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1.
The purpose of this study was to determine if a specific thermo-

nuclear weapon, detonated at euch a height as to preclude crater forma-

tion , would leave a signature which would re.*In distinguishable for up

to appro~~aately 13 hours. Primary consideration was given to thermal

— heating.
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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 Oo~po~~tion, who supplied me with material which supports the

accuracy of ~~ therial heating model .

Cordon N. Kelly

I

ii

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _  . . 

—. ~~~- .-- .—. - - - - - - - -—-- .-



I
Contents

Page
Preface ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ii

• List of F1g~~’sm ........•......................................... v

1dat of Tables ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ vi

A~~~ act ....... ........ ..... .................. ...... ............. vii

I. In~~oducticn •. ..... . . . . . . . . . . . . . . ... . . .. s . .. .s s. .. . .. .....,  I

Purpose ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
Defind.tion of Terma ..s ..................i............... I
Background ......................... ..................... 2
Assomptiona ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3

U. Prompt ~~imr~~1 Heating About Ground Zero ................... 4

Analytic Solution •. . . . . .s. . . .... .. .. ... . . .. s. . . .. . . . ... .  5
Finite Difference Solution ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7

m. Fission Product Heating •................................... 16

• Heat Generation by Fission Products ............... ..... 17
ST&~ertca1 Divergence of Fission Fragments ............... 18
Signature Alteration by Fallout .. .. .. . . .• . .. ....,... .. .. 19

IV. C~~~a Activity fros Neutron Activated Soil ................. 21

P].inc from Wa24 Ga~~ .* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 23
~~~an oua Fission Product ~~~~~ .. ... . . .... .  ... a a a . . . . .  26

T• Conclusions •.s . .. .... s. . . .. ... . . . . ... .. . .. ........ ... . . . .,.  29

~~bliogra~~y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 32

App~~ ix As Th.rmo-phyeical Properties of
Sat]. Typs. and References ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 34

Appendix Bi ‘Ihermal Flux Inpita for ~~~~~~~ .... ....... ... .... ....... 36
• Appen~ix.Cs Specs—Time Mesh far HT~ 4. ..,•. . . . ... . . .,. . . . . .•. .. . . . .  38

Ap iz Ds Differenced Heat Conduction Bquation
• - J.vton-Rs~~scn Treatment of the

~~~ ao. Tenperaturs •. .s. . . . .. .. . . . . . ... . ..... . . . . . . ..  Z~O

Ap~~~_ix Is Computer Program I~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Flow Chart •. .s. . . . ... . . . . . . ..... . .. .. .. .. . .... . .. ... .  45
Glossary •........s.....s ............................. 52
I4.sting •.. .• •.. . .,. . .. . .. . . ... .. . .. ..,.. . . . . ..... . . ..  54

iii



-— .r~~~~~~~~ S... .-s--- — ‘~~~~ - ‘  —..-.- - --,———-—*—-——.— 

p Appsndix ?s Computer Program RTZ5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 61
Glossary • e s s s a a a a • a a a • a a a s e a , a s a • a , s , , s , , a . a . . . a .. . .  61
Listing ......... •...... ...a ... .. a.. .... ... ... ... .... 62

Appendix Cs DA/S Sortie-Neutron Activation Geometry ............. 64

Vita ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 65

:

a
C

iv
:1 ___ 

~~~~~~~~~~~~~~~~~~~~~~~~~ - — — — ———- .—- -~ ---- _ - — - — . n . d r  rII rno _
~~1~

- —-— ~~~ - —



List of Fi~uree

P~~e

I Insulated Surface Temperature of the Earth
from Prompt Thermal. Heating • . .. .. . s.. .. .a .. .. .. . . ... . ... . ..  6

2 Surface Temperature Increase in the Earth
from 10 to 1000 sec after Detonation,
Produced by Prompt Thermal Radiation .. . . . .. . . . . . . . . . . . . . ., .  10

3 Surface Temperature Increase in the Earth
from 1000 to 50,000 sec after Detonation •......,.,.......,. 11

4 Distribution of Above Ambient Temperatures
into the Earth at Various Times after Detonation ........... 1.2

5 Neutron-Induced Gamma Flux as a Function of
Altit*4e and Distance from Grouri4 Zero ....................~~ 25

6 Percent of Thermal ~ iergy Eaitted as a
Function of Time Since Detonation ... . . ..... ..... .... .,. ... . 36

7 Thermal. Flux Input Spectrum s }I’rE~i. . .. . . . . . . . . . • . . . . .. . . . • . . . 37
8 Newtcn—Raphaon Sliding Tangent • .. ... . . ~~1a ~~ .• a a . . .  . ... a a . . .  . 42

9 nA/S Sortie-Neutron Activation Geometry . . . . ... . . . . . . . .. .. . .  64.

V

___________ 
.
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -- ---- -..- - — -— —

4 - - - — —  —--- -.-



List of Tables

Table

I Surfa ce Temperature Increase at Four and
Thirteen Hours, Produced by Prompt
Thermal Heating • • • • • • • • • • •. . .• •. .• . • •. . . . . . .. .. . . . . , . . . ,  10

II Soil Consti tuents Used in the Analysis
of Neutron Activation ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 21

III Compa rison of the ORNL-Le4611. 4t~
2 Scaler

Flux and the Appro,d.mation Thereto ...................... 23
IV Poten tially Troublesome Fission Product G~pt~~* . . . . ., . . . .

V Fractional Flux at Various Altitudes •................... 28
VI Thermo—physica]. Properties of Six Soil Types ............ 34
VII Soil Type Common Names and References ................... 35
VIII Spatial Meshs HTEt4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 38
IX Time Nee~ s HTFYi ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 39

vi

- . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
—— - 

~~~~~~~~~~~~~~ 
— — - — —- — — -

~ —--—— -t~ s_ _ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~ .— -.--- - .
— - —-- -- ——



_________________ - -

GNE/PH/76D- 5

Abstract

Prompt thermal heati ng of the ground, fission product deposi tion ,

and neutron activation of soil were studied as possibl e Indi cat ors of

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

• approximately thirteen hours following a 500 KT low alti tude , non-

cratering burst.

A computer model was constructed to calculat e the distribution of

weapon-induc ed temperature increases within the earth . Surf ace thermal

signatures at four hours were detectable and ranged up to .1i N° above

ambient. The signature had decayed to background levels by 13 hours.

Fission product heating was determined to be unusabl e as an m di-

• cator of a weapon’s ground zero. Fission products , deposited in bt~h

concentration s on the earth ’s surface as fro. severe rainout, may alter

the early thermal signatures through beta parti cle induced ground heat-

ing. Calculated temperature increases f or severe rainout ranged up to

351°.

Neutron induc ed activity , for a given soil , was calculated using

approximations to the 01un1-Wi64 ~tvr
2 scaler flux . Activation of a

thin layer at the earth ’s surface was assumed. The integrated gamma

flux from Na~ at 13 hre 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/oa
2aec at an altitude of 100 ft

to 1.02 x 1O~ at 1500 ft altitude. At a ground range of 10,000 ft the

integrated flux was 32 ~s./Ø~
2..C at an altitude of 100 ft. A lit of

fission product g~~..* which could mask or confuse this signature was

ocupiled.
S.
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RESIDUAL SICNAThRELS

PROM

Th~~MONUCLEkR AIR BURSTS

I. Introduction

Purmas

This study was performed to determine if a weapon whose height of

burst (NOB) precludes crater formation leaves a detectabl e residual

• signature. The reference weapon is a 500 IT thermonuclear device hay-

ing a 250 IT fission yield. It is detonated at an NOB 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-
• iaately 13 bra.

