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ABSTRACT

This thesis presents a Nuclear Targeting and Effects
progras that is intended for inclusion in the Simulaticn of
Tactical Alternative Responses (STAR) combat model. It is
presented as a stand alone program, writtemn in SIMSCRIPT,
vhich can te easily modified as a subroutine for any high
rasoluticn combat model requiring tactical nuclear effects
simulaticn, When presented with a group of targets which
are deemed suitable for attack by tactical nuclear weagons,
the program will select units to fire, select proper yields
for amultiple yield weapon systeas and assess casualties
among Armcr and Infantry within the target area.
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- I. INTRODUCTION

®

o

This thesis presents a nuclear targeting ard <effects "

Frogram tktat is intended for inclusion in the Simulaticn of _A

. Tactical Alternative Responses (STAR) combat model. I- is :
R

rresented as a stand alone program, writter in SIMSCRIET,
which can ke easily modified as a subroutine for any high

Calel

X Tasoluticn combat mcdel requiring tactical nuclear effects
simulaticso.

When presented with a group of targe+s which are deemed
suitalble fcr attack ty tactical nuclear weapons, the prcgran
will select units to fire, select proper yields for multiple
yield weapon systems and assess casualties among Armor and
Infantry within the target area.

A. CAPABILITIES

The model in this thesis analyzes the given tarzge*s for
destructicn by nuclear weapons. In so doing ic;
1. Can handle any number of *argets. d
2. Car handle aay number of rnuclz2ar capable firing 4
tatteries =zach of which nay have any numbar of ’!
different yield rcunds available.
3. Can keep track of any number of <friendly maneuver
units, -
4. Provides for frieadly *rocop safe<y.
5. Represents *argets as composed only of psrsonnel and N
tanks.
6. Assesses damage to each individual +arget <¢lement ir a
stochastic manner rather than as an expected value.

7. Assesses darage caused by blast, neat and radiation. N
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B. LIMITATIONS

Scme nf the items listed as limitations are such only

because nct all weapcns are included in the data base or not
all possible target elements are included in the targets.
Bost ¢f the following can be input iato the model with a
moderats amount of wecrk. The model does not;

1. Use free flight rockets, missiles or Air Force
delivered munitices.

2. Use strategic weapous.

3. Consider collateral damage avoidaace.

4. Model any other effects such as NBC warning and
repcrting, optimum time of exit for units caught in
fallout areas, crossing fallout areas, decontamination
cr medical evacuation and treatment of casualties.

C. THISIS FREVIEW

Chapter II will briefly review <*he effects of nuclear
veapons. The dJdamace mechanisms will be introduced while
formulas and methodclogy £or building the assessment phase
cf the mcdel will be developed.

Chapter III will discuss some of the more relevent
definiticns the reader must become familiar with and then
will shcw bhow the analyst in the field solves the target
analysis prcblem. The model will mimic this manual solution
in crder t¢tc arrive at the same solution a field anaylst
would get.

Chapter IV will discuss the mechanics of how ths model
works without teing code specific. Some simplifying
assumpticns will be made and approximations will be offered
to reduce tlte prccessing +tinme.

12
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| A ‘

Chapter VvV will explain the code of the model. Tach
3 routine and function will be discussed separately. all
global variables, rermanent and temporary entities -alcng
with <their attributes, set membership and ownership are
explained and must ke fully understood to comprehend the
model.
| Chapter VI will identify possible areas for further
, research. Areas include a method for optimum assignment of
: tatteries/yields to targets, standard field operations <*aken
during and after a nuclear burst and inclusion c¢cf cther
elements intc the target area.




II. BFPECTS OF NUCLEAR WEAPONS

A. INTBODUCTION

A nuclear explosion, 1like any conventional exglosicn,
results frca the very rapid release of a large amount of
energy in a small space - an energy densi:y. In simple
mechanics, the 1liberation of =energy 1is manifested as
pressure, heat and, in the case of nuclear weapons, ionizing
radiaticn. The damage mechanisms of nuclear wveapons are
refared to as blast, thermal radiation and nuclear
radiaticn. Damage caused by blast is further divided into
damage caused by overgressure and by dynamic pressure.

The heat of <the weapon is almost instantly transaitted
through thermal radiatien to avery object within
line-of-sight constraints. Cbjects at distances of several
siles will begin to absorb enough heat to cause combustable
materials tc burst into flaume. The pressure of the weagon
is transmitted thrcugh a blast wave which emanates
spherically from the poin%t of detonation and +ravels at
speeds closely related to the spead of sound. Upon
encountering a targat element the blast wave may crush the
target because of a high overpressure, or it may des*trcy iz
by translaticn - the act of tumbling it about on the grcund.

Finally, the nuclear veapon has asscciated wi+h it the
harmful, highly EFenetra ting nuclear radiation. The
explcsion emits alpha and beta particles, neutrons and gamma
rays. Due to their charge, alpha and beza particles have no
gilitary significance irn veapon detonation and are hereafter

ignored.

e B




Neutrcns are oneé of the basic building blocks 0of the
tomic nucleus and have ro electronic charge. It 1is <“ke

lack of charge which allows d2ep propagatior” and
penetraticn.

Gamma rays are electromagnetic radiation. They are
identical in composition to light, radio waves, and X-rays
except fcr wave 1length and are rnot easily stopped or
absorted.

Bcth neutron and gamma radiation are refered +*c as
ionizing radiation. The biological implication of this is
that as the radiation passes <through 1living tissue it
ionizes scme 9f it, <changing the chemical s<ructure into a
different, non-functicnal substance. Essenzially, iz kills
cells or inhibits them £-om functioning as in*tended.

B. ENERGY LCISTRIBUTICR

The percentages of <«otal energy appearing as blast,
thermal radiation, and nuclear radiaction depend mcstly on
the altitude at which the tlast occurs. FPor bursts within
the lcwer atmosphere the percentages ace abou+t 50, 35, and
15 percent respectively. Thus, as with conventional
weapens, tlast is the dominant factor.

C. BLAST

Targets are damaged by a crushing machanism caused by
cvergrsssure or by a tumbling action caused by dynamic
pressure.

1. Cvyerfpressuze

Overrressure is the crushing forcs applied *o a
target. When an otject begins to iateract with the blas*
wave, +he 1lsading edge of the object 1is subjected to an
increass in pressure while the trailing edge is still a+

........................



e ambient pressure. This produces a quick net force away from
:} the tLlast. As the blast wave z2nvelopes the object the

{“ entire exterior is subkjected to an increased pressure.while i
™ the intericr remains at ambient pressure. Thus, a crushing
.Eé force is applied to the exterior in an attempt to damage it.
‘% Lungs and eardrums are easily damaged by this mechanism at

- overrressures of 6 psi.

2. Lynamic Pressure

: As the name isplies, <this is the pressure which is
; associated with high winds. Dynamic pressure can damage
;v targets Lty pushing, tumbling and tearing them arpar:.
. Targets damaged primarily by dynamic pressure are called
drag sensitive. With the exception of heavily armored
vehicles such as tanks, =most ailitary materiel is drag
i; sensitive. Perscnnel in the open are drag sensitive and are
- damaged easily by flying debris.

3. Elast ¥ave Characteristics

Opor detonation, a blast wave of compressed air

soves spherically away from the point of de+onation. The

P
LEX SENURASRL

wave speed is well in excess cf the sp2ed of sound. As *he
wave prcpagates, the speed diminishes until it exhausts P

.

Lyt
. *

tself. The gquantification of three blast wave
characteristics is essential to simulating blast casualties. 1

AP AND

The characteristics are overpressure and dyramic pressure as
vell as the time of arrival of the blast wave. {

-

a. Overpressure

Fig. 2.1 [Ref. 1: p. 113] is a graph relating
4 ) distance from ground 2zero <*o height of burs+ with
CVerpressure as a parameter. The figure is for a 1 KT

<
-.o.
et

weapon ftut can be used for any weapon with the G[prcper

«acae
LI I AL N

scaling laws appliad. Equation 2.1 is <he cube oot scaling ‘
2 equation which will apply here and irn the nex* “wo sectioas. !
1

16
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FPigure 2.1 Scaled Values of 1 KT Overpressure.

RV
g_ = E = E = w./‘ (2'1)
dl hl tl

An oxample will demonstrata how *he method works.

Givens an 8 KT weapcn is daetorated at a height of 200 £+,
Pind: The feak cverpressure a* 1200 f:. from ground zero.
Solution: The corresgonding height of burst for a 1KT Lturst
iss

h, = - = = = 100 Ff+t.

17
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and the ground distance is

g =4 _ 1200
17 g1/3 o173

From Fig. 2.1,

for cverpressures of 15 +o 1 psi.

for +he
overpressure to defeat a target.

cptimum height of burst

important in <chapters III and
demonstrate the methcd.

Given:
is defeated by 10 psi overpressure.
Pind: Optimum height of burst.

Solution:

From Fig. 2.1
burst is 740 £+.
burst and actual distance where the

From equation

te found.
1/3

Q.
1]
(o9
L]
=
'

= 1460.3
h = hyewt’3 = 7ug .gl/3

In *his sanner,

will ke essential later
governing effact.

at a distance of 600 £z,
turst of 100 £f+. the feak overpressure is 30 psi.

2.1 the actual

this damage wmechanise may be fourd for any
required overpressure and expected yield are
in defining what

600 ft.

with a height of

Ref. 1 has *wo other overprassure graphs. One
is fer overrressures of 10,000 to 100 psi and the cther is

These prcblems may be workad in reverse to solve
if one knows +the required
This concept will Le quite

Iv. An example will

An 8 KT weagpcn will be used against a target which

The cptipum solution is the one which produces
the required effsct at the farthest distance from the burst.
the distance is 1460 f:. ard

the height of
height of
effzct will be f2l1l* can

2920 f+. = 8390 meters

1480 ft. = u51 meters

“he optimum height of burst Zfor

“arget when the
kncwn. This

is known as the

i Rt




E. Dynamic Pressure

Fig. 2.2 (Ref. 1: p. 117] is a graph relating
distance frcm ground zero to height of burs:t with dyramic
Fressure as a paranmeter. Like Fig. 2.1, it is fecr a 1 KT

1,000 ""T,T——‘ _4

ARSI

N \ \

/ ‘“ N S \\ N
N N Y i\ \
Vs NN N ()
[/r :>“°;>°’f> ,)

-

900 — — 1 _’_d_,—f”’?\i f?

