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ABSTRACT

The Bikini (Baker Test) under water atomic explosion is described and the point is made
that the spectacular cloud formation associated with the "base surge" was dependent upon the
moist tropical air mass prevailing at the time of the explosion.
I T H the underwater detonation of an
atomic bomb at Bikini (Baker Test) in
July 1946, there was vigorously ejected
from the lagoon a ball of hot gases with attendant
liquid water, steam, vapor and bottom debris. Immediately a " W i l s o n cloud" was formed during
the rarefaction phase of the blast wave. A s the
"Wilson cloud" quickly dissolved, there was observed a huge cylindrical column of water and

W

* The statements in this article are the author's and are
not to be construed as official nor necessarily reflecting
the views of the Department of the Air Force.

spray having a diameter of about 2,000 feet, topped
by a condensed water-vapor cloud that rose to
8,000 or 9,000 feet.
A s the column of water and spray began to fall
back into the lagoon, a gigantic wave or cloud,
approximately 1,000 feet in height, completely
surrounding like a collar the neck of ejected water
and spray, developed on the surface of the lagoon
at the base of the water column. This wave
traveled speedily outward, maintaining an everexpanding doughnut-shaped form. The composition of the wave cannot be stated with certainty,

FIG. 1. "Wilson Cloud" formed during the rarefaction phase of the blast wave, Baker Day underwater atomic
explosion at Bikini Atoll, 1946.
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FIG. 2. Beginning of the "base surge."

but it would appear reasonable to assume that it
consisted of steam, liquid water from the lagoon,
and spray and water vapor from the falling water
column. This wave has been frequently called the
"base surge" associated with an underwater atomic
explosion.
T o an observer ten miles away, the "base surge"
was indeed a frightening and almost cataclysmic
spectacle. The "surge," instead of diminishing
with time and travel-distance, increased in horizontal extent to many thousands of feet and

reached a height of several thousand feet. A t the
same time, as is well known, many of the ships in
the target array became radioactively contaminated. A s a result, any number of speculations
have arisen as to what an underwater atomic explosion might do, say, in the harbor of New Y o r k
City. By analogy to the Baker Test, it is presumed that a 'ibase surge" could inundate the city
and leave in its wake very appreciable radioactive
contamination.
These speculations are unfounded from a mete-
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orological standpoint. The Baker Day "base
surge" occurred because of the unique combination of conditions under which the bomb was fired.
Whether or not a "surge" will occur will depend
upon the depth of water in which the bomb is fired,
the topography of the water bottom, and—most
important—upon the thermodynamic character of
the air mass prevailing at the explosion time. A
duplication of the Baker Day "base surge" in N e w
Y o r k Harbor might be difficult if not impossible
to accomplish.
In the main, the "base surge" as it occurred at
Bikini was dependent upon the very moist tropical air mass prevailing at the time of the explosion.
It seems logical to assume that the "base surge,"
in its initial stages, was an aerosol composed of
air, water, steam, and spray having a density

greater than that of the surrounding atmosphere.
The "surge" of aerosol, because of its greater density, then acted as a meteorological cold front, and
in its outward travel pushed into the ambient
tropical air, causing this air to ascend over the
"surge" front. The tropical air mass prevailing
at this time was potentially unstable. Its moisture
content was such that approximately a 300 meter
ascent would cause sufficient adiabatic cooling to
start cloud condensation and convection.
This
explains the increasing height and volume of the
"surge" as it migrated outward from the center
of the explosion.
A s the "surge" reached its most distant limits,
it suddenly appeared to rise from the surface of
the lagoon, and, for all practical meteorological
purposes, could now be described as a rather ex-

FIG. 3. The "base surge" is acting as a cold front and active cloud formation is resulting from it.
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FIG. 6. Initial state of the "base surge," viewed from the air.

tensive stratocumulus cloud. Simultaneously with
the apparent rise of the "surge" from the surface
there was observed a vigorous rainfall that continued for 20-30 minutes. Actually the "surge"
did not rise from the lagoon. Instead, the cloud
had attained a sufficient thickness resulting in a
rain stage, which improved the visibility in the
lowest level of the "surge" and created the impression that it rose from the lagoon. A similar
phenomenon has been frequently observed at airports where a low stratus fog suddenly lifts to a

measurable ceiling and visibility improves markedly with the onset of a light drizzle or mist.
During the early aerosol stages of the "base
surge," as the wave moves along the surface of
the lagoon, there must be a continuous fall-out of
liquid water. This water undoubtedly contains a
very appreciable concentration of radioactive debris, since the "surge" to a large extent is made up
of water from the falling stem, and the latter is,
of course, highly radioactive. It must be concluded
that the "surge," up to the time it begins its ap-
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parent rise from the surface, could present a significant radioactive hazard. However, along the
peripheral or frontal boundary of the "surge"
where active cloud condensation has occurred, the
source of moisture originates from the natural
water vapor in the ascending tropical air mass and
contains little or no radioactive material.
Furthermore, with the onset of the rain the contaminated liquid water in the lower portion of the
"surge" will be diluted or scavenged.
The severest radioactive contamination is undoubtedly associated with the initially-ejected water in the cylindrical column and plume. A t Bikini
this ejected water attained a height of 8,000-9,000
feet, falling back in appreciable quantities as rain
or spray in the hole of the doughnut-shaped "base

surge." The terminal velocity of fall of this water,
after it had broken up into spray, probably did not
exceed that of heavy rain, for which a reasonable
value is 15 feet per second. Thus the highly radioactive central water column should be returned to
the lagoon in about 10 to 12 minutes, which appears to be verified by photographs. Since this
radioactive rain would be acted upon by the prevailing winds during its descent, it is entirely possible for radioactive rain contamination to be
spread down-wind for several miles. It is this
contaminated rain that is of greatest significance
in the problem of civilian defense.
It seems quite clear that the "base surge" cloud
phenomenon, as it occurred on Baker Day, will not
occur if the underwater atomic bomb is exploded

FIG. 7. The "base surge" cloud, seen from the air, in a late stage; it is now a ring of cumuliform cloud.
is falling from it.

Rain
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FIG. 8. Another air view of the final stage of the "base surge" cloud as a ring of cumulus; note
the open center and rain falling from the cloud ring.

when a dry air mass is present, or when the
atmospheric condensation level is significantly
higher than that of the height of the initial "base
surge." This means that in temperate latitudes,
where the air masses are usually much drier than
in tropical areas, the "base surge" cloud phenomenon will not be likely to occur.

The photographs used in this study, some of
which are reproduced here, have been obtained
from the unclassified series in the archives of the
Department of Defense. A detailed quantitative
discussion of the "base surge" will be found in
" T h e Effects of Atomic Weapons," published by
the Superintendent of Documents, 1950.
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