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Preface

The purpose of this study was to determine if a specific thermo-
nuclear weapon, detonated at such a height as to preclude crater forma-
tion, would leave a signature which would remain distinguishable for up
to approximately 13 hours. Primary consideration was given to thermal
ground heating.

I would 1like to thank Dr. Charles J. Bridgman, of AFIT, for his
support and guidance. Major Brian G. Stephan, SAC/XPFS, the thesis
sponsor, is due thanks for his support and invitation to discussions
with contractors studying the DA/S problem.

I am also indebted to Dr. Gerhard Rohringer, of the General Re-
search Corporation, who supplied me with material which supports the
accuracy of my thermal heating model.

Gordon E. Kelly
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Prompt thermal heating of the ground, fission product deposition,
and neutron activation of soll were studied as possible indicators of

nuclear weapon damage levels. The time of interest was the period of

approximately thirteen hours following a 500 KT low altitude, non-
cratering burst.

A computer model was constructed to calculate the distribution of
weapon-induced temperature increases within the earth. Surface thermal
signatures at four hours were detectable and ranged up to .1 k° above
ambient, The signature had decayed to background levels by 13 hours.

Fission product heating was determined to be unusable as an indi-
cator of a weapon's ground zero., Fission products, deposited in hish
concentrations on the earth's surface as from severe rainout, may alter
the early thermal signatures through beta particle induced ground heat-
ing. Calculated temperature increases for severe rainout ranged up to
35 k°.

Neutron induced activity, for a given soil, was calculated using
approximations to the ORNL-4464 r? scalar flux. Activation of a
thin layer at the earth's surface was assumed. The integrated gamma
flux from Nazu at 13 hrs after detonation was calculated for various

=

altitudes and ground distances from the ground zero. Values over
ground zero ranged from 8.50 x 10° y's/cmZsec at an altitude of 100 ft
to 1.02 x 10* at 1500 £t altitude. At a ground range of 10,000 £t the
integrated flux was 32 y's/cn®sec at an altitude of 100 ft. A list of
fission product gammas which could mask or confuse this signature was
compiled.

/ BRI W vy R SR A BRI, R R e 4




RESIDUAL SIGNATURES
FROM

THERMONUCLEAR AIR BURSTS

1. Introduction

Purpose

This study was performed to determine if a weapon whose height of
burst (HOB) precludes crater formation leaves a detectable residual
signature, The reference weapon is a 500 KT thermonuclear device hav-
ing a 250 KT fission yield, It is detonated at an HOB of 5000 ft above
ground level. Preference was given to the possible detection of ther-
mal signatures by state-of-the-art airborne infrared sensors. However,
the study was not restricted from suggesting different systems. The
time frame of interest for residual signatures lasts for up to approx-
imately 13 hrs.

Definition of Terms
In this report "early times" refers to times up to detonation plus
four hours. "Early-time signatures” refers to signatures from weapon-
related phenomena at approximately four hours. "Late times" exist from
after the four-hour point until detonation plus approximately 13 hrs.
"Late-time signatures” are those at approximately the 13-hr point.
"Fission fragments" are isotopes produced by fission of the weap-




on's fissile material. The term "fission products" denotes the aggre-
gation of fission fragments and all subsequent daughters.
"Ground zero" is that point, on the earth's surface, which direct-

ly underlies the burst point.

Ba, und

A damage assessment/strike (DA/S) sortie could be flown against a
previously attacked target as insurance of target destruction. 1In a
general nuclear war, a certain number of aircraft could be assigned
missions of this type and would be designated DA/S sorties.

While inbound to the target, the crew of a DA/S sortie would have
to determine if the objective had been destroyed. If the crew could
determine that the actual ground zero (AGZ) was within a certain range
of the target, the target would be assumed to have been desiroyed.
Weapons assigned to a target lying within the specified radius from the
AGZ would not be released. If the target was outside the radius, the
target would be struck as planned.

In some cases, targeting constraints might require that certain
allocated weapons be detonated at an HOB which does not allow crater
formation. Such conditions might not produce usable visual or radar
indications of the weapon's ground zero. If DA/S tactics could be ap-
plied to these cases, destruction could be assured without the needless
expenditure of valuable weapons. Acceptable solutions to this problem
are limited by the practical considerations of a DA/S sortie in a gen-
eral nuclear war environment, A DA/S aircraft approaches its target at
high speed and low altitude. The decision to strike or withhold weapon
release must be made while inbound to the target on the bomb run,
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Multiple approaches to the target are not feasible. Decision-making
information must be quickly and easily obtainable while the decision
making algorithm is kert simple.

Assumptions
In this study the earth was assumed to be flat and infinite in

depth and breadth, It is thus termed semi-infinite., It was assumed
that the earth's surface absorbed all incident phenomena, Absorption
was allowed in a thin layer at the earth's surface. Heat was trans-
ferred into the earth by conduction only. The earth's thermo-physical
properties were not allowed to change while the phenomena under study
Wwere occurring.,

The fireball was considered to be a point source for thermal out-
put calculations, Firestorm conflagrations were not considered. All
heat related assumptions were made so as to maximize the absorption
and retention of heat by the earth., Prompt thermal heating calcula-~
tions exclude the relatively small contributions from shock, neutron,
and gamma heating of the surface.




II. Prompt Thermal Heating About Ground Zero

A nuclear weapon, detonated near the earth's surface, may have as
much as 44% of its total energy manifested as prompt thermal radiation
(Ref 1:24). This radiation arises when the weapon's soft X-radiation
(hv = 20 keV) is absorbed by the air within a few feet of the detona-
tion point. The absorption heats the surrounding air and fdrms the
characteristic fireball which radiates at several thousand °C for much
of its life. The fireball emits characteristic blackbody radiation
having wavelengths primarily in the ultraviolet, visible, and infrared
portions of the spectrum. This radiation, emitted by the fireball in
the first minute or less, is termed prompt thermal radiation (Ref 2:26,
75,317). The total prompt thermal radiation or thermal fluence, F,

incident on a target is

F- WET/UnR2 (cal/cn?) (1)

where: W = weapon's explosive yleld in calories
f = thermal fraction (fraction of the yield which
manifests itself as prompt thermal radiation)
T = atmospheric transmittance (T = 1)
R = distance from burst point to target (cm).

To determine if a residual signature would exist at ground zero, the
fluence at this point was computed, and that value was assumed to be
uniformly distributed over a semi-infinite earth such that F calories
were deposited on and absorbed by each square cm of surface. The tem-
perature distribution in time and space may be calculated from a solu-
tion to the general, one-dimensional heat conduction equation (Ref 3:111):
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(x,t) .

k_
ot pc

a%1(x, t) (2)

axz

where: T(x,t) = temperature in °k at depth x and time t
k = thermal conductivity (cal/cm sec °K)
p = density of soil (gn/cn3) .
¢ = specific heat (cal/gm %K).

The general boundary conditions are

MR T e R
Q0,t) = Q- Q- Q. k[ -2 (3)
where: "Q(0,t) = net rate of heat flow at the surface (cal/cmzsec)

Qab = rate of heat absorption
ch = rate of convection from surface to air
er = rate of re-radiation by the surface.

At great depths the change in temperature is negligible. Since the
deposition of heat cn the surface is assumed to be uniform and infinite
in extent, no heat flow occurs in the horizontal plane.

Analytic Solution to the Heat Conduction Eguation

As a limiting case, the total fluence was assumew to have been de-
livered as a delta function in time. The earth's surface was taken to
be insulated with the exception of the fluence input. Thus, predicted

temperatures will be unrealistically high. With these limitations Eq (3)

becomes
Q(0,t) = - k[ﬂ'-gﬁ-’]x e, Fa(t). (%)
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With these restrictions imposed, Eq (2) is solvable in closed form by
the method of laplace transforms. The solution is

Tx,t) = B T &% Mot (5)

where g = k/pc is the thermal diffusivity with units of (cm’/sec). By
Eq (1) a 500 KT weapon, having a thermal fraction of 0.43, if detonated
at 5000 feet above ground level in an atmosphere whose transmittance is
0.95, will deposit a total of 700 cal/cm? at ground zero. Fig. 1 is a
plot of Eq (5) for three representative types of soil. Curve I is for
sandy clay, which is soil type I. Curve V is for very dry soil, and
curve VI is for wet mud, which are soil types V and VI respectively.
The thermo-physical properties and common names of the six soll types
considered in this study are listed in Appendix A.
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The conduction of heat into the earth was slow enough to allow high
residual surface temperatures to exist at late times.

The effects of convection and re-radiation were considered next.
The earth's surface was assumed to radiate according to Stefan's law
(Ref 4:48):

Q, - OGTZ (cal/cn?sec) (6)

where: 0 = Stefan-Boltzman constant (cal/cmzsec °K“)
€ = emissivity of the surface (unitless)
T, = surface temperature (%)

Free convection, assumed to take place at the surface, was taken to be

Q, =T, (cal/cnsec) (?)

where h = 2,98 x 107 Tg-33 (cal/em®sec %K) (Ref 5:180,444). With the
addition of these terms to the surface boundary condition, an analytic
solution to the heat conduction equation was no longer possible. The
method of finite differences was employed to obtain solutions at a fi-
nite number of points.

