapons. This included goats, sheep, pigs (whose skin is similar to humans), and
donkeys that were placed in the area of the test. The animals would be secured or
restrained to prevent them from moving. Then the nearby weapon was detonated
subjecting these animals to the radiation, the thermal pulse, and the blast effects of
the weapon. In some cases, what happened to them was filmed.
Some animals were dressed in material that would be worn by GI’s. Others were
coated with creams or gels to see how well they protected the skin. Some were just
subjected to the effects for one reason or another. But one thing was clear, they
all died terrible deaths, just as humans had at Hiroshima and Nagasaki.

Yeh, where the
heck was the
ASPCA?
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Goats on the deck of a target ship at Bikini Atoll during Operation Crossroads in the Pacific .

Pigs are carried to their cages onboard a ship.

Sheep are shorn of coats prior to being placed in
restraining cages on the deck of a ship.

Los Angeles Times
July 15, 1946
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Aluminum pig containers face Ground Zero prior to
detonation of weapon on distant tower.

Pigs were placed in aluminum containers with an
open side that faced Ground Zero at the NTS.

Rabbits used in flash blindness test
Dead pig with burned hind quarters

US Army Photograph

You may notice a similarity of those pig
containers to a BBQ. Just out and out cruel.
No “higher purpose” justified what was done,
nor what was happening “downwind.”

Anesthetized dogs are suspended on a shelter wall at
the Nevada Test Site.
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Downwinders
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Pretty color, eh? That’s from the presence of nitrous acid and oxides of
nitrogen resulting from interactions of nitrogen, oxygen and water vapor
under extremely high temperatures and intense radiation. As the fireball
cools, the color will change to white. This radioactive cloud will continue
to rise, drifting with the winds, slowly dissipating and dropping radioactive
fallout material as it goes. Stuff like Iodine 131, Strontium 90, Carbon 14,
Cesium 137, and unfissioned Plutonium 239. Typically, winds would blow
these clouds to the northeast into Utah where they passed over towns like
St. George, Hurricane and Cedar City, dropping fallout as they went.

LANL Photograph

These clouds would continue drift across the United States, following the
winds at different altitudes, sometimes going into Canada. It took about
three days for the clouds to drift out over the Atlantic Ocean.

Mushroom cloud from ‘EASY,’ a 31 kiloton shot
on November 5, 1951, rises into the atmosphere.
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The “downwinders” are those people who lived in the path of the fallout clouds that drifted off the
Nevada Test Site. The people of St. George, Utah were concerned about the strange-colored
clouds they saw go overhead and the metallic taste in their mouths afterward. They were assured
by the then Atomic Energy Commission that there was nothing to worry about, everything was OK.
But yet, towns like St. George, Cedar City, and Enterprise suffered a much higher than normal
incidence of leukemia and cancers in their populations. Ranches downwind also suffered greatly.

Drawing depicting the plight of ranchers who lost
thousands of sheep and other livestock to radiation
from fallout.

Cedar City sheepherder Kern Bulloch described what happened with his herd in 1953 this way:
We were over at Coyote Pass right next to the bomb site just herding our sheep. One morning we were
sitting in the saddle there, and some airplanes come up and one of them dropped a bomb. Jesus, it was
bright! I put my hands up like that and you could doggone near see your bones. And then that cloud come
right over top of us, it mushroomed right over our camp and our herd. And we were sitting there--'course
we didn't know a thing about radiation or bombs or anything else. Pretty soon here comes some jeeps with
Army personnel, and they said to us, "My golly, you fellas are in a hot spot." We didn't even know what they
were talking about. Then we started driving the sheep back to Cedar [City], and we just started losing them.
We got them in the yard there to get their lambs out, and gosh, every time you'd go in there, there'd be 20
or 30 dead sheep. The lambs were born with little legs, kind of potbellied. Some of them didn't have any
wool, kind of a skin instead of wool. We figure we lost between 1,200 and 1,500 head close to half our
herd. Later, the scientists come, we took them up to a pile of bones and I remember one putting a Geiger
counter down. Somebody said, "Are they hot?" And one of the scientists said, "Hot? I'll say! This needle
just about hit the post."
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Nuclear fission creates up to 300 different isotopes including Strontium, Iodine, Cesium, Carbon,
Rubidium, Xenon, Krypton, and raw fission products, each with their own half-life, or time that they
remain dangerously radioactive. If the fireball contacts the ground, much material is vaporized, rising
up into the mushroom cloud where it becomes radioactive itself or binds to the radioactive elements. It
then slowly falls back to earth or is washed down by rains as the cloud drifts.
Isotope
Strontium 89
Iodine 131
Strontium 90
Cesium 137
Carbon 14
Plutonium 239
Tritium
Promethium-147
Ruthenium-103

Half-Life
51 days
8 days
28 years
30 years
5,715 years
24,110 years
12.5 years
2.6 years
39 days

Some elements such as Carbon 14 or Strontium 90, if ingested, remained in the human body
indefinitely, remaining radioactive. Iodine 131 fell onto grasslands after tests and was eaten by cows
whose milk was then consumed by people, particularly children. In some cases, people breathed in
the I-131 directly. In any case, the I-131 migrated to their thyroid. A National Cancer Institute study
published in 1997 showed there was the potential for 10,000 to 75,000 additional deaths from thyroid
cancer as a result of Iodine-131 ingested during atmospheric testing, particularly those under 15 years
of age at the time. American children on average actually received an estimated cumulative dose to
the thyroid of 6 to 14 Rad, and in the 24 most heavily contaminated counties, between 27 and 112 rad.
St. George, Utah has a 40% higher incidence of leukemia deaths than the national average.
Fallout had been a known problem even prior to the detonation of ‘Gadget’ at Trinity. Afterward, high
level fallout was found 200 miles from the detonation point, and even further away in Indiana where it
fell on cornfields. Film made at a Kodak plant in Indiana after Trinity was found to have “fogged” from
fallout in wrappers made from the corn husks.
The hazards of fallout was certainly known after the bombings of Hiroshima and Nagasaki, but little
was done to advise people in the United States of its hazards during all the atmospheric tests. The
U.S. government prohibited any information about radiation and nuclear affects in Japan from being
released. Although public concern about fallout grew in the early 1950s, the Atomic Energy
Commission consistently denied that the public was in danger. It wasn’t until 1959 and considerable
public outcry over fallout that President Eisenhower created the Federal Radiation Council to establish
federal radiation standards. Unfortunately, people played games with the numbers trying to show that
there was little or no hazard. Little was done. Testing continued. People were assured, “Everything is
OK.”

NTS Photograph
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Chart courtesy of The Nuclear Files

Cloud from ‘Met’ a 22 kiloton detonation on Apr 15,
1955 rises.

Cloud track from ‘Met’ as it drifted over the United States.
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‘Harry,’ a 32 kiloton weapon detonated at the NTS on
May 19, 1953 created the heaviest contamination of
down-winders in Utah. It became known as ‘Dirty Harry’
In 1954, the film “The Conqueror” starring John Wayne
was filmed in dusty Snow Canyon, 15 miles northwest of
St. George. This area had received a heavy dose of
fallout from ‘Harry.’

LANL Photgraphs

Chart courtesy of The Nuclear Files

Half of the film crew of 220 have since died of cancer,
including Susan Hayward, director Dick Powell, Agnes
Moorehead, and John Wayne.

LANL Photograph
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High level radioactive fallout from a 43 kiloton blast called ‘SIMON’ in April 1953 was found as far away
as New York State, 2,300 miles from the test site, where heavy rains dropped particles around the Troy,
New York area two days later.

Chart courtesy of The Nuclear Files

Measurements taken showed radiation levels in the local reservoir to be 1,000 times higher than normal.
Standing water after the rain showed radiation levels 270,000 times higher than found in drinking water.
Despite the washing and scrubbing of building walls and roofs, surface radioactivity was as high as
locations only 200 miles from the detonation point.
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NCI charts courtesy of The Nuclear Files

Iodine 131 found its way into the food chain through cow’s milk. The result has been a higher
incidence of thyroid cancer in people, many cases as yet developed in the baby boomers that drank
the milk in the 50’s and early 60’s.

Estimated total doses of radiation received from fallout during all atmospheric testing.
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The real kicker to all this was that
the AEC, scientists, and military
higher-ups knew about about the
dangers of fallout. They knew
about it even before Trinity was
detonated. The few steps taken by
the AEC to advise residents to stay
inside and wash their cars afterwards
were criticized by one General as
being extreme and causing undue
public concern. But the tests just
continued.
After all, it was for National
Defense. But it seems more like a
crap shoot to me.

Mushroom clouds as viewed from Fremont Street in
Las Vegas, over 60 miles away.

Radioactive fallout particles from
Nevada Test Site detonation.
Particles are less than one-half
millimeter in diameter.

The black star shows the tracks made over a 48 hour
period by alpha rays emitted from a radioactive
particle of plutonium lodged in the lung tissue of an
ape. The rays affect adjacent cells, causing cancer.
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Chapter 15

The H-Bomb
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Dr. Edward Teller, a Hungarian émigré , came up with the idea of a super weapon, what he called
a hydrogen bomb , during the Manhattan Project. It used a fission bomb to create the high
pressure and temperature needed to ignite a fusion bomb which would have an explosive yield
in the millions of tons. The H-Bomb, or thermonuclear. It was a fusion device.
Many scientists objected to the idea, including Robert Oppenheimer, who saw it as a weapon of
genocide with no end in sight. Theoretically, you could make an H-bomb as big as you
wanted, 100 megaton, roughly 10,000 Nagasaki’s! Oppenheimer was quite vocal against the
bomb, although at one point noting that the idea was, “technically sweet.”
Dr. Teller, an avowed anti-Communist , was equally vocal in his belief that it was unpatriotic to
not be in favor of the H-Bomb, questioning Oppenheimer’s decision-making process. This was
to have great effect on Robert Oppenheimer later on . Teller believed in the need of the Hbomb to fight Communism. After all, this was the Cold War and why wouldn’t we want such a
weapon? We had to show them Ruskies, stay ahead of them, our survival depended upon it.
They “might” have one already. And it was un-American if you didn’t agree.
Teller got his way and the first hydrogen bomb was designed. In reality, fatherhood of the HBomb is shared by Dr, Teller and Dr. Stanislaw Ulam, a Polish mathematician who actually
unveiled the key ingredient (x-ray compression) to Dr. Teller that made the H-Bomb possible.,
the Teller-Ulam design. Teller never acknowledged Ulam’s partnership, saying that he made no
significant contribution to the development of the hydrogen bomb .
Anyway, the H-Bomb was designed.
tested to make sure it worked.

Like all newly designed bombs, it needed to be built and

Well, you couldn’t set off any really big weapons in Nevada without also taking out parts of
Vegas, Beatty or Pahrump. Eniwetok Atoll in the Pacific Ocean had been used to detonate
seven weapons since 1946, so why not test this one there? After all, the place was already
contaminated. So, an experimental thermonuclear bomb named ‘Mike’ was developed and
assembled on Elugelab Island at Eniwetok. Once again, history was about to be made.

And in a really big way…

Dr. Edward Teller
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Fusion
Tritium
Heavy hydrogen

Helium

Deuterium
Light hydrogen

Neutrons

Hydrogen elements, such as deuterium and tritium, when placed in a confined space and subjected to the
heat and pressure of X-rays from nuclear fission, will fuse together, creating the heavier element helium and
releasing considerable energy while creating many additional neutrons. Like fission, billions and billions of
these events occur in an swiftly growing chain reaction. The hydrogen fuel used is Lithium- Deuteride
which continues to fuse until it is completely used. Fusion bombs can be made as big as you want. Because
of the use of heat to caused ignition, fusion warheads are also known as thermonuclear.

A

B

C

D

E

A hydrogen bomb is considered a fission-fusion device as it requires the heat and pressure of a fission
reaction in order to ignite the fusion material. Figure A shows a general idea of the warhead structure with the
primary fission bomb at the top and secondary fusion bomb at the bottom. Both are encased in polystyrene
foam within a metallic casing. As the implosion fission bomb detonates (Figure B), it emits massive amounts
of X-rays which flood the bomb casing (Figure C) following the polystyrene foam and being reflected off the
casing. The polystyrene foam turns into a high pressure plasma which compresses the cylinder of lithiumdeuteride having a plutonium “sparkplug” rod at its center (Figure D). The sparkplug begins to fission and the
compressed and heated lithium-6 deuteride fuel begins a fusion reaction (Figure E). This all occurs within a
millionth of a second. If the weapon casing is made of U-238, the fusion process and massive number of
neutrons generated cause the natural uranium to fission and essentially creates a fission-fusion-fission bomb.
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FAS Photographs

Ivy ‘Mike’ Thermonuclear Bomb
Note the size of the device as compared to the man sitting near the middle of
the upper picture or the jeep in the lower. The large upright cylinder is the
bomb. The long tubes extending out to the right are called line of sight tubes
and are used to make measurements when the bomb detonates to determine
its yield. All of this is inside what was called the “shot cab.”

‘Mike’ was detonated on the island of Elugelab located at Enewetak Atoll on Oct 31,
1952.
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Ivy ‘Mike’ shot cab

Island chain connected by roadway and 9,000 foot ine-of-sight tubes in a helium filled box from the
shot cab on Elugelab crossing Teiter, Bogairikk, and Bogon Islands. These tubes carried light and
radiation from the detonation to streak recorders located in a heavily fortified bunker on Bogon .
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FAS Photographs

Ivy ‘Mike’ fireball was 3-1/4 miles across

The massive mushroom cloud looms over the Pacific eventually peaking
at 136,000 feet and nearly 100 miles across.
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Before

After

FAS Photographs

The 10.4 megaton weapon vaporized the island of Elugelab, creating a hole over one mile wide
and 300 feet deep while removing parts of two other islands.
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‘Bravo’ was the largest experimental weapon detonated by the United States.
While it had a predicted yield of 6 megatons, it produced an actual yield of 15
megatons when detonated on February 28, 1954. It also created the worst
radiological disaster in US history. See, the designers failed to take into
account that the lithium 7 they considered inert would also fuse and generate
additional neutron flux that fissioned a greater percentage of the casing.
Over here to the left is the lithium 6-deuteride solid-fueled bomb called“The
Shrimp.” It’s sitting in its shot cab atop a man-made island atop a coral reef
at Bikini Atoll. The dark curved array to the right of the shot cab in the
lower photo are mirrors intended to reflected the light of the detonation to
detectors on islands miles away so the yield could be determined.

Enviroweb Photographs

117
Due to the failure to postpone the test following unfavorable changes in the weather combined with the
unexpectedly high yield, islanders on Rongerik, Rongelap, Ailinginae, and Utirik atolls were blanketed
with the fallout plume. They were evacuated on March 3 but 64 Marshallese received doses of 175 Rad
or higher. Obvious radiation-induced problems that had been noted in humans at Hiroshima and
Nagasaki such as vomiting, loss of hair, and lethargy were noted here.
The Japanese fishing vessel, Fukuryu Maru (Lucky Dragon) was about 90 miles east of Bikini in the
safe zone at the time of the ‘Bravo’ test. The crew knew nothing of the test until they saw the horizon
light up. About two hours after the explosion a 'snow' of radioactive ash composed of vaporized coral
began to fall on the ship, clinging tenaciously to people and surfaces. Within hours, the crew members
began to experience burning sensations and nausea. Upon returning to Japan, most were hospitalized,
one went into a coma and died. Though the U.S. denied responsibility, it sent his widow a check for 2.5
million yen "as a token of sympathy."