~j~~~~on of Terms

In this report “early times” refers to times up to detonation plus

four hour s. “Early-time signatures” refers to signatures from weapon-
S

related phenomena at approximately four hours. “Late times” exist from

• after the four-ho ur point until deton ation plus app roximately 13 bra .

“Late-time signatures” are those at approximately the 13-hr point .

“Fission fragment .” are isotopes produced by fission of the weap-
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‘ 
on ’s fissile material The term “fission products” denotes the aggre-

gation of fission fragments and all subsequen t daughters .

“Ground zero” is that point , on the earth’s surface, which direct-

ly underlies the burst point.

• Background

A damage assessment/strike (DA/S) sortie could be flown against a

previously attacked target as insurance of target destruction. In 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 DAIS sortie would have

to determine if the objective had. been destroyed. If the crew could

determine that the actual ground zero (ACz) was within a certain rang e

of the target, the target would be assumed to have been destroyed.

Weapons assigned to a target lying within the specifi ed radius from the

ACZ 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 NOB 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 h alted by the practi cal considerations of a DA/S sortie in a gen-

• era]. nuclear war environment. A DA/S aircraft approaches its target at

high speed and low altitude. The decision to strik e or withhold weapon

releas e must be made while inbound to the target on the bomb run .

2
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Multipl e approaches to the target are not feasible. Decision-making

infor mation must be qui ckly and easily obtainable while the decision

making algorithm is kept simple.

Assum~~ions

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 surfac e 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

were 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 surfac e.

3
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II • Prompt Thermal Heating About Ground Zero

A nuclear weapon, detonated near the earth ’s surface, way have as

much as 1~4% of its total energy maniføsted as prompt thermal radiation

(Ref 1 * 2L1.) . This radiation arises when the weapon’s soft X-radiation

(hv ~ 20 keY) is absorbed by the air within a few feet of the detona-

tion point • The absorption heats the surrounding air and forms the

characteristic fireball which radiates at several thousand °C for much

of its life. The firebal l emits char acteristic b].ackbody radiation

having wavelengths primarily in the ultraviolet , visible , and infrared

porti ons of the spectr um. This radiation , emitted by the firebal l 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

= vrr/k~R 2 (cal/cm2) (1)

where: W weapon’s explosive yield in calories

f thermal fraction (fraction of the yield which

manifests itself as prompt thermal radiation)

T — atmosp heric tra nsmittance (T ~ 1)

R distance from burst point to target (cm) .

To deter mine 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 surfa ce. The tem-

perat ure distribution in time and apace aa~ be calculated from a solu-

tion to the general , one-dimensional heat conduction equation (Ref 3:11):

4
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a r (x Lt )  h... a2T(x.t) (2)at PC ax2

where: T(x t) temperature in °K at depth x and time t

• _ k — thermal conductivity (cal/cm sec °ic)
- p — density of soil (gin/cm 3).

a specific heat (cal/gm °x) .

- 
The general boundary conditions are

Q(O,t) 
~ab %~

- %r _k [aT(
~Ct)1 

0

where : - Q(0 ,t) = net rate of heat flow at the surface (cal/cm2sec)

— rate of heat absorption
• 

— rate of convection from surface to air

— rat e of re-radiation by the surface.

At great depths the change in temperature is negligible. Since the

deposition of heat on the surf ace is assumed to be uniform and infinite

• in extent, no heat flow occurs in the horizontal plane.

Analytic Solution to the Heat Conduction Eouation

As a limiting case, the total fluence was assume~ 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

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

• 

- 

becomes

• ~- 

• 

q(ot) — - k[aT x.t] 
— P6(t) . (4)X x — O

_ _ _  _ _  _ 
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With these restrictions imposed, Eq (2) is solvable in closed form by

the method of Laplace transforms. The solution i~

T(x,t) ~ ~ ajirt e~~
2/~~

t (
~
)

where ~ — k/PC is the thermal diffusivity with units of (cm2/sec). By

Eq (i) 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/cm2 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 axe soil types V and VI respectively.

The thermo-physical properties and common names of the six soil types

considered in this study are listed in Appendix A.

100 1000 10,000 .50,000

Time (s c)

11g. 1• Insu lated Surface ? sp.rature
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The conduction of heat into the earth was slow enough to allow high

residual surface temperatur es to exist at late times.

The effects of convecti on and re-radi ation were considered next .

The earth ’s surface was assumed to radi at e according to Stefan ’s law

(Ref 4:48) :

c,ET~ (cal/ca2s c )  (6)

wher e: a — Stefan-Bo].tzman constant (cal/cm2sec 0~1~)

€ — emiasivity of the surface (unitless)

surface temperature (°K)

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

Q - hT (cal/ca2sec) (7)

where h = 2.98 x I0’5 T°’33 (ca]./cJn2sec °K ) (Ref 5:180,1444) . With the

addition of these terms to the surface bound ary condi ti on , an analyti c

soluti on 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 Soluti on to ~~~ Heat Conduction Eauation

A computer soluti on to the prompt thermal problem also allowed the

input fluence to be distributed as a flux in time . The standard. ther mal
• fluence spectrum was modified to allow for 100% of the 500 KT weapon’s

prompt thermal yield to be delivered in ten seconds. This modified

spectrum and th. flux input epectna ax’. contained in Appendix B. For

the case under study, the inoet rapid chang. in thermal output occurs in

• 7
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• the first two seconds of yield generation. The largest time interval

of this two second period , over which the change in output was nearly

linear, was chosen as the i lux input time-interv al , It was found that

for intervals shorter than 0~ I eec, the late-time temperatures did not

vary significantly. This value of the input time interval required

500,000 time levels to extend the cal culation s 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 spatia l mesh was employed . It consisted of 35 nodes with ~x

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 detail in Appendix C.

The heat conduction equation , Eq (2), was differenced using a sec-

• ond central difference app roximati on to the spatia l derivative and a

first forward difference app roximation to the time derivative. Eq (2)

becomes a four-point, two-level equation :

Ti,3.,1 — Slj ,jTj .,1,j+ (1 - $1~ ,~ - B21,3 )T1,3+ B21,3T~_ 1,3 (8)

where : Ti,j temperature of the (j ,j) th mesh point

— 
~
Atj/(AxjAxi.,~+ ~~~~

— ~6t3/(~4 +
— distance trait the (j _j ) th spatial node to the

distance between time node 3 and (3 + i).

For space-tim stability, both Bljj and ~~~~ inst be less than 0.5.

A couplet. derivation of Eq (8) is in Appendix D, The surface boundary

condition, Eq (3) , in differencad form i.

8
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• ~ Q(0 ,t) - -k 
T2,j-T~~

and an application of the Newt on-Raphson techni que , described in Appen-

• dix D, provides the surface temperature at time level 3:

• ~c Th1+ C (9.93 x 1o 6)~rh133+ c wu + T
T • I n  2 n 2 2 (io)wit 4C1T~+ c2(3.97 x 1o 5)T~~

33+ 1

where : C1 £X1CYE/k

• C2 —~~x1/k -

(n41)
th iteration of the surface temperature

at time level 3
TFLX = weapon’s thermal flux input into the earth at

• time level 3
T
2 

— temperature of the first subsurface node at

time level 3

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 HTE~I , can be used to calculate temperature

distributions up to 50,000 sec (13.9 hr .) after detonati on .