Finite Difference Solution to the Heat Conduction Equation

A computer solution to the prompt thermal problem also allowed the
input fluence to be distributed as a flux in time. The standard thermal
fluence spectrum was modified to allow for 100% of the 500 KT weapon's
prompt thermal yleld to be delivered in ten seconds. This modified
spectrum and the flux input spectrum are contained in Appendix B. For
the case under study, the most rapid change in thermal output occurs in

AR Sl SN,
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the first two seconds of yleld generation. The largest time interval
of this two second period, over which the change in output was nearly
linear, was chosen as the tlux input time-interval., It was found that
for intervals shorter than 0.1 sec, the late-time temperatures did not
vary significantly. This value of the input time interval required
500,000 time levels to extend the ca.lculations. to 13 hrs. A graded
time mesh, having a maximum interval of five seconds, was used to
shorten the calculation time. To further shorten the calculation time
a graded spatial mesh was employed. It consisted of 35 nodes with Ax
varying from 0.2 cm, near the surface, to 10 cm at depths beyond 50 cm,
The graded space-time grid is described in greater detall in Appendix C.
The heat conduction equation, Eq (2), was differenced using a sec-
ond central difference approximation to the spatial derivative and a
first forward difference approximation to the time derivative. Eq (2)

becomes a four-point, two-level equation:
Ty,m =By Ty, 5t (1 - Bl 5~ 82 Ty 482 T, 5 (8)

where: T, 3" temperature of the (1,3)! mesh point

Bly, s = 208/ (ax %, + ot y)

2
B2, 4 = znwcd/(Ax1 + bx, A%, 4, )

&x, = distance from the (1-1)™ spatial node to the 1*
M'.J = distance between time node j and (j +1).

For space-time stability, both 811.3 and le.j must be less than 0.5.
A complete derivation of Eq (8) is in Appendix D. The surface boundary
condition, Bq (3), in differenced form is
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T -T
Q0,t) = & ~2eltud (9)
1
and an application of the Newton-Raphson technique, described in Appen-

dix D, provides the surface temperature at time level j:

I 67,1433
o 36,7+ €,(9.93 x 10 )-r}, +CTFIX +T,
n#H '“’1

(10)
'rg+ ¢,(3.97 x 10‘5)Tg'33+ 1

where: ¢, = Axla€/k

c, = Axi/k
Tort ™ (n'i‘l.)"'h

at time level j

iteration of the surface temperature

TFLX = weapon's thermal flux input into the earth at

. time level j

'1‘2 = temperature of the first subsurface node at
time level j

The computer program listed in Appendix E was assembled to calcu-
late the change in the earth's temperature as a function of time. The
program, referred to as HTE4, can be used to calculate temperature
distributions up to 50,000 sec (13.9 hrs) after detonation.

T R I AN

The following results are the temperature increases produced in .
801l types I through VI by the 500 KT standard weapon. Table I lists
the surface temperatures, rounded to the nearest half degree, at four
and thirteen hours after detonation for the six soil types listed in
Appendix A,




Table 1
Surface Temperature Increase at 4 and 13 Hours
Soil Temperature (K°)
Type 4 hrs 13 hrs
I 11.5 5.0
11 7.0 3.0
III 6.5 2.5
Iv 10.0 4.5
v 4.5 1.5
VI 10,0 5.0

Surface temperature increases for soil types I, II, and V are
displayed in Fig. 2 from 10 sec to 1000 sec after detonation.
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Fig. 2 Surface Temperature Increase from 10 sec to 1000 sec
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Figure 3 is a plot for soil types I, II, and V from 1000 sec to
50,000 sec. Note that the addition of convection and re-radiation at
the surface has reduced the late-time temperature of soil type V from
the highest value in Fig. 1 to the lowest in Fig. 3.
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Pig. 3. Surface Temperature Increase from 1000 to 50,000 sec

Pigure 4 illustrates the temperature distribution into soil type I
at various times after detonation. The three plots are for 10 sec, 100

sec, and 1000 sec elapsed times. The effects of both conduction and
surface heat removal phenomena are evident.
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Fig. 4. Distribution of Above Ambient Temperatures
into Soil Type I
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The value used for the surface emissivity was unity. Actual emis-
sivity values may range from 0.8 to 0.95 depending on the surface cov-
ering. The use of a value of 0.80 instead of 1.00, in HTE4, increased
both early and late-time temperatures by about 4%. For soil type VI
this was the equivalent of approximately 0.4 K° at four hours and
0.2 K° at thirteen hours. For the same soil, a 20% error in the
re-radiation term produced temperature differences of 200 k° during the
flux input period. This difference decreased to less than 0.2 K° at
late times.

Surface temperature differences caused by convection term differ-
ences of 20% or less were negligible shortly after detonation when
re-radiation dominates the heat transfer processes. At late times, a
20% difference in the convection term produced a calculated surface
temperature which differed from the given value by up to 10%.

An error in the surface temperature was induced by the calcula-
tional algorithm, of HTE4, which neglected temperature differences in
the spatial mesh which were smaller than 0.1 K°, Decreasing this value
to 0.01 l(° increased the surface temperatures at 50,000 sec by less than
1.0%. The following inputs resulted in late-time temperature differ-
ences of three percent or less: a thermal fraction between 0.33 and
0.43, a value of the atmospheric transmittance between 0.73 and 0.95,

a burst height of 5000 + 500 ft, and an input fluence error of + 20%.
The computer model was, therefore, relatively unaffected by errors of
less than 20% in input parameters or surface loss terms.

HTE4 was used to model the Hiroshima bomb as a check on the code's
accuracy. The weapon had a yield of approximately 20 KT and was deto-
nated at an altitude of 1850 ft. The flux input was modeled according

13




to the constraints of Appendix B. The flux input time was limited to
three seconds (Ref 2189). The ground zero fluence calculated by Eq (1)
was 180 cal/cm®, A thermal fraction of 0.40 and a transmittance of
0.90 were used. The thermo-physical properties of firebrick were used
to approximate those of clay tile (Ref 6:288). A peak surface tempera-
ture of approximately 4000 % was calculated for less than 0.2 sec.

The surface temperature had decreased below 1800 %K at one second after
detonation. These results are in general agreement with the recorded
effects at Hiroshima and subsequent tests conducted by the National
Bureau of Standards (Ref 7:25).

The distribution of above-ambient temperatures into the earth, in
the modeled Hiroshima weapon, did not exceed 5 K° beyond a depth of
five cm. This temperature increase would not have destroyed the roots
of the weeds and wild flowers native to Hiroshima. According to re-
ports, the weeds and wildflowers were flourishing about ywnd zZero
within three weeks after the explosion (Ref 8:145).

As an indication of background temperature variations, the tem-
peratures induced by solar heating of soil types I through VI were
calculated numerically. The calculational scheme was similar to
the code of this section except for a constant flux input, A value
of 1.88 x 107> cal/cn®sec was used as the solar flux absorbed by a
blackened, semi-infinite earth (Ref 9:465). The temperature differ-
ences, after four hours, between soil types which could be expected to
exist in the same locale were considered. The difference between types
II and IV was 4 K°, Types IIT and V varied by 3 kK°, For types IV and
VI the difference was 0.5 K°, while types I and VI varied by 2.5 K°.
These variations would make similar weapon-induced increases difficult

14
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to resolve.

The stability of this model's predictions, coupled with its abil-
ity to predict values which lie within those found at Hiroshima, indi-
cate that the surface temperatures calculated in this study are real-
istic. The calculated, late-time, above ambient temperature increases
Were generally less than § K°. This upper limit figure, coupled with
the calculated background temperature variations, indicated that ther-
mally produced signatures would have decayed to background level by
late times. The existance of early-time signatures would be strongly
dependent on soil type and the time since detonation.

15




III. Fission Product Heating

By definition, no surface-fireball interaction takes place for an
airburst. However, large amounts of surface debris have been observed
rising into and being ejected from the top of airburst fireballs., This
debris does not become highly contaminated by fission products as might
be expected. Within a few seconds after detonation the fireball takes
on a toroidal shape with an updraft in the center and a downdraft ar-
round the outside rim., Surface debris which is entrained upward passes
along the toroid's central axis. Little mixing with the fission prod-
ucts contained in the toroid occurs. Experimental evidence indicates
that surface material thus entrained contains negligible fallout
(Ref 10:105).

For the first few seconds after detonation the bulk of a weapon's
fission fragments exist as a gas or vapor due to the high core temper-
atures, T > 108 °k. These gaseous and vaporized atoms are carried up
by the rising fireball. As the fireball cools, the fission fragments
nucleate and condense into particles with a maximum diameter of about
20 microns (Ref 11:102).

For purposes of a 1limiting calculation (maximum fallout), it was
assumed that the weapon's fission fragments were spherically diverged
from the burst point, and a ground zero concentration was calculated.
The temperature increase due to beta decay was calculated and taken
as an upper limit. It was decided that if this increase was negligi-
ble, then no actual signature would be detectable.