Hiro Toyosaki.

Bikini Atoll itself was entirely contaminated to varying degrees and many Operation Castle personnel
were subsequently over-exposed.

When detonated, ‘Bravo’ blew a hole 6,510 feet in diameter and 250 feet deep in the reef shown at right.

Perspective of fallout plume from ‘Bravo’
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Chapter 16

Nukes in Space
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Captain Kirk may have called space the final frontier, but the idea of
nukes in space was not far removed from the scientific or military
mindset. After all, you couldn’t trust the “other guy;” he might be
trying to put weapons into space too, just like you were! As well,
scientists wanted to see the effects of a nuclear explosion on other
nuclear warheads and satellites.
On August 1, 1958, a 3.8 megaton warhead mounted on a Redstone
rocket was launched from Johnston Island in the Pacific Ocean and
detonated 77 kilometers in space as part of a test called ‘Teak.’
11 days later, a second test, ‘Orange,’ detonated with a yield of 3.8
megatons 43 kilometers in space. That’s a picture of the detonation
over to your left. Pretty cool looking, eh?
These both were anti-ballistic missile tests to see if a nuclear detonation
would destroy incoming missile warheads.

‘ORANGE’

Johnston Island
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Four years later on June 3, 1962, a Thor missile with a sub-megaton warhead was erected at Johnston Island
and launched as ‘Bluegill.’ Unfortunately, tracking radars failed and the missile was destroyed. The second
attempt on July 25, ‘Bluegill Prime,’ blew up on the launch pad, scattering plutonium over the island. A third
attempt, ‘Bluegill Double Prime,’ on October 15 failed when the missile went out of control and had to be
destroyed. Finally, on October 26, ‘Bluegill Triple Prime’ was successful, detonating a 410 kiloton warhead
50 kilometers above the earth.
On June 20, 1962, a Thor missile carrying a 1.4 megaton warhead designated as the W-49 was launched
from Johnston Island but its engine quit 59 seconds after launch and the missile and warhead were destroyed
at 35,000 feet without causing a nuclear detonation. However, the missile wreckage and plutonium from the
warhead was scattered into the ocean, some falling back onto Johnston Island.
A second attempt, ‘Starfish Prime,’ on July 9th was successful and
the warhead detonated at an altitude of 248 miles, the highest
altitude a weapon was ever detonated at.

Thor missile blows up on launch pad.

‘Starfish Prime’ detonation 248 miles in space
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The detonation of ‘Starfish Prime’ was seen 800 miles
away in Hawaii. Two military officers at Johnston Island
suffered permanent eye damage when looking up at the
detonation.
A phenomena from the detonation known as an
electromagnetic pulse (EMP) overloaded electrical
systems in Hawaii, tripped circuit breakers and shut-off
street lights. This test proved that a very high altitude
detonation of a nuclear weapon caused EMP, which can
burn out electrical and communications systems, and
electronic equipment on earth.

‘Starfish Prime’
Photo taken from Oahu, Hawaii, 800 miles away

Disruptions in radio communications were also noted as
the nuclear plasma generated by the detonation had a
tendency to distort the ionosphere which prevented radio
waves from reflecting off the ionosphere and earth.

FAS Photos

Sequence of photos taken in Hawaii of ‘Starfish Prime’ detonation 800 miles away
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Well, people finally woke up to the fact that testing nuclear weapons in the
atmosphere was polluting the environment with some pretty nasty things.
Radioactive things. They realized what it was doing to the environment we
lived in. It took years of effort and cooperation between nations, but a
treaty was finally reached that would end atmospheric testing.
The Limited Test Ban Treaty of 1963 renounced and prohibited the testing of
nuclear weapons in the atmosphere, space, and underwater. It was a pretty
good idea, actually. All of the nuclear powers signed it and ceased testing
nuclear weapons in the atmosphere, underwater, and in space.
The last atmospheric test conducted by the United States was ‘Tightrope’ on
November 4th, 1962. It was the launching of a low yield W-31 warhead on a
Nike rocket, detonating it 69,000 feet above Johnston Island. Sort of like
a nuclear 4th of July, I guess. Actually, it was another weapons effects test to
see if it could destroy incoming enemy warheads.
With nuclear tests in the atmosphere, space, or underwater prohibited, the
only place left to set them off was underground. And there we went.

40 kiloton W-31 warhead detonates in space
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Chapter 17

Going Underground

125

Well, the Atmospheric Test Ban Treaty did not prohibit the detonation of
nuclear warheads underground. And that’s where the nuclear powers
continued testing nuclear weapons. Underground. The United States
digging tunnels in Rainier Mesa and boring holes deep in the earth out at
Yucca Flat in Nevada. Almost like cavemen. Then putting nuclear
warheads into them and detonating them.
I’ll tell ya… I’ve really gotta wonder why. Just to make bigger and more
efficient ways to destroy?
There were many reasons given to continue testing.
First, making sure the damn things worked, ensuring safe weapon designs
since they’re inherently dangerous, validating stockpile effectiveness,
studying weapons effects, making smaller “clean” weapons, etc. etc. All
sorts of reasons, valid or not. Enough I guess that at several points
weapons were being detonated in Nevada every few days, sometimes two a
day. Over 800 times between 1961 and 1992. An average of one every two
weeks. And some were set off in other parts of the United States besides the
Nevada Test Site.
Just unreal. You just have to ask just what for.
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Bombs Underground
A vertical shaft is drilled to a depth of 300 to over 2,000 feet
depending upon the predicted yield of the weapon to be
detonated. The weapon is lowered into the shaft along with
instrumentation devices. The shaft is plugged to prevent
leakage, then the weapon is detonated.

The LM300 drilling rig can bore a shaft 96 inches in
diameter and 1000 feet deep in 20 days.

Warhead and instrumentation canister are lowered
into shaft.

Thousands of feet of instrumentation, power, and
firing circuit cables are laid out on the ground as they
and the weapon are lowered into the shaft. In some
cases, several weapons would be fired in the same
shaft simultaneously, either next to each other or at
different depths. Or weapons in different shafts drilled
near each other would be detonated simultaneously.

Shaft test preparation next to subsidence craters of
previous underground detonations.
NTS Photographs
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Data
Recording

Hole diameter
8 feet typical

Alluvium

Hole depth
650-2300 feet (typical)

Alluvium

Instrumentation
Canister

Drilling times,
2-5 weeks (typical)

Device
Canister

Tuft

Airborne
monitoring

Diagnostic
Cables

Tuft

Diagnostic data
to remote
control point

Detonation signal
from control point

Crater formed at surface
due to collapse

Remote seismic
monitoring station

Radiation-monitoring
stations

Drillback
Shaft

Rubble due to collapse
into cavity

Radioactive debris

The shaft is drilled and then the weapon and instrumentation canister are lowered into the shaft. The shaft is
plugged with sand, gypsum, grout, cold tar and epoxy, the weapon is then detonated. The blast creates a
cavity the bottom of the shaft, theoretically sealing itself. As the blast pressure dissipates, the fractured earth
collapses back into the cavity, causing formation of a subsidence crater on the ground above.
Drillback is an operation used to retrieve radioactive material from the shot point so the yield of the weapon
can be accurately determined.
Leakage of radioactive material occurs due to ground fractures, insufficient stemming, or during drillback
operation. Radiation monitors in the shaft determine any leakage through the shaft prior to collapse of the
cavity and formation of the subsistence crater.
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‘HURON KING’ was an unusual test conducted on
June 24, 1980 to see how a military satellite dealt with
the radiation from a nuclear detonation. It involved
using a vertical-line-of-sight pipe to send the
instantaneous radiation from the detonation at the
bottom of the shaft to an operational satellite in a test
chamber on the surface which simulated a space-like
environment. Mechanical closures in the VLOS pipe
prevented shock wave damage to the device under
test. The test chamber was then automatically
disconnected from the pipe, and quickly pulled away to
safety before the subsidence crater was formed.

Above: Test camber holding a DSCS-III satellite sits
atop the VLOS pipe. Instrumentation cables can be
seen going into the shaft next to the pipe.
Right: Test chamber has been retracted from top of
shaft immediately following detonation. Shaft is the
dark square area on the left. The trailers are used by
test personnel and contain instrumentation equipment.
Note that the cables have been pulled away from the
shaft as well.
Below: Six seconds after detonation the 450 foot
diameter subsidence crater forms as the ground
collapes creating a large cloud of dust.

Wonder how much they paid those
guys who sat in those trailers and
detonated the weapon?

A whole lot more than
you make, Ralph.

NTS Photographs
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Line of sight pipe entrance

DOE Photographs

Bulletin of The Atomic Scientist Photograph

Tunnel Detonations

Rainier Mesa tunneling

Approximately 16 tunnels were drilled into Rainier Mesa at the Nevada Test Site for use in nuclear tests where
military equipment would be subjected to the thermal, blast, shock, x-rays and gamma rays from the
detonation. A horizontal line of sight (HLOS) pipe extends 1,500 to 1,800 feet from the detonation chamber to
test chamber, tapering from 30 feet in diameter at the test chamber to several inches at the working point. At
zero time the weapon is detonated and radiation instantaneously flows down the pipe to the test chamber.
Mechanical closures are slammed shut by high explosives, preventing any debris or blast from damaging the
equipment under test.

Re-entry vehicle subjected to
effects of a tunnel detonation

NTS Photographs
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Tunnel Detonations
LOS Pipe

A

Zero
Time
Working
Point

Mechanical Closure (TAPS)
Mechanical Closure (GSAC)

Test Chamber

Mechanical Closure (MAC)

Stemming
Plug

B

0.03
seconds

Ground
Shock

Cavity
Working
Point

Mechanical Closure (TAPS)
Mechanical Closure (GSAC)
Mechanical Closure (MAC)

0.05
seconds

Cavity

Mechanical Closure (TAPS)
Mechanical Closure (GSAC)
Mechanical Closure (MAC)

Stemming
Plug
0.2
seconds

End of stemming

LOS Pipe

Working
Point

D

Test Chamber

Ground
Shock

Stemming
Plug

C

End of stemming
LOS Pipe

Test Chamber
End of stemming

Ground
Shock

LOS Pipe

Cavity
Residual
Stress
Field

Mechanical Closure (TAPS)
Mechanical Closure (GSAC)
Mechanical Closure (MAC)

Test Chamber
End of stemming

A) Zero Time: Weapon is detonated, flooding the LOS pipe and test chamber with radiation as the first of three
mechanical closures are fired. B) Within 0.03 seconds, a stemming plug is being formed and mechanical pipe
closure is complete. C) Within 0.05 seconds, the stemming plug has formed. D) Within 0.2 seconds, cavity
growth is complete and a surrounding compressive residual stress field has formed, hopefully sealing the cavity.

DOE Photograph
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Nevada Test Site - Craters from underground nuclear tests pockmark the surface of the Nevada
Desert at Yucca Flats. Over 800 underground tests have been performed at the Nevada Test
Site, leaving this permanent legacy of the race towards nuclear supremacy.

Almost looks like the surface of
the moon. Matter of fact, the
Apollo astronauts used this area to
practice driving the moon buggy.
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Chapter 18

Leaks and Vents
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Not surprisingly, underground testing did not stop the pollution of the
atmosphere. In some cases, it caused even greater environmental damage.
See, a lot of hot gas pressure builds up in the earth when a weapon detonates and
fractures the earth. It’s got to dissipate or be released some how, either through
the earth, or vented through fissures caused by the blast.
Nearly every underground test conducted in Nevada leaked something, either
intentionally during drill back operations, through instrumentation lines or pipes,
or through an uncontrolled release. Many times, releases were quite substantial
and drifted off the test site. The Federation of American Scientists figures that 38
underground tests leaked radioactive material that drifted off-site. Of the
remaining 809 detonations, 299 had releases of radiation detected on-site only.
Byproducts leaked included kryptons, argons, cesium, tritium, xenon, iodines,
noble gases, raw effluent, and mixed fission products. In many cases, radiation was
detected off-site with Iodine 131 being found in the milk of cows in Nevada. The
poisoning of America continued.
The National Cancer Institute determined that the I-131 released into the
atmosphere from nuclear testing will cause an addition 120,000 cases of thyroid
cancer, with 6,000 deaths possible.
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On December 18, 1970, a 10 kiloton weapon buried in a
912 foot deep shaft at the Nevada Test Site was detonated
as part of a test known as ‘Baneberry.’ Within five minutes
of detonation, gross fission products, gases and effluent
began venting from a fissure near surface ground zero and
continued to vent for over 24 hours. This radioactive cloud
moved over Nevada, Utah, and Wyoming.
During this incident, security guards were told to remain at
their posts in the path of the venting. Within five years, two
of them were dead of cancer.
Other underground tests that leaked significant amounts of
radioactive isotopes into the atmosphere include ‘Platte,’
Eel,’ ‘Des Moines,’ ‘Eagle,’ ‘Pike,’ ‘ Alva,’ ‘Drill’ which was a
simultaneous detonation of two weapons in the same hole,
‘Double Play, and ‘Riola’ to name a few. ‘Riola’ was
detonated on 25 September 1980 and began to leak
immediately. Radioactive seepage continued for six
months.

NTS Photograph

Surface fissures near subsistence crater
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Chapter 19

Turning Swords Into Plowshares
They will beat their swords into plowshares and their spears into
pruning hooks. Nation will not take up sword against nation, nor
will they train for war anymore. — Isaiah 2:4
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The Plowshare program explored the possibility of peaceful uses for underground
nuclear detonations. Scientists had noted during tests in the Pacific that nuclear
weapons could remove a lot of land, such as they did at Bikini and Enewetak
Atolls. Dr. Edward Teller had the bright idea that perhaps they could dig ship
harbors and channels cheaply and easily with nuclear weapons. Maybe squeeze
more oil from shale formations, create massive amounts of gravel, make caverns
for the storage of oil or nuclear waste. Who knows? The possibilities were
endless.
Various ideas were tried, each with questionable intents or results. A total of 35
nuclear ‘devices’ were detonated as part of Plowshares in 27 experiments.

Ohio Wesleyan University Graphic

‘Gnome’ was the first of the Plowshare series, a hair-brained idea to use a 3.1
kiloton nuclear detonation to generate heat in salt formations near Carlsbad,
New Mexico which might then be used to generate electricity. When detonated,
‘Gnome’ melted about 2,400 tons of rock mixed with 13,000 tons of salt rock,
and created a chamber 196 feet in diameter and about 75 feet high. ‘Gnome’ also
vented into the atmosphere, contaminating the surrounding land. The results of
the test were dismal aside from providing seismic data later used to detect
detonations and the creation of a large cavern. A second planned detonation,
‘Coach,’ was cancelled.
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LLNL Photographs

190 foot diameter cavern created by detonation of 3 kt ‘Gnome’ on December 10, 1961. Note man standing
on chimney rubble near center.

A guide poses with Dr. Edward Teller, Gerry Johnson, and Roger
Batzel at the Gnome test site.