800 ////__._, ——e—""/; 4 ps) I ) ,:
o =

e

Esm: '//!//i//:::,:::H”!/ — '? / /

R = ARy

24«# Az’:::f//// 4& \ K i i { i

8

1) .
1A e
o T /

0 160 200 300 400 500 600 700 800 900 1,000 (160 1,200 1,3GG 1.40C
DISTANCE FROM GROUND ZERO (FEET)

Figure 2.2 Scaled Values of Dynamic Pressure.

200

‘\\\h\\~__"__L\“
>~

detonaticn, but the same cute zoot scaling equation agpplies.
Ano~her example will demonstrate the nethod.

Given: a 27 KT weapcn is detonated at a height of 600 ft.
Find: Tbhe dynaaic pressure at 2400 ft. from ground zaro.




solution: The corresgonding height cf burst for a 1KT tucrs=
is;

h 600
h, = = = — = 200 ft.
1 w1/3 271/3
and tke grcund distance is
d 2400
d, = = = = 800 ft.
1 w1/3 271/3

From Fig. 2.2, at a distance of 800 ft. with 2 height of
burst of 200 ft. the dynamic pressure is 8 psi.

In a manner analogous ¢to that offered in <the
section abcve, an ortimum height 5f burs+ may be fcund for
targets damaged by dynamic pressure.

Cc. Time of Arriwval

?Pig. 2.3 (Ref. 1: p. 121] is a graph reslating
distance frcm grcund 2ero to height of burst with the time
cf arrival of the blast wave as a parameter. Like Figs. 2.1
and 2.2, it is fcr a 1 KT detonation, but the same cube rcot
scaling equation applies. Again, an example will
demonstrate the method.

Given: a 64 KT weapcn is detonated at a height of 2000 ft.
Pind: The time of arrival of <he blast wave at a distance
of 3 miles from ground zero.

Solution: FProm previcus techniques;

h = 500 ft. d = 3960 ft.

Prom Fig. 2.3 the time for a 1 KT burst is 2.8 sec. and

=t owt/3 2 2.8e6ul/3 2 11.2 sec.
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I+ is ipteresting tc pote that as the yield increases, the

time of arrival increases which means the speed cf +he blast

wave is decraasing.

D. THEREAL RADIATION

Thermal radiation is a radiant hea+ transfer mechanism

wnich propagates with the speed of 1light. Upon burst every
object with line-of-sight tc the burst begins to akscrbt heat
at a rate predicted by the <+hermodynamic laws governing

thereal radiation. Ccmbustable matsrials will igni+te if the

rate and exposure time are sufficiently high. Perscanel
will suffer first, <second, and 2aven third degree burns if

reaction times are slcw and absorption rate is high. rig.
2.4 [Ref. 1: p. 291] shows *he relationship between yield,
distance frcm ground zero and the sxpected heat absorptiorn.
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Pigure 2.4 Heat Abscrption as a Punction of Range and Yield.

Yield'5051

Cal.u885

0 = 1561- (2.2)
BEquation 2.2 is tha linear regression for Pig. 2.4.
Nuclear bursts emit two distinct pulses of thermal

radiaticn. The saccnd one contains about 99 percent of the

destructive power. I+t consists of visible and infrarad
light which is pocrly attenuated by normal atmcsphecic
conditicns.
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Any condition vhich affects the visibility or
transparancy of the air will wmodify the transmission of
thermsal radiation. Clouds, smoke, fog, rair and snpow will
absorb and scatter the energy. Also, a cloud cover above
the burst can reflect energy back to the target and increase
the thersal radiaticn that would have otherwise <traveled
harmessly into the sky. Obviously, any solid object which
will not beccme a victim of thermal radiation will previde
adequate protection. Such objects include, hills, fcxhclss,
tunkers, vehicles, trees and other pecple.

As stated 2arlier, +he sxposure time would bes a factor
in deteraining total exposare. However, in actual tests i<t
vas disccvered that ccabustable materials such as wood frame
houses charred almost instantaneously. Also, due to the
short duration of the thermal pulse, a steady state thermal
heat transfer conditicn was not achieved and the buildings

were able *¢ absorb and dissapate the initial burst of
energy and avoid ignition.

The pcint of +the preceeding paragraph is that reaction
time ¢cf a pctenzial absorber, such as a soldier on the
battlefield, will play an insignificant part in de<ermining
thermal radiation effects.

Pig. 2.5 [Ref. 1: p. 314]) shows “he rfutility of avoiding
buras if one is sufficiently close to ground =zero. The
following quote [Ref. 1: p. 313] sums it up;

At the lcwer energy yvields <+he thermal radiation is
emitted in such a short time that no =2vasive action is
possible. At the highar yields, however, exposure t¢ AN
much ¢cf the thermal radiaction c¢ould be avoided i e
evasiyve action were taken within a fraction of a _seccnd e
of <the e131051on time. It wmust be remembered, of

course, that even durin this short period a very
conelderahle amount of ¢ ermal energg w‘ll have beai
emitted from an explosion of high yi
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Pigure 2.5 Energy Emaission as a Punction of Tinme.

B. NHOUCLEA2R RADIATION

ellmaivtdionieti

1. Neutron Radiation

Opon detonatican ¢f a nuclear w=2apon a lacge gquantiz

of free neutrons is released. The na2u<tr-on release prceccass
is ccopleted in 1less than a millionth of a second [Ref. 1:
p. 340]. This is where +he term prompt radiatiorn comes
from. Hcwever, Jue tc collisions in the early stages cf tne
detonaticn, actual escape may be delayed for a thousazndth of
a seccad - an insignificant comfort to potential targets.
Since the neutron has no charge it does =10* have 2
direct ionizing 2ffect. The biologically haraful ioniza+tion

occurs when the neutron collides with hydrogen in bedy

24
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tissue. The neutron *ransfers i¢s energy *o the nucl=us and
frees it frem the accompanying =2lectron. Thus a fres
protron and a beta particle are allowed to cause icnizipg ;
+tissue damage. Previocusly, beta had been disregardz4 as a )
source of concenm. This was due to the impossibility of b
getting tte particle into the body. 1In “he context of the
current discussion, it is already inside the body. a

Fig. 2.6 [Ref. 1: p. 346] 1s a graph relating yield }
to the slan%* range tc the burst wizh radiation absorpticr in
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Pigure 2.6 Neutron Radiation.

tody tissue as a parametsr, For a given yield and slant
range, the absorbed radiation can be predic+ed. Equation
2.3 is the regression equation for Fig. 2.6.

N o=

5.896
2368.47 (2.3)
R-1501n(Yield)




2. Gampa Radiaticn

Uron detonaticn of a nuclear weapon, gamma radiation
is emitted. There are several mechanisms which cause ganmma
radiaticn at+ various times during and after the detcna*icn.
Ref. 1 (Sect 8.08 - 8.19) contains a datailed explanaticn of
the mechanisms. Rather than delve into the sources cf gamma
radiaticn it is more important to pradict absorption rates
ard figure out how tc¢ avoid absorption.

SLANT RANGE (YARDS)

i
|

! 2 3 C 0 ole} LV
EXPLOSICN 'FLD (%7}

Pigure 2.7 Gamma Radiation.

Fig. 2.7 (Ref. 1: p. 333] is similar to Fig. 2.6.
For a given yield and slaat range, +*he absorbed dose due to
gamma radiation can be predicted. Equaticn 2.4 is the
rsgressicn equation fcr Fig. 2.7.
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N .5599+/YTeld _, _.0001-Yield+R .
G = 46166 = = -
{ -0058°K (2.4) -
:f:
- Since gamma radiation is Jjust light in a certain
R range c¢f the electromagnetic spectrunm, it behaves in
) accordarce with the same lawvs, such as absorption. However,
é commcn cpague objects such as steel, concrets, paper, e*c.
- which reflect or totally absorb visible light, only absert a
s portion of the gamma radiation. A coamon example of this is
v
o traveling into a tunnel with the radio on in the car. The
recepticrn weakens as the amount of shielding increasss.
- Table I lists scme ccmmon materials which could be used as
- frotecticna.
-~ X
s ﬁ :
| TABLE I
Ccaaon Gamma Absorbers
Material Tenth Value,
Thickness (iaches) |
) Steel 3.3
oy ccncraete 1
- zarth 16
~ Water 24
- Weced 40
N
~
“w
N The Tenth Value Thickness is that thickness c¢£f the

specified material which will cut <the radiation by a factor
c¢f 10. 1Thus, 3.3 inches of steel or 16 inches of earth will
reduce a 500 rad. dose to 50 rads. The addition c¢f ancther
3.3 inches c¢f steel will further cut *the dose to 5 rads.

P s
v
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Thus, _
p=22 . =py-107TT J

10 "

wkere; )
D is the predicted absorbed dose ﬂ

Ly is the unprotected dose
T is the thickness ¢f protective material.
T, is the tenth value thickness.
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A. DEPINITIONS

Before beginning to make a weapon selection it is
necessary to understand the terms peculiar #o the subiject.
Some of the more important ones are presented here while the
more cbvicus ones are found in the glossary.

1. Fadius of Target (RT)

This is the actual radius 9o£f <“he target <c¢r an
equivalent radius if the target is equatable to a circle.
Ref 2 contains a nomograph to detarmine <the appropriate RT
for targets equatable to a circle. More importantly, +the
target <clements within the target are assumed <+tc Dbe
uniforaly distrilbuted.

2. Badijus of Dapage (RD)

This is the distance from ground =zero at which a
single <*arget element has a 50% chance of receiving <he
specified deqree of dJdamage. The RD is a function cf weagon
yield, neight of burst, casualty critarion and, in the case
cf perscnrel, +he prctection level. Fig. 3.1 shows a ciccle
drawn with a radius from ground zero such +*hat as many
damaged elements (dark dots) are outside <he cizcle as there
are undasaged (lignt do%s) inside the circle. Thus, an
element at RD is said <=0 have a 50% chance 2f beccaing

damaged.
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4. Circular Errcr Probable (CEP)

If a larg2 number of rounds obeying a <cizcular

. l..-; a_mam_ 4 s

normal distribution were fired at ground zero and the impact
poiats plctted, <then CEP would be defired as that distance
from ground zero that is exceeded as often as not. PFig. 3.3
cshows an idealized plct of such firings. A circle of 1 CEP
includes 50% of the rcundis,

Figure 3.3 Circular Normal Distribution of Iapact.