16
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Heat Generation by Fission Products

The rate of beta decay in a gross fission product mixture follows
the Way-Wigner 1.2 law (Ref 12:1327):

A(r) = AT 12 (11)

where A; is the activity at T =1 and T = (elapsed time at A(T)/elapsed
time at'Ai). Elapsed times are measured from the instant of produc-
tion. This relationship is a reasonable approximation for times great-
er than ten seconds after fission. In this development, the maximizing
assumption was made that no decay takes place prior to 10 sec. Thus
the entire production of fission fragments is present at t = 10 sec
(r=1). If Eb is the average beta energy per decay, the total energy
given off from all beta decays is

= E:Bf1 or 2 ar = SEBA (12)

where time is measured in units of decaseconds.

The total delayed beta energy from the fission of U230 or Pu2>?
is approximately o.ouawf where Wf is the fission yleld in energy units
(Ref 13ich 2,p 12). The activity at time T is then

A(r) = (o. ouwf/sze) -1.2 (8's/decasecond) (13)

Timofeev and Nesytov (Ref 14:3) give the 8 activity at one minute

after weapon detonation as

Ay = 108 ¢ (curtes) (14)

where q is the TNT equivalent in tons. Values for this estimate and

17
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those calculated by Eq (13) are within an order of magnitude of each
other for values of Eb between 0.% and 1.0 MeV.

The weapon's fission fragments were assumed to be deposited on the
earth's surface prior to the occurrence of any disintegrations. At
T = 1 beta decay was assumed to begin, with half the betas being ab-
sorbed by the air and half being absorbed in a thin layer at the
earth's surface. Backscatter from both media was neglected, and all
beta energy was assumed to manifest itself as heat. Beta heating of the

alr was neglected.

Spherical Divergence of Fission Fragments
zJivergence £lssion fragments
As a limiting case of the ground-zero signature, the weapon's

fission fragments were spherically diverged without other attenuation.
The ground-zero concentration was used to calculate the increase in
temperature due to fission-product beta absorption by a semi-infinite
earth, The rate at which B's were absorbed by the surface was

RB = A(7)/8n(HOB)? (B's/cn?decasecond) (15)

The thermal flux due to this absorption was the product of the rate of

absorption and the average energy per beta:
LX = 3.50 x 107 v+ 1°2/(hoB)2  (cal/em®sec)  (16)

The computer routine used to calculate the temperature increases
may be found in Appendix F. The eaith's temperature increases were
calculated in a manner similar to section I, Since the temperature
gradients encountered in time and space were not severe, a constant

nodal~-point spacing was used in both dimensions. The time interval

18



used was five sec, and the spatial interval was 0.2 cm.

The differenced heat conduction equation for a constant space-time

mesh is
Ti.jﬂ » Briﬂpj.'- (1 G 33)'1‘1.5"‘ Bri"lgj (1?)
where: B8 = GA% < 1/2.
Ax

For the 250 KT fission yleld weapon detonated at 5000 ft HOB, the
peak temperature increase in soil type VI was 37.3 K® at ten seconds
after deposition., Four hrs later this temperature had decreased to 3.5
K® and at 13 hrs it was 2.5 K°.

Thermal Signature Alteration by Concentrated Fallout Depositions

Early-time thermal signatures may be altered by a weapon's own
fission products or those from an adjacent target. A weapon detona-
ted in or near a severe thunderstorm could have its fission products
subjected to high percentages of rainout. As an example, consider
that all fission products are washed out over an area equal to the max-
imum cross-sectional area of the fireball. The maximum diameter is
(Ref 15:319)

D, = keow®" (£t) ' (18)

where W is the total weapon yleld in KT. The resulting thermal flux
from beta decay at the earth's surface is

wixX = 2,58 x 10712 Wir 12408 (car/en®eec)  (19)
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where Hi is the fission yleld in calories, and W is the total yield

in KT, Calculations were made using the computer code of Appendix F
for the standard weapon. The results indicated a temperature increase
in soil type VI of 35 K° at four hrs. For a 50% rainout, the increase
was 19 K° and for a 25% rainout it was 10 K°., These figures are not
appreciably altered by the deposition time so long as it occurs with-
in a few minutes of detonation.

Results obtained by spherical divergence of the weapon's fission
fragments were negligible. This calculation was made as an upper
limit. Therefore, detectable residual signatures, indicative of a
weapon's ground zero, would not exist at early or late times. Calcu-
lations concerning concentrated fallout or rainout depositions indicate

that such depositions may mask or alter early-time, thermally-produced,

ground-zero signatures.
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IV, Gamma Activity from Neutron Activated Soil

Neutron fluence, blast overpressure, and other prompt weapon ef-
fects are relatable through the target's range from the detonation
point, The activity of specific soil isotopes formed by (n,y) reac-
tions is relatable to neutron fluence if the soil composition is known,
Thus a 1link exists between induced soil activity and prompt weapon ef-
fects. This link may prove useful as a DA/S indicator.

Fast neutrons are rapidly thermalized in soil, with peak activity
occurring two to three inches below the surface. The isotope selected
as an indicator of activity must be formed in an abundance which per-
mits measurement at DA/S altitudes at late times after formation, The
choice must be made based on photon energy, {n,y) cross section, half-
1life, and concentration., Lavrenchik lists the seven primary soil con-
stituents shown in Table II (Ref 16:18). Some elements may not be

Table II
Soil Constituents

Element Si Fe Ca Na K 4 Mn

cc

Atoms/cc 22
of Soi1x | 157 1

Isotope | 31 pgS9 o5 p2 2 P2

zcapt(b) 0.4 2.5 0.6 0.5 1.2 0.2 13

f"’“?' 24 3 40 075 07  .003 002
42 g 62

* 1,522 15 read 1.5 x 1022

common to all soil types, and composition will vary from place to place.
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c."’ and p2 are beta emitters. Silicon comprises 25.7% of the
earth's crust by weight, but only three percent of this is 8130 which
captures a neutron to form 517! (Ref 17:B-135). This nuclide emits a
1.26 MeV gamma only 0.07% of the time and has a short half-life of 2.6
hrs (Ref 18:10). Of the remaining constituents, Na23 (n,y) is the
best indicator. Sodium is only the sixth most abundant element world-

wide, but NaZ? is the naturally ocourring isotope. HNaZ'

has a 15 hr
half-life and emits a 2.75 MeV gamma during each nuclear transformation.
If only those reactions indicated in Table II occur, 2.47% of the inci-

dent neutron fluence would produce Nazu

atoms,
If all incident neutrons are absorbed in a thin layer at the
earth's surface, the activity as a function of distance from the burst

point, R,, and time would be (Ref 19:189)

AR,,t) = 0.0207 FR AN (Ma?* y's/ec/en®)  (20)

where A is the decay constant in sec 1.

To determine the neutron fluence at a point on the earth's surface,
a survival fraction was calculated from ORNL-4464 (Ref 20:316-317,393-
395). The l? scalar flux was calculated at 1500, 1800, 2400, 3600,
and 4800 meters, From the values of the flux at these ranges, the fol-
lowing approximation to the lyr? scalar flux was empirically obtained:

F, = 1003-4&.65::10 SRb (neutrons/source neutron) (21)

This development neglected the effect of the presence of the earth's
surface on the neutron field and is conservative in that respect.
Table III lists the values obtained from ORNL-4464 and those calcula-
ted from Eq (21). It can be seen that the maximum variation is 14%.
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Table IIIX
Comparison of lmrz Scalar Flux and Fs
in (neutrons/source neutron)

Range lmr2 scalar F
Rb(m) flux s
1500 1,021 9.3572
1800 2,042 2.3272
2400 1,637 1.4273
3600 5437 53776

The scalar flux was assumed to be isotropic. The spherically di-
verged, surviving, neutron fluence which is absorbed by the ground is
(Ref 131ch 2,p 50)

4,6 &
Fn(Rb) = 25_§g____5x105ﬁb (neutrons/cmz) (22)

where S is the total number of neutrons given off by the weapon.

Flux of Na2'

Gammas Encountered by a DA/S Sortie

The 2.75 MeV gamma flux available for sensing by a DA/S sortie
would be the spherically diverged, atmospherically attenuated activity
integrated over all space. The flux at the point denoting the aircraft

location is

© 2y
y = n{-. efo [A(Rb,t)exp(—uk.)/‘mk:] deR dR_ (23)
(y's/cnsec)




where: a = aircraft altitude in cm (ALT)
'k R. = range variable of integration relative to
the aircraft
Rb = range variable of integration relative to
the Eurst point
p = total attenuation coefficlient for the 2.75

MeV gamma in air.