LANL Photographs
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‘Sedan’ was the second and most spectacular Plowshare detonation. A 110 kiloton nuclear device was
buried 635 feet deep in Area 10 at the Nevada Test Site and detonated on July 6, 1962, displacing 12
million pounds of earth and creating a crater 1,260 feet in diameter and 320 feet deep. Fallout from the
detonation was detected 200 miles downwind, but the test did prove that a nuclear device could blow a
large hole in the ground. The Sedan area, along with other areas at the NTS, remains radioactive.

LANL Photographs
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NGSG Photographs

‘Sedan’ crater in Nevada desert

Crater in Arizona where a meteor hit with force of 20 megatons
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Natural gas comes from rock structures within the earth. Fracturing this
rock allows the release of even more gas, sometimes even at a higher rate.
People in the natural gas business had proven this using high explosives to
fracture rock in “dying” wells, allowing them to continue production.
Well, heck, if a stick of dynamite would get more gas, imagine what a
nuclear warhead would do for ya?
In December 1967, as part of a joint project with the Atomic Energy
Commission, Bureau of Mines, and El Paso Natural Gas Company, a 29
kiloton warhead was detonated at a depth of 4,242 feet near Farmington,
New Mexico. Known as ‘Gasbuggy,’ it did in fact cause the release of
more natural gas from the rock fractured by the detonation. It also
released Krypton-85, Strontium 90 and tritium into the environment.
‘Rulison’ in 1969 was another gas stimulation detonation using a 43
kiloton weapon at the bottom of an 8,426 foot deep shaft just outside
Rulison, Colorado. Again, additional natural gas was produced.
The final gas stimulation project was ‘Rio Blanco’ in May 19, 1973, when
three 30 kiloton weapons at different levels in a 6,690 foot deep shaft
were detonated simultaneously. Each device was placed at a different
depth in the shaft to create a larger area of fractured earth.
Although these three detonations increased the natural gas produced in
these fields, none of it could not be used commercially because it was
radioactive. It was “flared,” or burned-off, contaminating the surrounding
areas. Contaminants included krypton, strontium 90, and tritium which
remains in the environment today within the groundwater.
Nuclear gas stimulation was not a really cool idea, if you ask me.
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LLNL Photograph
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Project Plowshares Nuclear Detonations
Test Name
Date
Location
Yield /Type
Gnome
10 Dec 1961
Carlsbad, New Mexico
3 kilotons/Shaft
A multipurpose experiment designed to provide data concerning: (1) heat generated from a nuclear explosion; (2)
isotopes production; (3) neutron physics; (4) seismic measurements in a salt medium; and (5) design data for
developing nuclear devices specifically for peaceful uses.
Sedan
6 Jul 1962
Nevada Test Site
104 kilotons/Crater
A excavation experiment in alluvium to determine feasibility of using nuclear explosions for large excavation
projects, such as harbors and canals; provide data on crater size, radiological safety, seismic effects, and air blast.
Anacostia
27 Nov 1962 Nevada Test Site
5.2 kilotons/Shaft
A device-development experiment to produce heavy elements and provide radiochemical analysis data for the
planned Coach Project.
Kaweah
21 Feb 1963 Nevada Test Site
3 kilotons/Shaft
A device-development experiment to produce heavy elements and provide data for the planned Coach Project.
Tornillo
11 Oct 1963
Nevada Test Site
0.38 kilotons/Shaft
A device-development experiment to produce a clean nuclear explosive for excavation applications.
Klickitat
20 Feb 1964
Nevada Test Site
70 kilotons/Shaft
A device-development experiment to produce an improved nuclear explosive for excavation applications
Ace
11 Jun 1964
Nevada Test Site
3 kilotons/Shaft
A device-development experiment to produce an improved nuclear explosive for excavation applications.
Dub
30 Jun 1964
Nevada Test Site
11.7 kilotons/Shaft
A device-development experiment to study emplacement techniques.
Par
9 Oct 1964
Nevada Test Site
38 kilotons/Shaft
A device-development experiment to increase the neutron flux needed for the creation of heavy elements.
Handcar
5 Nov 1964
Nevada Test Site
12 kilotons/Shaft
An emplacement experiment to study the effects of nuclear explosions in carbonate rock.
Sulky
5 Nov 1964
Nevada Test Site
0.9 kilotons/Shaft
An excavation experiment to explore cratering mechanics in hard, dry rock and study dispersion patterns of
airborne radionuclides released under these conditions.
Palanquin
14 Apr 1965
Nevada Test Site
4.3 kilotons/Crater
An excavation experiment in hard, dry rock to study dispersion patterns of airborne radionuclides .
Templar
24 Mar 1966
Nevada Test Site
0.37 kilotons/Shaft
A device-development experiment to improve nuclear explosives for excavation applications.
Vulcan
25 Jun 1966
Nevada Test Site
25 kilotons/Shaft
A device-development experiment.
Saxon
11 Jul 1966
Nevada Test Site
1.2 kilotons/Shaft
A device-development experiment to improve nuclear explosives for excavation applications.
Simms
6 Nov 1966
Nevada Test Site
2.3 kilotons/Shaft
A device-development experiment to evaluate clean nuclear explosives for excavation applications.
Switch
22 Jun 1967 Nevada Test Site
3.1 kilotons/Shaft
A device-development experiment to evaluate clean nuclear explosives for excavation applications.
Marvel
21 Sep 1967 Nevada Test Site
2.2 kilotons/Shaft
An emplacement experiment to investigate underground phenomenology related to emplacement techniques.
Gasbuggy
10 Dec 1967
Farmington, New Mexico
29 kilotons/Shaft
A gas stimulation experiment to investigate the feasibility of using nuclear explosives to stimulate a lowpermeability gas field; first joint government-industry nuclear experiment to evaluate an industrial application.
Cabriolet
26 Jan 1968
Nevada Test Site
2.3 kilotons/Crater
An excavation experiment to explore cratering mechanics in hard, dry rock and study dispersion patterns of
airborne radionuclides released under these conditions.
Buggy
12 Mar 1968
Nevada Test Site
5 warheads 1.1 kilotons each/Crater
A five-detonation excavation experiment to study the effects and phenomenology of nuclear row-charge
excavation detonations
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Project Plowshares Nuclear Detonations
Test Name
Date
Location
Yield /Type
Stoddard
17 Sep 1968
Nevada Test Site
31 kilotons
A device-development experiment to develop clean nuclear explosives for excavation applications.
Schooner
8 Dec 1968
Nevada Test Site
30 kilotons/Shaft
An excavation experiment to study the effects and phenomenology of cratering detonations in hard rock.
Rulison
10 Sep 1969
Grand Valley, Colorado
43 kilotons/Shaft
A gas stimulation experiment to investigate the feasibility of using nuclear explosives to stimulate a lowpermeability gas field; provide engineering data on the use of nuclear explosions for gas stimulation; on changes
in gas production and recovery rates; and on techniques to reduce the radioactive contamination to the gas.
Flask
26 May 1970 Nevada Test Site
3 warheads: 105 kilotons, 90 & 40 tons/Shaft
A three-detonation device experiment to develop improved nuclear explosives for excavation applications.
Miniata
8 Jul 1971
Nevada Test Site
83 kilotons/Shaft
A device-development experiment.
Rio Blanco
17 May 1973 Rifle, Colorado
3 warheads 33 kilotons each/Shaft
A gas stimulation experiment to investigate the feasibility of using nuclear explosives to stimulate a lowpermeability gas field; develop technology for recovering natural gas from reservoirs with very low permeability.

Project Plowshares not only explored the idea of using nuclear devices for peaceful purposes,
but gave weapons designers the chance to design and improve warheads for use in warfare
Since there is little difference between a nuclear device for peaceful or wartime use, the
Plowshares program was classified as Secret. Initially, information was made public, but as the
program progressed, much less information was made available to the public.
Plowshares was a program that started with great expectations and high hopes. In general,
planners were confident that the projects could be completed safely, at least within the
guidelines at the times. However, there was insufficient public or Congressional support for
the projects, particularly because of environmental concerns. Throughout the course of the
Plowshare Program, citizen groups voiced concerns and opposition to the tests. Consequently,
under the pressure of economic and environmental concerns, the Plowshare Program was
discontinued at the end of 1975.
Now, if you think some of what had been done was questionable, the next page details some
of the planned projects using nuclear devices which never took place, fortunately.
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Project Plowshares Proposed Projects
Project Name
Tennessee/Tombigee
Waterway

Location
Mississippi

Purpose
Excavation of three miles of a divide cut through low hills;
connect Tennessee and Tombigee rivers; dig 250-mile canal.

Carryall

Mojave Desert, CA

Row-charge excavation to cut through the Bristol Mountains for
realignment of the Santa Fe railroad and a new highway I-40.

Oil Sands

Canada

Study the feasibility of oil recovery using a nuclear explosive
detonation in the Athabascan tar sands.

Ketch

Renovo, PA

Create a large chimney of broken rock with void space to store
natural gas under high pressure.

Interoceanic
Sea-Level Canal

Central America

Create sea-level Atlantic-Pacific inter-oceanic canal in Panama
or Columbia.

Thunderbird

Buffalo, WY

Coal gasification; fracture rock-containing coal and in situ
combustion of the coal would produce low-Btu gas.

Dog Sled

Colorado Plateau

Study cratering characteristics in dry sandstone; study ground
shock and air blast intensities.

Australian Harbor

Cape Keraudren
Australia

Joint feasibility study with the Australian government in early
1969 for using nuclear explosives to construct a harbor.
Project Chariot – To the left is a chart depicting
Edward Teller’s proposed creation of a harbor in
Alaska near Cape Thompson using five thermonuclear devices (two 100 kiloton, and three 20 kiloton)
as part of Project Chariot. Alaskans fought the idea
and won in spite of Teller’s and the AEC’s pressure.
Essentially, there was no need for a harbor there and
the environmental impact would have been
devastating.
Dr. Teller was quoted as saying, “Nuclear explosions
can be used to blast harbors in otherwise inaccessible
coasts, to break up the rocks and make them yield up
their riches, to reshape the land to your pleasure.”
Part of the studies for Project Chariot released
radioactive tracers at the site. Those radioactive
tracers still remain in the environment. AEC studies
said there would be little problem, but independent
studies showed the migration of radioactive material
into the food chain. Chariot would have released a
tremendous amount of radiation and killed quite a bit
of sea-life
Teller was known for saying, “If your mountain is in
the wrong place, just drop us a card”
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There were other devices set off underground in different parts of the United
States aside from Nevada, New Mexico, and Colorado.
Some people might be surprised that on October 22, 1964, a 5.3 kiloton
device was fired underground near Hattiesburg, Mississippi as part of ‘Salmon,’
a Vela Uniform test to study ways of detecting underground nuclear
detonations in salt formations using seismic data. A second 380 ton
detonation, ‘Sterling’ was detonated in the same area on December 3, 1966.
Alaska was also the location of some massive underground detonations,
including the largest weapon ever detonated underground.
On October 29, 1965, an 80 kiloton device called ‘Long Shot’ was detonated
in a 2,300 foot deep shaft on Amchitka Island. It was a Vela Uniform test.
‘Long Shot’ vented krypton and tritium gas for over a month afterwards
‘Milrow’ was a weapons related, seismic calibration detonation of a 1.2
megaton weapon on October 2, 1969 in a 4,000 foot deep shaft at Amchitka
Island. No reported venting or leakages occurred, but observers noted, “the
blast 'turned the surrounding sea to froth' and forced geysers of mud and water
from local streams and lakes 50 feet into the air."
Then, on November 6, 1971, ‘Cannikin’ a 5 megaton warhead intended to be
used on Spartan anti-ballistic missiles was detonated at the bottom of a 5,875
foot shaft. It was a big detonation, causing a 7 magnitude groundshock.
And naturally, it leaked stuff like Krypton gas, as well as Americum-241
which has a 433 year half-life.

LLNL Photograph
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‘Cannikin’
5 megaton W-71 warhead and Spartan missile package being prepared for lowering into 5,875 foot
deep shaft at Amchitka Island, Alaska. This test was to prove the warhead for Spartan missiles that
would be used to destroy incoming warheads. This was the largest underground detonation ever.
38 hours after detonation, a subsistence crater over one mile wide and 60 feet deep unexpectedly
formed, releasing over 14,000 cubic feet of Krypton-85 gas. White Alice Creek disappeared into the
crater. Within three months the depression filled with water, forming a very large lake and eventually
allowing White Alice Creek to again flow into the Bering Sea.
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Chapter 20

Nuclear Detonations
by
Other Countries
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One--General Defense Considerations
2. It is apparent that potential enemies of the United States will seek to arm
themselves with this weapon and the means to deliver it. The speed with
which they will possess atomic weapons will be conditioned largely by their
scientific, technological and industrial ability to solve the problems involved.
It is common knowledge that research in nuclear fission is in progress
throughout the world.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Now, do not get me wrong, The United States wasn’t the only country that
tested weapons in the atmosphere or underground. The Soviet Union started
in 1949, Britain in 1952, France in 1961, and China in 1964. India set one off in
1974 and few more in 1998 along with Pakistan. The U.S. just did the majority
of the testing. All told, between 1945 and 1995, there were a total of 2,084
nuclear weapons tests worldwide representing 510 megatons of destructive
force. That is the equivalent of over 24,285 Nagasakis for anyone that is
counting.
The Bulletin of the Atomic Scientists notes that fifty-seven percent of the U.S.
and Soviet tests were during a period of 16 months in 1961 and 1962. That was
a period of time that a lot of saber-rattling was going on between the two.
See who the biggest guy on the block was, I suppose.

United States
Soviet Union
Britain
France
China
India
Israel
Pakistan
North Korea

Atmospheric Underground
215
815
219
496
21
24
50
160
23
22
6
1
6
2

Total
1,054
715
45
210
45
6
1
6
2

First
1945
1949
1952
1960
1964
1974
1979
1998
2006

Last
1992
1991
1987
1996
1996
1998
1979
1998
2009
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Detonation of ‘Joe-1’
August 29, 1949
22 kilotons
Semipalantinsk Test Site, Kazakhastan

FAS Photographs

Replica of the first Soviet atomic bomb, ‘Joe-1,’ with
Yuli Khariton, whose early work with fission helped
the Soviets develop nuclear weapons. 1992 photo.

‘Joe-4’
August 12, 1953
400 kilotons
Semipalantinsk Test Site

‘RDS-37,’ the “Super”
1.6 Megatons
November 22, 1955
First Soviet Hydrogen Bomb
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‘Chagan’ Detonation
January 15, 1965
140 kilotons
Semipalatinsk Test Range

Of the 715 tests conducted by the Soviet Union, 124 were PNE’s or Peaceful Nuclear Explosions for purposes
similar to the 35 Plowshare detonations the U.S. conducted. Some of these Soviet PNE’s actually paid off.
‘Chagan’ was the first Soviet PNE. ‘Chagan’ was positioned so that it created a dam that blocked the flow of a
river, creating a massive reservoir and smaller one where the crater was formed.
However, like the United States in the ever escalating race for nuclear supremacy, the Soviets kept building and
testing more powerful weapons.

The Bulletin of Atomic Scientists points out that many U.S. and Soviet tests
involved the detonation of more than one warhead at once in what were called
salvo explosions where multiple warheads are detonated simultaneously in the
same tunnel or nearby shaft: During the 1,054 tests conducted by the United
States, 1,149 warheads were detonated. The 715 tests done by the Soviets
involved 969 warheads. What a waste.