Th. following results are the temperature increas es produced in

soil type. I through VI by the 500 IT standard weapon . Table I lists

th. surface temperatures , rounded to the nearest half degree , at four

• and thirteen hours after detonation fox’ the six soil types listed in

Appendix A.

9 
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Table I
Surface Temperature Increase at 4 and 13 Hours

Soil Temperature (1°)
Type 4 hrs I3 hrs

• I 115 5.0
II 7.0 3.0

• III 6.~ 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 .

1000

• 
~~ 500

e

o~

H 
~~~~~~~~T T T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I

~ to 100 500 1000

Tlm. (..o)

• Pig. 2 Surface Tempsratur. Increase from 10 sec to 1000 sec

______________________ 
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I
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. I to the lowest in Fig. 3.

100

50~~I
I

• ~~~10 I

I
• ,!s.o- 1~1

I I I

1000 5000 10,000 50,000

Time (eec)

Pig. 3. Surface Temperature Increase from 1000 to 50,000 sec

Figure 4 illustrates th. temperatur. distribution into soil type I

at various times after detonation . Th. three plots are for 10 sec, 100

s.c. aM 1000 s.c .lapeed times. Th. affects of both conduction and

surfaco heat removal no.sna are evident.

11
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1000

500 

~
l

\10 
sec

1 100 sec

I

• 
~~i00 -

1000 sec

10 I I

0 1 2 3 4 5

• D.pth (cm)

Pig. 4. Distribution of Above Ambient Temperatures

into goil Type t
•
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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 Li%, For soil type VI

this was the equivalent of approximately 0.4 1° at four hours and

• 0.2 10 at thirteen hours . For the same soil , a 20% error in the

re-radiation term produced temperature differences of 200 10 during the

flux input period. This differenc e decreas ed to less than 0.2 )(0 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 transf er processes . At lat e times, a

• 20% difference in the convection term produced a calculated surface

temperature which differed from the given valu e by up to 10% .

An error in the surface temperature was induced by the calcula-

tiona l algorithm , of HTE4, which neglected temper ature differences in

the spatial mesh which were smaller than 0.1 10
. Decreasing this value

to 0.01 K
0 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 ataos~~eric transmittanc e 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 unaff ected by errors of

lees than 20% in inpu t parameters or surface loss terms .

• RT~~ was used to model the Hirosh ima boib as a check on the code’s

accuracy . The weapon had a yield of app roximat ely 20 IT and was deto-

nated at an altitude of 1850 ft. The flux input was modeled according

13



to the constraints of Appen dix B. The flux input time was limited to

three seconds (Ref 2,89) . The ground zero fluence calculat ed by Eq (1)

was 180 cal/cm2. A th ermal fracti on of 0 .1~O and a transmittance of

0.90 were used. The thermo-physical properties of firebr ick were used

to approximate those of clay tile (Ref 6:288) . A peak surfac e tempera-

ture of approximately L,000 °K was calculat ed for less than 0.2 sec.

The surfac e temp erature had decreas ed 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 1° beyond a depth of

five cm. This temperature increas e 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 ground zero

within three weeks after the explosion (Ref 8:115).

As an indication of background temperature variations , the tem-

peratures induc ed 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 10~~ cal/ca2sec was used as the solar flux absorb ed by a

black ened, semi-infinite earth (Ref 9:465) . The temperature differ-

ences, aft er four hours, between soil types which could be expected to
• exist in the same local e were considered . The difference between types

II and IV w a s 4 X0. Typee lfl a n d V v ar i e d b y 3 K°. Por types lV and

VI the difference w~s 0.5 I~, while types I and VI varied by 2.5 ICC.

These variations would make similar weap on-induced increas es difficult

lie
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to resolve.

The stability of this model e predictions, coupled with its abil-

ity to predict values which lie within those found at Hiroshima, m di-

cate that the surface temperatures calculated in this study are real-

istic. The calculated, late-time, above ambi ent temp erature increases
• were generally less than 5 1°. 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 earl y-time signatures would be strongly

dependent on soil type and the time since detonation.

I ~
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III . Fission Product Heatin g

• 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 detonati on the fireball takes

on a toro ida]. shape with an updraft in the center and a downdraft ar-

round the outside rim. Surface debri s 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 entrai ned contains negligibl e fallout

(Ref 10:105) .

For the first few seconds after detonati on the bulk of a weapon ’s

fission fragments exist as a gas or vapor due to the high core temper-

atures, T > io8 01C. These gaseous and vaporized atoms are carri ed up

by the rising fireball. As the firebal l cools, the fission fragments

nucleate and condense int o particles with a maximum diameter of about

20 microns (Ref 11:102).

For purposes of a limiting 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 neg].igi-

ble, then no actual signature would be detectable.

16



Heat Generation ~~ Fission Products

The rate of beta decay in a gross fission product mirture follows

the Vay-Vigner 1.2 law (Ref 12:1327) :

• A(~-) = A1T~~
’2 (ii)

where A1 is the activity at T = 1 and ¶ = (elaps ed time at A(T)/elapsed

time at A1).  Elapsed times are measured from the instant of produc-

tion . This relationship is a reasonabl e approximation for times great-

er than ten second s 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

(T 1). If E8 
is the average beta energy per decay , the total energy

given off from all beta decays is

= I~~~J’~~~~
° A1 r~~

2 dr  = 5~~A1 (12)

where time is measured in units of decaaeconds.

The total delayed beta energy from the fission of u235 or

is app roximately 0.O ’4kW~ where is the fission yield in energy units

(Ref 13:ch 2,p 12). The activity at time ~r is then

A(T) = (o.o114w~/5~~)T~~
2 (B’s/decasecond) (13)

Timofeev and Nes~yt ov (Ref 14:3) give the ~ activity at one minute

after weapon detonation as

— io8 q (curies) (14)

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

17



those cal culat ed by Eq (13) are within an order of magnitud e of each

other for values of E
B 

between 0.3 and 1.0 11eV.

The weap on ’s fission fra gments were assumed to be deposited on the

earth ’s surface prior to the occurrence of any disintegra tions. At

1 beta decay was assumed to begin , with half the betas being ab-

• sorbed by the air and half being absorb ed 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

air was neglected .

S~pherica]. Diver gence of Fission Fra gments

As a limiting case of the ground-zero signature , the weapon ’s

• fission fragments were sphericall y diverged without other attenuat ion .

The ground-zero concentration was used to calculat e the increas e in

temperature due to fission-produ ct beta absorp tion by a semi-infinit e

earth. The rate at which B’s were absorbed by the surface was

Re A (r)/&iy(}(OB)2 (B’s/cm2decasecond) (15)

The thermal flux due to thi s absorption was the product of the rat e of

absorption and the average energy per beta:

WLX = 3.50 x i0~~ W~r
1’2/(H0B)2 (cal/cm2sec) (16)

The computer routine used to calculate the temperature increases

may be found in Appendix F. The earth ’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
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used was five sec, and the spatial interval was 0.2 cm.

The differenoed heat conduction equation for a constant space-time

mesh is

— (1 - 2B)T1,~ + B’r1..1,~ (17)

where: B = < 1/2 .
6x

For the 250 KT fission yield weapon detonat ed at 5000 ft HOB , the

peak temp erature 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 hr s it was 2.5 1(0.

Thermal Signature Alteration ~~ Con centrat ed Fallout Depositions

Early-time thermal signatures may be altered by a weapon’s own

fission products or those from an adjac ent target . A weap on 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 sax-

imum cross-sectional area of the fireball . The maximum diameter is

(Ref 15:319) 
-

D5,~ 
— ‘i60W0’4 (ft) (18)

wher e V is the total weapon yield in ICT . The resulting thermal flux

• from beta decay at the earth ’s surfac e is

-; wi~x — z.~ x io 12 ~
f.~.-l.2,,ijO.8 (ca]/cm2aec) (19)

19
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where is the fission yield in calories , and V is the total yield

in KT. Calculations were made using the computer code of Appendix F

for the standard weapon . The results indicated a t emperature increase

in soil type VI of 35 X° at four hr s. For a 50% ra inout , the increas e

was 19 ~~~0 and for a 25% rainout it was 10 1C°. 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

fra gments were negligible. This calculation was made as an upper

limit. Therefore , detectabl e residual signatures , indi cative of a

weapon’s ground zero , would not exist at earl y or late times. Calcu-

lationa 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 $013.

Neutron fluence , blast overpr essure, and other prompt weapon of-

fecta are relatable throug h the target ’s range from the detonation

point . The activity of specific soil isotopes formed by (n ,y) reac-

• tiona is relatable to neutron fluence if the soil composition is known .

Thus a link exists between induced soil activit y and prompt weapon ef-

fects . This link may prove useful as a DA/S indicator.

Fast neutron s 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 abun dance 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 -

life, and concentration . Lavrenchik lists the seven primary sail con-

stituent s shown in Tabl e II (Ref 16:18) . Some elements may not be

Table II
Soil Constituents

Element Si Fe Ca Na K P PIn

.71’ .13 .10 .075 .0? .003 .002

Atoms/cc i~~
22 i.4~~ ~~~~ 2.1~~ 1.i~~ 6.019 