Rb may be written in terms of Ra and other quantities as
R, = [R2- aL7®+ D?- z(nﬁ- Ar2) /2y cos(ar - e)]i/ 2 (2w)

where D is the ground distance from the point representing aircraft lo-
cation to the ground zero. The geometry involved in this problem is
diagrammed in Appendix G. This function was integrated numerically
using the AFIT subroutine SIMPD which uses Simpson's rule to approxi-
mate a double integral. It was found that flux values were not sig-
nificantly increased by increases in the upper limit on Ra beyond a
value equal to (p2+ ALT2)1/24 yop,

Figure 5 is a plot of the gamma flux encountered 13 hrs after det-
onation at the altitudes indicated, for ground distances up to 10,000
ft from the ground zero. In order to put this plot in perspective, one
must realize that an aircraft traveling at a ground speed of 300 knots
i will cover the 10,000 ft ground distance in just under 20 sec. For an
; alrcraft traveling at 500 knots the transit time is just over 11 sec.

In a real-world situation, gamma-emitting fallout depositions
could confuse a sensor if the fallout pattern were similar to activa-
tion patterns.
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At one day after fission, the total gamma activity is approximate-

ly 6.6 x 106 curies per kiloton of fission yleld (Ref 16:11). Radio-
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nuclides which emit photons near the 2,75 MeV Na® gamma were examined.

Table IV is a compilation of the fission product gammas from 250 KT of
fission. Those listed have energies within 0.3 MeV of the Naza gamma

(Ref 18:32-82), (Ref 21:106-108), (Ref 22:87-92).

Table IV
Potentially Troublesome Fission Product Gammas

Nuclide Half-life Y Energy in MeV Rate of Occurrence at
and (% occurrence) 13 hrs After Fission
(y's/sec)
Brz 31.8 min 2.47 (8%) 3'7012
*(r 76.0 min 2.57 (35%) z.o61
RS2 16.0 min 2.59 (13%) 2.57°
ad 20.0 min 2.57 §15%3 < 7.59%
3.06 (1. < 6,58
wrnp 112 3,2 hrs 2.55 (11%) 40113
csl3® 32.2 min 2.63 (9%) 4.1212
Lal%0 40.2 hrs 2.53 (3%) 2.1815
1*2 92,0 min 2,55 (11%) 7.8018
i 2.99 (5%) 3.55
prl 24.0 min 2.73 (1.7%) 2,097

# kr% 1g the daughter of Br® (56 sec)

#% Rb ~ is the daughter of kx5S (2.8 hrs)

ser pe112 1o the daughter of Pall? (21 hrs)

The nuclides listed are all fission fragments except for the three in-
dicated by asterisks.




If the weapon which produced these activities were detonated in
or near severe thunderstorms, large portions of the fission product
inventories would be deposited on the earth's surface. For purposes
of illustration, a circular area of deposition was taken from the max-
imum fireball size, Eq (18). Rained-out contaminants were assumed to
be uniformly distributed over this area. The flux encountered by an
alrcraft at an altitude of ALT would be (Ref 23:266) |

2
r, - 5 (A exp(-uR,)/2R,] ar, (25)

where: rl = ALT
r2 = (ALT?+ R?)1/2
R = radius of the area of deposition
A = activity per unit area
R‘ = range variable of integration as in Appendix G
p = total attenuation coefficient of the gamma energy
under consideration,

A value of 5.81 x 10™% on~! was used as the attenuation coefficient for
all gamma energles considered (2,75 + 0.3 MeV). The flux as a function
of altitude was integrated numerically with the constant A separated.
The worst case was taken to be at a point over the center of the cir-
cular deposition. The results are listed in Table V in terms of the
fractional flux. The flux at any altitude is the product of the frac-
tional flux, for that altitude, and the surface activity per unit area.
1™ 15 potentially the most troublesome gamma emitter. For a

100% fission product rainout from a 500 KT device with a 50% fission

yleld, the activity per unit area is 2.37 x 106 photona/cnzsoc with
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energy of 2.68 MeV, The flux as seen by an aircraft over ground zero,
from Table ¥, would range from 1:57 x 10° to 2.35 x 10* gammes/caZsec.
This rate would be sufficiently high to mask signals or to confuse
logic circuits designed to act on rates proportional to those shown
in Fig. 5. The majority of such gammas, as described in this section,
would have to be eliminated by selectively measuring the 2.75 MeV

gamma and by detector characteristics.

Table V
Fractional Flux of Fission Product Gammas at Various Altitudes
Altitude (ft) Fractional Flux (Fe/A)

100 664

200 «393

500 133
1000 0333
1500 .0099

Neutron activation of solls would produce detectable late-time
signatures. Exact knowledge of the extent of soil activation or the
geometric distribution of activity would be impossible to obtain.
Measurements made by a gamma detection system would be relative to a
hypothetical profile as in Fig. 5. The sensing system would have to
be able to evaluate all possible profiles and scan the vicinity of
the target area to determine the weapon's ground zero.
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V. Conclusions

Signatures from Prompt Thermal Radiation

The prompt thermal-heating model produced calculated temperature
distributions for the Hiroshima bomb which are consistent with histori-
cally recorded facts. It was, therefore, assumed to be reasonably ac-
curate when used for the higher yield of this study.

The residual ground-zero temperature increase for the 500 KT
yield was a maximum of 5 K® at 13 hrs, For very dry soil the late-
time temperature increase was only 1.5 K®. Since the heat absorbed by
the earth could reasonably be expected to have a drying effect, late-
time temperature increases would be in the vicinity of two to three
degrees. This temperature range is below the calculated variation in
background temperature which occurs due to solar heating.

Since the assumptions made tended to maximize heat retention, the
values obtained must be considered maxima. Late-time thermal signa-
tures would not be adequate or reliable as DA/S indicators. Adequate
signatures would exist at early times, but the possible masking effects
of thermal heating by concentrated fallout depositions from nearby

bursts must be considered.

Fission Product Heating

The assumption of spherical divergence used in the calculation of
ground-zero effects was unrealistic., Most fission products in an air-
burst remain in the rising fireball and subsequent cloud. In spite of
this assumption, the calculated temperature increases about ground zero
were negligible when compared with the calculated background variations.
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Signatures produced by concentrated fission fragment fallout or
rainout depositions can approximate early-time signatures from prompt
thermal heating of a weapon's ground zero. This would be especially
true if the deposition were graduated to heavier concentrations near
the center of a circular area. A location where surface bursts also
occur would be more likely to experience this effect, as early-time
fallout from airbursts is negligible.

The phenomenon of ground heating by fission-product fallout leads
one to consider the aerial infra-red reconnaissance of nuclear battle-
fields for the purpose of locating heavy fallout depositions. Since
beta and gamma activities are relatable, the heat produced by beta ac-
tivity could be used to estimate the gamma activity. This could be

used to estimate the potential dose to personnel entering the area.

Gamma Activity from Neutron Activated Soil

Calculations of the gamma flux, available for measurement by a
DA/S sortie, indicate that usable signatures would exist at late times.
These signatures would be measurable at altitudes and at ranges from
which DA/S decisions could be made and would allow cruise missiles to
be employed in a DA/S role.

The system to detect flu: cvels would have to be gated for the

2.75 MeV NaZ

gamma to avold the extraneous gammas indicated in Table
IV, Due to the short reaction time available, the crew indication
should be a simple go-nogo indicator. The system should employ a log-
ic circuit to evaluate cases wherein the AGZ lies in any quadrant rel-
ative to the alrcraft position at decision time.

To further refine these calculations, the effect of the earth in

s
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the neutron field should be considered. Gamma flux based on the dis-
tribution of induced activity into the earth should be calculated. An
exponential atmosphere and an attenuation coefficient which varies with
it should be employed. The addition to the gamma flux by scattered

photons, which lose only negligible portions of their energy, should be

considered.
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Appendix A

Soil Types

The soil types identified in this thesis were chosen to offer a
wide range of properties. Some types may occur in the same locale
while others would be mutually exclusive. Table VI lists the six

soil types with their thermo-physical properties.

Table VI
Thermo-physical Properties of Soil Types
Soil Thermal Thermal Specific Density
Type Diffusivity Conductivity k Heat c¢ o]
a (cm?/sec)  (cal/em sec °K) (cal/gn %)  (gn/cm’)
x 1073 x 1073
I 3.70 2.17 0.33 1.78
II 1.20 672 pc = 0.56
111 2.00 627 0.19 1.65
Iv 1.90 1.70 0.53 1.67
\ 2.00 0.40 pc = 0.20
VI 2.00 2.21 0.60 1.50

The specific heat and density values were not available for soil
types II and V. They are listed as products. Table VII lists the
common names and the references from which the six soll types were

taken.
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Table VII
Soil Type Names and References

Soil Type Common Name Reference
I Sandy Clay
(15% moisture) (241189)
II Clayland Pasture (2u:189)
III Quartz Sand
(medium fine, dry) (241189)
Iv Calcerous Earth
(43% water) (61288)
: Sy eom
VI Wet Mud (6:288)
35




Appendix B

Thermal Flux Inputs

The standard thermal spectrum relates the percent of total thermal

energy emitted to the scaled elapsed time t/tmax where tmax is the time

to the second thermal maximum. This value for a 500 KT weapon, detona-

ted at an HOB of 5000 ft is 0.585 sec. Fig. 6 shows the calculated

curve and the adjusted curve which is the result of requiring that 100%

of the total thermal energy be emitted in ten seconds, as was the case

in this study.