FAS Photographs
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Soviet tactical nuclear bomb
30 kiloton
Tactical missile warhead
10 kiloton

‘Sapwood’
2.9 megaton ICBM warhead

Tsar Bomb – The World’s Largest Bomb – 100 Megatons
Detonated October 30, 1961 at half its rated power (50 Mt) by
using lead tampers to avoid the massive fallout problems
uranium tampers would have caused. It was the cleanest
weapon ever detonated. 97percent of the energy released
was from fusion reactions.

FAS Photographs
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The British got into it in 1952 with the detonation of ‘Hurricane’ which was
placed in the hold of the HMS Plym, a naval frigate which was vaporized in the
process. They used various locations in Australia, South Pacific and Nevada to
test their bombs. The British continued atmospheric testing until ‘Burgee 2’ in
1958 when their tests were then moved underground – similar to what the
United States was already doing.

‘One Tree’
September 27, 1956
15 kiloton
Maralinga Test Range
in South Australia

‘Breakaway’
October 22, 1956
15 kiloton
Maralinga Test Range

FAS Photographs

‘Hurricane’
October 3, 1952
25 kiloton
400 yards off Trimouille Island on
the northeast coast of Australia

‘Grapple X – Round C’
November 8, 1957
1.8 Megatons
Christmas Island

‘Grapple Y’
April 8, 1958
2 Megatons
Christmas Island

‘Grapple Z – Burgee 2’
September 23, 1958
1 kiloton
On Christmas Island
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France began testing nuclear weapons on February 13, 1960 with the
detonation of ‘Gerboise Bleue,’ a 60-70 kiloton bomb, in desert of Algeria
which hosted four other atmospheric, and 13 underground detonations.
They also detonated a number of weapons in French Polynesia on Mururoa
and Fangataufa Atolls including their first thermonuclear bomb in 1968. Then
they went underground at the Atolls, detonating 147 more bombs, eventually
fracturing Mururoa Atoll. The atoll is uninhabitable.

FAS Photographs

2.6 Megaton
1968

‘Aldebaran’
30 kiloton
February 16, 1966
Mururoa Atoll

Guinea pigs used in Algerian nuclear tests

155
China detonated ‘596,’ their first atomic bomb, on October 16, 1964 at
the Lop Nur Test Ground.
22 additional atmospheric and 20 underground detonations have
occurred there since.
‘Test No. 6’ was the detonation of an air-dropped hydrogen bomb having
a yield of 3.3 megatons.

‘596’ is rolled into position

FAS Photographs

Detonation of ‘596’

High altitude photo of Lop Nur 4 days after detonation

‘Test No. 6’
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India began development of nuclear weapons in 1972 with great
secrecy and the efforts of about 75 scientists and engineers. Within
two years, they had their first warhead which was tested. They also
had enough plutonium for two more bombs.
Nothing more was done until 1998 when India detonated 5 weapons
known as the Shakti series between May 11 and May 13, 1998.

Detonation causes earth to rise

Resulting subsistence crater

‘Smiling Buddha’
May 15, 1974
8 kiloton
Thar Desert

Weapon prior to lowering

Lowering

Dirt blows out of shafts at detonation
‘Shakti I’
May 11, 1998
30 kilotons
Thar Desert

FAS Photographs
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It did not take long for Pakistan to jump on the
nuclear bandwagon. Only 15 days after the last
Indian detonation, Pakistan detonated ‘Chagai-I’ in
a one kilometer long tunnel on May 28, 1998.
Although Pakistan stated that five warheads were
detonated simultaneously during this test, it’s more
realistic that only two were detonated with a
combined yield of 9 kilotons. Two days later, they
detonated ‘Kharan-I’ in a vertical shaft with a yield
of about 6 kilotons. It is possible two warheads were
detonated in this test as well.

Dust rises on Koh Kambaran mountain after the detonation of ‘Chagai-I’ in a tunnel on May 28, 1998
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On September 22, 1979, a Vela Uniform satellite detected a nuclear detonation over the Indian Ocean or
South Atlantic. It was never positively identified as being either a South African or Israeli detonation, but
probably could have been a joint test involving both countries.
South Africa began a nuclear weapons program in 1974 with the construction of enrichment plants to create
highly enriched uranium. By 1982 they had their first bomb. However, in 1989, South Africa began
dismantling its nuclear weapons, completing the task under International Atomic Energy Commission
supervision. By 1993, all records and technical data on their nuclear weapons program were destroyed.
Israel is not a declared nuclear state, nor a signature to the Non-Proliferation Treaty, but most certainly has
a nuclear capability.

Casings for South African nuclear bombs

Israeli bomb core
FAS Photographs
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Well, the good news is that the United States has not detonated a weapon
since 1992, when it agreed to the Comprehensive Test Ban Treaty developed
by the United Nations. This treaty would ban all nuclear testing worldwide.
Matter of fact, all the major nuclear powers agreed to it, at least initially.
The last nuclear weapon detonated by the United States was ‘Divider’ on
September 23, 1992. It was the 1,054th U.S. nuclear test since 1945.
Unfortunately, the U.S. Senate failed to ratify the CTBT in 1999, leaving open
the possibility of testing resumption. What evolved then was a push starting
in 2001 towards resuming weapons testing, this time “usable” mini-nukes
having a yield of less than 5 kilotons. The 2003 Nuclear Posture Review
called for a new generation of nuclear weapons including the Robust Nuclear
Earth Penetrator intended to destroy deeply buried facilities, and the Reliable
Replacement Warhead which certainly sent a signal to the rest of the world.
Incredible: so what the heck has all of this shown to you thus far – what has
a gotten us?

Clay Babcock (Center for Land Use Interpretation) Photograph

A real big mess if you ask me.
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Section One - CONCLUSIONS
(3) In the absence of absolute guarantees of abiding peace, the United States
has no alternative but to continue the manufacture and stockpiling of weapons
of nuclear fission and to carry on continuous research and development for
their improvement and improvement in the means of their delivery.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Building nuclear bombs was a big operation, something that required
building massive nuclear reactors to create plutonium, plants capable of
processing and enriching uranium, factories where components were
machined and processed, and of course, laboratories where study, design
and testing could take place. Welcome to the U.S. Nuclear Weapons
Complex with all of its expense, environmental impacts, and hazards.

DOE CHart

ACME Atomic Weapons

Location of major U.S. nuclear facilities
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Los Alamos National Laboratory
(LANL)
Los Alamos was established in 1943 at the location of a boys school in the Jemez Mountains of New Mexico by
Dr. Robert Oppenheimer to design and build the ‘Little Boy’ and ‘Fatman’ (Gadget) bombs.
Located near Santa Fe, New Mexico, the lab now covers 43 square miles of land in the Santa Fe National
Forest and employs about 9,000 people with an annual budget exceeding $2.2 billion under contract with the
University of California who manages and operates the lab. The primary mission of the lab is nuclear weapons
research, development and testing. Plutonium rings were cast here and sent to the Rocky Flats Plant for
fabrication into the pits for the warhead core. Los Alamos now fabricates pits for nuclear warheads.
Los Alamos is divided into technical areas, each having a specific function or use. Some technical areas are
contaminated and are currently being studied as to the long-term environmental effects.
As of February, 1996, there were 2.7 metric tons of plutonium, 61 kilograms of plutonium waste, and 3.2 metric
tons of highly enriched uranium located at LANL.

The initial Los Alamos Lab in 1945
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Sandia National Laboratories
Located on Kirtland Air Force Base in Albuquerque, Sandia National Labs was established in 1945 to
provide engineering support to Los Alamos. It’s primary mission today is research, development and
testing of non-nuclear components, manufacture of neutron generators, stockpile stewardship and training
of military personnel in the assembly and maintenance of nuclear weapons,
Sandia Labs encompasses some 9,000 employees occupying over 500 buildings within various Technical
Areas encompassing over 20,000 acres. It’s annual operating budget in 2008 was nearly $2.1 billion.
Lockheed Martin Corporation manages and operates the lab under contract with the DOE.
The nearby Manzano storage area has bunkers for the storage of nuclear weapons and materials. As of
1996, there were 10 kilograms of Plutonium 239 and 800 kg of uranium as reactor fuel stored at Sandia.
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Lawrence Livermore National Laboratory
(LLNL)
Lawrence Livermore National Laboratory was established in 1952 as the second nuclear weapon
research, development and design laboratory to satisfy the urgings of Dr. Teller who wanted a lab for
the exclusive research and design of thermonuclear weapons.
Encompassing 821 acres north of San Jose, California, LLNL has approximately 5,000 employees
under contract with the University of California with a 2009 budget of $1.4 billion.
As of 1996, there was about .4 metric tons of fissile material at LLNL. However, there are many
facilities where a variety of nuclear materials or wastes are stored.

White Sands Missile Range Public Affairs Photo
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Hanford (B-Reactor)
Hanford was built in 1943 to produce the plutonium needed for ‘Gadget’ and subsequent implosion bombs.
Plutonium is created by bombarding non-fissionable U-238 with neutrons from a sustained but controlled
fission process in a nuclear reactor. When the a U-238 atom absorbs a neutron, it becomes U-239 which is
unstable and sheds an electron, turning into neptunium-239 which rapidly looses another electron, finally
becoming Pu-239, which is fissile material. The Pu-239 is then chemically separated from the reactor fuel
rods, converted to metal, and cast into pucks which then become the pit for a nuclear warhead.
Hanford was built near Richmond, Washington in an isolated part along the Columbia River for the enormous
amounts water needed to cool the reactors and the electrical power required. The B Reactor went operational
in Sepmber 1944 and within a year had produced enough plutonium for two atomic bombs, ‘Gadget’ and ‘Fat
Man.’ The B-reactor continued to produce plutonium until Feb 1968 when it was shut down.
The last of nine reactors built since 1943 was shut down in 1989 and plutonium is no longer produced at
Hanford. In addition to the reactors, there are reprocessing facilities that separate uranium, plutonium and
neptunium produced by the reactors. Today, Hanford encompasses over 560 square miles of land. There are
massive tank farms which hold over 55 million gallons of toxic highly radioactive liquid wastes from the
chemical separation process. Storage basins hold over 2,100 metric tons of spent reactor fuel rods that have
never been reprocessed to remove plutonium and uranium. Many of these fuel assemblies have broken
cladding, allowing water in the basins to corrode the fuel, then contaminating the water which has leaked into
the environment.
As of 1996, there were 11.0 metric tons of plutonium, 1,522 kg of plutonium waste, and 3,842 metric tons of
enriched uranium stored at Hanford.
Hanford is currently in remediation, a polite term for being cleaned-up. It’s got a lot of problems.
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Oakridge Y-12
The Oakridge Y-12 facility was built in 1943 to produce highly enriched uranium for the ‘Little Boy’ bomb using an
electromagnetic separation process.
Uranium contains about 1 percent U-235 and 99 percent U-238. Using powerful electromagnetic calutrons, the
lighter atoms of U-235 are deflected more by the magnetic fields than the heavier U-238 causing two ion streams
that could be collected at two different receivers. After many cycles of enrichment, 90 percent U-235 resulted.
It took enormous amounts of electricity to operate the massive racetrack calutrons – like that shown below needed to enrich the U-235. It was a slow process and initially took over a year to make the HEU needed for
‘Little Boy’.

FAS Photograph

Berkley Labs Image

The 2010 annual budget was over $3.6 billion.
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Y-12 is currently a highly specialized manufacturer of
warhead components, and storage facility for special
nuclear material.

Berkley Labs Image

The Y-12 facility is part of Oak Ridge National Laboratory
which encompasses the 34,545 acre Oak Ridge
Reservation northwest of Knoxville Tennessee. The Y-12
plant itself occupies an area over half a mile wide and 3
miles long. Approximately 4,000 employees (as of 1996)
produce lithium deuteride secondaries and cases for
hydrogen bombs, store and protect uranium and lithium
material, and conduct weapons dismantlement.
The Y-12 plant is operated by Lockheed Martin Energy
Systems on an annual budget estimated to be over $600
million.
As of 1998, there were 180 metric tons of enriched
uranium stored at Y-12.