The distribution of impacts is assumed to have a
: bi-variate normal distribution about the aim point with
equal variances and a zero correlation coefficient. Thus, a
relaticnshirp between CEP and variance caa be determined and
is;

CEP = 1.177Uu4+90 (3.1)
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S. gcircular Distribution 30(CDIJ)

CD90 is very much like CEP except that 90% ocf <h2
rounds are expected to fall within 1 CD90 of ground‘ze:o.
When a pricrity target is being considered it is CD90 which
is used as the dispersion parameter. The relationship
tetween CD90 and CEP is

CD90 = 1.83+CEP (3.2)

6. Prctable Brrcr Height-of-burs:t (PEH)

Similar *o CEE, but in one dimension, the PEH is
+ha*+ distance above and below the desired height of burst in
which 50% ¢f the rounds are expected to function. Vertical
d2livery is assumed to be normally distributed abcu* the
desired height of Lurst. Thersfore, the relationship
tetween FEH and standard deviation is easily calculated as;

5
o = ZEH (3.3)
.27
Mcst fuzing mechanisms are highly reliiable and accurate.
This ensures optimum height o€ burst and maximum casual+ties.
It also allows scme simplifying assumptioas in Chapter 1IV.

a

7. Geyverning Effect

Mcst targets are affected by aore tharn one damage
mechanisa. In crdez to simplify thz analysis the range a+
which a <target is damaged is tabula“ed and +*he efisct
corresponding t¢ the largest range 1is selected as the
governing effect. Table II lists hypothetical —ranges for
effects for expcsed personnel and personnel in ogpen
foxholes.

32
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5 TABLE II i

¥ Governing effact ’

& .

o

o Effect Range (meters)

2, Ex gosod Pox hole 3

Ove:p;essure 75 575 >

nami¢ gressu Le 225 N/A 1

ermal tadiaticn 950 N/A :

Nuclear radiaticn 600 250 |

-

For exposed personnel, it would appear that thermal
. radiaticn is the governing effec=. However, due tc¢ the
unpredictibility of target posture, thermal radiaticen is
never used as the governing effect [Ref. 3: P. 23]. Also,
it is almest universally true that the effects of

(B 22000

cverprassure are felt at a greater range than the aeffscets of

dynamic gressure. This leaves only two criteria to compet2
for gcverning effect -~ blast dus to overpressure and nuclear

N radiation. In table II, <the governiag effect for exposed

ersonnel is nuclear radiation and f£or personnel in foxholes
is

I ol

- 'ﬂ

-
-

QVEIDPIEesSSuUre.

[o 4]

- Dgsired Heigh% of Buzsz (DHOB)

N The DHOB is the maximum of two possible HOB.

It is usually desirable =0 obtaizn a low air burst
without <causing fallcut. Eq. 3.4 is th=2 formula for
calculating the height of tuc-st fallout safs (HOBfs) for
vields less <+than 100 KT and =®q. 3.5 is the formula £or
calculating the HOBfs for yields greater “han 100 KT.
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HOBfs 173

30°W (3.4)

]
,
:
..

: HOBfs = 55.Wi/3 (3.5)

W is the expected yield plus 10%.

Ctviously this will produce fallout in S0% of the
rounds. Therefore, a safety buffer of 3.5 PEH is added to
HOBfs. This quantity is now refered to as HOB99 - the HOB
at which there is a 99% chance of no fallout.

i Cepending upca the type cf <target azd ccmmand
X quidance, +there is a HOB which will cause optimum damage

(HOBoOEt) « This was seen earlier ip the discussicn on ‘
'; cverpressure and dynamic pressure and the governing effect j

HOB99 and HOBopt. In most cases, HOBopt is greater than
#0B99 and is, therefore, +the listed HOB. It is only when »
. FEH becomes large that HOB99 is greater +than HOBopt and the é
DHOB must Le raised above HOBopt, *hus <reducing expected ﬁ

secticn atove. The desired HOB (DHOB) is the maximum of &

coverage.

9. groupd Zeco(§2)

2

The point on +he grcund dirsctly below fhe position
where the rcund actually detonates.

10. Lgsicad Gzound 2e12(DG2)

1 o i e

The actual aim pecint. The DGZ wmight not be the

ot

center of the target as will ke seen later. GZ 1is=s orly a
siangle realizatican of <th2 DGZ and is 10t kaown until af<er

+he detcnation.
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Be. TL[AMAGE ESTIMATION 9

(' 1. Ggvemge . .

)
N To cause maximum damage, <ne round must be *“argeted '
; at the center cf the target. For various reasors, it may be X
N necessary tc deliberately shoot at a location other thar the

target center, If BT and RD are of the same order of

. - PP

magnitude, then a lcss in covarage will result as shcwn in

: Fig. 3.4. E
o Center of Center of ‘
v Target Target

. GZ

N \\\4'§%Lz

* A) Lcss cf ccverage B) No loss of covsrage

Figure 3.4 Loss of Coverage Due to Offset.

The analyst uses coverage tables froa referernce 2 it

making <he analysis. Fig. 3.5 is a sample of <c¢ne such

'ﬂ table., Each weapon system and yield has a comple<e set of
' tables. A set includes;

1. Immediate pec-manent, immediate <+ransient and laten+
ﬁ lezhalities to exposed personna2l, personnel in cpen fox
s holes and personrel in tanks (9 zabhles)
2. Mcderate damage to tanks, wheel2d vehicles and towad
artillezy (3 tatles)

Fcr each range and RT combination there are two
g v

o coverage figures listed. The first is a high assurance
‘ figure to0 be used when planning ar attack on a ¢pzicrity
; *argst. There is a 90% chance of obtaining +*he 1listed
- coverags of the specified damage whea using this figure.

35
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The seccnd figure is an expected coverage. There is a 50%
chance cf cbtaining the 1listed coverage of the specifizd
damage when using this figure. )

2. Chocsing the Corzect Round

It quickly becomes obvious that there will be more
than cne weapon system wvhich is adequa<e. The Juestion is,
"Yhich c¢ne is best?® The answer depends upon current
guidance frcm the chain-of-ccammarnd. Several policies are
possitle;

A. Select maximum yield.

B. Select mximum ccverage.

C. Select minimum yield of the adequate possibilities.

D. Select minimum ccverage of the adegquate possibilities.

This model uses nmaximum coverage. In order tc
provide for friendly toop safaty, it will be sesn that
paximup yield may not provide maxiaum coverage.

C. METHCDS OF ANALYSIS

Currert doctrine allows sevaral methods of nuclzar
target analysis ranging froa visual zo preclusion oriented.
Only two methods use detailed mathematical aralysis. Ttey
are called “he index methcd and “he numexzical method.

The index method requirss that “he desired ground zsro
ke the center of the target. The numerical method allcvs

the desired ground zero to be deliberately offset from the

target center.

1. Ird=z=x Method

The index me+thcd is the 2asiest and quickest mathed.
To use ¢this method the analyst needs only the appropriate
table (s), +the range from the applicable weapon delivery




system ard the target <radius. The appropriate table is
detersined by target <*ype, desired effects, weapon type and
weapon yvield. Fig. 3.5 is a typical table for perécnnel
in the cren, 1latent lethatities, short range cannon, 1 KT
vielad.

COVERAGE TABLE SHORT RANGE CANNON

(Distances in meters) l KT

EXPOSED PERSONNEL -

LATENT LETHALITY
LOW AIRBURST

EFFECTIVENESS PROS ACCURACY DATA

RADIUS OF TARGET MIN - EXPT
RANGE 300 600 700 200 00 1000 1300 1300 RO RD CD9% CEP HOB  PEH
2000 .96/.98 .93/.% .65/.88 .31/.53 .A1/.43 .20/.32 .21/.22 .09/.12 w0 326 0 1 “ ’
3000 %/.98 .91/.%6 .83/.87 .S2/.56 .4L/.6) .30/.32 .20/.22 .10/.12 e 3: a3 “ 59 12
4000  .96/.90 .91/.93 .83/.87 .33/.3 .A1/.43 .30/.33 .20/.22 .i0/.12 06 32 " o7 59 12
5000 L967.98 917,93 84/ 97 .53/.57 .A)/.6) .30/.32 .20/.22 .10/.12 6?7 538 123 5S4 69 16
000 .94/ %8 _91/.95 .81/.06 .33/.3) .sl/.a3 .30/.31 .20/.22 .10/.12 “ws 360 128 52 . 17
008 .93/.97 .91/.94 .80/.83 .35/.3) .al/.e3 .30/.31 .20/.22 .10’.12 w2 %0 141 7 %0 19
%000  .94/.96 .06/.91 .75/.83 .3A/.57 .aL/.63 .30/.32 .20/.22 .10/.12 4% 538 1" a6 101 22
9000 .92/.9 .78/.88 .e8/.78 .33/.36 .31/.41 .38/.32 .20/.22 .08/.11 420 520 205 100 Le 25
10000 08/.9% .71/.8% .61/.75 .50/.53 .36/.40 .26/.31 .18/.21 .06/.1t 400 490 2% 119 132 30

Pigure 3.5 Exposed Fersonnel, Latent Lethalities, SRC, 1 KT.

Entry arquments are the range (rounded up to the
next highest listed valus) and target radius. TIf the *arget
radius is less than the first listed radius, <then *he firs+t
listed coverage is taken as the expeCted coverage. If ‘he
target radius is larcer than the last listed radius then *he
veapcn syst is ccrnsidered unsablsfactory. Otherwvise,

interpolatlcn is performed on the radius and <*he resulting
coverage is repcrted as the expectad initial coverage.