100 .
ad T
== ~ actual
3
$
i
» » ¥
:
p,. -
1 1 L 1 [ 1 L 1 1
0 2 n 6 8 10
Elapsed Time (sec)
Fig. 6. Percent of Thermal Energy Emitted as a Function of

Time Since Detonation

The time interval between flux inputs was chosen from an expanded

version of Fig. 6 so that the rate of change from one input to another

was approximately linear. After 2.5 sec of yleld generation the weap-

on's adjusted output curve becomes linear. The number of the last
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time interval before this linearization was denoted LA, From time in-
terval LA + 1 to the end of flux input, the flux was decreased at each
time interval by a constant amount called FINAGLE, This method of in-
put was used to decrease the number of inputs to the computer program
in Appendix E. Figure 7 is the resulting variation of input flux with
time. The total fluence at ground zero was 760 cal/em?,

Thermal Flux (cal/cmsec)
g g

3
o

0 . : 2 T

4 6 8 10

o
N

Elapsed Time (sec)
Fig. 7. Thermal Flux Input Spectrum
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Appendix C

Spatial Mesh

The spatial mesh size in HTE4 was varied to reduce computational
time. Near the surface, large gradients require closer spacing for ac-
curate calculations. At greater depths, the lower temperature gradi-
ents allow a coarser -.esh without loss of accuracy. There are 35 spa-

tial nodes per time line as indicated in Table VIII,

Table VIII
Spatial Meshing

Ax # of Depth
(em) nodes (cm)
0.2 11 0-2
005 6 2 - 5
i.0 5 5-10
5.0 8 10 - %0
10.0 5 5 - 100

Time Mesh

The time spacing for the first ten seconds was kept variable to
allow the flux change from one time level to the next to be kept ap-
proximately linear. The first time level was taken to be t = 0 so that
for Ati = 0.1 sec 101 nodes were required in the first ten seconds. If
M’l = 0.05 sec, 201 nodes are required. Table IX lists the time node
spacing.

20 e OB s A A iy RO,
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Table IX

Time Meshing

Time Time Number Time Period
Increment Increment of Nodes (sec)
Indicator {sec)

at, variable (10/at,)+ 0-10

Atz 1.0 90 10 - 100

At3 2.0 Ls0 100 - 1000

M"b 5.0 9800 1000 - 50000

39
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Appendix D

Derivation of the Differenced Heat Conduction Equation and the Newton-

Raphson Treatment of the Surface Temperature
The central difference operator, 8, is defined by (Ref 25:56)

6y(x) = y(x +n/2) - y(x - h/2) - (26)

Let: x = 14x, t = jAt, then x + h/2 = ax(1 + 1/2). In this notation

(time dependence suppressed)

8T = Tyu/2 - Tiaq/2 (27)

If Ax is not constant, the central difference approximation to the first

spatial derivative is

ar . Tam/e ~ T/ (28)
ax = Tax +Axiﬂ5}

bx, 8% 4
where the ox, are: ! i, Sy .
i-1 i i1

Ill

The central difference approximation to the second derivative is

2
a2~°"1_—*2__°"1-u[(6 /2 ) (8T 1/0x)]  (29)

Carrying out the indicated operations and resurrecting the suppressed
time dependence, the above equation becomes

= 2(T, .~ T )
fﬂml T WL W B (30)
Oxydxy 4 O, AXEH OxyOxy :
40
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In general, a difference equation must not be of an order higher
than the derivative it replaces if instabilities are to be avoided.
Thus a first forward difference operator in timé was chosen, and the
differenced form of the heat conduction equation, Eq (2) is

- T, (T, ) 2a(Ty )
o s ___11_;.1__2,,1_ s W BT (31)
e Axy8xy y* Axgyy  Oxpt AXAX,

where At 3 is the time interval between nodes j and jH, and q is defined
to be k/pc. The temperature, for points below the surface, at time line
J* in terms of the temperature at time line j is a four-point, two-

level equation:

Ty, m "By, sTaa, 5t (81 482y T, .+ 82 T,

(32)
208t
where! 811.3 = - < 1/2
Ax; 8%y y* 8Xy 4y
208t ,
821.3 -~ % < 1/20
A"i + Ax, A%,

The difference approximation to the surface boundary condition,
Bq (3) is

.&Eld = Q- Q- Q. (33)

where Qa,b is the thermal flux absorbed at time level j. Taking all
temperatures to be relative to '1',.'1 and using Eqs (3), (6), and (7),

0]
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the equation for the surface temperature is

Ax ;
= - - =5 p1.33
'ri'j —ik (’rm.x‘i UETI;-J 2,98 x 10 Ti’j ) + Tz,;; (34)

Since the surface temperatures encountered are large, the surface tem-
perature at time level j cannot be used to calculate the reradiated flux
at time level j+1. The result of this method is unstable and leads to
negative temperatures. The Newton-Raphson technique was used to avoid
this instability (Ref 26:308).

In this method, a sliding tangent is used to find the zero of a

function. The following equations of the function f refer to Fig. 8.

£(w)

Fig. 8. Sliding Tangent

G ey (35)

() () - £(
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A value for W4y is computed from W W4 is used to compute Wh4p and
80 on,

With the j notation suppressed, the surface temperature may be
written as

&x
£(1) = JMoery+ 298070 1. ) 41~ 1, (30)

At the jth time level, the n+1th iteration of the surface temperature

is
Tb -6yml «33
301 1n+ 02(9.93x10 )'r1 + czTF‘Lx + Tz

g - 2 (38)
- ucin + c2(3.97x10’5)'r‘1)'33+ 1
n n

where C, = Axioe/k and C, = Axi/k.
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Appendix E

Computer Program HTEA4

The basic calculation of temperature in HTEY4 involves the follow-

ing:

i. Calculating the values of Rii.j and Rzi'j for the
time increment in use

2. Calculating the subsurface temperatures using the
differenced heat conduction equation

3. Calculation of the surface temperature based on
flux input, convective losses, radiative losses,
and the vélue of the temperature, computed in step
2, of the first subsurface node

4., TIteration of the surface temperature to convergence.

Throughout the program, J is the time index and I is the spatial

index. The parameters C, and Cz, defined in Appendix D, were used to

1
reduce the physical space required to write out the surface tempera-
ture equation. Flux input begins at time level two, and the choice of
1000 %K as a beginning temperature for iteration is arbitrary.

The program was written in Fortran for use on a CDC 6600 com-

puter,



T e R

READ
NTFLX
LA
FINACLE

NDX1 = NDX+

READ
DELTAX(I)
I-’.'
NDX1

bs

CALCULATE
TFLX(J) =
TFLX(J-1)
- FINAGLE

I 1

g

DO |20

ree-fr =1,
NDX{

v

TJ(I) = 0.
TJ1(1) = 0.




\/

Ts(1) = T0

---com&ent---
the following section
calculates surface tenm-
perature at the second
ime level‘L

CALCULATE
C1,C2

v

CALCULATE
TJ(1)

v

SET
T™NEY = TJ(1) [

v

CALCULATE
TJ(1)
from
TNE

SET
ms(2) = TJ(1)




---comment---
the following section
calculates temperature
during the remainder of
the flux input

!

CALCULATE
BETA1 ( 1;
BETA2(I

for DELTAT(1)

PRINT PRINT
BETA2(I) GE.. BETA1(I) GE..5
for DELTAT(1) for DELTAT(1)

&

DO 40

J =3
NTFLX

v

DO 50
I= 2
NDX
CALCULATE
TJ1(1)

subsurface
temperatures

OO ®

uw

-
|
|
|
1
v




DO |70 |

l""'D I=1,
NDX1

v

{

|

|

|

|

! SET

| TJ(1)=1J1(1)
- - ) TJ1(1)=0

|

|

|

|

I

|

|

3

| END

SET L - -4 LOOP

TJ1(NDX12-
TJ1 (NDX

9

CALCULATE T

emperatu;

v

SET
TNEW = TJ1(1) e

v

CALCULATE
TJ1(1) -~-comment---
from the following section

TNEW calculates temperature
during the period from

10 sec. to 100 sec.

PRINT

at
t-108300

CALCULATE
nnrAisxg
BETA2(I

for DELTAT(2)

SET
I{S(J) = TJ1(1)

oo Y




v ———

PRINT PRINT
BETA2(I) GE..5 BETA1(I) GE..5
for DELTAT(2) _ [for DELTAT(2)
\/ \/
\v4
CALCULATE

NTFLX1 = NTFLX+
N1 = NTFLXHDTB

v

DO |85

\ J=NTFLX{
N1

. !

s
!_ IN,EXZ.

e

| CALCULATE

|
|
|
: | TJ1(1)
| |
o)

subsurface
temperatures

49




SET
TJ1 (mm;-
TJ1 (NDX

v

CALCULATE
™1(1)
surface
temperature

4

SET T
TNEW = TJ1(1)




D ST S P B T o A (i e

g ATl P S A ID P ) r  1  . l  elt  hcn

lﬁ SEF |
(3) = TI1(1

g

DO (120

r'“"'DI"lu

| | NDX1

| : ‘L

' I SET
TJ(1)=1J1(1)
, TJ1(1)=0

B hn

b aei o d

@

e

~-=comment---
temperature calculations from 100
t0i1000 and from 1000 to 50,000 sec
are similar to the preceeding sec-
tion, DELTAT(3), DELTAT(4), NDTC,
and NDTD are used to calculate BETA.
The remainder of the program is out-
put control for the temperature read-
outs, As it is listed, it is valid
for DELTAT(1) of 0.1 or 0,05 sec.