Oak Ridge Calutron operators in 1944

Besides electromagnetic separation there are two other ways of enriching
uranium - gaseous diffusion or centrifuge separation.
Gaseous diffusion involves passing uranium hexafluoride in a gaseous form
through barriers that are sensitive enough to be able to separate the
isotopes of uranium by weight. Do this enough and you get highly
enriched uranium.
The centrifuge enrichment process spins the uranium hexafluoride gas,
using centrifugal force to separate the uranium isotopes by weight.
Understandably I suppose, the United States used all three methods to
make as much 90 percent U-235 as possible.
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Oakridge K-25 Gaseous Diffusion Plant
The K-25 Plant was built in 1943 to enrich uranium using the gaseous diffusion process as opposed to the Y12 Plant’s electromagnetic calutrons.
The K-25 site occupies about 5,000 acres within the Oak Ridge Reservation. Five massive gaseous diffusion
buildings occupying up to 45 acres each were built between 1943 and 1954.
Production was ceased in 1985. All production areas are contaminated with highly enriched uranium. Other
facilities at K-25 are used to store thousands of tanks of uranium hexafluoride, waste sludge from plating
operations, and an incinerator used to destroy polychlorinated biphenyl's, to name a few.
K-25 employs about 6,000 personnel, operating from an annual budget of about $140 million with Lockheed
Martin Energy Systems as the lead contractor.
As of 1994, there were 1.5 metric tons of highly enriched uranium located there, mostly remaining in piping
and equipment.
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Paducah
The Paducah Gaseous Diffusion Plant began operation in 1952, enriching uranium just as the K-25 Plant
was doing. Union Carbide was the initial contractor.
In 1965, Paducah stopped producing highly enriched uranium, since then only producing low enriched
uranium for nuclear power plants, still working along with the Portsmouth plant. Enriched uranium (2.75
percent) from Paducah is sent to the Portsmouth Gaseous Diffusion Plant in Ohio for further enrichment
to 4-5 percent. As well, Paducah processes depleted uranium used to make 30 millimeter cannon shells.
Built on 750 acres with 74 acres of processing buildings, the plant currently employs about 1,700 people.
The contractor today is Lockheed Martin Utility Services.
As of 1998 there were about 30,000 cylinders of depleted uranium hexafluoride stored at Paducah.
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Rocky Flats Plant
Rocky Flats was built 16 miles northwest of Denver, Colorado in 1952 to process plutonium and uranium
into warhead components. It was an essential part of the nuclear weapons complex as the pits for nuclear
warheads were manufactured here before being sent to Pantex for assembly into a warhead.
In 1957 and again in 1969, plutonium fires were experienced which nearly destroyed major facilities and
allowed a tremendous amount of plutonium into the atmosphere and downwind towards Denver, but the
facts were hidden. Massive waste pits and ponds were leaking plutonium, tritium and other radionuclide's
into the ground water. Folks downwind were getting cancers at an abnormal rate. Efforts by scientists to
bring out the facts were met with solid opposition by Dow Chemical, the prime contractor.
Rocky Flats occupied about 384 acres, surrounded by a 6,000 acre buffer zone. In 1998, it employed about
4,000 people and operated with an annual budget of about $600 million.
In 1989, the Federal Bureau of Investigation and the Environmental Protection Agency raided and shut
Rocky Flats down due to safety and environmental problems. Even though production of components was
halted, a large amount of plutonium and other special nuclear material was stored in facilities. As of 1996
there were about 12.9 metric tons of plutonium and 6.7 metric tons of HEU and 262 metric tons of depleted
uranium located at Rocky Flats. Most was being prepared for shipment to the Savannah River Site
Rocky Flats has now undergone decommissioning and remediation with most facilities torn down. The
DOE still controls 1,000 acres. A large portion of the land has been designated the Rocky Flats National
Wildlife Refuge. But there’s still plutonium there in the ground, in the water and in the air.
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Savannah
The Savannah River Site (SRS) is located southeast of Augusta Georgia on about 310 square miles of land. It
was established in 1950 for the production and separation of plutonium, tritium and deuterium.
Approximately 16,000 personnel work at SRS with Savannah River Nuclear Solutions, LLC acting as prime
contractor. The 2011 SRS budget was projected to be $2.54 billion.
Five production reactors were used to produce plutonium, tritium, and other isotopes for weapons production.
As with Hanford, there are various processing facilities to extract the plutonium and uranium from the reactor fuel
and convert it to metal for nuclear weapons’ pits.
SRS tank farms hold about 35 million gallons of highly radioactive liquid wastes. Some tanks are leaking
As of 1996, there were 2 metric tons of plutonium, 575 kg of plutonium waste, and about 24 metric tons of U-235
in various forms stored at Savannah.
As of 2012, tritium is still processed at SRS, there is a plutonium MOX conversion facility, and efforts are being
made to encase plutonium in glass logs, vitrifying it for all time. SRS is also a repository for plutonium pits before
being converted.
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Fernald
Fernald went into operation in 1954 to process various forms of uranium into uranium metal for use as fuel
and target elements in production reactors. It also processed depleted uranium into artillery shells and tank
armor. Production ceased in 1989 and the facility is undergoing decontamination and decommissioning.
Fernald is located 17 miles northwest of Cincinnati and occupies 3,708 acres of land. In 1997, there were
2,000 contractor employees working under an annual budget of $262 million.
As of 1998, there were 3,373 metric tons of depleted uranium and 2,120 metric tons of low-enriched uranium
stored at Fernald.
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Portsmouth
The Portsmouth Gaseous Diffusion Plant was built in 1952 to increase the production of highly enriched
uranium needed for weapons and naval reactors. Since 1991, Portsmouth has only produced low enriched
uranium (LEU) for commercial nuclear power plants. In 2001, it ceased producing any enriched uranium
and is now used for storage of HEU and other materials. Interestingly, Portsmouth has been used to convert
HEU from Russia into low-enriched uranium for commercial power reactors.
Portsmouth is located in south central Ohio 70 miles south of Columbus, Ohio and occupies 3,708 acres
which includes 93 acres of processing buildings. Over 2,000 contractor personnel worked there in 1997.
Lockheed Martin Utility Service manages Portsmouth.
In 1998, there were 23 metric tons of HEU stored at Portsmouth.
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Pantex Plant, Area 12
The Pantex Plant was built in 1942 for the manufacture of conventional bombs and munitions. In 1952, it
was converted for the assembly of nuclear bombs and remains today as the Department of Energy (DOE)
facility where nuclear bombs are assembled and disassembled.
Pantex is located 17 miles northeast of Amarillo, Texas and occupies about 16,000 acres, employing over
3,000 personnel with a 2008 budget of about $685 million.
The plant missions include the fabrication of chemical explosives for nuclear weapons, assembly of nuclear
weapons for the nation's stockpile, maintenance and evaluation of nuclear weapons in the stockpile,
disassembly of nuclear weapons being retired from the stockpile, demilitarization and sanitization of weapon
components from dismantlement activities, and interim storage of plutonium components from retired
weapons. As of 1999, 12,000 pits were stored at Pantex.
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During the arms race there were over 300 locations in the United States where nuclear material
and weapon components were manufactured or processed, many times exposing workers to
hazardous and toxic material, including uranium and plutonium.
Unfortunately, this all came at great cost to the environment, particularly in the area of
plutonium production and metal processing. The
. contamination created and left behind will
take years and billions of dollars to clean-up, and even then, what do you do with all the waste?

It also came at great cost in terms of lives.
Uranium miners, mostly American-Indians, suffer terribly from radiation-induced illnesses.
Workers in plants like Paducah, Portsmouth, Fernald, and Hanford were exposed to high levels
of uranium and plutonium dust, caustic chemicals, and many physical hazards. Worker
illnesses were long ignored by the nuclear industry, saying there was no relationship between
what they did and sicknesses that are caused by working with radioactive and other hazardous
materials. The U.S. government said the same thing about atmospheric testing and fallout
that impacted many of “down-winders”: even costing some, their lives. “The few for the good
of all humanity.”
Well, if you are going to build nuclear bombs and weapons, naturally you need a way to put
them to uses. And if you think the cost of making nuclear weapons was high, it hardly
compares to the cost of putting them, “on target.”
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Section One - CONCLUSIONS
(8) No weapon can be more effective than the means used to bring it into action
against the enemy; hence the necessity for the coordinated development of atomic
weapons and weapon-carriors and their integration into a series of devices, each
with a tactical or strategic purpose. In the category of weapon-carrier may be
included any means of ultimate delivery such as aircraft, guided missiles, rockets,
torpedoes and mines of all types.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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If you have weapons, you must be able to deliver them.

In 1945 it took airplanes to drop bombs of any type, conventional or
nuclear. B-29’s of the type that dropped ‘Little Boy’ and ‘Fatman’ could
still carry a fair sized nuclear bomb. As the bombs increased in size,
weight, and yield, other delivery platforms were needed that could
quickly and assuredly put bombs on target over long distances.
Over the years, the aircraft industry designed and built, in great quantities
and at great expense to the American taxpayer, a variety of evolving
strategic bombers and tactical fighters that gave the United States the
ability to reach out and strike someone with nuclear weapons, should
they want to.
At great cost financially. Take a look.

181

Chapter 24

Strategic Bombers

Boeing Photograph

182

B-29 Boeing Super Fortress
Fielded: 1943 – Retired: 1960 - Cost: $639,188 each – 3,970 built

B-50 Boeing Super Fortress
Fielded: 1948 - Retired: 1965 - Cost: $1,144,296 each - 370 built
Aircraft was basically a re-engined B-29 giving it more lift, speed and range

Goletta Air & Space Museum Photographs
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Goleta Air & Space Museum Photograph

B-36 Convair Peacemaker
Fielded: 1949 - Retired: 1959 - Cost: $4.1 million each - 384 built
Massive aircraft was basically a large scale B-29. The wings were tall enough to walk in so
mechanics could service engines on long-duration flights. It carried up to 22 crew members.
While it could carry a 43,000 pound, 40 foot long bomb, its best air speed was about 400
miles per hour, too slow in many military leader’s opinions. The B-36 didn’t last real long

B-29 and B-36 bombers parked together

FAS Photograph
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B-47 Boeing Stratojet
Fielded: 1951 - Retired: 1969 - Cost: $1.9 million each - 2,032 built
Entered service in 1952 as the first high-speed penetrating bomber. A crew of three could deliver two high
yield nuclear bombs a distance of 2000 miles while traveling at 550 MPH. Over 1,300 of these were built at
a cost of about $2 million each. The last ones were retired in 1965. The one shown above is using jetassisted-take-off (JATO) bottles to increase it’s take-off speed.

B-57 Martin Canberra Intruder
Fielded: 1954 - Retired: 1972 - Cost: $1.3 million each – 403 built
The Intruder was a sub-sonic high-altitude bomber put into service in 1953. Based on a British design, the
B-57 had a crew of two and could deliver the Mk-7 or B-43 bombs a distance of 2,300 miles. It could drop
its nuclear payload from high or low altitudes . About 403 B-57’s were built by Martin Marietta. It was
retired in 1972.
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B-58 Convair Hustler
Fielded: 1960 - Retired: 1970 - Cost: $12.4 million each – 116 built
The Hustler was a supersonic high-altitude penetration bomber put into service in 1960. A crew of three,
pilot, navigator and defensive system operator, could deliver one nuclear warhead or four conventional
bombs over a distance of 3,500 miles at high altitude. Only 100 aircraft were built. It was retired in 1970
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B-52 Boeing Stratofortress
Fielded : 1955 - Cost: $14.4 million each ($53.4 million in 1998 dollars) - 744 built
The B-52 was placed in operation in 1955, with 744 being built until production stopped in 1962. This
eight-engine workhorse of strategic warfare has evolved through the years, remaining on active service
today, over 50 years after it was placed in operation. The B-52 is capable of carrying 70,000 pounds of
conventional bombs (front three rows) or nuclear weapons including short-range attack and cruise
missiles. It is the only aircraft that will carry the B-53 hydrogen bomb with a yield of 9 megatons. The B52 can carry two B-53’s, eight B-61 340 kiloton bombs, or eight B-83 1.2 megaton bombs.

FB-111A General Dynamics Ardvark
Fielded : 1967 - Cost: $10.3 million each - 562 built - Retired 1998
The FB-111A was a supersonic high-altitude penetration bomber put into service in 1969 to replace the B58 Hustler. A crew of two could deliver a wide variety of nuclear warheads a distance of 4,000 miles at 21/2 times the speed of sound. Only 79 nuclear capable aircraft were built.
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B-1 Rockwell Lancer
Fielded : 1986 - Cost: $283 million each - 100 built
The B-1 bomber was built to replace the aging B-52 with a low level supersonic penetrator. It
was designed to carry the B-83 high yield thermonuclear bomb. Under the START II Treaty
requirements, the nuclear capability was removed from all B-1 Bombers

B-2 Northrop Grumman Spirit
Fielded : 1997 - Cost: $1.1 billion each – 21 built
Stealth bomber carries the B-61 and B-83 freefall bombs
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A-1 Douglas Skyraider
Fielded: 1946 - Retired: 1970
Built: 3,180
Carries: Mk-7, Mk-8, B-11, MK-12, or B-43

B-45 North American Tornado
Fielded: 1948 – Retired 1959
Cost: $1.1 million each - Built: 143
Carries: Mk-5 or Mk-7

F9F-8 Grumman Cougar
Fielded: 1951 –Retired: 1974
Built: 646
Carries: Mk-12

F2H McDonnell Banshee
Fielded: 1948 – Retired: 1961
Built: 895
Carries: Mk-7, Mk-8, or Mk-12

F-84G Republic Thunderjet
Fielded: 1947 – Retired: 1956
Cost: $769,330 each - Built: 7.524
Carries: Mk-7 or Mk-8

F-100 North American Super Sabre
Fielded: 1954 - Retired: 1972
Cost : $697,029 each – Built: 2,294
Carries: Mk-7, Mk-28, B-43, Mk-57, or B-61
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F3H-2 McDonnell Demon
Fielded: 1956 – Retired: 1964
Built: 239
Carries: Mk-12 or Mk-7

A-4 Douglas Skyhawk
Fielded: 1956 - Retired: 2003
Cost : $860,000 each - Built: 2,960
Carries: Mk-8, Mk-12, Mk-28, B-43, Mk-57, or B-61

F-101 McDonnell Voodoo
Fielded: 1957 – Retired: 1972
Cost $1,754,066 Built: 807
Carries: Mk-7, Mk-28, or B-43

FJ-4B North American Fury
Fielded: 1954 – – Retired: 1965
Built: 374
Carries: Mk-7, Mk-8, B-11, Mk-12, Mk-28, or B-43

A-3 Douglas Skywarrior
Fielded: 1956 – – Retired: 1964
Cost: $2.5 million each - Built: 294
Carries: Mk-5, Mk-7, Mk-8, B-11, Mk-12, Mk-15,
Mk-27, B-28, or B-43

F-104C/D Lockheed Starfighter
Fielded: 1958 - Retired: 1983
Cost: $1.42 million each - Built: 2,575
Carries: Mk-28 or B-43
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F-105 Republic Thunderchief
Fielded: 1958 – Retired: 1984
Cost: $2.14 million each – Built:833
Carries: Mk-28 , Mk-43, B-43, or B-61

A-7 Vought Corsair II
Fielded: 1967 – – Retired: 1991
Cost: $2.8 million each - Built: 1,569
Carries: Mk-28, B-43, Mk-57, B-61, or B-83

F-15 McDonnell Douglas Eagle
Fielded: 1976
Cost: $27.9 million each - Built: 1,198
Carries: B-43, B-61, or B-83

F-4 McDonnell Douglas Phantom
Fielded: 1960 – Retired: 1996
Cost: $2.4 million each - Built: 5,195
Carries: Mk-28, B-43, B-61, or B-83

A-6 Grumman Intruder
Fielded: 1963 – Retired: 1997
Cost: $43 million each - Built: 693
Carries: Mk-12, Mk-28, B-43, Mk-57, B-61, or B-83

F-16 General Dynamics Falcon
Fielded: 1978
Cost: $18,8 million each - Built 4,450 plus
Carries: B-43, B-61, or B-83
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F/A-18 McDonnell Douglas Hornet
Fielded: 1987
Cost: $57 million each – Built: 1,480
Carries: B-57 or B-61

F-117A Lockheed Nighthawk
Fielded: 1983
Cost: $111 million each – Built: 64
Carries: B-61

F-22 Lockheed Raptor
Fielded: 2005
Cost: $158 Million each - Built: 187
Carries: B-61

AV-8B McDonnell Douglas Harrier II
Fielded: 1985
Cost: $35 million each – Built: 824
Carries: B-57 or B-61

F-35 Lockheed Martin Lightning II
Cost: $132 million each
Projected to build:2,443
Carries: B-61
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Planes are one thing, but the fastest way to deliver a nuclear weapon to
another location is by either ground or sea based missile.
In the 1950s a lot of research and development went into developing
rocket science. Using technologies developed by Germany as part of
their World War II work with the V-2 rocket, along with the assistance
of many German rocket scientists, the United States developed missiles
with increasingly longer ranges and throw weights. While rockets and
missiles eventually put mankind in space for peaceful purposes, their
initial purpose was the delivery of nuclear warheads to an enemy nation.
Seemingly we needed the ability to strike at the enemy, (at that time the
Soviet Union), over long distances and as quickly as possible, just in case
they decided to do the same to us. Who knew, we didn’t trust each
other, sometimes for good reason. This was all about deterrence, at
great expense to everyone involved.
Ballistic missile systems were built and deployed. Certainly someone had
their finger on a trigger. Earlier intermediate-range missiles were located
in England or Turkey but as technologies advanced and intercontinental
ballistic missile s were built, all land-based missiles were then located in
the United States. We have had quite a few.
The one problem with a missile is that you can’t call it back like you can
with a manned bomber.
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SSM-A-14 Redstone MRBM
Fielded:1958 – 120 built
Single-stage medium range ballistic missile used liquid oxygen and alcohol as
fuel and could carry a 6,000 pound 4 megaton W-39 warhead about 200 miles.
The Redstone was manufactured by the Chrysler Corporation.

Boeing Photograph
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SM-75 Thor Intermediate Range Ballistic Missile
Fielded: 1957 - Cost: $2.98 million each - 224 built
Liquid fueled missile burned kerosene and liquid oxygen, and carried a 1.44 megaton
W-49 warhead weighing 1,600 pounds to a range of 1,500 miles in less than 18
minutes. Douglas Aircraft was the prime builder.
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SM-78 Jupiter IRBM
Fielded: 1958 - Cost: $12.4 million each - 100 built
The intermediate-ranged Jupiter could deliver a W49 warhead over 1,500 miles in about
15 minutes. It was carried on a transporter which could be erected, the missile fueled with
kerosene and liquid oxygen, and launched in about 15 minutes. Three squadrons with 15
missile each were deployed in Italy and Turkey. Built by Chrysler Corporation.