~~~~~
Isotope ~~31 F 59 

~a ” .5 
~~~~ 1(42 p32 56a a Mn

Zea~~(b) 0.4 2.5 0.6 0.5 1.2 0.2 13

*1.#2is read l.5x1022

co on to all soil types, and composition will vary from place to place.

21 
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ca~ ~~ ~32 are beta emi tters. Silicon comprises 25.7% of the

earth ’s crust by weight, but only three percent of this is Si3° whi ch

captures a neutron to form Si’t (Ref 17:B-135) . This nuclide emits a

1.26 P1eV gamma only 0.07% of the time and has a short half-lif e of 2.6

hr s (Ref 18:10). Of the remaining constitu ents , Na23 (n ,y) is the

best indi cator. Sodium is only the sixth most abundant element world-

wide , but Na~~ is the naturally occurring isotope . Na~~ has a 15 hr

half-life and emits a 2.75 11eV gamma during each nuclear transformation .

If only those reactions indicated in Table II occur , 2.47% of the inci-

dent neutron fluence would produce Na2’~ atoms .

If all incident neutrons are absorbed in a thin layer at the

earth’s surface, the acti vity as a function of distance from the burst

point , Rb, and time would be (Ref 19*189)

A(R b, t) 0.0247 F(R b)Xe4’t (Na~~ y’s/sec/cm2) (20)

where ~ 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~r2 scaler flux was calculated at 1500 , 1800, 21400, 3600,

and 4800 meters . From the values of the flux at these ranges , the fol-

lowing appro ximation to the Li,~r
2 scaler flux was empirically obtained:

~ j00e~~~65X10~~~b (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 CBNL-4464 and thos e calcula-

ted from Eq (21). It can be seen that the maximum variation is lli%.

22
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Tabl e III
Comparison of S~~~er Flux and F8

in (neutrons /source neutron )

Range ~~~2 scaler FRb(m) flux s

1500 1.02 1 935-2

1800 2.04 2 2.32 2

2400 I.63 1.L1.2 3

:3600 5.43~ 5.37~~~~~

The scalar flux was assumed to be isotropic. The spherically di-

verged, surviving, neutron fluence which ia absorbed by the ground is

(Ref l3sch 2,p so)

~
4.65x1O 5Rbr

fl
(Rb) 

25 Se 
2 (neutrons/cm2) (22)

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

Gammas Encountered ~~ ~~~ Sortie

The 2.75 P1eV gamma flux availabl e for sensing by a DAYS sortie

would be the spherically diverged, atmosp herically attenuated activi ty

integrated over all space. The flux at the point denoti ng the aircr aft

location is

P’~ — ,  ~~~ CA(Mb t)5~h1P(1111a)f4n1~ 1 dOR d E  (23)

(y ’e/cm2eec)

23 
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where : a — aircraft altitude in cm (ALT)

It — rang e variabl e of integration rel ative to

the aircraft

— range variable of integration relative to

the burst point

• total attenuation coefficient for the 2.7.5

11eV gamma in air.

Rb may be written in terms of Ra and other quantities as

Rb [R~- ALT2+ D2- 2(R~- ALT2)1~”2D cos(~tr - e)]h/2 (24)

where D is the ground distance from the point rep resent: ’ng aircraft lo-

cati on to the ground zero . The geometry involved in this problem is

diagrammed in Appendix G • This function was integrated numerically

using the AFIT subroutine SIMP D which uses Simpson’s rule to approxi-

mate a double integral. It was found that flux values were not sig-

nificantly increased by increas es in the upper limit on R~ beyond a

value equal to (D2+ ALT2)h/2+ HOB .

Figure 5 is a plot of the gamma flux encountered 13 bra after det-

onation at the altitudes indicated, for ground distances up to 10,000

ft from the ground zero . In order to put thi 8 plot in perspective , one

suet realize that an aircraft traveling at a ground speed of 300 knots

will cover the 10,000 ft ground distance in just under 20 sec. For an

aircraft traveling at 500 knots the transit time is Just over 11 sec.

In a real-world situation , gamma-emitting fallout depositions

oould confuse a sensor if the fallout pattern were similar to activa-

tion patterns.

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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Extraneous Gamma Rad iation ~1ssi on Products

At one day after fission , the total gamma activity is app roximate-

ly 6.6 x 106 curies per kiloton of fission yield (Ref 16,11). Radi o-

nuclides which emit photons near the 2.7.5 P1eV Na24 gamma were examined .

Table IV is a compilation of the fission product gammas from 250 KT of

• fission . Those list ed have energi es within 0.3 P1eV of the Na24 gamma

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

Tabl e IV
Potentially Troublesom e Fission Product Gammas

- 

Nuclide Half-lif e y Energy in 11eV Rate of Occurrence at
and (% occurrence) 13 bra After Fission

(y’ s/eec)

Br~~ 31.8 sin 2.47 (~
) 3.7011

76.0 mm 2.57 (3~~) 2.06
16

**fib~~ 17.8 sin 2.68 (2.3% ) 5.2816

16.0 sin 2.59 (13%) 2.57~
20.0 sin 2.~ 7 1.5 < 7.59~3.06 (1.3%) < 6.58
3.2 bra 2.55 (11%) 4.0113

32.2 sin 2.63 (9%) 4.1212

La14° 40.2 hrs 2.53 (3%) 2.1815
~~142 92.0 sin 2.55 (11%) 7.80~~

2.99 (~
) 3.55

~~~~ 24.0 sin 2.73 (1.7% ) 2.O9~

*~~i
’1is thed ghter of Bw 87 (56 seo)

*‘ Rb~~ is the daughter of Kr~~ (2.8 bra)
• UII* Ag112 is the daughter of pd1t2 (2j bra)

The nuclidea listed are all fission fragments except for the three in-

dicated by asterisks. N
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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 pur poses

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

aircraft at an altitude of ALT would be (Ref 23:266)

r2
— J [A exp(-~iR )/2R 1 dR (25)

• i1 a a- a

where : ri — ALT

r2 — (wr2+ R2)1~’2

B — radius of the ar ea of deposition

A — activity per unit area

• Ba range variable of integration as in Appendix C

total attenuation coefficient of the gamma energy

under consideration

A value of 5.81 x 10~~ ca~~ was used as the attenuation coefficient for

all gamma energies considered (2.75 ~ 0.3 11eV). The flux as a functi on

of altitude was integrated numerically with the constant A separated .