Glossary: HTE4

SLNSSARY IF TIOME NHSTD IN THT PAJGAAM HTIH=CYCLE S

ALP4AA = THZIRPMAL DIFEUYSIVITY (CU**2/5F0)
BITIL(T) = NTMINSIONLISS OROPAMTTTRS TH THS HEAT
BETA2(T) = CONOUTTTON SNUATTIN, THEY ARE FUNCTTIONS
NS MELTAX(T)y NDELTAY(T#1) ,ALPHA,
AND DELTAT(D) .
DILTATL = TTV™ THTERVAL (STM NURTINS FLUX INPUT
DILTAT2
DILTATY = TTIMUT TNCOTMINTS (SSC) OF INRBEASING STZFE
NILTATY WAHICY AOT USFD TN IEJACAST SOMPUTATINN TIME
EPSTLON = TS SMISSTIVITY OF THIZ SURFARE
FINAGLT = LINSAR FLUX THAMGT INSOCMEMT

DILTAX(T) = TTISTANCE 0OF THF T-TH SPATIAL NANE FROM
THT PRFOFINING MINT

K = THZIRMAL CONDUCTIVITY (CA_/CY SEC=NFG K)

LA = LAST THTOMAL FLUX INPUT RIFORFE INPUT FLUX RECOMES
LTINZAR

Ni1=N1F
Mi=¥Z = COUNTZS USED TO PRIYT SURFACE TIMPERATURES
AT T4 INNTCATED POINTS IN TIME

NITA = NUM3TR AT YIME TNTEPVALS 9F 5712

in

9SLTATY

v

NIT3 = NJYIZ? AT TIMF INTSRVILS OF SI?T NELTAY?
NOTZ = NUMIED AT TTME INTERVALS JF SY?7F NSLTATS
NOTN « NUMIE? AT TTME TNTEPVYILS IF ST7Z NELTATGL

NAX = NUMITR AT NEOTH INTERVILS

i e AR, AL O i ¢

B o e



NTELY = NYUNSP OF THEIMAL FLJY INPUTS

SS = NPIANNYTT AT THE STTFAN ILT7YAM RAONSTANT AND THT
EMISSIVTYTY OF THT SURAFASE (CAL/CH*¥2=RT3=0Fh K*%4y)

TIF « NIFETBTNTT ACTWITH SUCTESSIVE ITETATIONS NF THS
SURFART TEMPTATURI, 77LOW WHICH ITSRATIONS
ART TESMTNATED

TILX(Y) = THIMMAL SLUX AT TTMI LTINS J (GAL/CM*¥2-S2C0)

TJ(I) = AV ADOAY FO2 YHE TEWINARY STHRART OF
TYI WALUFES OF T(T,J) AT TIMT LINT J

TJL(T) = AN A22AY FIB THT TFYPNRARY STOU3Z OF
T4Z VALUZS NF T(I,Je1) AT TIME LIVEL Jet

TYIN = SUREASE TIMPERATURE (OF5=K) ARELOW WHIZH NO FUPTHZIR
CALSULATIONS ART MANF (1,027 « 5),730 SZOC)

T = SUPFASE TTMPSRATYRE AT TTIME ZEPO ( SAUAL TO ¢ NES=K)

TS(J) - Y42 TURFACE TEMPERATURT AT TIME LEVEL J

B e - o NN Yooy g e e g e —— . Y e g b




Program Listing: HTEA (Grouped according to the operation performed)

20

REA. (

NIMINSTIN TJ(35),TJ1(35),27VAL(25),BRETA2(35),
COFLTAX(35),TS(11550) ,TFLX(271)

REAY*,ALPHA Ky ZOSTLON

REAI®,IELTATL N LTAT2,DELTAT3HICELTATL,NOTA,NDTB,NNDTC,NNTD

REAVEANNX ,TNT,TIIN

RELIBNTFLYSLA,ZFINASLE

REAVE(TFILX () g )=1,L Q)

NDOY§ =NOIX +4

BEANE, (NTLTAX(I),T=1,4NOX1)

LA4=L A+

DO $C J=LALGNTFLX

TELX (J)=TFLX(J=1) =FINAGLE

CONTTNIZ

TTL=NOTA*QILTATY

TY2=NITR*NELTAT2

TTR=NOTC*NILTATS

TTL=MDITN*NILTATY

TT42=TTL+TT2

TT122=TT1+TT24+773

TT=TTL4TT2¢TT34TTYL

DOI\.TO

POINTH “ALPHA = “,A_LPHA,* SMeRD g

POTUTE, K = **yKy"™ CAL/SEC*CMENZS K™

PRINT®,"“NUMAZD OF DOFPTY TNISWIMINTS = “yNDIX

PRIVTE , “TIME INCIIMTNTSE™

POINT®,"DELTAT 4 = “,DELTAT4,* SEC, FROM & TO *,
CTT4,"SEZ"
PRIYTE*,“OFLTAY 2 =
C¥ T3 "yt 112y SEC™

PRINT*,"“DELTAT 3 = ",NELTAT3,* SECs FROM ",TT12,
c.. T) l',TTi?B,lO SE”‘...

POTNT*,"DTLTAT & = “,0F L TATHy"™ SEC, FROM ",TTi23,
cu TI u,rT,u s':-c.n

LA3=LA+3

PRINT*,“THE FIAST “LAI," FLUX INPJTS*™

PRTYT 165, (TFLX(J) yJ=1,LAD)
FNORYAT (FH,2)

PRINT®, "SPATTAL MZISHI"™
PRTINT®, (NDELTAX(I) 4I=1,4NNXY)
POINT®

SE€=(1,35E=~12) *EPSILON
T0=", s

NN 23 T=q,NNXL

TJ(T)=TD

TJ1(T)=T0

GONT INUE

TS(1)=T7)

"9DELTAT2,* SEC, FROM “,TTH,

ConenaTrMIFIATURE CALCULATION AT SICOND TIMZ LEIVELececeocaes

C1=IFLTAX (2)*SE/K .
B2=IELTAX (2)/K :

N St w4 e e s e




*(

TI(LI=(2*0L1%(1079,%% L) +C2*(0,93Z=)6) *(1000,%%1,333)
CeL2%TFLX(2)
CeYJUI2))7(L*T1* (100, **3)+C2%(3,375=05)%(1000,%**,333)+1,)

25 TNT4=TJ (1)

TI(L)=(PFCL® (TNSW *F4)+02% (0, 935=06) *(TNZW *%1,333)
C+C2*TFLX(2)

CeTJU02))/ (u®CL* (TNIW **3)+L2%(3,372=N5)*(TNEW *¥,333)+1)

IF(AAS(TI (1) =TNZIW) S5EL,TOF) ) TO 25

TS(2)=TJ(1D)

Ceme==TrY3ZATYRT CALCULATINN DUYRING FLUX INPUTecee=w-
37TA1(1) =0,

]FTE2(1) =9,

no *¢ I=2,P-MX

BTTA4(I) =2*ALPHA*DELTATL/(DELTAX(T) *OELTAX (T+1) +
CNELTAX(T+1)%%2)

IF(3FTAL(I)ehTee5) 50 TO 293¢

RETA2CI) =2 ALPHANELTATL/((DILTAX(I)**2) +DELTAX(I)
CeNE_TAX(TI+1))

IF(PETA2(T)4GFeeB) GO TO 291

30 COMT TNJUE

D0 30 J=34NTFLX

N0 50 I=2,NNX

TII(T)I=RETAL(I)*TU(T+1) ¢+ (1=-PTAL(T)=BETA2(I)) *TU(])
C+#PET62(I) *TJ(I~1)

IFAARS(TIL(T)=TJL (I+1)),LTee1) GO TO 60

53 CONT INUZ
TJEONOXL) =T L (NIX)
63 TJL(1)=(3*CL*¥ (TJ(1)**4) +C2% (21, 93E=06)*(TJ(1)**1,333)
C+C2*TRLY (D
C+TUL (2)) 7 (L*CL1*(TJ(1)*%3)+C2% (3,97E=05)*(TJ(1)**%,333)+1)
65 TNEA=TJL1 (1)

TJ1(1)=(3%C1* (TNSH **4)+C2* (3,93E=-06)*(TNEW **+1,333)
CeC20TELX (D)

CHTIL(2))/ (LETA%(THNEW *%3)472% (3,97Z=05) *(TNEW *¥%, 333) +1)

IF (ARS(TUL (L) =TNEW) (GE,TNF) GO TO 65

TSC(J)=TJ1(1)