EXAMFLE. If a short range canaon weapon was employed
against perscnnel in the open wi*h a target radius of 690
metars and the range to the target was 5200 meters the
expected coverage would be 86.9%.
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2. Numerical Method

Rher it is necessary to deliberately shoc%-at a
target with an aim pcint other than the target center, <=he
numarical method must be used. Pig. 3.6 was the chart
designed fcr usage with expected coverage, but has been
ruled invalid by USANCA. (Fige. 3.6 may still be used <or
expected coverage with neo offset.) Therefore, when
employing an offset aimpoint it is cecessary “o use th=2 high
assurance chart as shown in Pig. 3.7 which is used in the
following discussicen.

The numerical method has the following 6 s*“eps.

1. Calculate RD divided by RT and locate on the lef: axis.

2. Calcula“e CD90 divided by RT and locate on “he bottonm
axis.

3. The intersection of the values predicts <+he coverage
withcut offset.

4. Calcula*e 4 divided by CD90 and locate o¢n the 1lef+
axis.

5. Measure the distance from the point located in 4 abcve
to tke line 1lateled "displaced DGZ 4,/CDI0". This is
refered to as the "measured distance".

6. Aprly +he "measured distarnce" ¢o the right of the poin+
fcund in 3 abcove. This final point predic*s the
coverage due tc¢ offset. It aust also be rememkered
*hat this coverage has a 90% chaace of occurring since
+he scluticn was found by using +the high assurance
table.

The following example is depicted in Fig. 3.7.
GIVEN:

600 meters CD90 100 meters

800 meters d

RD
FT

300 meters

38
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Pind: Tte fractional coverage with ths DGZ displaced.
Solution:

Steg ' RD/RT = .75
Step 2 CD90,RT = .125
Ster 3 1Initial coverage = .57
Step 4 d4/CD90 = 3.0
Ster 5 Measure distance
Step 6 Final coverage = .48

{
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A. INTRODUCTION

Before the model is invoked, a serious conditicn mus+
exist on the Dbattlefield - one in which the commander with
responsiktility and authority for 2mployment of nuclear
weapcns has decided tc use them. This descision must be made
extarnally tc the acdel. Once the decision is made, <the
model will make all of the decisions necessary to sclve the
target analysis problenm, deliver <the rounds and assess
damages to target elements.

B. IBNPUT

As with any wmilitary operation, there are sevaral

essential elements of information which amust be available.

1. The 1location and size of friendly maneuver elemern:s
gust ke known.

2. The 1lccatica and +ype of nuclea- capable artilles
Frat+teries along with 2 heir nuclear load must be kacwn.

3. The locatioan size and +type of =<enemy “argets wmust be
es+ipa<ted.

4. The ccamander's gquidance for ainimum acceptable damage
to enemy units must be arnounced.

C. STEPS OF THE MODEL

S5tep 1. For each target salect feasible battery/yielld

combinaticne,
A, Use the inrdex method firs-s.
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B. If the index method provides adequate coverage,

3 1
%~ check for t-ocp safety. If offset is ro+ 1
8 necessary, file as a solution. N
i- C. If offset is reguired, use numsrical mezhod. If -
: coverage is ajequate, file as a solution. :
- D. Of all feasible solutions, select the one which 4
provides maximum coverage. ﬂ
: Step 2. Por each target, employ the best round. ]
3 Step 3. Assess damage for each target. 4
f A. Assess damage to each tank.
: 1. Determine the Jdistance fr-om GZ where a *ank
f has a 50% charnca of damage due to
- overpressure.
- 2, Declares each tank as alive or dead as a
i result of a Monte Carlo draw. X
- B. Assess damage for cach troop. g
; 1. Determine the distances f-om GZ where a *-oop X
' has a 50% chance of sucvival due %o “hergmal R
ﬂ radiation, ovarpressure2 and dynamic pressuzre. g
i 2. Pcr each *roop in the <arget, perform a Monte 2
3 Carlo draw for =ach of <+he above damage ;
] mecharisms. If any one fails, kill the x
i troop.
A 3. For each <“roop in *the target which survives
E tc this point, determine nuclear radiation
absorgptioa. Place th2 trocp in one cf the 6
ca*egcries of;
a. Lead
) b. Fermanantely iacapacitated.
p c. Temporarily incapacitated.

- d. Impaired.

€. Latant impairad.
5 f. safe

3
]
-
o
-
.
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Tc dc all of this the model uses various routines and
functions which are detailed in chap4“er V. The remainder of
this chapter will explain how <he model proceeds, what
assumpticns are made ang, in a fsw <cases, wherz =scae
simplifyirg apprcximations are made.

D. SELECT FEASIELE EATTERY/YIELD COMBINATIONS

The mcdsl locps through every target with every possibls
battery/yield combination in an attempt *to compile a listing
of adequate solutions. The proca2edure is +o¢;

1. Use the index method.

2. Determine if cfiset is necessary.

3. Use numerical method if offset is necessary

4. If coverage is adequate, file as a feasible sciuticn.

1. Index Method

Tc start, tke rarge to the tazget is compuzed. If
i~ is <farther than the maximum range of +hs weapon systan
currentlyv being looped through, then it canno* be esngaged by
that rattery. The mcdel will ncw loop *to the nex* battary.

Technically, a target which 3is out o0f range may
still be attacked successfully. 1In *his situation an offset
distancs =2qual to +tre difference bhetween the actual raags
and the paximum weagpcn range is used in a aumerical method
analysis. The model does not allow for such an occurrance.

If the *arget is within range, ~he model 1lceps
through each yield of the weapon systen. S+artiang with <he
smallest yield, <the target radius is compared tc “he maximum
table tarcet radius. If i+ is too large, then the model
locops to the next higher yielad. If it is not too large, i+
perforas an index methoed analysis.
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Should the index method analysis provids a coverage
vhich is equal to or greater than the ccmmand guidance for
the target type, then a potea*tial solu+tion has been £cund.
If the ccverage is ipadequate, <*hen <he model loops %c the
next higher yield.

¢+ must be remembered <hat the targe*/battery/yield
sequence is a nested loop and it may no*t always be possitle
to 1lcop to <“he next higher yield. At a *ime when <the
highest yield for a scapon is being looped ovar, 1loocpiag <o
the next higher yield actually means looping *o +the nex:
kattery and starting again with *he lowest yield. The same
applies tc looping tc the next battery when *he mnodel is at
the last ftattery.

Whenever a fesasible solntion is found with “he index
method, +he target 1is immediately checked for necessary
offset. Thus the lcop in temporairly interrupted ia crier
to check for possible offset.

2. Cffsettirqg Desired Ground Zezo

Recall that the index msthcd raquired +he desired G2
to be the center of the target. Any offset necessitated by
troop safety considerations would reguire zhe use of <he
numerical methed which would analyze <th2 target as a high
pricrity +*azget and result in a degraded coverage. In the
case where initial coverage was adequate, further analysis
nust be dcne to see if offset is required and what effec=t on
feasatkility it has.

Tc perfcrm an offset is easily done on a map with a
compass, but is not as easily done with a2 digital computec.
Pig. 4.1 shows how it is done manually. The methcd is ¢t
draw circles about each friendly maneuver uni+t certer. The
radius of each circle is the uni: radius plus ¢the mirimun
separaticn distance (MSD) to insure t-oop safety. The
desired grcund zero amust lie outside each circle. The
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Figure 4.1 Manual Solution to Offset Problem.
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chosen aim peciat is the point on the map which is closest to N

the target center and still exterior to every circle. J

Simply stated, one just gets as close to the target ’

center as possible while staying <far enough €£frem <each -
friendly element to ensure safety. To do this envclves iE

- solving a acn-linear programming problem with a non-ccnvex 3

feasability region. The problam formulation is;

2 2
MIN (X-XT) + (Y-YT)

st..(X-Xi)2 + (Y-Yi)L 2 (MSD + Unit Radiusi)2

i=1, « « « , No. of Units

Rather ¢han =solve that problsm, it is easisr +o
solve ar itsrative gecmezric approximation. Ir many cases
the apprcxim+ticn 1is exac+. The approximation 3is as
follouwus.

1. Find the friendly unit whose parimeter is <clcsest to
ths target center. If it is within MSD of the target
center, move the desired ground zero directly away
frce it an a2mount necessary <o satisfy safety.