The worst case was tak en to be at a point over the center of the cir-

cular deposition . The results are list ed in Tabl e 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 surfac e activity per unit area.
• Itb~~ is potentially the most troublesome gamma emitter. For a

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

yield, the activity per unit area is 2.37 x 106 
~~~~~~/cs2sec with



energy of 2.68 11eV • The flux as seen by an aircraft over ground zero ,
6 4 

_ _ _  

2from Table V , would range from 1.57 x 10 to 2.35 x 10 g~~~~ /ca sec.

This rate would be sufficiently high to mask signals or to confuse

logic circuits designed to act on rates proportional to those shown

in Pig. 5. The majority of such gammas , as descri bed in this section ,

• would have to be eliminated by selectively measuri ng the 2.75 11eV

gamma and by detector characteristics .

Tabl e V
Fractional Flux of Fission Product Gam’nas at Various Altitudes

Altitude (ft) Fractional Flux (FJA)

100 .664

• 200 .393
500 .133

• 1000 .0333
1500 .0099

Neutron activation of soils 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

hypotheti cal profile as in Fig. 5. The sensing system would have to

be abl e to evaluate all possible profiles and scan the vicinity of

• the target area to deter mine the weapon ’s ground zero .
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V. Conclusions

Sii~nat ur es from Prompt Thermal Radiation

The prompt thermal-heating model produced calculat ed temperatur e

distri bution s for the Hiroshima bomb which are consistent with histori-
• ca]ly recor ded facts. It was , therefore , assumed to be reasonably ac-

curate when used for the higher yield of this study.

The residual ground -zero temperatur e increase for the 500 KT

yield was a maximum of 5 K° at 13 bra . For very dry soil the late-

time temperature increase was only 1.5 K0. Since the heat absorbed by

the earth could reasonably be expected to hav e 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 BA/S indicators. Adequate

signatures would exist at early times , but the possible masking effects

of thermal heating by concentr ated fallout depositions from nearby

bursts must be considered .

Fission Product Heating

The assumption of s~~erical 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 vari ations.

29
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Signatures produced by concentrated fission fra gment fallout or

rainout depositions can approximate early-time signatures from prompt

ther mal heati ng of a weapon ’s ground zero . This would be especially

tru e if the deposition were graduated to heavier concen trations near

the center of a circular area . A location where surface bursts also

occur would be more likely to experi ence thi s effect , as early-time

fallout from ai rbur ats is negligible.

The phen omenon of ground heati ng 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 enteri ng the area.

G amma Activity from Neutron Activated Soil

Calculations of the gamma flux, availabl e for measurement by a

DAIS sortie, indicate that usabl e signatures would exist at late times.

These signatures would be measurabl e at alti tudes 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 flu1. - 3vels would have to be gated for the

2.75 11eV Na~~ gamma to avoid the extran eous gammas indicat ed in Tabl e

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 aircraft position at decision time.

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

30
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the neutron field should be considered . Gamma flux based on the dis-

tri bution of induced activity into the earth should be calculated. An

I exponential atmosphere and an attenuation coefficient whi ch varies with

it should be employed. The addition to the gamma flux by scat tered

- photon s, which lose only negligible portions of their energy, should be

considered .
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Appendix A

Soil Types

The soil types identifi ed 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 thernto-physical properties.

I Tabl e VI
Thermo-physical Properties of Soil Types

Soil Thermal Thermal Specific Density
Type Diffusivity Conductivity k Heat c

a (cm2/s c) (cal/cm sec °x) (cal/gm °ic) (gm/cm3)
• x 1o 3 x

I 3.70 2.17 0.33 1.78

II 1.20 .672 pc — 0.56

III 2.00 .627 0.19 1.65
IV 1.90 1.70 0.53 1.67
V 2.00 0.40 p c — 0 . 2 0

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 soil types were

taken. 
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Table VII
L 

Soil Type Names and References

Soil Type Common Nam e Reference

I Sandy Clay (24:189(15% moisture )
II Clayland Pasture (211:189)

III ~iartz Sand 24:189(medium fine , dry)
IV Calcerous Earth (6 88(43% water) :2

V Soil
(yery dry)

VI Wet Mud (6:288)

*4
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Appendix B

_ _  _Thermal Flux Inputs

The standard thermal spectrum relates the perc ent of total thermal

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

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

ted at an MOB 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

- act~~~

~, 50
g

I I I I

0 2 4 6 8 10
- Elapsed Time (sec)

Fig. 6. Percent of Thermal Energy Eaitted as a Function of

¶lme Since Detonation

The time interval between flux inputs was chosen from an expended

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

was approximately linear. After 2.5 sec of yield generation the wasp-

on’s adjusted output curve becomes linear. The number of the last

36
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time interval before this linearization was denoted LA. Pro. time in-

terval L& + 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 B. Figure 7 is the resulting variation of input flux with

• time. The total fluence at ground zero was 700 cal/cm2.

i i

0 I

0 2 4 6 8 10

Elapsed Time (eec)

Fig. 7. Thermal Flux Input S
pectrum•



Appendix C

Spatial Mesh

The spatial mesh size in HTE4 was varied to reduc e computational

time . Near the surface , large gradients require closer spacing for ac-
4 curate calculations . At greater depths , the lower temperature gradi-

ents allow a coarser mesh without loss of accuracy . There are 35 spa-

tial nodes per time line as indicat ed in Tabl e VIII .

Table VIII
Spatial Meshing

# o f  Depth
(cm) nodes (cm)

0.2 11 0 - 2
0.5 6 2 - 5
1.0 5 5 - 1 0
5.0 8 1 0 -50

10.0 5 50-100

Mesh

The time spaci ng 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. Th~ first time level was taken to be t — 0 so that

for £t1 — 0.1 sec 101 nodes were required in the first ten seconds . If

— 0.0,5 eec, 201 nodes ar e required. Tabl e IX lists the time nods

spacing.
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Table IX
• Time Meshing

Time Time Number Time Period
Incre ment Incre ment of Nodes (eec)
Indicator (eec)

variable (10/4t1)+1 0 -

• At2 1.0 90 10 - 100

• 
At
3 

2.0 450 100 - 1000

at4 ~.o 9800 1000 - 50000

j
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Appendix D

- 

- Derivation ~~ ~~~ Differenced jj~~~ Conduction Eciuation and ~~~ Newton-

Ra~~son Treatment of the Surfac e Temperature

The central difference operator , 6, is defined by (Ref 25:56)

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

(26)

Let: x tAx, t — jdt, then x + h/2 — Ax(i + 1/2) . In this notation

(time dependence suppressed)

6T~ - T1~~,2 - T1_112 (27)

If Ax is not constant , the central diff erence appro ximation to the first
• spatial derivative is

T~~ j2 - Ti-1J2 (28)— (Ax~+ &~~~)/2

Ax~
where the 6x~ are: .~

‘ -y
i-I i 1+1

The central difference approximation to the second derivative is

Ax1 
6T141/2/&1+1)-(6T1_ 1/2(Ax1fl (29)

Carrying out the indicated operations and resurrecting the suppressed

tim. d.p.nd.nce, the above equation becomes

________ 

2(Tj .~1ç T)~~~ 
- 
2(T~~ç Ti_ i.j ) (yb)az~ax~1+a4~1 ~~~~~~~~~~~ 



— - *•_- --~~_,•.. _ - -~~~~~ - - -

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 time was chosen , and the

differenced form of the heat conduction equation, Eq (2) is

T1~~,—~~ T1~~ 
— 

ai(T1—~~~~~ T1)~~~ 
— 

2a(T1—~~~ T1 1 )~~~

3 &18x~.~
+ Ax1~~ Ax1+ 

~xiAxi~~

where At
3 

is the time interval between nodes 3 and j+ 1, and a is defined

to be k/pc. The temperature, for points below the surface , at time line

3+1 in terms of the temperature at time line 3 is a four-point, two-

level equation:

T ~l T + (1~~~~
l -