Weird, like the petals of a flower opening, how peaceful.
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Atlas missile in raised position near Nebraska City, Nebraska

Atlas re-entry vehicle and warhead

SM-65 Atlas ICBM
Fielded:1959 - 350 Built
The Atlas was deployed in 1959 as the first intercontinental ballistic missile. With a range of 6,400 up to 9,000
miles, it carried either a W-49 1.44 megaton warhead or W-38 3.75 megaton warhead. It was a single-stage
liquid- fueled missile that burned liquid oxygen and kerosene.
There were several variants of the Atlas based with squadrons at at FE Warren AFB, Wyoming; Offutt AFB,
Nebraska; Schilling AFB, Kansas; Forbes AFB, Kansas; Fairchild AFB, Washington; Lincoln AFB, Nebraska;
Altus AFB, Oklahoma; Dyess AFB, Texas; Walker AFB, New Mexico; and Plattsburg AFB, New York (the only
ICBMs ever based east of the Mississippi). Each squadron included 12 launch sites. Distances between the
sites ranged from 20 to 30 miles.
The Atlas D & E models were placed in
silo barns and raised out of the silo for
launch.
The Atlas F could be launched directly
from the silo.
Built by Convair Division of General
Dynamics

FAS Photograph
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LGM-25 Titan ICBM
Fielded: 1959 – 368 built Cost: $250 million each
The Titan was a the first liquid fueled ICBM that could remain fueled with kerosene and hydrazine at all times
while in its silo. Titan I had a range of 6,300 miles and carried the W-38 warhead. It was established within
squadrons of nine missiles each, clustered in groups of three missiles per launch control facility. The Titan I
was based in Colorado, Washington, and Idaho. Titan missiles were made by the Glenn L. Martin Company.
The Titan II had a range of 9,000 miles carrying either the W-38 or W-53 nine megaton warhead. Each Titan
II had a launch facility of its own. Titan II missiles were based in Arizona, Arkansas and Kansas.
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Donald Boelling Photographs

Aerial view of Titan II launch site

Cut-away perspective of Titan underground launch facility
Launch control facility is to the left with maintenance and life support systems in middle and missile silo to
the right.

Malstrom AFB Photograph
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LGM-30 Minuteman ICBM
Fielded: 1962 - Cost: $7 million each - – Over 1,000 built
Displayed at Malstrom AFB, Montana
Manufacturer: Boeing Aircraft
The Minuteman is a three-stage solid-fueled ICBM based in hardened underground silos. The
Minuteman I and II Missile had a range of 7,000 miles carrying either a 1 megaton W-59
warhead or a 1.2 megaton W-56 megaton warhead. Over 1,000 Minuteman silos were built in
Montana, Missouri South Dakota and North Dakota.

USAF Image
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Malstrom AFB Photograph

Minuteman Missile Silo with maintenance and back-up power room.

Surface support buildings at Minuteman Launch Control Facility Alpha near Malstrom AFB, Wyoming
Each launch control facility controlled 10 missiles at separate buried silos.
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Whiteman AFB Photograph

Blast door leading to launch control facility
At least they could maintain a sense of humor, no matter how dark it was.

Launch control facility requires two personnel to follow exact procedures and turn launch
keys simultaneously in order to launch missiles. The LCF was mounted on springs to help
it withstand the blast from an attacking nuclear warhead, something missile crews
referred to as “shake & bake.”
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Silo blast cover at Vandenburg AFB, California will be pushed forward just prior to missile launch

FAS Photgraphs
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The idea of multiple, independently-targeted reentry vehicles, or MIRVs, was to
increase the number of warheads carried by a Minuteman ICBM, thereby
increasing the number of targets a single missile could destroy while also
overwhelming potential defenses. The Atlas and Titan missiles carried single
warheads weighing upwards of 6,000 pounds. Even the Minuteman I and II
ICBMs had single warheads weighing nearly 700 pounds. They were big and heavy
payloads. The development of smaller warheads allowed putting more warheads
on targets using just one ICBM. Maybe not as powerful warheads, but with
increased accuracy, you didn’t need such massive weapons. The Minuteman III
missile evolved.
To your left here is the Minuteman III ICBM payload buss and nosecone. The
conical objects are MK-12A reentry vehicles which are about six feet tall, each
carrying a 350 kiloton W-78 warhead. The entire package weighs about 800
pounds. As the payload buss travels its apogee in space, it releases each MIRV at a
predetermined point so as to be guided to reentry on a particular target.
More bang for your buck, eh?. But very destabilizing to the Soviet Union. As
usual, and expected, they also MIRV’d their missiles after we did. Problem was,
they had bigger missiles with more “throw-weight” that could carry more MIRVs
than U.S. missiles could. One-upmanship I suppose. The Cold War Arms Race.
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The payload buss on each ICBM releases each reentry vehicle at
a point along its flight trajectory through space so that each RV
can be aimed at a different target or part of target area.
Warheads can be fused for air or ground burst so that each one
hits a particular point of a target area, increasing the effective
yield caused by multiple simultaneous detonations.
Multiple warheads also increased the probability of overwhelming
any possible defenses intended to destroy them.
The ability to destroy was enhanced, however indiscriminant that
destruction can be.

Tracks of Minuteman III MK-12 reentry vehicles with dummy warheads slash across the Pacific sky.
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Bulletin of Atomic Scientist Photo

W-76 Air Bursts

W-76 Ground Burst

Commercial satellite photo of the Ukrainka air base in the Soviet Union with
overlays showing aim-points and fusing for three W-76 warheads.

Department of Energy Photograph

Whadaya think?
Will it work?

Well,... if I flip this small chromium switch, it should,... at
least theoretically it should. The last time we detonated a
warhead like this, it worked. But I think we need to test this
one, just to make sure. You never know about switches.
They might go bad.

MK-12 reentry vehicle will hold either a W-62 warhead with a yield of 170 kilotons, or the W-78 having a yield
of 350 kilotons. The RV weighs 800 pounds which includes the 253 pound warhead. Each Minuteman III
ICBM carries three MK-12’s. The 610 W-62 and 920 W-78 warheads on active service today provide a total
of 426 million tons of destructive force.
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LGM-118A Peacekeeper MX ICBM
Fielded:1986 – Less than 100 built Cost: $70 million each
The MX was a three-stage solid-fuel intercontinental ballistic missile with a range of 5,200 miles and
capable of carrying ten MIRV warheads. The MX was designed for multiple basing arrangements,
including a rail garrison system.
The left photo shows a silo-based MX pushed out of it’s launch canister by gas pressure. Once clear of
the silo, it ignites, then flying into space towards its target.
Manufactured by Boeing, Martin Marietta, TRW, and the Denver Aerospace company

The MK-21 reentry vehicles being mounted on the
MX Peacekeeper ICBM payload buss shown to
the right carry the 300-475 kiloton W-87 warhead.
The MX could carry up to eleven MK-21 RV’s, but
was limited to ten by the START II ArmsTreaty
Re-entry vehicles, including their warheads, are
mounted to the payload buss which will dispense
each at the appropriate point in their flight.
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Department of Defense Photographs

“As a bolt from above.”

Tracks of Mk-21 Multiple Independently Targeted Re-entry Vehicles (MIRV’s) entering the atmosphere over
the Pacific Ocean after being dispensed from an ICBM payload buss. If “Real World” each trace would end in
a brilliant flash, hotter than the sun.
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The MX was designed to be a multi-based missile
system. Missiles mounted in specially designed
railroad cars like the one down below would ride a
series of rail-tracks and be shuttled between widely
dispersed shelters at the end of each track so the
Soviet’s would not really know where each missile
was at any given time, that way making it harder for
them to destroy our capability. At least in theory.
To be launched, the boxcar would open, the missile
would be erected and fired. The rail-garrison idea
died off as expensive, impractical, and harmful to
the environment, leaving only silo-based MX. It
too was eventually scrapped.
And for any of you wise guys out there, Soviet
leader Leonid Brezhnev, playing “Find the ICBM“
shell game with Uncle Samis not my cousin.
MX payload buss with eight MIRV

MX Peacekeeper Garrison Rail Car
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Section One - CONCLUSIONS
(9) Inseparable from the development of bombs and bomb carriers, should
be the planning of naval surface and submarine vessels from which atomic
bomb-carriers may be launched or discharged.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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Where would we be without the U.S. Navy? It has had a long and illustrious
history in naval combat and extending our nation’s global power.
Aircraft carriers used nuclear-armed aircraft, but were targets themselves since the
“bad guy” knew where there were. Sorta like trying to hide an elephant on a
ballroom. Submarines were ideal missile platforms as they could get near to a
country, hide underwater, the enemy never really knowing where they were, then
launching missiles when ordered: all in creating a maximum deterrent effect.
Actually, it is the ballistic missile submarine that has the greatest deterrent effect
of what’s called the Nuclear Triad, three legs comprised of ground-based ICBMs,
manned bombers and fighters, and ballistic missile submarines. The enemy
(Russians) might use a sneak first strike to try and destroy our command,
control, and communications facilities, ICBM silos and launch control facilities,
and bomber airfields. However, by having nuclear-armed ballistic missile
submarines hidden somewhere under water, you could still massively retaliate and
destroy the better part of Russia. That was the idea, massive retaliation or what
was called “mutually assured destruction” or MAD. This appropriate acronym was
“mad”, it was also crazy. Those submarines were there and you had to think
about that if you were contemplating attacking and destroying another country.
The United States, and certainly the Soviet Union, put a lot of time and money
into submarines and their associated missile systems.
Steady as she goes, Sailor.

FAS Photograph
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UGM-27 Polaris A-1 Submarine Launched Ballistic Missile (SLBM)
Fielded:1960 – Retired: 1965
Built: 5,000 – Polaris Program Cost: Over $64 billion
Two-stage solid-fuel missile had a range of 1,000 miles and could deliver a W-47 warhead in
either 600 kiloton or 1.2 megaton configuration. The George Washington class submarine carried
16 Polaris missiles. Five of these submarines were built.

FAS Photograph
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FAS Photograph

Polaris A-2 SLBM loaded into submarine
Fielded: 1962 – Range 1,500 miles- Retired: 1974
16 carried by five Ethan Allen Class submarines.

Polaris A-3 SLBM
Fielded: 1964 – Range 2,500 miles -= Retired:1981
The 16 A-3’s could carry three 200 kiloton W-58 warheads each
Carried by 19 Lafayette Class and 12 Benjamin Franklin Class submarines.
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FAS Photograph

UGM-73 Lockheed Poseidon C-3 SLBM
Fielded: 1971 – Built: 620 – Retired: 1992
Missile had a range of 2,500 miles and carried 14 MK-3 RV’s with 50 kiloton W-68 warheads.

One of twelve Benjamin Franklin Class submarines being loaded with 1of 12 Poseidon Missiles.
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FAS Photographs

Ohio Class SSBN Ballistic Missile Submarine
Fielded 1990 - Cost:: $3 billion each - Built: 18 – In Service: 14
Carries either 24 Trident I C 4 SLBM with up to eight MIRVed 100 kt W78 nuclear warheads with a range of
4,600 miles or 24 Trident D5 SLBM with up to 12 W76 or W-88 (300–475 kt) nuclear warheads with a range
of 7,500 miles. Also has four Mark 68 torpedo tubes.

Two Trident D-5 launches, one to the left going up the way it
should and the other just round and round when something
“went wrong.”
Trident II D5 SLBM
Fielded 1990 Cost: - Built: 540 Plus
The D-5 three-stage missile has a range of 4,600 miles carrying up to 8 MIRV’s with 100 kiloton W-76
warheads or 12 MIRV’s with 475 kiloton W-88 warheads. The 14 remaining Ohio Class boats are stationed
at Bangor, Washington and King’s Bay, Georgia, split evenly.
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91 megatons,… now that’s enough
to decimate Russia,… that’s
something to think about……

Steady as she goes, Sailor!

I wonder what this
switch does…?

Man, this place
is getting to me.

Missile hatches standing open on Ohio Class submarine

FAS Photographs

Control Room of Trident Ohio Class submarine
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In order for bombers to drop bombs on targets, they had to fly over enemy
territory to reach the target. Since the enemy would do what it could to
shoot down these bombers, the need was created for a nuclear weapon that
could be delivered by a bomber flying near enemy territory without
endangering it or the crew. As well, some fighters and bombers were incapable
of flying out of the range of the bomb detonation blast. Minimally, this
would be discouraging for the crews since they would essentially be considered
“suicide jockeys”: as a result, stand-off and cruise missile were engineered.
Before submarine-launched ballistic missiles were developed, the use of standoff missiles was essential for them to be able to bombard enemy territory.
Early submarine-launched stand-off missiles were quite dangerous and
exposed the submarine to enemy attack since it had to surface and allow the
crew to assemble the missile.
Shown here is the air-to surface GAM-63 RASCAL made by Bell Aircraft . It
was fielded in 1952 and could carry a 2 megaton W-47 warhead about 100
miles at 1,950 miles per hour. 150 GAM-53 RASCALs were built at a cost of
$2,262,000 each. The GAM-63 was retired in 1959. It was replaced by the
‘Hound Dog’ which we’ll see in a little bit.

I wish they wouldn’t point
those things at me.
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BOAR MK-1 Air-to-Surface Missile
Fielded in 1956 –Retired in 1963 - Built: 225
The Bureau of Ordnance Aircraft Rocket stand-off missile had a range of about 8 miles and was launched
by a Douglas A-7D Skyraider or McDonnell F2H Banshee in a steep climb to increase it’s lob-range. It
carried a 40 kiloton W-7 warhead. Below: Banshee launches the BOAR.
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MGM-1 Martin Matador
Fielded: 1953 – Retired: 1962 – Built: 120
The missile was piloted via a radio link by a ground controller, who tracked a
control beacon of the missile via a network of ground-based radar stations. It
carried a 40 kiloton W-5 warhead a distance of 700 miles at 650 miles per hour.

SSM-N-8 Vought Regulus 1
Fielded:1955– Retired: 1964 – Built: 514
Submarine or ship-launched missile carrying a 40 kiloton w-5 or 2 megaton W-27 warhead
a distance of 500 miles at sub-sonic speeds
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SSM-N-9 Vought Regulus 2
Fielded: 1956– Retired: 1958 – Built: 28
Missile was ground, submarine, or ship-launched and used an internal navigation system
to deliver a w-27 2 megaton warhead a distance of 1,000 at twice the speed of sound.

SM-62 Northrup SNARK
Fielded: 1958– Retired: 1961 – Built: 100
Ground-launched intercontinental cruise missile had a range of over 5,000 miles carrying 4
megaton W-39 warhead. It used celestial navigation to guide it.
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TM-76A/B MGM-13 Martin MACE
Fielded: 1959– Retired: 1970 – Cost: $452,000 each – Built: 1,000
2 Megaton W-28 1,400 miles
The MACE was a ground-launched cruise missile tarrying a 2 megaton W-28 warhead a
range of 1,400 miles sub-sonically using terrain-matching radar navigation.