2. Repeat the process urtil;

A. Nc unit lies withian H4SD or
B. 10 =s+eps have been +ried.

If a solu*ticn cannot be found in 10 stegs it Is
probatly tecause no fzasible solution existis. Fig. 4.2 is a
typical <xample. Cf tha five units, three of <+hem lie
within MSP and the desired grcund zero must be moved. Uri+
4 is clcsest and the desired ground zero is moved directly
away from i-. The new desired ground zero is acceptaole.
I= is also =xact and not an approximation. This is <he
typical case,



~~~~~~~~~~~~~

Desired GZ, X,Y

OUnit 3 Unit 5 O
Unit 2
<::> Unit 1

Figure 4.2 A Geometric Solution.
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If unit 2 moves forward as showrn ir Pig. 4.3, <he
soluticn requires two iteratiorns and is now an
approximaticn. The first iteration moves the desired ground

zero *c¢ [position 1. However, unit 2 is within MSC and
desired ground zsro must be moved again. This tim2 pecsition
2 is selected. It is feasibie and <close to the ocptimum
location.

3. Numerical Methbod

The numerical method was discussed in Chapbter III,
Secticn C-2. This me+thod was daveloped for use by a nuclear
target analyst in 2 field environment using tools ccamonly
availalble in a Divisicnal Fire Support Elenment. Such tools
are FM 101-31-3 [Ref. 2], a compass, dividers and a pencil.
Thus, the transpositiorn of tha ‘"measured distance" and
reading of a point ¢n a graph s2em like simple tasks and
natural things tc¢ do manually. The method follcwed in the
computer code is a sligh:t modificatior of ths manual methci.

The scales in Fig. 3.7 are logrithmic. Therefore,
the additicn of <+Lke "mesasured distance" is <=eally a
pultirlication operation such as;

CD90/RT +- CDI90/RT * £ (4/CD90)

whese £(d/CL90) is the appropriate multiplier and is only a
function of 4/CD90. t is much more r=liable ir +he field
t2 allcw the target apalyst to use dividers than to -equire
him t¢c ccrrectly mul+iply.

In the example on page 39, +the ini<ial CDI90/RT wvas
.125 and the displaced CD90/RT was .450. Obvicusly the
approgriate multiplier was 3.60.

Pig. 3.7 has b2en included here as Fig. 4.4 with
point numter 7 added. If the valus of the poirnt number 7 is

cultiglied by 100, it will be 3.60. Thus, the appropriate
sultiplier can b2 found directly from the figurs withcut any

1.!1'A AIA. A’A\-_A J. .'L
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) Position 2
Position 1 Optimum -
<:> Unit 2 Moves
Forward
Pigure 4.3 Offset as an Approximation.
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further modification. Several points on the d4d,/CD90 scale
and the ccrresponding £(4d/CD90) aze in the Jdata base. For
any d/CLSO0 the correct £ (d4d/CD90) can be found with one
intergpclaticn.

The coverages from Fig. 3.7 are input into the data
base as 2 2-dimensional %table. Thus with RD/RT and CD90/RT
known, a double interpolation will produce the predicted
coverage.

U. Chocsing the Pest Batxtery/¥ield Combination

If, after all of this wecrk, <the coverage is now
inadequate, the solution is abandoned and th2 program moves
cn. Hcuever, if it is adeguate, a soluticn containing tiae
target, tattery, yicld, desired 6Z and predicted coverage
can be generated and filed away for later use. I+ would be
useful to file the feasible solution in such a way that
reccvery cf the *top cne on the list is the best soluticna.

Table III shcws nypothetical —results of an analysis
requiring offset for *the rounds of the MRC ba+t%ery. Due to
safety impcsed cffset, the largest yield, whils still
meating ccmmand guidance, is clearly not the best chcice.
In fact, neither of the rounds <from the MRC ba*tery is the
best choice. The SRC bat*ery with a 1 KT yield will prcvide
the highest coverage. Thersfore, +his prograa will £ile
soluticns in descending order cf coverage. Should a tie
)

(2l
[a]

occur, the SRC takas precedance over =h=2 MRC

coensexvaticn 2f force reasons.

E. ENPLCYING THE ROUND

dhen all of the *argets have been analyzed fcr each
tattery, the target analysis portion of the model 1is
finished. It is time to select <he best battery/yield
combiraticn, employ the weapon and assess Jamage. Actual
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TABLE III _ 2
Degraded Coverage Due to Offset L)
; Battery Initial Offsat X
: Type coverage coverage i
. short Range .2 Kt 41% 41% 3
Cannon 1 KT 78% 76% o)
Medium Range 2 KT 82% 73%
Canncn 8 KT 97% 4az
1
0
j turs+* rparameters are noraally distributed. The actual
5 ground zero is picked from a bivariate normal distribution.

GZ = N(desired ground zero, CEP/1.1774)

Hieght <¢f burst and yield are selectad fr-om univariate

normal distributions.
HCB = N{(desired HOB, PEH/.67)

Yield = N(ncmiral yield, rominal yield/10)

P. ASSESSING DANAGE

Fer damage assessment it is assumed +that HOBop:t was
selected as though overpressure was the governing effect.
This is dcne to avoid reading Figs. 2.1 and 2.2 into the
data tase. This is dcne for two r=asons.

1. The data in the figures is very coac-se and shculd not
te accepted as highly accurat2 [P f. 1: »reface].
2. A linear functicn results from the assumption.




.......

If the assumpticn that the weapon will function at HCBcpt
fcr cvergressure is made, then one variable, the HOB, can be
omitted. If the @emrloyed weapon functiorns at HOBopt tiaen
the scaled HOB is sigply the HOBopt for a 1 KT weapon.

Using this HOB and the ranges found 4in Pig. 2.1 for
dssired cvergressures and in Fig. 2.2 for desired dynamic
fressures, it is possible to plot yield against range with

pressure as a parameter. FPigs. 4.5 and 4.6 show these
results.
1
' I / 2
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~~ 8 ~~
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— 15

42)3 1000 o
= 20 o
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100 7 2 5 10
Yield (XT)

Pigure 4.5 Overpressure from Optimum HOB.

If the weapcn yield and the required overpressuze or
dynamic pressure for a particular targaet defeat is known, it
is a simple matter fcr the computsr *o calculate the range

at which defeat will occur. An exanple will demcnstrate
this.
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Pigure 4.6 Dynamic Pressure from Optisua HOB.

Given: A detonation results in a 10 KT yield. An AEC is
damaged ty 15 psi overpressure.
Find: The distance from ground zero at which the AEC is

damaged.
Solution: Prom Pig. 4.5 locate 10 KT on the lower scale.
Go ugp t¢c the 15 psi line. Read 790 meters frcm +the lef+

scale.

In <he model, Eg. 4.1 is wused to determine the range.
The coefficisant A is a function of overpressur=2 or dyramic

prassure ard is determined from Figs. 4.5 and 4.6 when the
yield is 1 KT.

r.
E RD = A-Yie1di/3 (4.1
{




The same simplification can b2 made conrncerning ar:cival

time. Equa+*ion 4.2 is the resul+.

T = {(.0028+R) - .45}eYield~’3 (4.2)

""""L.—L“"

It sust be pointed out <that this methcd will fpredict a

larger RD fcr overpressure than is correct when overgressure i
is net the governing effect. However, overpressurs is ]
almost always the governing effect, (Radiation is usually

the governing effect only against perscnnel in <+*he ofen.)

But, when radiation is the gcverning 2ffect, =2=nhancing the
effacts of overpressure to +heir optimum will still not
outweigh the effects of radiation. A soldier killed by
radiaticn will still be killed by radiatioa. The only =srror
is that a soldier who survives radiation and =should have

survived cverpressure will pow have a decreased chance of
survival, .;
The alternative tc the simplified method is to revert to R

Eq. 2.1 with a table look-up and 2 way interpolation. d
1

Ge. VARIABILITY OF BEFFECTS

An otject positicnad at a certain range from a given

yield will be subjected to overprsssure, dynamic pressure,

thermal radiation and nuclear radiation. In many cases one

damage mechanism will dominate the otiers. I+ would be a

simple wmatter to use only the doaminanz mechanisa in

detersining damage. In an expected value mcdel <this

technique is entirely justified but such a proceedure is roz
followed in this model.
In a rrobabilistic model, sich as <this one it is

entirely rossible for a target elemen* “o "bea*t *he cdds" on

cverpressure and be killed by seccndary missiles brcugh+

abou* by dynamic pressurce. I1f +*hera was a 75% chance of




damage by overpressure and only a 10X chance of damags by

" dynamic pressure in a 50% threshold model, the element would

(. be killed by overpressure every time. In this model, each

& mechanise gets a Monte Carlc chance to cause damage. In tae
above 2axamrple the <subject has a 77.5% chance of Jamage.
More importantly, it has a non-zero chance of survival.

) If the RD frem Fig. 4.5 is found to be 700 meters (10 a
psi and 10 KT) then what are the probabilities for survival 1
at a closer range and for damage at a £farther range? The
expected value mcdel would set <these probabilities at zero.

LY S

; This model wiil allow survival at &a clcser range and damage
o) at a farther range. To do this requires a probability
distribution.

Yenioiitty 1a 3

FROAABILITY OF DaALE
L d
-
L]

I N BN § 1.0 1.1 L2 L3 1.6 LY L.e

.
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-
“
-

DISTABCR TEDR GI/RADIUS OF DAmAGE

Figure 4.7 Variability of Effects.
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Pig. 4.7 ([Ref. 4: pe. D-3] is wused in the FH¥ 101-31
series and 1is followed in this model. The 20% variance
curve is the ore which is used. Plotted on normal glo+ting
paper, it locks like Fig. 4.8.
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According to Pig. 4.7, a trarget element at grcund zzro
has some finite chance of survival while an element at an
infinite range may still perish. This is a logicail resulc
cf the normal protability assumption. To approximate
reality, any element with less than 0.5% chance of survival
is killed while anything with more than 99.5% chance of
survival always survives. Thus, only when R/RD is betweern