~~~~~ ~T + 2 T• i,j +i ~ i,j i+j,j ~ 1~~~~i ,j  ‘-‘~i ,j ’ 1,3 i,j 1— 1,3
(32)

2th t
where : 2 < 1/ 2

AXiAXi~j
l Axi+1

~~i~~t

~~i j  2 
.1 < 1/2.

Ax~~
+Ax j8xj +1

The difference approximation to the surface boundary condition,

(3) is

T -T
• _k 2I~~~~lJ _ Q

$~_%y
_ Q ~~

where ii the thermal flux absorbed at time level 3. Taking all

temperature. to be relative to T11 and using Eqs (3) , (6) , and (7) ,

Let

_ _ _ _ _ _  - —-- - -4———- 4- • --— —~~~- ~~~~ - -  ~- -#,-—— - - 4 - - ——— # — • — — - # # — -— -- - - —  

- -— - - --- ---- - - -- --4 - - - 4-- --- -4 - - -—



—4—-- --. —4- - - - - - - - --•• •-—— -— - •—-- - —4-- - ——-— —~ -- -V - - -- - - -

the equation for the surface temperature is

T1,3 -j1CWLX3
- aET1,3- 2.98 x i0~~ T~;~’) + T2 3  (31i.)

Since the surfa ce temperatures encountered are large, the surface tem-

• perature at time level 3 cannot be used to calculat e the reradi ated flux

at time level 3+1. The result of this method is unstable and leads to

negative temperatures. The Newton-Rapbson 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 equation s of the functi on f refer to Fig. 8.

• f(~)

Pig. 8. Sliding Tangent

f’( ) —  (35)

(~~)f’(~j)~ - t()~~thin CaL441 f’((~L4) 
(~6)
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A value for is computed from (
~~. ~~~~ is used to compute and

so on.

With the 3 notation supp ressed, the surface temperature may be

written as

f(T) ~~~(aET~+ 2.98x10 5 T~~
33- TFLX) + T1- T2 (37)

At the ~~~ time level , the n+1th iterati on of the surface temperature

is 
3C1T~ + C2(9.93x1O 6)T~’~~+ C2TFLX + T

2
T1 0 (38)
n+j. 1

~C1T ?+  C2(3.97x10
5)T1

’33+ 1

where C1 Ax1~yE/k and C2 = Ax1/k.

- 
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Appendix E

Computer Program HTEYI.

The basic calculat ion of temp erature in HTEL1~ involves the follow-

mgi
1. Calculating the values of ~14 and ~24 for the

time increment in use

2. Calculating the subsurface temperatures using the

differenced heat conduction equation

3. Calculation of the surface temper ature bas ed on

flux input , convective losses , radi ative losses ,

and the value of the temperature , computed in step

2, of the fir st subsurface node

• ~i. Iteration of the surface temperature to convergence .

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

index. The parameters C
1 

and C2, defined in Appendix D , were used to

reduce the physical spac e 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 arbitra ry.

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

puter.



- -

- - 
~2~ L Chart s liLh
(~~~~~~START~~~~~~~\

\~ 
HTE 4 

J

/~~~EAD I
• / ThERMO I r -  0

/ PHYSICAL / ‘ J LAI ,

/ PR0PERTI~ 3J 
NTFLX

/ ~~~ I CALCULATE

/ TIME I TFLx (J) —

/INCR~ 1ENTS / 
TFLX(J-1)

J - FINAGLE
_ _ _  I

[READ /
I NDX I ‘---- F2~D

/ TDF _ _

/ TMIN - 

LOOP

4, 
_ _ _ _ _ _

• /~~READ I
/ NTFLX / / PRINT

/ LA / / SELECTED

• / FINAGLE J - 
/ IN~ J~~

/~~R EAD 1 

T 0 = 0 .

/ TFLX(J) /
_ _ _ _ _  

DO tO

V
LNDXI — NDX+1 : NDX1

________ 
TJ( I) — o .

/ R E ~~~~~/ _ _

/ 
DELTAX (I) j  

TJ1(I) ~ o.

l I— i ,  / 
I

J NDXI / 
I 

_ _ _ _

• I 
_ _V 

LOOP

_ _

-

- 

LL A I - L A 4I I 

.



r~~1 = w J
---coms!sent---

(th e following section
calculates surface tern-

~ perature at the second
~ ime level

CALCULATE
C1 , C2

CALCULATE
TJ( j )

s~rTNE~#

CALCULATE
TJ(1)

from

T~~T
J(i)-TN~M TDF

LT. TDF

s~r
(2) — TJ( 1)

C

4.
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p.-

I- --comment-- -
the following section

• calculates temperature
during the remainder of
the flux input 

-

CALCULATE
B~PA 1(I
BETA2(I

for DELTAT( 1)

I 
BETA1/2(I) 

~~ 
I)

TL. .5 ______________

PRINT I PRINT
BETA2(I) GE. . / BE’rAl (I) CE..5/for D~LTAT( 1) / for DELTAT( 1) J
_ _ _  

P~7

~~~~ sTOP 

~
DO LiO

r ” J — 3 ,
NTFLX

I r I~~~2,I i NDX

I 
CALCULATE: TJ1(I)I subsurface

I temperaturesH
Li.7

—

___________ — ----- --- ------- _______________________________



I TJ 1(I)-TJ 1(I+1 ) LT. 
r—  i — 1,

— I ‘ 
.1 

l xi i
I CT. .1 I

I I [  s~’r
I I I TJ (I )”~TJ 1 (I )

I. ... — — LOOP i TJI(I)=O

50 4,
I I I J F 2 ~D 1

s~r L _ _ . J  LOOP
TJI(NDX1)= L I~1I TJI(NDX)

I 
_ _ _ _ _

I I
CALCULATE L —I TJ 1(1) — —

I ( surface \ lgj
~ emperatur3J 4,

I I PRINT
I SET I T(x ,t)

EW TJ1(i) / at
/ t”40sec.

I CALCULATE
I TJI(1) / ---comment---

from Ithe following section
ThEM ( calculates temperature

~duri ng the period from
I \j0 see. to 100 sec.

I TEST
Ji(i)-ThEW TDF CALG~JLATE

BETAI (I• LT TDF BErA2(x
I for DELTAT(2)
I s~r -

I (J) — TJI(t

c -

_ _ _ _  
. 4-- - - -- - •. - - -4- •. — - - -
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0 
H

BETA I TEST BETA1 )
GE. ~ 

ETA1/2(I

LT. .,5
PRINT PRINT

BEThZ(I) ~~~~ BETitI(I) CE..5
for DELT AT(2) 

- 
or DELTAT (2)

STOP STOP

CALCULATE 1
NTFLX1 — NTFLX+1
NI NTFLX4tTDTB

47
D 0 8[

~~ 
~~~~~~~ LX1

