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CHRONOLOGICAL DEVELOPMENT OF AIR BURST

20 KILOTON AIR BURST—0.5 SECOND
I MEGATON AIR BURST-—1.8 SECONDS

EAR AND THERMAL RADIATION

FIREBALL

PRIMARY BLAST WAVE FRONT

RO AR RPN 3 I 0T8N S 6 6 8 8O BN T T e 8 88 L P =T T A g
R R I AN S I I e I o K R A OO KNI KNI RIS (ORI ANNRE NN . X Re

20 KT MILES o 03 04 06 08 1.0 1.3 14 1.6

L L] L L]

1 MT r T Y
MILES . 1 2 3 4 5 I

Figure 2.51a. Chronological development of an air burst; 0.5 second after 20-kiloton detonation; 1.8
seconds after 1-megaton detonation.

Immediately following the detonation of a nuclear weapon in the air, an intensely hot and luminous
(gaseous) fireball isformed. Because of its extremely high temperature, it emits thermal (or heat)
radiation capable of causing skin burns and starting fires in flammable material at a considerable
distance. The nuclear processes which cause the explosion and the radioactive decay of the fission
products are accompanied by harmful nuclear radiations (gamma rays and neutrons) which also have a
long rangein air. Very soon after the explosion, a destructive shock (or blast) wave developsin the air
and moves rapidly away from the fireball.

At the timesindicated, the fireball has almost attained its maximum size, as shown by the figures given
below:
Diameter of fireball (feet)

20 kilotons 1 megaton
At time indicated 1,460 6,300
Maximum 1,550 7,200

The blast wave front in the air is seen to be well ahead of the fireball, about 800 feet for the 20-kiloton
explosion and roughly half a mile for the 1-megaton detonation.


Gregory Walker
This document was digitized by
   Gregory Walker, gwalker@netcom.com

For more information about Hiroshima,
Nagasaki, and nuclear weapons, visit
the Trinity Atomic Web Site at:

  http://www.envirolink.org/issues/nuketesting/


20 KILOTON AIR BURST—1.25 SECONDS
1 MEGATON AIR BURST—4.6 SECONDS

NUCLEAR AND THERMAL RADIATION

PRIMARY BLAST WAVE FRONT

REFLECTED BLAST WAVE FRONT

COMMENCEMENT OF MACH REFLECTION
OVERPRESSURE 16 PSI

--------
MR

T C

20 KT MILES o6 03 04 06 08 1.0 1.2 1.4 1.6

1 MT MILES g 1 2 3 4 5 6

Figure 2.51b. Chronological development of an air burst; 1.25 seconds after 20-kiloton detonation; 4.6
seconds after 1-megaton detonation.

When the primary air blast wave from the explosion strikes the ground, another blast wave is produced
by reflection. At acertain distance from ground zero, which depends upon the height of burst and the
energy yield of the weapon, the primary and reflected wave fronts fuse near the ground to form asingle,
reinforced Mach front (or stem).

The time and distance at which the Mach effect commences for the air bursts at the given heights are as
follows:

Height of Time after Distance from
burst detonation ground zero
Explosion yield (feet) (seconds) (miles)
20 kilotons ----------------- 1, 760 1.25 0.35
1 megaton ----------------- 6,500 4.6 13

The overpressure at the earth's surface is then 16 pounds per square inch.

Significant quantities of thermal and nuclear radiations continue to be emitted from the fireball.
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Figure 2.51c. Chronological development of an air burst; 3 seconds after 20-kiloton detonation; 11
seconds after 1-megaton detonation.

Astime progresses, the Mach front (or stem) moves outward and increasesin height. The distance from
ground zero and the height of the stem at the times indicated are as follows:

Time after Distance from
Height of burst detonation ground zero Height of stem
Explosion yield (feet) (seconds) (miles) (feet)
20 kilotons --------- 1, 760 3 0.87 185
1 megaton --------- 6,500 11 3.2 680

The overpressure at the Mach front is 6 pounds per square inch and the blast wind velocity immediately
behind the front is about 180 miles per hour.

Nuclear radiations from the weapon residues in the rising fireball continue to reach the ground. But
after 3 seconds from the detonation of a 20-kiloton weapon, the fireball, although still very hot, has
cooled to such an extent that the thermal radiation is no longer important. The total accumulated
amounts of thermal radiation, expressed in calories per square centimeter, received at various distances
from ground zero after a 20-kiloton air burst, at 1,760 feet, are shown on the scale at the bottom of the
figure (for further details, see Chapter VII). Appreciable amounts of thermal radiation are still received
from thefireball at 11 seconds after a 1-megaton explosion; the thermal radiation emission is spread
over alonger timeinterval than for an explosion of lower energy yield.
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Figure 2.51d. Chronological development of an air burst; 10 seconds after 20-kiloton detonation; 37
seconds after 1-megaton detonation.

At 10 seconds after a 20-kiloton explosion at an altitude of 1,760 feet the Mach front is over 2 1/2 miles
from ground zero, and 37 seconds after a 1-megaton detonation at 6,500 feet, it isnearly 9 1/2 miles
from ground zero. The overpressure at the front is roughly 1 pound per square inch, in both cases, and
the wind velocity behind the front is 40 miles per hour. There will be slight damage to many structures,
including doors and window frames ripped off, roofs cracked, and plaster damaged. Glasswill be
broken at overpressures down to 1/2 pound per square inch. Thermal radiation is no longer important,
even for the 1-megaton burst, the total accumulated amounts of this radiation, at various distances,
being indicated on the scale at the bottom of the figure. Nuclear radiation, however, can till reach the
ground to an appreciable extent; this consists mainly of gammarays from the fission products.

The fireball is no longer luminous, but it is still very hot and it behaves like a hot-air balloon, rising at a
rapid rate. Asit ascends, it causes air to be drawn inward and upward, somewhat similar to the updraft
of achimney. This produces strong air currents, called afterwinds. For moderately low air bursts, these
winds will raise dirt and debris from the earth's surface to form the stem of what will eventually be the
characteristic mushroom cloud.
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Figure 2.51e. Chronological development of an air burst; 30 seconds after 20-kiloton detonation; 110
seconds after 1-megaton detonation.

The hot residue of the weapon continues to rise and at the same time it expands and cools. Asaresult,
the vaporized fission products and other weapon residues condense to form a cloud of highly radioactive
particles. The afterwinds have velocities of 200 or more miles per hour, and for a sufficiently low burst
they will continue to raise a column of dirt and debris which will later join with the radioactive cloud to
form the characteristic mushroom shape. At the times indicated, the cloud from a 20-kiloton explosion
will have risen about 1 1/2 miles and that from a 1-megaton explosion about 7 miles. After about 10
minutes, the maximum heights attained by the clouds will be about 7 miles and 14 miles, respectively.
Ultimately, the particlesin the cloud will be dispersed by the wind and, unless there is precipitation,
there will usually be no early (or local) fallout. Only if the height of burst is less than about 600 feet for
a 20-kiloton and 3,000 feet for a 1-megaton explosion would appreciable early fallout be expected.

Although the cloud is still highly radioactive, very little of the nuclear radiation reaches the ground.
Thisisthe case because of the increased distance of the cloud above the earth's surface and the decrease
in the activity of the fission products due to natural radioactive decay.

From The Effects of Nuclear Weapons, Samuel Glasstone, ed., USAEC, Washington, DC, April 1962;
Revised Edition reprinted February 1964.




