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The radiant exposure of a material will, in general, be less than
indicated above, If the exposed surface is not normal to the rays of
the radiation, the radjant exposure will be reduced as the cosine of
the angle from the normel., Any obscuring material, including micro-
scopic particles, in the air between the fireball and the target will
reduce the radiant exposure, Opaque, solid objects completely attenuate
direct thermel radiation., Depending upon the wavelength, air both
absorbs and scatters it; but, for those wavelengths which are not
absorbed relatively close to the fireball, air is primarily a
scattering medium, At large distances, the radiation "scattered in"
may be as large or larger than the direct radiation, In this case, the
shielding afforded by opaque materials in the line of sight may be

significantly lessened.

From a practical point of view, it is convenient to express the
overall atmospheric transmittance T (defined as that fraction of the
thermal radiation which arrives at a distant point having traversed an
intervening scattering atmosphere) in terms of visibility or visual
range. The meteorological term "visibility" is the distance at which
it is just possible to distinguish a dark object against the horizon;
i.e., it is the distance at which the contrast between an object and
its surroundings approaches the visual threshold of discrimination.,

The optical term "standard visual range" represents an attempt to















subjective visibility scale correspond to visual ranges of 10 and 27
nautical miles, respectively, Without better estimates of the visual
range, these data do not enable us to choose between the two sets of
transmittance values,

In Fig. 3, radiant exposures normalized to 1 KT are displeyed as a
function of distance for the two sets of transmittance values and for
the case of a 15-mile visibility, As may be seen, for distances
appreciably greater than 15 miles the curves may differ by almost a
factor of 2 in range computed for the same radiant exposure and by

factors of 5 or 10 for radiant exposures at a particular distance,

L, EFFECTS PRODUCED

In terms of distance from the point of detonation (but not in terms
of numbers of casualties), the production of retinal burns is perhaps
the most extensive thermal effect of muclear detonations, This
biological response is expected to occur for radiant exposures as low
as 0,1 ca.l/cm2 delivered in less than about 0,15 second (the blink reflex
time).! Such levels ave more than en order of magnitude lower than that
required for other thermal effects. They occur at distances of the
ordsr of 1 - 2 visual ranges for nominal yield weapons at low altitude
and at distances of several hundred miles for megaton weapons at high
altitude, although for high yield weapons at low altitude, the increased
pulse duration greatly reduces the digtance at which such levels are

found,
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First degree: Reddening of the skin, Very painful but not
particularly serious, Healing will occur (no scarring) without treat-
ment

Seeond degree: Deep with blister formation, Treatment required,
Infection likely, combined with loss of body fluid may be fatal
(depending on arec of burn); at least incapacitating.

Third derree: Full thickness of skin destroyed. Extensive treat-

ment required, Fatal if area is large.

The rediant exposure required to produce ¢ burn is dependent upon
the rate at which it is delivered and, therefore, upon the duration
of the thermal pulce, Accordingly, for the same radiant exposure,
larce yield weapons are less effective than small ones, as indicated
in Fig. 4 vhere approximate radiant exposure values for the production
of first and second degree burns on bare skin are plotted ageinst

weapon yield.a

Another important factor influencing the direct thermal radiation
effects on exposed personnel is the amount and kind of clothing worn,
Clothing in general reduces burn susceptibility, IHoderately heavy
clothing will provide protection for the covered areas at radiant
exposures less than those which will ignite the fabric -- except when

the clothing is dark colored and in direct contact with the skin,
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Fig. 4 Radiant exposures to produce burn
injuries as a function of weapon yield.
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At about the same distance from a detonation at which second
degree burns would result from direct exposure of bare skin, some of
the more susceptible kindling fuels would ignite. This, then, might
be expected to be the extreme range of immediate incendiary effect,
Before detailing ranges of incendiary effects and proceeding to the
mass fire problem, it is worthwhile to consider the various fectors

influencing ignition behawr:lor.g-l'3

The radiant exposure required to ignite a materiel depends
primarily on the following factors: the yield of the weapon (or, more
rigorously, the time-irradiance characteristics of the thermal pulse);
the chemical composition, color, thickness end volumetric heat
capacity of the material; end the amownts and kinds of extraneous
substances it contains, Secondary factors include: the reletive
humidity of the environment, and certain i11-defined geometric factors.
Some generalizations can be made which simp)ify the problem of

estimating incendiary ranges.

Perhaps the most susceptible kindling fuels to be found are the
thin, naturel fuels such as dried deciduous leaves, fine grasses, duff
and rotted wood (punk). Newspaper is the commonest man-mede kindling
fuel in this category. A second common, but less susceptible class of
kindling fuels is typified by Kraft corrugated boerd ("cardooerd"

box meterial) and includes much industrial trash, heavy peper products,
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for ignition since the radiant exposure values also depend upon the
thiclkness of the material as demonstrated in the three example curves,
The limit is included in Fig, 5 only to provide a way for estimating

the extreme incendiary range as a function of weapon yleld,

The incendiary range of practical importance in any actual situa-
tion will depend upon the type and distribution of kindling fuel within
that particular target area, ‘“hether or not a major fire develops
depends upon how many fine fuels are ignited and hov they are distributed
with respect to the thicker fuels into which the small fires must merge
and spread, Each situation will be different, and in eny fire assess-
ment procedure based on radient expogsure levels, it will be necessary

to take these factors into account,

Many wrben end industrial areas and most rural and wildland areas
have high concentrations of thin cellulosic materials distributed in
such a way as to constitute a significent fire hezard, For areas like
thege, radiant exposure values for the ignition of the more cormon
members of the most susceptible class of kindling fuels probably provide
a realistic estimate of incendiary range, For example, when exposed to
a 1 KT detonation under conditions of 4O to SO percent relative
hunidity, class 1 materials ignite at radiant exposures between 2 and
3 cal em™? (flaming and glowing ignition thresholds are essentially

indistinguishable for a 1 KT detonation), Assuming 8 15 mile visibvility,

)






Betause of the short pulse time, the radiant exposure values for
ignition by the high altitude detonation of megaton yleld weapons are
probably not greatly different from the values for a 1 KT eirburst,
Our limited experiences with high altitude bursts suggests that "effec-
tive" pulse durations are measured in hundreds of milliseconds --
increasing with yileld but decreasing with height of bursts (HOB).
Recent laboratory measurements indicate that, for pulses this short,
radiant exposures for ignition are essentially independent of pulse

duration.*

The increasing downward curvature that atmospheric attenuation
introduces into the radient exposure versus distance curves,
especially the lower curve in Fig. 3, suggests that for low altitude
bursts there ie s point of diminishing returns in renge of effects with
increasing yleld, For high-altitude detonations it is very difficult
to assess the atmospheric transmittance, The radiation passes through
air of widely varying density and composition on its way to the earth's
surface, The same uncertainties which muddied our picture of the air-
burst are compounded by additional ignorance of the vertical distribu-
tion of scattering and absorbing media. It is clear, however, that in

the absence of cloud cover, the attenuation will be less then for an

equal distance along the ground,

¥A USNRDL Technical Report is in preparation on the sub ject of
ignition of cellulosic kindling fuels by very brief radiant pulses,
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