I I CAL LATE
$ 

TJ1(I)I subsurface
I temperatures
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CT.I.1

90

SET
TJ1(lrDxj)—

I TJ1(NDX)

I CALCULATE
I TJ1(1)
I surface
I temperature

SET
ThEM — TJI(1)

CAWiMPE
I TJ 1(1)

from
I ThEM

I T~~
I 

J1(1)-TN TDF

_ _  

-~~~~~~~~~~~~~~ 4--•~~~~ --4— ~~ ——--- 4- _ _  

- - -
~~~~~~~

-
~~~~~
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0 0
l i— i

• 1i’s(~) - TJ 1~~]I I

• 1~
)0 1120

— .11 I — 1,
I ( NDXI

I I 
_ _

I SET
TJ(I)”TJl (I)I I TJ1(I)—O

i i _ _

I L_ _ J  ~~D

H __

L _ J ~~~D
LOOP

85• 
‘47---comment---

temperature calculations from 100
to~100O and from 1000 to 50,000 sec
are similar to the proceeding sec-
tion. DELTAT (3), DELTATQi), NDTc ,
and NDTD are used to calculate BETA.
The remainder of the program is out-
put control for the temperature read-
outs. As it ii listed, it is valid
for DELTAT(1) of 0.1 or 0.05 sec.

• CESD~~D
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Program Ljstin~* WFE1~ (Grouped accordi ng to the operation performed)
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. 1
C_ ~ — — ~ Tri ’ !~ ATUPE CALCULATI O NS F~ O’I IC TO t Ot S E C—————

Or) 
~~~~ T= 2,~ OK

IF(~ r T A t ( I ) . G~ ..5) r.o To 2~ 2
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TFt~ rTA2 (T).~~ ..5) ~O TO 2~~!

NTF _ X t : P l T C . L X 4 1
4 4T~~I. 7~ /7t 001:0 T- ~A~~ FTN 4. 5 .41
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~
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10 11e~ .J:I12,l1!
00 1~~ 1 ’ , NOX
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 10 155
150 C0Ii TTNJ~
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- 1 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C#TJ I (2 ) ) , (
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00 173 T= i , P I D Xt
T J ( I ) : T J 1  U’ )
TJ I( I )= T O

1,0 Cfl N~ IN J !
140 CO N ’ T N JZ

• 
DP~~ f T ~~~” 1?”0 S!C2 T EM P~ RA T tr~F DIST RIcWT ION INTO

G

00 (7’ Izl,N’%Xi
P!TP’*, 0~ P!I PIIOEt “ ,T, ” T E4 P~~ ATJ R !

C” ~~~-K’ ~‘ 175 CUPJT TMJ ! - 

::~ii:: ~:ITT 1I1•IITI.t±.
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00 18 I:2,PIIX

IF ( Tl~1 (I).G ..5) ~Y) TO 2~ I
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r # ~~rT (),(I) *TJ (~~~j )
• TFU ’~~ iTJ 1 (fl— T J 1CI + l ).LT..n ~O TO 205
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• ~T= (J—1 1 ’fl~LT A T t

0~~!~JT S ,rT ,~ c rc ,  i =
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290 PDI , ’ 3 ’ ~~~1 (“ ,I,~~
) IS S! , .6 FOR O!L IATI’

GO T Ø  3 ’ O
291 ~OI~J T~ , ” 0 r TA2  (“,I,”) IS GE. .5 FOR DELTA T 1”

GO t Q 3~~3
292  PRI’1T~~,”’~ETA1 C” ,!, ’) IS çr 1 .5 Ff) R O L TU2 ’

CC) ‘ ‘ )  3 f l 3
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Cl) “C )  3~~ -
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GO “ 0 3~~)
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GO ~O 30

297 PoT~T’,”qET42 (“ ,!~~
“ ) IS CE. .5 FOR OE LT A T 4”
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Appendix F

Computer Pro~rain !! iI~

HTE5 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 1.21/((.1*DELTAT*J)**1.2) repre-

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

HTE5 is 8imila.r to HTE4 and uses the differenced heat transfer equation

for a constant space-time mesh. This code differs from HTELI in that

radiation by the surface is not considered. At the relatively low

temperatures encountered , thi s omission causes a negligibl e effect .

Glossary: 1~Th~
A L P HA  — THERMAL OIFFUSIV ITV (CM” 2/SEC)

B ETA OT MEPI STO PIL ESS °A RAMETER IN THE HEAT
CON!1J CTI ON EQUATION.

UEL TAT — T!M ! INTERVAL.

D E LTAX — SPACE INTERVAL.

IC — THERMAL CONDUC TIVIT Y (CALFCM SEC—DEC K)

NOT — NUMBER OF TIME INTERVA .!.

N OX — NUMBER O~ fl EOT H INTERVA LS

— !IIFFER!MCE BETWEEN SW’’E SSIV! ITE RATIONS OF THE
SUR FAC! TEMP ERATURE , !3ELOW WHICH ITERATIONS
ARE TERM INATED

lU!) — AN A~~ AY FOR TM ! TEMPO~*RY STOPA GE OF
TIlE VALU E S OF T (t,J) AT TIME LINE J

TJIU) — A l  A RRA Y FOR THE TEIPORA RY STORAGE OF
THE VALUES OF T(I,J.1) A T TIME LEVFL J41

TO • SURFACE TEMPERA TURE AT TINE ZERO ( EQUAL TO 0 OE’ —K )

TS (J) — THE SURFACE TEMPERA TJR ! AT TIME LEVEL J

‘vi - 

- -
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Pro~’~ram Listing: ~~~

t - s ~~~~!~~~T f l~~) t 5 ( t 1~~~t ) , T J ( ’ ~~) , Tj j ( 7 I )
~~~~~~~~~~~~ ,lI

t ~r3 r - r

I r ( .’Y ..~~) ~0 ‘O -10

II~~V~~~~~~ 1~~X

•~r’y. :‘J1~’ 4 1

~~ 7 t ~~- , “ T j r  PI Mr PIT “
~~ 

f l 1 1  A ’ , ’ 5~~~”
— 

~~~~~~~~~~~~~~~~~~~~~~~ )~~~ rpi~ IN~~~’4~ N T S
o•-’i’~~— . 

, ‘ r 11L ‘ T 4 ~ ~~~~~ ~~~~~~~~~ S ”
-~~~~, ‘.~1 f J s ~c ’ ~~ )~ “ l’~~~!’ 4 I ’ ~~’4TS

,~~~T ” r ~~~ D~~~L4 ~~~~~~~~~~ = “,VL IAX ,” CM”
• ~~~~~~ t r , .’~)~~~D7~ 4 •• , r~, ’I 

~
M•a

h’
, A LP L l t t,

h’ ~~~~~~~~~~~~~
“~~I(, ” CA L ,S~ C* M. rr5 1<”

~~ I I  ‘-
-m i

~~~ “ ) :

r~r) ‘.r J - ~,NrlT1
‘V “ li~~,1fl X
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~O 10 f~~

~J4f ( LT AX/ ”)~~(1.2?F((.1~~ ELTAT’J) *1.2)

_ ( - l . : _ ) ~~ T~J~~ .f “l. 13)+ ’J iC’)
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l r ( ) ~~c ( v J~~( 1 ) _ ~~- IE I 4 ) .r, . lr %c ) •Y) TI S~T S ( I ) ~~Tj 1 ( 1 )
-n  7 r

a

7 ~ ~‘~~~ - ‘~~~

(4

‘)r ~ ‘~~!