AGM-28 Hound Dog
Fielded: 1960– Retired in 1978 – Cost: $690,073 each – Built: 400
Stand-off supersonic air-to-air or air-to-ground missile launched from a B-52. It had a range of 745
miles using inertial navigation and could carry a 1.45 megaton W-28 warhead.
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AGM-69 SRAM
Fielded: 1972– Retired: 1990 – Cost: $592,000 each – Built : 1,500
This air-to-ground Short Range Attack Missile was carried on a rotary dispenser in the B-52 bomb
bay or on external wing mounts. It carried a 200 kiloton W-69 warhead and had a range of 100
miles traveling at MACH 3.5.

BMG-109 Raytheon Tomahawk
Fielded: 1983– Cost: $1,066,465 each – Built: 4,173
Ship or submarine launched sub-sonic cruise misslie carrying either a conventional
warhead or 200 kiloton W-80

226

BGM-109G General Dynamics Gryphon Ground-Launched Cruise Missile (GLCM)
Fielded: 1983 - Retired: 1991 – Cost: $1,200,000 each – Built: 500
The ground launched cruise missile had a range of 1,500 miles at 550 MPH. It carried a 80 kiloton W-84
warhead. This mobile missile system was dismantled as part of arms reduction agreements under the
Intermediate Range Nuclear Forces Treaty ,INF. The missile systems were destroyed, but the warheads
remain in the inactive stockpile
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AGM-86 Air-Launched Cruise Missile (ALCM)
Fielded: 1982 - $1,200,000 each – Built: 2,000 plus
The air-launched cruise missile has a range of 1,500 miles at 550 MPH. Launched from a
B-52 bomber, it carries conventional or nuclear warheads (50 kiloton W-80-1) and uses
terrain following contour-matching guidance systems along with global positioning
systems to achieve its target. .
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AGM-129 ACM
Fielded: 1990 – Cost: $4 million each: 460 built
Program Cost: $1,800,000,000
The air-launched Advanced Cruise Missile is a stealth capable missile having a range of 2,000 miles at a
speed of 500 MPH using a turbofan engine and terrain matching guidance system. It carries a 150 kiloton
W-80-01 warhead.

Do ya think your children will
see the day things like this don’t
exist? It would be nice, but
what is it going to take?

ACME BILL BOARDS

This space available for the next generation,
guaranteed improved, mo’ betta Cruise Missile
advertisement.
“Glossy paper and an airbrush are the greatest
technology in the Military - Industrial Complex .”

Call BR-459
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Section Two - RECOMMENDATIONS
1. The Board recommends:
(1) That, since the abolition of war is the only absolute protection humanity
can have against possible annihilation of its civilization by atomic and other
weapons of mass destruction, the Joint Chiefs of Staff continue to give every
proper support to plans for the achievement of an acceptable guaranty of
international peace.
(2) That so long as the world lacks such acceptable guaranties of permanent
peace, the manufacture and stockpiling of atomic weapons and fissionable
materials be continued by the United States in such quantities and at such a
rate of production as will give to it the ability to overwhelm swiftly any
potential enemy.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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$5.8 Trillion! That’s $5,800,000,000,000. According to Stephen
Schwartz, editor of the Bulletin of Atomic Scientists and author of
“Atomic Audit: The Costs and Consequences of U.S. Nuclear
Weapons Since 1940,” between 1940 and 1996, the United States
spent over $5.8 trillion on nuclear weapons. So, what the heck did we
get for $5.8 trillion bucks?
A real mess, if you ask me.
Actually, we made a huge pile of bombs and warheads: over 70,000
nuclear weapons encompassing 65 types over a period of 50 years.
Many of them are shown over the next few pages to give you an
better idea of the immensity the bombs and warheads we created.
Now they call them “physics packages” which has a better ring to it
than bomb or warhead.
Take a look, see what we have built and ask yourself, why?

One thing’s for sure,
Ralph. The MilitaryIndustrial nuclear
weapons complex
didn’t loose a dime.
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Mk-III – 20 kt
Produced: 120
Built: 1947 – 1949
Retired: 1950

Mk-5 – 100 kt
Produced: 140
Built: 1952
Retired: 1950

Mk-7 – 61 kt
Produced: 1,800
Built: 1952- 1963
Retired: 1967

Mk-4 – 31 kt
Produced: 550
Built: 1949 – 1951
Retired: 1953

Mk-6 – 160 kt
Produced: 1,100
Built: 1951- 1955
Retired: 1962

Mk-8 – 30 kt
Produced: 40
Built: 1951- 1952
Retired: 1957

234

Mk-11 – 30 kt
Produced: 40
Built: 1956 – 1957
Retired: 1960

Mk-14 – 7 Mt
Produced: 250
Built: 1954 – 1957
Retired: 1962

TX-16 – 8 Mt
Produced: 5
Built: 1954

Mk-12 – 14 kt
Produced: 250
Built: 1954 – 1957
Retired: 1962

Mk-15 – 3.8 Mt
Produced: 1,200
Built: 1955 – 1957
Retired: 1961

Mk-17 – 15 Mt
Produced: 200
Built: 1954 – 1955
Retired: 1957
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Mk-27 – 3.3 Mt
Produced: 700
Built: 1958 – 1959
Retired: 1965

Mk-36 – 10 Mt
Produced: 940
Built: 1956 – 1958
Retired: 1962

Mk-28 – 1.45 Mt
Produced: 4,500
Built: 1958 – 1966
Retired: 1991

W-39 – 3.8 Mt
Produced: 700
Built: 1957 – 1959
Retired: 1966

Big suckers, aren’t they?

Mk-41 – 25 Mt
Produced: 500
Built: 1960 – 1962
Retired: 1963
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Mk/B-43 – 1 Mt
Produced: 1,000
Built: 1961 – 1965
Retired: 1991

Mk/B53 – 9 Mt
Produced: 350
Built: 1962 – 1965
Retired: 300 in 1997

Mk/B-61 – 340 Kt
Produced: 3,150
Built: 1966 – 1990’s
Retired: 1,800 in 70’s – 80’s
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W-23 – 20 kt
16 inch Naval shell
Produced: 50
Built: 1956
Retired: 1962

W-9 – 15 kt
280 mm artillery shell
Produced: 80
Built: 1952 – 1953
Retired: 1957

W-33 – 40 kt
8” Howitzer shell
Produced: 2,000
Built: 1957 – 1965
Retired: 1992

W-48 – 72 tons
155mm Howitzer shell
Produced: 1,060
Built: 1963 – 1968
Retired: 1992

W-79 – 1 kt
8” Howitzer shell
Produced: 550
Built: 1981 – 1986
Retired: 1992
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Look! It says, “Made
in Hong Kong.”

Department of Energy Photograph

What’s that you’ve got
there?

W-48 Nuclear Cannon Shell
155 Millimeter round weighing 118 pounds produces 72 tons of explosive force.
1,000 of these warheads were produced and issued to the Marines.
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W-7 – 40 kt
Multipurpose warhead

Boar air-to-surface rocket
Produced: 225
Built: 1953
Retired: 1963

W-25 – 1.7 kt
Genie Air-to-Air Missile
Produced: 3,150
Built: 1957 – 1960
Retired: 1984

Betty Mk-90
ASW Depth Bomb
Produced: 225
Built: 1955
Retired: 1960
Corporal Ballistic Missile
Produced: 300
Built: 1953
Retired: 1965

W-30 – 4.7 to 19 kt
Tactical Atomic Demolition Munition (TADM)
Produced: 300
Built: 1961 – 1965
Retired: 1966

W-28 – 1.45 Mt
Hound Dog Air-to-Ground Missile
Produced: 1,000
Built: 1958 – 1966
Retired: 1976

W-31 – 40 kt
Honest John Missile
Produced: 1,650
Built: 1959 – 1961
Retired: 1987

Nike-Hercules Missile
Produced: 2,550
Built: 1958 – 1961
Retired: 1989
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W-34 (Mk-34) – 11 Kt
Lulu ASW Depth Bomb
Produced: 2,000
Built: 1958 - 1962
Retired: 1971
The W-34 warhead was also used in the Mk-44 antisubmarine torpedo (ASTOR) (600 built, retired in 1976)
and Mk-105 Hotpoint parachute retarded laydown
bomb (600 built, retired in 1965).

W-40 – 10 kt
Bomarc SAM
Produced: 850
Built: 1959 - 1962
Retired: 1972

W-38/Mk-4 – 3.75 Mt
Atlas and Titan ICBM Warhead
Produced: 180
Built: 1961 - 1963
Retired: 1965

W-45 – 15 kt
MADM (Medium Atomic Demolition Munition)
Produced: 350
Built: 1962 - 1966
Retired: 1984
The W-45 was also used in the Little John surface-tosurface missile (500 produced, retired in 1970), the
Terrier surface-to-air missile (750 produced, retired in
1988), and Mk-44 anti-submarine torpedo (ASTOR)
(600 built, retired in 1976) and Bullpup anti-submarine
missile (100 produced, retired in 1978. The actual
warhead assembly is shown to the left.
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Well, have you two
got it figured out yet?

Well, I’m not really
sure, sir. Way I see it,
the A cable might just
fit into the A slot and
the B cable into the B
slot…..

Well, I just don’t know.
Joe over in shipping says
that we should connect
the A cable into slot B,
then the B cable into slot
A, but go ahead, it’s your
warhead.

W-45 – 15 kt
MADM (Medium Atomic Demolition Munition
They were designed to be used as nuclear land mines and for other tactical purposes by two personnel.
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W-47 – 1.2 Mt
Polaris Sub-Launched Ballistic Missile
Produced: 1,360
Built: 1960 - 1964
Retired: 1974
W-49 – 1.44 Mt
Thor -Titan - Atlas - Jupiter Missiles
Produced: ?
Built: 1958 - 1964
Retired: 1975

W-53 – 9 Mt
Titan II Missile
Produced: 65
Built: 1964 - 1965
Retired: 1985

W-54 – 250 tons
AIM-26 Falcon Air-to-Air Missile
Produced: 2,000
Built: 1961 - 1965
Retired: 1975
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This is what I
was telling you
about, Fred.

Yes, I see. So if I launch
this at my neighbor’s
house, it won’t hurt
mine, right?` Heh heh.

MK-54 – 20 ton
Davy Crockett recoilless rifle
Produced: 400
Built: 1961 - 1965
Retired: 1971

SADM – 1 kt
Special Atomic Demolition Munition
Used modified Mk-54 warhead

Well, it might scorch
your paint, but that’s
minor. These things
here are called fins.
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W-59/Mk 5 – 1Mt
Minuteman I Reentry Vehicle/Warhead
Produced: 150
Built: 1962 - 1963
Retired: 1969
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W-71 – 5 Mt
Spartan Anti-Ballistic Missile (ABM)
Produced: 30
Built: 1974 - 1975
Retired: 1975

W-66 – Kt range
Sprint ‘Neutron bomb’ ABM
Produced: 70
Built: 1974 - 1975
Retired: 1975

W-81 – 4 kt
Navy Surface-to-Air Missile
Produced:
Cancelled: 1986

W-85 – 80 kt
Produced: 120
Built: 1983 - 1986
Retired: 1991

More than 70,000 warheads and bombs of over 65 different types were built
between 1945 and 1990 representing a total yield exceeding 57 billion tons of
explosive force. Over 55,000 of those weapons have been dismantled, obsolete.
What remains today are weapons making up the ‘Enduring Stockpile.’
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Chapter 30

The Enduring Stockpile
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Freefall Strategic & Tactical Bombs

B-53 – 9 megatons
50 in hedge stockpile
(Pending dismantlement)

B-83 – 1.2 megatons
320 active service – 206 in hedge stockpile

248

Well, what the heck is this?
Someone left a peanut butter
and jelly sandwich in here!

A woman’s place is not
necessarily the home.
After all, remember
Rosie the Riveter?
Insert Tab A into
Slot B.

Tail with parachute and
stabilizer spin rockets Preflight arming and
fusing options section

Warhead with safeties
and firing mechanism

Radar airburst and
impact fuzzes
B-61 variable yield nuclear bomb being assembled at the Pantex facility near Amarillo, Texas. Rated at
up to 340 kilotons of explosive force, 1,286 of these free-fall bombs exist as part of the United States
enduring nuclear stockpile. Made of nearly 6,000 parts, this bomb produces 212 times the explosive
force used on Hiroshima. It weighs about 700 pounds and is 11 feet in length. There are five B-61
models. “Dial-a-yield” feature allows user to select yields of 0.3 Kt up to 370 Kt before dropping weapon.
B-61 – 0.3 to 340 kilotons
445 active service – 841 in hedge stockpile

Some assembly required – Batteries included

249

Cruise Missile Warheads (Physics Packages)

W-84 – 120 kilotons
383 in hedge stockpile
(Pending dismantlement)

W-80 – 150 kilotons
1,550 active service – 555 in hedge stockpile
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ICBM Warheads and Reentry Vehicles

MX and Minuteman III ICBM

W87/Mk-21 – 300-475 kilotons
525 in service
Trident I and II SLBM

Minuteman III ICBM

W62/Mk-12 – 170 kilotons
330 in service - 250 hedge stockpile
W78/Mk-12A - 335 kilotons
785 in service – 20 hedge stockpile
Trident D-5 SLBM

Warhead photo unavailable
Classified

W76/Mk-4 – 100 kilotons
3,400 Manufactured
1,712 active service – 1,318 hedge stockpile

Warhead photo unavailable
Classified

W88/Mk-5 – 475 kilotons
404 active service
Dan Stober and Ian Hoffman
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Nuclear Treaties
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Treaties between nations have long been used to create an agreement having
the force of law that allows the nations to interact peacefully with confidence.
Nuclear weapons treaties were no different.
The 1st treaty between all nuclear weapons powers was generally called the
Atmospheric Test Ban Treaty which prohibited detonations of nuclear weapons
in the atmosphere, outer space, and underwater. This treaty was driven by the
outpouring of concerns by citizens and scientists over radioactive fallout that
was polluting the environment from atmospheric tests.
Since the numbers of nuclear weapons the U.S. and Soviet Union had stockpiled
increased to unreal proportions, SALT treaties were established to limit the
numbers and types of weapons allowed by each country.
Then came the realization that the U.S. and Russia had more weapons than they
could ever possibly use and that having so many created a dangerous situation.
START treaties came into play to reduce the numbers of weapons.
Both countries have been guilty of violating treaties, even if just from a
technical standpoint. However, in 2003 the United States renounced the 1972
ABM Treaty so they could build and deploy the National Missile Defense
system. This was a very disturbing matter for many countries since the ABM
Treaty had been seen as one of the foundations of the Non-Proliferation
Treaty, which did require eventual nuclear disarmament by all countries.
Here to my right, U.S. President Obama and Russian President Medvedev sign
the 2010 New START treaty that reduced the number of warheads each country
could have to 1,550, still enough to destroy every city in the world.
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1963 Limited Test Ban Treaty
An agreement between the US, USSR, and UK which prevented nuclear testing above ground, underwater,
and in outer space. But it does allow testing to occur underground as long as the radioactive fallout is not
widespread. A total of 116 countries have signed it, and China, who had not signed, did testing in 1992
that violated the treaty's guidelines. The LTBT came to existence in part because the people and science
spoke up about the reality of fallout from atmospheric testing. We were irradiating our own environment.
The Down-Winders were example enough. All above ground nuclear weapons testing ended in 1963.
1967 Outer Space Treaty
An agreement between the US, USSR, and UK which banned placing weapons of mass destruction in orbit,
on the moon, or in any other location in outer space for military purposes. Eighty-six nations have signed
this agreement.
1968 Nuclear Non-Proliferation Treaty
An agreement among the US, USSR, UK, and 133 non nuclear weapon countries intended to prevent the
spread of nuclear weapons. It was intended made sure that non-nuclear-weapon countries did not start
weapons production. This treaty was made permanent in May 1995. It is crucial to eliminating proliferation
and the nuclear weapons threat.