.5 and 1.5 is the Monte Carlo charnce taken. An example will
demonstrate how +the method works.

GIVEN: A 6 KT burst. Tanks are damaged by 20 psi
CVerpressure.

FIND: Damage to tanks at 200 and 900 meters from G2Z.
SOLUTION: Froa Pig. 4.5 +he range at which a tank is
damaged is S00 meters. Correctly stated, +this is RD, +the
distance at which the tank has a 50% chance of survival The
£irst tank has a distance/RD of .40. From Pig. 4.3, the
probatility of survival is less than 0.5% and the <tank is
killed.

The ssccend tank bas a distance/RD c¢f .555. A uniforn
(0,1 draw is made for the *ank 3and the number of .60 is
dravn. Since .555 is less than .60, the tank sucvives. Had
<554 ¢z less b2en drawn, the tank would have been killeg.

H. TARGET RESPONSES

Target elaments are of two +ypes - <anks and perscanel.
However, any *target elemen* wnica is damaged by blast,
theramal radiation or nuclear radiation may be easily inrut
intc the mcdel. Such elements would include APC's, <rucks,
buildings, aircraft, forests, tridges, etc.

It +this model <*+he tanks are 2ither fully functiopal o:
killed. Personnel w®may have an addiitional state - dying.
This is caused by <*he absorption of nuclzar radia‘icn.
While ¢he various mechanisms may kill a soldiasr upoxn burst,
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only the nuclear radiation will caus2 a latent, lingering :
death. Fig. 4.9 [Ref. 4: p. C-9)] is used +o cla
( radiaticn casual*ies into the states of:

1. Dead.
N 2. Incapacitated arnd dyirg. ﬁ
’ 3. Inpaired and dyirg. ‘
4. Safe and fully functioral.

PHYSICALLY DEMANDING

PERMANENT
INCAPACITATION

o 2 4. g

oY TM0 i

JMIN THR

Pigqure 4.9 Fersonnel Responses +o Radiation.

The wmodel simplifies PFig. 4.9 3into Fig. 4.10 wi=h the
follcwing:

1. Aryore receiving 18,000 rads is declared dead
immediately.

2. Anycne receiving 8,000 to 18,000 rads is immediately
and permanantly incapacitated. He cannot shoot, mcve or
compunicate but is still alive and should be considered

= a pctential target.

' 3. Anyone receiving 3,000 +to 8,000 rads is immediately
incapacitated but in %ime is upgraded +to functiorally
impaired. The +¢ime is uniformly distributed frca 30 to

60
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45 minutes. Eventually the person dies. Death cccurs

in a uniformly dis+tributed amount ¢of time from 2 %0 S
days. )
Anyone receiving 2,000 +to 3,000 rads is inmmediately
rlaced in the functiocnally impaired state where he
remains until death occurs in 2 to 5 days.

Anyocne receiving a dose greater than his cwn fpersonal
lezthal limit but less than 2,000 rads is wuraffected
un<il some latent pericd has passed at which <ime he
teccees functiorally impaired. This time is urifcrumly
distributed from 30 tc 60 miautes. Eventually, <he
person dies in 2 to 5 days. The 1letnal limit is
ncrsally distributed about 650 rads with a stardard
deviation of 50 rads.

Anycne receiving less <+<han his own personal 1lethal
lipit is unaffected.

CUTEPOT

Wwhen the model is conpletely finished it will print all
the pertinent information concerning <each targat and

employed round. Final output will be;

1. Burs+ parameters of GZ, HOB and yield for destzuction
¢f each target.

2. Lccation and disposi<icn of 2ach elsment in each
target. Por personnel not immediately killed, the
incapacitaticn and/or impairment times will be listed as
appropriate.
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Pigure 4.10 Simplified Personnel Respcnses to Radiation.
, J. SUMMARY
a2 This model will, given several nuclear capable artillery
i tatteries, friendly locations and 2a1emy locations, selec*
- optimum choices of tLatteries ard yields to fire at each
. €enemy target. It will, when necessary, allow fcr “=cop
- safaty ty offsetting the aim pcint of the weapon. I+ will
simulats delivery of each round and stochastically assess
- damage <0 each individual element wi“hin the %arget. Tacks
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will re declared either alive or dead while perscornrnel will

te allowed a dynamic transition from living to dead due o
nuclear radiation. )

63




L V. MODEL BROUTINES

This chapter will explairn the
-~ actual model in detail.
(printed in capital lettars)

an explanation of what *+hey do or mean.

is included as Appendix B.

In reading about each

Each routine arnda

routine and

important sections of the

Actual lines of the SIMSCRIPT model
will be presented followed by

The complete modal
furcticen is

v discussed as a sepatate saction in this chapter.

functicen it @may be

- helpful tc refer to Fige 5.1 to ke2ep the flow cf the model
- in order.
N A. PBEAMELE
» The presamble extablishes global variables, identifies
- permanent and tempcrary entities and their attributes,

groups entities into sets and identifies user defined
- functiors.

PERMANENT ENTITIES
= EVEEY EATTERY HAS A SIZZ, AN X3, A Y3 AND SOME NUC.RCUNDS
; EVERY CCEFANY HAS A X, A YC, A ZC AND A CO.RADIUS
. EVERY TARCGET HAS A TYPE, A& XT, A YT, A ZT, A BT

AND MAY CWN A TANK. SET, A TROOP.SET, AND A LISTING

The EATTERY is an entity
o artillery battery. The SIZE is
2, (155mm, SIZE = 1) or pedium range
XB and YE are grid ccordinatas.
c¢f nuclear rcunds the BATTERY has

64

representing a nuclear cargatkle

either short range cannon
cannon (8 in., SIZE = 2).
NUC.ROUNDS is the quanatity

available <o fire.
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Y

«—{ READ. EESERVE] ' :1
[ INITIALIZE | |

ANALYSIS EXP.COVERAGE

OFFSET.COVERAGE [=

MAX.DISTANCE

- » NEUTRON

MAIN DETONATION GAYMA INTERP

-+ HEAT

- PROBABILITY

- OVER.PRESSURE

re—»DYNAMIC.PRESSURE

“ ARRIVAL.TINME

Figure 5.1 Routine/Function Routing Chart.

Thke COMPANY is an entity representing a £riendly unit.
It may be an individual soldier or vehicle or a ccllzsction
c¢f suych. Its reascn for existing 3is to «cause offse:
targeting due to friendly safety constraints. Xc, 1ICc, 1zIc
are the grid cocrdinates and altitude. CO.RADIUS 4is <+he

radius of the unit.
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The TARGET is an entity which is to be at*acked. X1, YT
and 27T are grid coordinates and altitude. RT is the targe*
radius c¢r equivalent as expiained in Chapter III. " The
TARGET owns three sets. They are sets of TANKS, TROOPS and
a LISTING cf feasible SOLUTIONS.

TEMPORARY ENTITIES

EVERY TANK HAS A X.TANK, A Y.TANK, A TANK.DEAD,
AND MAY BELONG TO A TANK.SET

EVERY TROCP HAS A X.TROOP, A Y.TROCP, A& TRANS.FACTOR,
4 TROOP.DEAD, A LETHAL.DOSE, AN ACCUM.DOSE,
A T.LETH, A T.IMPAIR.NUC
AND MAY BELONG TO A TROOP.SET

EVERY SCLUTION HAS A UNIT.TO.FIRE, AN XDGZ, A YDGZ,
AN IYIELD, A JROW, A KCCL AND A PCT
AND BELONGS TO A LISTING

The TANK has ccordinates X.TANK and Y.TANK. The
altitude is assumed equal to that of <the target to which it
will ke assigned. TANK.DEAD is an integer number, either 0
cr 3. A O means the tank is fully func*ional. A 3 means iz
has suffered a catastrophic kill.

The TRCOP has <ccordinates X.TROOP and Y.TROOP. The
altitude is assumed equal to that of “he target to which it
will be assigned. The TRANS.FACTOR 1is the radiation

transmissicn factor and is currently either a 1 for expcsed,
.3 for ©protection inside an APC and .001 for a fcx hola.
TROOF.DEAL is similar to TANK.DEAD except for two additiomnal

values. a1 is functionally impaired and a 2 \is
incapacitated. LETHAL.DOSE is that radiation dose abcve
which the TROOP will eventually die. ACCUM.DOSE is the

radiaticn dcse the TFCOP has currently accumulat=zd. T.LETH
is <*he time when TROOP.DEAD is to De set egual tc 3.
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T.IMPAIR.NUC is the +ime whern TROOP.DEAD is “o be set equal

*0o 1.

. ]

A4 SCIUTION is an answer *o the nuclear *arget analysis ;

froblem. Its at*ributes are the firing unit, desirzed ground ;

zero, e<xpected coverage and indicies to locate the table, 3

row and cclumn where the solution was found. It is filed in R

‘ a LISTING teleoenging to a TARGET. The LISTING is ranked E
ﬂz first by high coverage and then by low yield.

_ 4

GLOBAL VAEIABLES ;1

There are two sets of equivalent arrays. One pertains

to the SKEC and tke cther to <the MRC. The SRC has 9 rcws

g while the MRC has 19 rows. In th2 following, only +he SRC

- is explained but the description extends =qually to +*he MRC.

SRC.E.CCVERAGE is the 4 dimensioral matrix which

contains the coverage probabilities. The first subscrict is

- the yield. The second is the type of target. The third and

f\ fou-th are the row and column of the tabls descrited by

: yield angd type. The current mcdel allows seven types of
targets. Tley are;

1. Exposed personnel. Immediats permansnt casualties.
. 2, Expcsed personnel. Immediate transient casualties.
% 3. Ferscnnel in fox holes. Immedia<te permanent casual+ies.
" 4. Fersonnel in fox holes. Immediate transient casualzi=zs.
5. Mcderate dazage to Tanks,
6. Mcderate damage to Wheeled Veniclses.
7. Moderate damage to Artillery.

SEC.RANGES is the array of raages <¢that th2 system is
- capaktle cf. (See Fig. 3.5)
f SRC.TABLE.RT is the 3-dimenrsicnal matrix which ccntains
*he RT fcr =-he various *tables. The first subscript is the
- yield. The second is the tyve o0f targe:. The third is the
column of the tatle, (Sea Fig 3.5)
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SBRC.YIELDS is the array of possible yields. Each weapon
has two yields available. The SRC has a .2 KT and a 1KT
while the MEC has a 2 KT and an 8 KT. )

MSD.SRC is a 2-dimensional matrix which contains values
of mininmum safe distarces. The first subscript is thes row
of the takle and the second is +the yield. MSD is «c¢nly a
functicn ¢f weapon size., range and yield but not target type
or degree of damage.

CD90.SRC, CEP.SRC and PEH.SRC are arrays with only <hs
range as a variable. They are a functicn <c¢f the delivery
systea cnly. The subscript is the row of any table for the
applicable weapon systenm.