~~r

T’~T~~,”TT ~ir ~tiC T i:~ f)s !rTN”
~r

S~~~~C~~ = “ ,T S ( J ) , ” )E’ — V ”

‘V~ 3 4

~T = J~~OZ L TAT
~ .A I4” 5 7 1+ / 7~ f) ’Ti ) T ’A ~~ F Ill

• 
- P~~T~’~~’ ,~~T ,” çr—~ ~ = “ , T S( J ) , ” O Er ,— v ’

(
~i ’ I” T’ , ’ ,” ~~~~~~~~~~ “ “,Tc (J), ” 1CC—K ’

~~!) ‘r” :r PIJ ?
10 ~~~~

¶~T = J - ~i~ LT ~ T
Pf ~~ f T~ ,? T , ’ SZC , I = “,TS (J),” D~ S—K ”

er~
r,ç~ n
P~~T~~~~~, ’ q ’ A  IS G .  .~~~‘

~~~ ‘~T(~
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Appendix C

DA/S Sortie - Neutron Activation Geometry

burst point

I MOB position of
/ DA/S sortie

I _
_ _ _ _ _ _ _ _ _  

I ALT
— D

I /xp b R”~~~~~~ —~~
I I -~--

--
~~

-

~ ~~—~‘~ xa

I
dA X dOdX — R dB dOa a a a

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

The following relations apply to Fig. 9.

MOB2

— X~+ D~- ~~aD cos(2iy-8)

X~ 1 D~- ~~~~ 
coa(21y-O) + NOB2

X~~- f l~- ALT2 
-

1~ - ALT~+ D
2+ IK~

2- 2(R~_ALT2)hI’2D coe(~~-ø)

•1

64

__________________ _____________ 

I’
_____________ - - -

, ~~~~~~~~~~~~~~~ 
—.4---- — —-------. -------————-— —-—------—-- - _______

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Vita

Gordon E, Kelly was born on 23 February I94Z~ in Laurel, Ms. aM

graduated from high school in Laurel in 1961. He attended the Univer-

sity of Southern Mississippi from whi ch he received the degree of Bach-

elor of Science in 1969. He graduated from OTS in lat e 1969 and com-

pleted pilot traini ng in 1970. He flew KC-135’s out of Gri ffiss AFB ,

New York for the 111st ABS until his assignment to AFIT. During the

last year at Gr iffiss , Capt . Kelly was a Wing Officer Controller for

the 416th Bomb Wing Comman d Post . He entered the AFIT School of Er.gi-

neering in 1975.

£ -

Permanent h ailing Address: 10 Woodla~rn Drive
Laurel , Ms. 39L~4O

i

65

________ - - -. -- -- - - 4 - —  .- -~~~- - 4--- -4 -  —-- - -

- -~~~ 
_ _ __ _



_______________________ 

L.

UNCLASSIFIED
SECU R ITY CLASSIFICAT ION or T1415 PA G E (Ml .., ~~~~ Enl.v.d) 

__________________________________

~~~~~~~~~~~ ~~~~~~~ E~~~~~
’_u,’, ’ ~~ ‘E  READ INSTRUCTION S

I~~~lijI~~I LPU~~VM I~I U ~ U I’JI~ r~~u BEFORE COMPLETING FORM
1. REPoRT NUMNER - 2. GOVT ACCESSION NO I. RECIPIENT S CATALOG NuMSEN

GNE/PH/76D-5 I ________________________

4. TITLE (aid SubUU.) 5. TYPE or REPORT S PERIOD COVERED

EESIWAL SIGNATUR~E FROM _..- .----- hIS Thesis ‘
~~~~~~~~

THh~MONUCLEAB AIRBIJRSTS 
•. PERFORMING ORG. REPORT NUMSER

1. AUTHOR(.) S. CONTRACT ON GRANT NUM SER(.)

Gordon B. Kelly

0. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM E..EMCNT. PROJ~~CT . TASK

Air Force Institute of Technology (AFIT-P~ )
Wright-Patterson APB, Ohio k511.33

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

SAC/XPFS Dec, 1976 ~~~~~~~~~~~~ -

HQ—SAC ‘a. NUMSEROF PAGES

OAPB,NB 68113 7~1.

II. MONITORING AGENCY NAME S ADORESS(I1 dIU.r.n~ fro. , Cant,oIIin4 OHic.) IS. SECURITY CLASS. (of thS• r.potl)

UNCLASSIFIED
IS.. DECLASSIFICATION / DOWNGRADING

4 SCHEDULE

~$. DISTRISuTION STATEMENT (.5 ~~ P.ipott)

Approved for public release ) distribution unlimited

IT. DI$TRISUTION STATEMENT (of 5k• .b•ftact .flt.?,d Si. Dkck 20. II ditt •raiI (to. R.p..t)

IS. SUPPL EMENTARY NOTES ~~~~~~~~~~~~~~~~~~~~~~~~~ lAW AFR 190-17

- 

J~~~~~~~~~~L,. oUts, Captain, U~AF
Director of Information

KEY WORDS (Cor.(Mu. —i r.v.,.. lid. it o.c..Iav aid SdwiU~~ 4,’ bS.ck .w b.. )

/ Thermonuclear Airburet
Residual Signatures

S

N. AS$TRACT (C.nMnU. to,.... .Sd. It .,.c... v aid Id..WS& 4,’ bi.ek ss b.r)
Prompt thermal heating of the ground, fission product deposition, and neutron
activation were studied as possible indicators of nuclear weapon damage levels.
Th. time of interest was the period of approximately 13 hrs following a 500 K?
low altitt4., non-oratering burst. Computer calculations indicate that prompt
thermal he&ting will produc. detectabl, residual signatures for up to El. hrs.
Fission product depositions were found to be unusable as daaage-l.val indicator.
Calcul&tions for (n ,ga a) reactions in a soil having 2.El.’7% Na content indicate
that measurable gamma fluxes would .xi.t throughout the period of interest. 

~j DO ~ ~~~ 1413 EDITION OP 1 NOV 05 1$ OS$OLET( UNCLASSIFI~~
-  $ICUR ITY CLA$$IPICA?SOIs OF THI S PAG E (NI.., be..

-  - - - -—4- -.— - 

_ ______  — _ .  
~~~~~~~~ -- - - -~— - ~~—- - - - — — ~~~~~~- - - ~~~ -—  