NO 7¢ T=1,NDX1

TJ(I)=7J1(I)
TJ1(I)=T0
70 FONTTNUZ
“n GONT THUF

PRTYTE, ™ 1) SECH TFMPIRATYIE NISTRIBUTION INTO EARTH™
N0 7€ T=1,NOX1
PRINTE,“NEOTH NIDTE "1, TFUPZQATJIRE = “yTJ(I) " DEG=K"
‘75 CONTINUT

35




Coee===TF12FATYPS CALCULATINNS FR04Y 40 TO 190 SEC==w=--
an 20 I=2,N0K
ATTAL(T)=2° ALPHA®DELTAT2/(NFLTAX(T) *NELTAX(I¢+1) +
SNELTAX(T+1)**2)
IF(YTTAL1(]) ¢GEee5) RO TO 232
RITI2(I) =2%ALPHA* DT TAT2/((NILTAX(L) #22) ¢DELTAX(I)
cenc_Tax(I+1))
TE(OFTA2(I) ¢537ee3) 50 TO 232

a0 COM™ INUT
NTF_X1=NTFL X+
1 HTE L T4/74 0°T=0 TRACE FTN 4o54+061

N1=ITFLY4NNT?
N0 35 J=NTFLX1,N1
DO 30 I=2,NDX
TILT)=3IETAL(I)I*TI(I+ 1)+ (1=PSTAL(T) =3ETA2(I)) *TI(T)
C+NFTA2(T) *TJ(T=1)
IFAPI(TYI(I)=TIL1 (I+1))elLTeel) GO YO 100
97 COMTINDST
TJLONIX1) =T U1 (MDX)
170 T =(3*31%(TI(1)**H)+C2%(2,I35=06)*(TJ(1)*%1,333)
CHTJL(2)) 7 (L*CL*(TJU(1) **3)+C2%(3,975=05)*(TJ(1)**,333)+1)
11" THEA=TJU1 (1)
TJI(1)=(I*C1* (TNEW *%4) +C2%(F,93E=)H) *(TNEW **#4,333)
C+TIL (2)) 7(L*CL*(TNEW *%3)+C2%(2,97Z=05)*(TNEW **%,333) +1)
IF (AAS(TJUL(1)=TNZW) ,GEL,TOS) GO TD 119
TS(J)=TJ1 (1)
no 127 T=1,MX4
TJ(I)=TJ1(T)
TJ4(N=70
120 COMT TNUS
85 coMTINE
: PRINT®,* 4130 SECt TEMPERATURT DISTRIBUTION INTO EARTH™
00 125 I=1,NX1
PRINTF ,*NEDTH HNNZE *,I,* TFEYPIRATIRE = ",TJ(I),y*" DEG=K"™
1?25 CONT INUF : . &

56
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I —————

narene -

C=====TCHIEIATY?T CALSULATINNS F20M 100 TO 1800 SECONDS
D0 30 T=2,NIX
RETA4(]) =2 ALPHA®NELTAT3IZ(NFELTAX(T) *NELTAX(T+1)+
COELTAX(T+1)*%2)
IF(ITTAL(T)4(Z.05) 50 TN 294
RETI2(T) =2*ALPHA*NEL TATZ/((NSLTAX (L) ##2) +DELTAX (I)
CHDT.TAX(I+1))
TF(ITTA2(I)455445) 30 TO 235
130 GOMTINUT
N2=V14t
N3I=ULeNITC
N 145 J=N2,N?
D0 157 I=2,NDX
TII(T)=ACTAL (T)*TI(I+1)+(1=-PITAL (1) ="ETA2(I))*TJ(I)
C4RFTA2(T)IATJ(I-1)
TF(ARS(TJL(T)I=TJL(I+1))eLTosl) 30 TO 155
150  CONT INYT
TJLINIX1) =T J1 (NIX)
155  TJL01)=(3404%* (TJ(1)*%L14C2% (3,93E=06)%(TJ(1)%%1,333)
CHTIY (2) )/ (L¥C1% (TI(1)%*3)432%(3,975=05)*(TJ(L1)*%,333)+1)
160 TNEW=TJ1(1)
TIL(1)=(3524% (TNSW **L)+C2% (3,33E=16)*(TNEW **1,3373)
C4TJL(2)) /7 (L¥CI* (TNTH *¥3)#32%(3,972-05) * (TNEW *¥,333) +1)
IF(ANS(TJL(1) =THEW GELTOF) 30 TO 169
TS())=TJ1 (1)
00 173 I=1,M0x1
TI(TI=TIL(T)
T =T0
179 CONTINJS
140 CONTINJZ
PPIMT*,* 1900 SEC: TEVPZRATURE DISTRIRUTION INTO

5 EAdITH™

N0 175 T=1,NAX1

POTYTA, “NEPTH NINEE “,T," TEMPIRATIRE = “,TIN(I),
c.. n?ﬂ.‘.‘

175 CONT TNUZ

57
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Cow===TEMIE2ATYPT CALCULATINNS FROM 1,709 TO 50,070 SZCONDS

189

260
205

212

215
193

220

nO 18> I=2,NNX
NTTAL(T)=2%ALPHYA*NELTATLZ(NDTLTAX(I) *NELTAX(I+1)
CHNTLTAX(T+1)%%2)

IF(ITTAL(I)4Zes5) (D TO 235

QETAS(T)=2%¥ ALPHA*NEL TATL/ ((DILTAX(I) **2) ¢NELTAX(I)
nENr_TAX(T+1)) .

IF(YETA2 (D) ehfeeB) 50 TO 237

COANT INUS

NG=y3+1

NE=y3&NITN

NN 190 J=N4 NG

D0 215 T=2,NDX

TIUT)I="TTAL () *TJ(I+1) ¢+ (1=PSTAL(I) =0FETA2(TI))*TI(I)
CHATTA2(I)*TJ(I=1)

IF(NAS(TJL(T)=TJ1(T+1)),LTeel) 30 TO 205

BONT THNYE

TILONIX1) =T Y1 (NIX)

TIL(A)=(3*21* (TI(1I*%L) +C2* (1,335=96)*(TJ(1)**1,333)
CHTIL(2) )/ (L¥CLI%(TI(L) *%3)402% (3,975=05)%(TJ(1)**,333)+1)
THEA=TJ1 (1)

TJL(L)=(3*21% (TNTH *%4)4C2% (I,33C=DH)*(TNEW *%1,333)
CHTIL(2)) /7 (4*01% (TNEA *%2)4025(3,972=05) % (TNEW *%,333) +1)
IF(MNS(TJ1(1) =TNEH) 4 G=4TDF) AN TO 210

TS(J)1=TJ1(1)

IF (T3(J).LT,TMIN) GO TO 225

ne 246 T=1,NNX1

TJ(T)=TJ1(I)

TJI(N=7T0

CONT INUZ

fONTTNUT

POIYT*," S53CI0 SECt TIMPERAT)IPZ NISTRIBUTION INTO

G Fad>TH™

00 227 T=1,M7X4

PRTYTH,"OFPTH NIIZS “,1," TFYPSRATIPE = “,TJ(I),* DEG=K"
CONT INUT

e e o W e




Co=m=aFID23T 2 SEC PRINTONT IM ,1 S=Z0 INTERVALSe=ewcececces
225 OO IUTE
N&=2,/DZLTATY
N7=,4/72°LTATY
N0 237 J=1,NA,N7
TY=(J=-1)*NILTATY
ORTINTH,ET " SFCE T = ", TSN
230 oM™ TNYS
Coem==?2 QI TH 10 S0 PIINTNAYT IN 1 S0 INTERVALSee=ecea
NR =542
Ng=17%11
NN 243 J=N3,NTFLX,MN9

ET=(J=1) *NSLTATY
PRIYT*,y =T,y SZCt T = *“, TSN
249 BONT TNUS
Co=we=ql I3 TO 1PN SZC PR/IMTOUT IN 19 SZC INTERVALS==-
M1=(10/)JZLTATY) -9
M2=(13/0ZLTATL) #4042
M2=(1P/70CLTATL) +342
Ni{O=NTTLX+1"
N0 250 J=N10,N1,13
EY=(J= M1)®*DELTAT2
DRIIVTH,ZT4" SECE! T = ", TS(D
250 CAMTINYT
Cos===q" €2C TO 1979 SZC PRINTIUT IN 130 SEC INTEQVALS
Ni1=N1+3)
N0 26) J=N11,4N3,5)
ET=(J= M2)*NELTATR
PRITINT*,ET,* SECE T = *,TS(Y)
2h) CONT INJZ
Coe===1,(7F SEC TO 12,000 SZC PRINTOUT IN 1,000 SEC INTERVALS
N12=N3+22§
Ni3=M3+482F
N0 277 J=N124M13,207
ZT=(J= M3)*DLTATYL
DRTIVT®,ZTy” SE0¢ T = ", TS(D
270 CONT INUE
Comee=qi "7 SEC TO 51,900 SEC PRAINT2JT IN 5,000 SZC INTERVALS
Ni16=HN13¢207C
N15=MN13+¢80)0
N0 285 J=Nih,yN1G,1720
ET=(J= MI)*NELTATYS
POTUTE,ET 4" SFCE T = *“,TS(Y
2810 CONT INUE
GH 7O 329




230
291
292
292
294
295
236

297
3¢

PRIVT*,"*87TAY
GO T0 370
DOI\JTO’ "QCTAZ
GO T0 379
PRINT*,*RETAL
GO "0 3n0
PPIYTH,"3ETAD
GO "0 379
PRINT*,"3ETAL
GO TO 3230
POINT*,**BRETA?
GO T0 329
ppI\'T; ’ ""ET Ai
GO YO0 3019
POTT*,"QCTA2
ST0?