HCB.SEC is a 3-dimensional matrix which has the desired
height of turst. Tte first subscript <is the yield. The
second subscript is the row of the table. The +hizd
subscript is the type of target.

SRC.MIN.RD and SRC.EXP.RD ars the  minimum radius of
damage and +the expected radius of damage. Theiz
dimensicnality and subscript wmeaning are the same as
HOB.SKC.

CD90.RT, RD.RT, D.CD90 and DISPLACZD.COVERAGE are the
parameters used with Pig. 3.7 to solve an offset ccverage
Froblem. CD90.RT is CD90/RT. RD.RT is RD/RT. D.CDI0 is
4,/CD9q. DISPLACED COVERAGE is a matrix of coverage values
used for table loock-up once <+he 2ntry az-guaents have bsen
determrined.

B. MAIN

The MAIN serves as a vehicle to define and <tead local
variatles and call subroutines and functions which d4c <he
tulk ¢f the work.
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PCLICY 3is an array which <ceprasents the coamanda:'s
quidance cn each of the types of targets. Its leng=h i
NTABLES - onre for each of the seven types of ¢targets. If

n

the predicted coverage or a target dozs not equel or exceed
the PCLICY £or that type of target, then the soluticn is
abandcned.

RANGE is the range from the battery to the <target for
vhich a sclution is lteing sought.

The rewmaindar cf MAIN is involvad Wwi+h calliag

r’ subrcutings to solve <+he problem. MAIY first calls
o READ.BRESERVE which reserves and resads all of the glotal
: variaktlas. MAIN then calls INITIALIZE. I+ ther 1locps

through every TARGET and every BATTERY in an atteampt *o <ind
adaquate SOLUTIONS. To do this it calls ANALYSIS which, in

¥ turn, calls other subprecgrams. After returning €f:-om
k: ANALYSIS, +ha MAIN is =zeady to employ the weaporns. ) 4 ]
o reaoves the first SOLUTION from the LISTING of each TARGET 1

and calls CETONATION which assesses camage. Upon returning
from DETCNATION, +*he MAIN 1lists +the attributes of the
parmanent ertities anrd tarminates.

DA ik

C. SUBECUTINE READ. KESERVE

This sukroutine reserves and reads the global variables
as defined in the PREAMBLE
D. SUBBCUTINE INITIALIZE

This is a surrogate for a driver program. As sta+ted in
the abstrac%, this program is intended as a subroutine for a

;< larger sirulation - <cne which already has entities such as
‘ TARGET, TANK and TROOP. Since these an+titizs do not exist,
INITIALIZE creates them. A detailed description cof the

subrcutine will rot ke nffered here since it is unimportan-<
and easy *c read. It will suffice to say tha* i« unifcraly
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distributes TANK and TROOP entities within th2 RT of <he

TARGET while assigning attributes %o the temporary entitizs,

E. SUBRCUTINE ANALYSIS

This sutroutine is the crigin of SOLUTION. It is hare
tha+ a decision is made to create a SOLUTION and <hen to
file it in a LISTING or discard it. The first acticn is to
determine the size «c¢f the BATTERY which has bLeen passed *o
it. It ther determines if *+he TARGET is wicthin range. If
not, it returns +*o MAIN withcut a SOLUTION. If the range is
less than the maximum weapon range, then it firnds the proper
row (J) to use as an antry arguement. It *hen loops cver all
yields tc determine ccverage for each yield. For each yield
it determines the proper column (K) to wuse as <+the cther
entry argument. If it cannot f£ind aay (RT too big) i+t loops
to the next yi=ld ¢r returns *o MAIN if i+t was at the
largest yield.

If a rcw and cclumn were found, then a SOLUTIOXN is

created and the index method is used to compute the initial
coverage. If +he FI is less than or =24qual to the firs+
isted in the taltle, then the coverage in the first cecluan
is regper*ed. If not, <the function EXP.COVERAGE is called.
This returns the expected ini<ial coverage using the index
methcd.

A decision is @made ccncerning <the covsrage and ‘the
command guidance (POLICY) £for that type of targ=at. If the
coverage is adequate, then QFFSET.COVERAGE is called. This
will return with a new coverag2 which is less than ¢r equal
to the ¢ne returned ty EXP.COVERAGE. If +this new coverage
is still adequate, the attributes of SOLUTION are de“ermined
and it is filed in *he LISTING of the TARGET for which i+
was called. Con*trol is then raturned o MAIN.
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e F. SUBBOUTINE EXP.COVERAGE

{. This function was originally established to perfecim the
[ ] interpolation with the index method. However, as it became
necessary tc perfora intsrpolation in other subprograms, a
dedicated interpolation <function (INTERP) was written.
Currently this function sizply determines the size of the
o BATTEEREY and properly formats the arguments £or a call to
INTERE. It then returns with the expected coverage to
ANALYSIS.

-

Ge SUBRQUTINE OFPSET.COVERAGE

This subroutine is called when the initial analysis is
.at least adequate. It determines if any offset is necessary h
and, if so, performs an analysis using th2 numerical ma+hcd.
Tte first order c¢f business is to call MAX.DISTANCE
tf ' which actually 1locates the new desired ground zerc. If

there is 1o displacement, then there is no <chaange in
Ab‘ coverage and cecatrol is returned to ANALYSIS. MAX.CISTANCE
:2 will alsc return a flag which may mean nc feasible sclution
- exists and coverage is set equal <*o zsro. This will cause
” +he scluticp not to te £iled in a LISTING.

;j Nex*+, the lFatteéery size is detsrmined and the entiry
i} arguments ¢f Fig. 3.7 are calculated. Depending on the
‘:: value of 3/CP90 (Y2) cne cf three things can happen;

1. Ccnsider the target as a point target.

2. Analyze as iastructed.

3. Cegradation is insignificant. Return.
QL Currently, a pcint target analytical technique is not
:Z included, ¢tut the technique is slightly easier than this
;3 cae. Tte cnly time an area target would be arnalyzed as a
;j point target is if the RD is at least 10 times greater than
;: RT. This cnly haprens with largs yields. Case 2 is the
e,
=
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only cne for which further analysis is reguired (assumirg
case 1 dces not happen).

Case 2. d/CD90 is located on the ordinate and (with a
call +tc INTERP) the measured distance 1is found. As
explained in Charpter III, the measured distance (DELX) is
multiplied by the «criginal CD90/RT and used +*o find the
predicted ccverage due to offset. A double interpolaticn is
necessary to fird the coverage. Control is ther returned zo
ANALYSIS. If the ccverage is still adsquata, +the SOLUTION
is filed in a LISTING.

He FUNCIION INTERP

This is aa =zlementary interpolation functicn, is self
explanatcry and is nct further explained here.

I. SOBBCUTINE MAX.DISTANCE

This subroutine perforas the approximsation +o the
rcn-linear programming proktlem as stated in Chapter 1III.
The lcgic fcllows the graphical solutions as shown in Figs.
4.1 and 4.2

J. SUBRCUTINE DETONATION

The purpecse of +this subroutine is to assess damage now
that the analysis is complete. The best SOLUTION for a
TARGET has Leen removed f-om its LISTING and passed to =zkhis
subroutine.

Again, a decisicn 1is made regarding +*he2 BATTERY size.
The standard d=viatica for ground zero location is found Eq
3.1. The PEH and desired HOB are selacted from “he tables.

To de+ermine ground zero the radial miss distance, R, is
computed as N(O,CEP/1.1774) while an angle, A, is picked
from U(0,2 T ). Grcund zero is “hen plac2d at +he polac
coordinates cf (R,A)
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» The actual yield is selected from a normal distributicn 1
;“ with ncasinal yield as the mean. (Actual varianc:s are ]
= classified) The standard deviation 1is assumed %o be c¢he ‘
SE tenth of the mean. :
3 HOB is selected from a normal distribution with DHCB as '
“ - the mean and PEH/.67 as the standard deviation. i
S The actual G2, yield and HOB have now been fixed anéd the
": burst paramseters are cutput by the statement;
% LIST X, 1, YIELD, HOB
EACH TANK in TANK.SET (TARGET) and TROOP ina i

TROOP.SET (TARGET) is examined to check for damage. As E
o stated, <+tha2 TANK can only be fully opera*inal (TANK.DEAD = 3
- 0) or killed (TANK.DEAD = 3). Th2 only mechanism which has i
) any reascnable <chance to destroy a <+ank is overpressure.
= The overpressure at vwhich a TANK has a 50% chance of
- survival is 25 psi. Thus;
. LET RD.OVER.PRESSURE = OVER.PRESSURE (YIELD, 25)
?f will <zceturn *he distance from GZ where 25 psi will be
%ﬁ enccuntered and will be used <o dstermire 1if the TANK is
i destroyed.
- IF (R/RC.CVER.PRESSURE LE .5) OR
'\' (.01% (NEUTRON(R,YIELD) PLUS GAMMA(R,YIZELD)) GT 18000)

is a ccampound IF statement which destroys +he TANK
: (TANK.DEAD = 3) if either of “he following condi“ions are
- met.
9 1. If the probability of destruction by overpressure is
greater than 99.5% or

2. If the crew inside would receive more than 18,000
rads of radiation.

. »
e

> e
L)
2’
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The 1TROCP is put through all four damage mechanisms
before being declared a survivor. The thermal level ats
which a TROOP has a 50% chance of survival is 20 «czl/cn .
Thus;

LET RD.HEAT = HEAT(yield,20)

will return the distance from GZ where 20 cal/cnm will be

encountered and will be used to determine if the TROCP is
killed. Tc become a thermal casualty a compcund IF

statedent must bz true:

The TROOP must be exposed (TRANS.FACTOR(TROOP) = 1) arnd
The TFCCF must receive enough thermal energy t¢ Lkeccme a

therszal casuvalty (PROBABILITY(R/RD.HEAT) LT CHANCE) and
His reaction time must be greater thanm .1 second.

If the TROOP survives the first test, he may beccme a
casualty due to overrressure. The overpressure a* which a
TROOP has a 50% chance of survival is 10 psi. Thus;

LET RC.OVER.PRESSURE = OVER.PRESSURE(YIELD, 10)

will return the distance from GZ wher2 10 psi will be

encountered
and will ke used to detsrmine if the TROOP is destrcyed.

If R/ED is less than .5, +he TROOP is killed (TROOP.DEAC =
3). Cthetwise he must take a Monte Carlo chance;