Article VI of the NPT requires, “Each of the Parties to the Treaty undertakes to pursue negotiations in good
faith on effective measures relating to cessation of the nuclear arms race at an early date and to nuclear
disarmament, and on a treaty on general and complete disarmament under strict and effective international
control.”
Slowly, one step at a time through the use of subsequent treaties, Russia and the U.S. have slowly reduced
nuclear weapons towards achieving the goal of disarmament.
1972 Strategic Arms Limitation Treaty I ABM treaty
A Treaty between the US and USSR which limited the anti-ballistic missile systems to a maximum of 100
ABMS launchers and missiles. It also prohibits the testing and application of any of these components. The
ABM Treaty was one of the pillars of the NPT and essential to slowing the arms race.
The U.S. legally abrogated the ABM Treaty in 1991 so the U.S. could install National Missile Defense, an
ineffective, unproven system of radars and missile interceptors intended to destroy incoming ballistic missile
warheads with kinetic energy kill vehicles.
1972 Strategic Arms Limitation Treaty I Interim Agreement
An agreement between the US and USSR keeping the number of strategic ballistic missiles at the same
level for 5 years. The construction of more ICBM silos was restricted, but SLBM launcher amounts could
increase if there was a reduction in ICBM or SLBM.
1979 Strategic Arms Limitation Treaty II
An agreement between the US and USSR which put a limit on offensive weapons systems and strategic
systems. A 2,400 limit was put on amount of strategic nuclear weapon delivery vehicles, and a max of 1,320
was put on MIRVed ballistic missiles. The U.S. abrogated the treaty in 1986.
1987 Intermediate-Range Nuclear Forces Treaty (INF)
A treaty between the US and USSR which bans all intermediate range missiles (IRMs), short range
missiles, and all associated facilities and equipment. On-site inspection is used to make sure that both
countries are following the treaty. This treaty eliminated an entire class of weapons.
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1991 Strategic Arms Reduction Treaty
The first Treaty to reduce nuclear weapons, not just limit them. An agreement between the US and
USSR which limited the number of strategic nuclear delivery vehicles to 1,600. It also limited the number
of warheads per country to 6,000; this treaty reduced the U.S.'s and Soviet's warheads by 15% and 25%
respectively.
1993 Strategic Arms Reduction Treaty II
This treaty is an agreement between the US and Russia which will further reduce the number of
warheads by 5,000. Both sides must reduce their warheads by this amount by December 4, 2001.
1996 Comprehensive Test Ban Treaty (CTBT)
An agreement signed by the US, CIS, UK, and 90 other countries which banned all nuclear tests above
and below the Earth's surface. A worldwide monitoring system including 170 seismic stations checked for
any signs of nuclear explosion. India was the only nuclear country that didn't sign. They have since
detonated 5 weapons, underground.
However, the CTBT has yet to be ratified by the U.S. Senate, a requirement for it to go into effect,
globally. Previous attempts at ratification failed, for political purposes or reasons. Ratifying this treaty
would solidify our position on proliferation, complying with Article VI of the NPT.
2003 Strategic Offense Reduction Treaty (SORT) Moscow Treaty
Both the U.S. and Russia agreeing to limit their nuclear arsenal to between 1700 and 2200 operationally
deployed warheads
2010 New Strategic Arms Reductions Treaty (New START)
Reduces operationally deployed warheads each country has to 1,550 and 700 operational delivery
systems. Ratified: 71 to 26.
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Chapter 32

Duck & Cover
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Section One - CONCLUSION
(11) No specific defense against the bomb exists nor, in the current opinion
of science, is any likely to be devised. Such passive defense measures as
concealment, or massive shielding, or below-ground construction may well
serve in the case of vital military facilities, but these measures are
impracticable for the defense of a city and its inhabitants.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for Operation Crossroads
30 June 1947
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So, what did all those years of developing and testing nuclear weapons bring
us? The arms race and Cold War, but certainly not peace of mind and most
certainly not peace. During this time people lived in a justified world of fear.
Those who remember ’57 Chevys and the Cuban missile crisis in 1962 may also
be familiar with a song from the 50’s and early 60’s. It goes like this;

Deedle Dum Dum
Deedle Dum Dum
There was a turtle by the name of Bert
And Bert the Turtle was very alert
When danger frightened him, he never got hurt
He knew just what to do
He'd duck and cover
Duck and cover.
He did what we all should learn to do
You and you and you and you
Duck and Cover!
Remember what to do friends
Now shout it right out loud,
What do you do when you see the flash?
DUCK AND COVER!
It was all part of a Civil Defense campaign in the 50’s and 60’s that made
nuclear warfare seem almost palatable, something that would happen, we’d go
into our shelters for a few days, maybe a couple weeks, then pop out and
continue on as before, after cleaning up the mess around us. Get real.
Nothing could have been further from the truth.

Capacity: 1
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‘Duck and Cover’ was a cartoon produced by Civil Defense authorities in the early 1950’s and shown on
television and in schools for many years. It was a story about the ever alert Bert The Turtle out for a walk one
day. The cartoon had a cute song to help teach children what to do when the saw the blinding light from a
nuclear detonation. Duck and Cover. It’s interesting to note the use of a monkey as the aggressor, which is
destroyed as a result of the blast. But then Bert never came out of his shell either.

Classroom in the United States practices Duck and Cover

Classroom in Nagasaki after ‘Fat Man’ blast passed through

School children do what Bert says to do
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Many movies were made to help educate and reassure the American people about nuclear warfare. Viewed
today, many seem silly and not always realistic or factually based. One statement made shows that.

“Defense Department studies show that even under the heaviest possible attack, less than five percent of our
entire land mass would be affected by blast and heat from nuclear weapons. Of course, that five percent
contains a large percentage of our population. But, even in these high risk areas, if there’s sufficient time to
permit evacuation, many millions of lives could be saved. The other ninety-five percent of our land would
escape untouched. Except possibly by radioactive fallout.”

261

Numerous pamphlets and booklets were produced in the 50’s and 60’s, on what people could do to prepare
for and survive a nuclear attack. The reality of nuclear conflict was ever-present in people’s minds. We were
in an arms race and had to do everything possible to survive. Some pamphlets made it seem almost like
everyone would just jump into their shelter, wait a few weeks, then come out. “Everything’s OK. All clear.”
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Cover of Civil Defense brochure.
A family working on their garden
atop their fallout shelter.
It was the American way.

Shelter Supplies
If you’re going to sell something, what better way
than using a pretty lady.

If the unthinkable happened, people could
remain relaxed in their shelter, just waiting
until the all-clear. This image is all too
relaxing, but he did bring a lot of books.

The well-equipped shelter, neat and orderly. Even a
checkered tablecloth. How much more normal can
you get?

NAIL Photographs
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Like the Joint Chiefs report said, “No specific defense against the bomb exists.”
Anyone who thought otherwise was simply dreaming. Numerous debates
over Civil Defense took place, but in the end it would have been cost
prohibitive for the government to build the shelters needed to protect people.
Civilians were encouraged to build their own shelters, and quite a few did, but
can you imagine spending up to three weeks in a shelter like the one above?.
Then too, like some of the pictures on the next page show, they were fallout
shelters, not blast shelters.
It’s hard enough
sharing a cave
with you, Ralph.
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Dome fallout shelter at Nevada Test Site prior
to nuclear detonation.

Underground parking garage built at Nevada
Test Site to see how effective it was as a shelter.

First National Bank of Frenchman Flat
Mosler bank vault built at Nevada Test Site and
exposed to blast of ‘Priscilla’ . All the contents
survived

Dome fallout shelter at Nevada Test Site after
nuclear detonation. No one called it a blast shelter.

Underground parking garage entrance collapsed
after nuclear detonation, entombing all inside.

Family relaxes in shelter as they wait.

265

Chapter 33

Let’s Nuke Des Moines!
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I have found that many people have no idea what nuclear weapons are capable
of doing. It is rather hard to graphically explain to them what would happen to
a city if one were detonated, so I thought, “Hey why not figure out the results
of bombing a typical American city using Samuel Glasstone’s book, ‘The
Effects of Nuclear Weapons’ which contains a real cool rotary slide rule that
allows you to figure out all sorts of neat stuff about nuclear detonations like
how strong of a blast a specific bomb creates, how fast shattered glass travels,
and how hot the thermal pulse will be. These calculators were real popular
during the Cold War in the 60’s and 70’s and could be bought for a buck from
the U.S. Government Printing Office, three bucks if you wanted the book too.
Even the Russians had these calculators, you can see both down below.
So anyway, I decided that I would “nuke” a city, Des Moines, Iowa in this case,
to give you all an idea what various size nuclear weapons would do there. Turn
the page and check it out.
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23 kiloton

15 PSI: .9 miles
5 PSI: 1.6 miles
2 PSI: 2.8 miles
1 PSI: 4.2 miles

500 kiloton

15 PSI: 2.4 miles
5 PSI: 4.5 miles
2 PSI: 8.0 miles
1 PSI: 11.5 miles

100 kiloton

15 PSI:
5 PSI:
2 PSI:
1 PSI:

1.4 miles
2.6 miles
4.5 miles
6.7 miles

1 megaton

15 PSI: 3.0 miles
5 PSI: 5.4 miles
2 PSI: 10.0 miles
1 PSI: 14.5 miles

15 psi - Complete destruction of reinforced concrete structures, such as skyscrapers.
5 psi - Complete destruction of ordinary houses, and moderate to severe damage to reinforced concrete structures.
2 psi - Severe damage to ordinary houses, and light to moderate damage to reinforced concrete structures.
1 psi - Light damage to all structures, and light to moderate damage to ordinary houses.
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Fallout from the blast and resulting fires will follow the prevailing winds, dropping
particles as it goes. Lethal doses of radiation will extend downwind for miles.

Newsweek graphic showing how extensive radiation deaths downwind of Russia’s ICBM fields would be if they were attacked by U.S. nuclear weapons.
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Chapter 34

Conclusion
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Section One – CONCLUSION
(18) A peace enforced through fear is a poor substitute for a peace
maintained through international cooperation based upon agreement and
understanding. But until such a peace is brought about, this nation can
hope only that an effective deterrent to global war will be a universal
fear of the atomic bomb as the ultimate horror in war.
Extracted from:

"The Evaluation of the Atomic Bomb as a Military Weapon"
Final Report of the Joints Chiefs of Staff Evaluation Board for
Operation Crossroads, 30 June 1947
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Drawing from Life magazine article, “36-Hour War” November 19, 1945
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The final battle has been won.

Earth may now Rest in Peace.
Detonation of Castle ‘Romeo’ at Bikini Atoll on March 27, 1954 - 11 Megatons
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Chapter 35

Lest We Forget

Photo from the Hiroshima Collection by Hiromi Tsuchida
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Watch
Kengo Futagawa (59 at the time) was crossing the Kannon Bridge (1,600 meters from Ground Zero)
in Hiroshima by bicycle on his way to do fire prevention work. He jumped into the river, terribly
burned. He returned home, but died on August 22, 1945.
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Binoculars
Masami Tsuchiya, a second lieutenant, was in
the First Army Hospital for an appendectomy on
August 6, 1945. The hospital was one-half mile
from the hypocenter of the detonation of Little
Boy. On August 7, a corpsman found Masami's
body, part skeleton. He was identified only by
the name on the towel in his hand.

Hair
Hiroko Yamashita (18 at the time) was at home
less than one-half mile from the hypocenter. She
and her six-year-old brother were caught under the
house as it collapsed. After rescuing her brother,
she sought refuge elsewhere in the fire-ravaged
town. On August 21, her younger brother died.
Around August 25, when her mother combed her
hair, all of it fell out with only three strokes.

Melted Objects
Melted glass bottles and Buddha found near the hypocenter.

Uniform
Worn by soldier who was one mile
from the hypocenter and was
seriously burned by the thermal pulse
.

Photos from the Hiroshima Collection by Hiromi Tsuchida
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Geta Wooden Clog
Miyoko Inoue (15 at the time) was doing fire
prevention work with other students onequarter of a mile from the hypocenter. All the
students died. This is all her mother, Tomiko,
found after searching for her daughter for three
months after the bombing. Miyoko’s body was
never found.

Suitcase
Carried by man at the Kyobashi Bridge,
three-quarters of a mile from the
hypocenter.

Lunch Box
Reiko Watanabe (15 at the time) was doing fire
prevention work under the Student Mobilization
Order, at a place 500 meters from the
hypocenter. Her lunch box was found by school
authorities under a fallen mud wall. Its contents of
boiled peas and rice, a rare feast at the time,
were completely carbonized. Her body was not
found.
Hiroshima Collection by Hiromi Tsuchida

Dress
Mitsuyo Furukawa (35 at the time) was in her
garden (1,600 meters from the hypocenter)
watering the vegetables. Although she was
badly burned on her chest and arms, she
wandered around the scorched land for a
week, looking for Mieko, her eldest daughter,
who had been mobilized for fire prevention
work at Tsurumi-cho. This is the dress she was
wearing then.
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A People's Record of Hiroshima
Drawings and comments by survivors of the bombing of Hiroshima

I crawled desperately and got out from under my
house. Crowds of people were fleeing to the
north. Some were staggering along with such
terrible injuries that their skin was hanging in
shreds. Others sat by the road staring vacantly
into space. The sight of human beings in this
state is beyond imagination. ~ Mitsuko Matsutomi

Crossing Misasa Bridge carrying a boy who was
injured and calling for help. ~ Toyohiko Katagiri

When I came to, I heard houses burning. Those
trapped under them were calling for help. ~ Yae
Yamamoto
The blackened corpses of a woman and the child
at her feet appeared to have been trying to get off
the streetcar.~ Miyoshi Kokubo

Injured people fled along the river to avoid the
flames. Then, the black rain fell. ~ Kichinosuke
Tamada
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People seeking water piled up on each other in
the fire cistern. ~ Yozo Tanaka

Thousands of bloated corpses drift on the water
surface. ~ Shunsaburo Tanabe

People burned begged continually for water. ~
Yoshihisa Harada

The ruins were strewn with corpses, burned black
and thoroughly bloated. ~ Michie Matsushima

People went completely bald, bled from their skin
and gums, and later died. ~ Fumie Munakata
Utterly alone, a little girl watches over her dead
mother. ~ Toshio Ushio

Original drawings on display at the Hiroshima Peace Memorial Museum.
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Chapter 36

The Beginning
or
The End?
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‘The Beginning or The End’
A 1947 docudrama showing the research, development and deployment of the first atomic
bombs, as well as the bombing mission of Hiroshima. Starring Brian Donlevy as General
Groves and Hume Cronyn as Dr. Oppenheimer, it was a controversial film and the White
House got involved in editing and approving it. The movie even had a love story.

So, what is it going to be then?
It is up to you. Take your pick.
Is this The Beginning, or The End?

Amen, Ralph!
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