END

(“yI,")
(" Ty%)
(9 Ty™)
(", 1,")
(g Ty"™)
("eIy")
(9 Ty™)

(I.’ I?l.)

IS
IS
IS
TS
IS
IS
IS

IS

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

DILTATL™
DELTATL™
DELTAT2"™
DELTAT2"™
DELTAT3"™
DELTAT3™
DELTATL™

DELTATL™




Appendix F

Computer Program HTES

HTES is a short computer code designed to calculate the increase
in the earth's temperature caused by a deposition of fission products.
In the accompanying listing, the term 1.23/((.1*DELTAT*J)**1,2) repre-

sents the thermal flux input from the absorption of betas by the earth.

HTES is similar to HTEA and uses the differenced heat transfer equation

for a constant space-time mesh. This code differs from HTE4 in that
radiation by the surface is not considered. At the relatively low

temperatures encountered, this omission causes a negligible effect.

Glossary: HTES

ALPHA = THERMAL DIFFUSIVITY (CM**2/SEC)

BETA DIMENSTONLESS PARAMETER IN THE HEAT
CONNJCTION EQUATION.

DELTAY « TIME INTERVAL.

DELTAX = SPACE INTERVAL.

K « THERMAL CONDUGTIVITY (CAL/CM SEC-DEG K)

NDOT = NUM3BZR OF TIME INTERVA.S,

NOX = NUMBER OF DEPTH INTERvVALS

TOF « NIFFERFNCE BETWEEN SUMSESSIVE ITERATIONS OF THE
SURFACEZ TEMPERATURE, AZLOW WHICH ITERATIONS
ARE TERMINATED

TJ(I) = AN ARRAY FOR THF TEMPORARY STORAGE OF
THE VALUES OF T(I,J) AT TIME LINE J

TJL(I) ~ AN ARAY FOR THE TEYPORARY STORAGE OF
THE VALUES OF T(I,J¢1) AT TIME LEVFL Jei

T) = SURFAZCE TEMPERATURE AT TIME ZERO ( EQUAL YO 0 DES=K)
TS(J) = THE SURFACE TEMPERATJRZ AT TIME LEVEL J

61




Program Listing: HTES

ir

ITAL L :
ATHTNRTON TS(110 ), TI(21) ,TI1(21
DTAIR AL DUA
5'nﬂx'qhx,qﬁ7”1:

REBIN AT TR DELTAY
QT = (ALSHASNILTAT) /NS TAX®S2
IF(17TA,67,,5) 59 TO 99
TrZMATENCL TAT

N=tIYEAT L TaY
MAT: =0T+
Y =Y &4
P T
DOTYTE OTIME TNGRIMINT = ", NTILTAT,"™ SIr*
PRTHT R T HUMASQE JRTFIME. TNCREMENTS = “oNOT
p""?“""'.TO?"L th:‘ Qpﬁ“ - ll,’-’ll 3::_‘,..
DRTYTR, ONUMREO. JE O 0TY INCRIMINTS = e NIX
POTYT R NETY THCATMENT = 5L TAX " CM*
NDOTUTE UAEDTH = “ N, oM

POTITE *BETA = ", ATTA
ODTUTE,“ALPHA = “,ALPHA,* SM2ED QT3
BRTITRGIK =2 "y Ky" CAL/SECEOMENTG K

POTYT ™

M 17 T=1,N7X

TIIT)=3,

TJi(T)=",

cANT Ty

NN L J=2,NNT1H

AN T T=2,N0X
TITI=A2TARTY(I+ D)+ (1=2%27TA)*TY(I) +3ETA*TIY(I-1)
TEOPTTJI(II =T L (T+1))elTeel) S0 TO 6D

AAMT T )T

TJ1mX 1) =7 J1 (NIX)
TIYV=(ITLTAN/Y) * (14227 ((15NILTATRY) #%1,2)
C=(2, A =J6YETJI(1) " %1, 2N ¢TJ1(2)

TH 4=TJ1 (1)

TILCD =(VITLTAX/K) # (10237 ( (L 1*NTLTATR ) #%4,2)
0202, 035833 THTH "%1,33)¢T 114 2)

62
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Ve HTT S

91

R”

83

34
29
192

TEOAS(T JL(1) =T IEN) ,67,TNF) 50

TSN =TI (1)
N 70 T=i,M0X4
TJTY=T 1LY
eIV,

UL ST

nONT TS

NN TYTe

DETUTE

PRINTR T TINE SINGCT JEPOSITION”

N0 30 J=2,20,2
TY=)RNTLTAT

BETITH,"T," SF0E T = “,TS(J),"

cf)“-’?t'u?
nn 24 .’=‘0"' ?7;:12-"
ST=)%0ZLTAY

74/74 0°T=0 T2ANCE

DQT.'-a’r'r," SFECY T =2 "aI8S(J)y "

£OMTTHYT
DO 22 J=400,2711, 240
SYa ROTLTAT

PRIVNT® =T SECY T = *3TS(J) "

~RNT TINIT
MM 33 J=3055,,13392451008
ET=)*0TLTAT

PRIITE " Ty 5200 T = 25ES0))y"

SOMTTYYS

onT 'Tt

DDZ IT®

GO TO 1569

POTHTH ;"B TH IS 6Te 5%
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Appendix.G
DA/S Sortie - Neutron Activation Geometry

burst point
3
HOB position of
DA/S sortie
ALT
R D s 8
X
X
a
dA = X d6dX = R dR do
a a a a

Fig. 9. DA/S Sortie - Neutron Activation Geometry

The following relations apply to Fig. 9.
n% = x§+ HoBZ
x§ - xf+ P 2X D cos(2v-6)
BZ = x24+ p%- 2X D cos(2n-0) + HOBZ
x2 - nf- ALT?

RZ = B2- ALT%+ D%+ HOB%- 2(R2-ALT2)Y/%D cos(2n-6)




Vita

Gordon E. Kelly was born on 23 February 1944 in Laurel, Ms, and
graduated from high school in Laurel in 1961, He attended the Univer-
sity of Southern Mississippi from which he received the degree of Bach-
elor of Sclence in 1969. He graduated from OTS in late 1969 and com-
Pleted pllot training in 1970, He flew KC-135's out of Griffiss AFB,
New York for the lbISt ARS until his assignment to AFIT., During the
last year at Griffiss, Capt. Kelly was a Wing Officer Controller for
the 416" Bomb Wing Command Post. He entered the AFIT School of Engi-
neering in 1975.

Permanent Malling Address: 10 Woodlawn Drive
Laurel, Ms. 39440




r——-

__UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
[T, REPORT NUMBER g 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
GNE/PH/76D-5
4. TITLE (end Subtitle) $. TYPE OF REPORT & PERIOD COVERED
RESIDUAL SIGNATURES FROM [ MS Thesis =~

THERMONUCLEAR AIRBURSTS

6. PERFORMING ORG. REPORT NUMBER

(7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Gordon E. Kelly

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gg‘ngozkxzzs;f.&&?ggg. TASK
Air Force Institute of Technology (AFIT-EN)
Wright-Patterson AFB, Ohio 45433 —
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
SAC/XPFS Dec, 1976 -~
HQ-SAC 13. NUMBER OF I:AGES
OAFB,NB 68113 ?
T4, MONITORING AGENCY NAME & ADDRESS(/! different from Controlling Office) | 15. SECURITY CLASS. (of thie report)

UNCLASSIFIED

8a. ozckusmcr'r'uou/oowucuoma
SCHEDULE

[16. OISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

7y

Director of Information

',. KEY WORDS (Continue on reverse side If necessary and identify by block number)
/“' Thermonuclear Airburst
Residual Signatures

de If > block number)
ompt thermal heating of the ground, fission product deposition, and neutron

activation were studied as possible indicators of nuclear weapon damage levels.
The time of interest was the period of approximately 13 hrs following a 500 KT
low altitude, non-cratering burst. Computer calculations indicate that prompt
thermal heating will produce detectable residual signatures for up to 4 hrs.

Fission product depositions were found to be unusable as damage-level indicators.
Calculations for (n,gamma) reactions in a soil having 2.47% Na content indicate

that measurable gamma fluxes would exist throughout the period of interest.
DD 5a™s 1473  zoimion oF 1 nov #8 13 oesoLETE UNCLASSIFIED :
' : SECURITY CLASHFICATION OF THIS PAGE

s ha s et b o e A At e T E—— i, et ANV RO A