IP PRCBAEILITY (R/RD.OVER.PRESSURE) LT CHANCZ

If the atove statement is true then the TROOP is killed.

If the TROOP is still alive, he must now survivs the
effects c¢f dynamic pressure. This section is identical ¢te¢
cverpressure with the exception of a call to
DYNAMIC.PRESSURE instead of OVER. PRESSURE to get
RD.DYNAMIC. ERESSURE
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After all of this, if ¢the TROOP is still alive, nucleac
radiaticn gets its chance. The combined effects of nzutro:n
and gamma gamma radiation ars added to the current radiaticn
level.

ADD TRANS.FACTOR(TRCOP) *((NEUTRON(R,YIELD) +GAMMA (R,YIELD)))
TO ACCUM.DOSE(TROOP)

If the 1IROCP has accumulatad mor2 +than 18,000 rads tFke is
killed (TECCP.DE2D = 3).

If the ACCUM.DOSE is between 8,000 and 18,000 rads he is
placed in <+he ircapacitated state(TROOP.DEAD(TROOP) = 2)
until he is killed in 2 o 5 days.

LET T.LETH(TROOP) =RANDI.F(2*24*60,5%24%*60,1)

If the ACCUM.DOSE is between 3,000 and 8,000 rads he is
placed in the incapacitated state for 30 te 45 minu<es.

LET T.IMPAIR.NUC (TROCE) = RANDI.P(30,45,1)

At the end of this time he is placed in <the furnctiorally
impaired state (TROOE.DEAD(TROOP) = 1). He is killed in 2
to 5 days.

If the ACCUM.DOSE is between 2,000 and 3,000 -ads he is
rlaced in the fuancticnally impaired state until he is killed
in 2 %o S days.

If “he ACCUM.DOSE 4is greater than wha+t he can tolerats
(LETHAL.CCSE(TROOP)) but less than 2,000 <rads «he TROOP is
unaffected for a short period of time - 30 <o 60 minutes,

LET T.IMPAIR.NUC (TROCF) = RANDI.F(30,60,1)

At the erd cf this ¢time he is placed in <the functionally
impaired state. He is killed in 2 to 5 days.

If ACCUM.DOSE is less thar LETHAL.DOSE (TROOP) “hen he is
fuliy functional and will not be killed as a result of the
current de+tcnation.

75




K. FPUNCTION OVER.PRESSURE

This function determines *he distance from GZ a+ whichk a
target slement will encounter a 50% chance of survival for
the achieved yield and required operpressure.

L. PUNCTIIOE DYNAMIC.FRESSURE

This function determines the distance f£from G2 a+t which a
target element will -encounter a 50% chance of survival for
the achieved yield and required dynamic pressure.

8. FONCTION ARRIVAL.TIME

This functicn executes the arrival time function and
returns the time after detonation when the blast wave will
pass the given distance fromn GZ.

H. PUNCTIION GAMMNA

Equation 2.4 is executed by this <function. For the
achieved yield and distance from GZ the amount of aeutron
radiation is returned.

O. FUNCTION NEUTRON

Equation 2.3 1is executad by *his fuaction. For +the
achieved yield and distance from GZ +the aaocunt of neutron
radiation is returned.

P. PUNCTION HEAT

Fquation 2.2 is executed by this <function. For the
achiaved yield and thermal requirement the distance frcm G2
where a S0% chance of lethal burms occurs is returned.
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o Q. PUNCTIION PROBABILITY

This function agproximates <the area under =z VN (0,1)
probatility curve. It is a table look-up for Fig. 4.8. )

. A e

.
o2

N Only entry arguments (R/RD) of .5 and greater are passed to

N it. 1If the argument is greater than 1.5 the probabilitiy is

N ;

v set tc 0. X
L

. 3

N

‘

4
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VI. ENBANCEMENTS AND EXTENSIONS

A. OPTINUM ASSIGNMENT OF BATTERIES.

This model assigns batteries to fire on an essentially
randor basis. There is no thought given to optimizing *he
coverage. Choosing the highest coverage for 2ach target orn
a first 3in firs*+ out basis may not provide maximum total
coverage. An assigrment problem must be solved to do this
correctly.

Table IV is a potential nuclear load for three tatteries
in the fcllcwing exasgle.

TABLE IV
Nuclear Load by Battery

No. ¢f rounds
Battery Type «2 KT 1 KT 2 KT 8 KT
1 SRC 1 2 0 0
2 SRC 1 1 0 0
3 MRC 0 0 1 2

Table V shows ttke coverages that can be obtairsd with
the variocus battery/yieli combinations on five farge*s. A
zero means that the target is either out of range cr
coverag2 is lass than coamand guidance. ©Note that tattery 1
has 2 rcunds of 1 KT yield and, thus, has 2 identical rows
for the 1 KT rourds. A similar siztuation is true for the 8
KT rcunds of battery 3.
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TABLE V
Target Coverage

. Target
Battery VYield 1 2 3 4 5

«2 KT .72 .00 .00 .00 .00
1 1 KT .82 .80 .00 .45 .00
1 KT .82 .80 .00 .45 .00
.2 KT .75 .00 .42 .00 .00
2 1 KT .5 .00 .51 .42 .00
2 KT .92 .63 .47 .97 .92
3 8 KT .S7 .00 .00 .00 .00
8 KT .S7 .00 .00 .00 .00

Tc assign battery/yield combinations to a target
according to the <current techaiqus would prcduc2 the

following;
Target PBattery/Yielé Coverage
1 3/8 K¢ « 97
2 1/1 Kt .80
3 2/1 K¢t .51
4 3/2 Kt .97

This arangement results in a total coverage cf 3.25, oput
target number 5 cannot be engaged because thzs only feasible
round fcr it was employed on target numnber &4, The
assignment problem *hat needs to be solved is one that will
maximize total coverage. This case is very easy to sclve by

inspecticn.
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The cptimum assignment is;

Target Eattery/Yield Coverage
. 4
{i 1 3/8 Kt .97 "
: 2 1/1 Kt .80
.- 3 2/1 Kt .51
SO 4 11 Kt .45 4
; 5 3/2 Rt .92 %

o aNE
i
2,

4'4-

The optimum total coverage is then 3.65. g

(SRR
e

In the current mcdel, only the percentage of coverage is
used to elvaluat2 the value of the target. This may nc* be
the item to maximize if the various targets are not of the

> -4
. v BN

- same type ard porulation. For example, a 97% coverage cn an
infantry ccapany is not as valuable as a 50% coverage on a
- tank regiment. Tc make the matrix in Table V mcre
realistic, a variable such as;

EA AN

Value = coverage * element value * target population 4

. should ke used.
- B. VARIATICN OF MSD
n Typically, an cperations order specifies <the trcop »
- safety guidance as a negligible -isk +o unwarned exposed
% personn-zl. This is +the category used in the mcda2l to
- determine MSD. Pig. 6.1 shows the diffarent separation

distances that must ke achievsd for the =safasty categcriss

cf;
X 1. Orwvaranad exposed.
- 2., Warned exposed.
' 3. Warned protected.
4
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Each categcry bhas <the 3 levels of rcadiation expcsucs
status (RES) of;

1. Negligibls.
2. Moderate.
3. Emergency.

' UNWARNED WARNED WARNED ;
EXPOSED EXPOSED PROTECTED |

RANGE NEG MOD EMER NEG MOD EMER NEG MOD EMER

200U TS00 6900 4500 w40y <100 3200 3800 3000 1A00
3000 75C0 6900 ehUL  84YU 4100 330G 3500 MIe0 1e00
GUJ0 7500 7000 9500 449y 4100 3300 3%00 3100 1700
2000 7600 70u3d 640 4590 @200 2390 3600 3200 1700
oUu0 763U 7000 463G 4500 200 330 36LO0  32¢0 1700
7u30 7AC0  TU30 “6JU  4S0U 4200 3eyu 3700 3G 1R0N
s9J0 760U 7100 460y WSYu w200 34 370 3D 1eng
9UC0 77CU  71u0 “TIL MoUU 4300 JWUC  JAGO  3unh  1eng
1s0u0 7TV 7100 4700 46UuL 30N 3400 39C0 3500 1s00
11000 7700 7lyg 470y 460U L300 A%UP 4000 IRAC 1oQn :
1000 TG0 7¢00 470U 4600 8360 350( 4000 3AC0 1ogn ;
iavy0  TBJ0  72u0 48UC @T70u 4400  350( 4l1c0 30 1agg [
186,00  780C 7290 <4Buu  G4T7JU  B400 3500 w200 3700 1anag ’
19000 Tyl 7¢00 93920 LT7Jy 4400 36UC <300 3AC0  2nnn

louy0 700 7300 4RBJ0 GT70u 4400 36J9( 6300 3an0  2ngo

L7000 7900 7330 49U 480C 4SN0 36Ul 4400 3000 200¢

1d0,0 7960 TIY0 <900 WHYLG  4S0N  3AJ0 4500 ennl 2000

Pigure 6.1 Minimum Separation Distances. .

s e & % A .

In Fig. 6.1 the MSD for a negligible risk to wunwvarned )
exposed and warned exposed personnel are 7700 ard 4600 5
metsrs respectively. Recall thaz MSD is +he reascn fcr :
offs2t and offset is the reason for some very severe
degradaticn in coverage. If the 4600 meter MSD c¢ould be .
used, then the displacement cculd be raduced by 4300 meters. ;
This could make a significant difference in <the final
ocutcome of *he simulation.

Expansisan of “he MSD category #ould greazly <xpand the X
use of the mcdel as an analy+ical tool.
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C. COLLATERAL DANAGE AVOIDANCE.

Chapter 14 cf Ref. 2 contains lzast se2parazicn
distances (LSD) to avoid damage %o many en+ities such as
kuildings, forests, bridges and civilian populatioas. This
imposes the same type of offset requirement on *the aimrcoint
as MSD 4ces except that it precludes damage to entities

ther thar friendly troops.

Use of this idea would require implementation cf a
rcutine similar to *hat which detsrmines offset except that
the description of what is being avoided must alsc be

included.

D. HUITIELE TARGETS

As i+ has already been shown, the certer of a targes
reed not be the aimpcint. It would be highly advan
to destrcy more than cne target with a single burs+. rig.
6.2 shecws 3 targets and taeir associatead maxipunm

13
w
Q
<D
0O
=
in

Target 2

Target 1 <::>

Target 2
Pigure 6.2 Multiple Targets.

displacemen*t distance *o Insure miniamum acceoptable ccverage.
The "triangqular" area tkhkat is5 inside all circles is a
feasible area for each target. Tha+ is, a rourd employsd

nywhere in tae "eriargle" will deszroy all 3 tacgets.
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A method to evaluats groups of targets would grea<ly
expand tke use of the model as an analy+ical “o0l.

E. PALLCUT

Generally, nuclear weapons are detonated at or above an
altitude that provides a 99% assuranca of no fallout (Egs.
3.4 and 3.5). However, fallout may be an effective barrier
t0 movement or cause mass evacuation of a con*aminatsd area.
Contrcl cf fallout after employment is impossibles due to
T_ atmospheric conditiors and the user may become ths victim.
Sheould a ground turst occur, it is necessary to predict
and sipulate fallout. Pradicting fallout requires that
meterclogical data at altitudes up to and including clcud

] top must Le known. A deterministic model for predicting

fallout is relatively simple but actually simulatiag fallcut

ﬁ} may require assistance froa 2xrerts in metecrology.

i F. ACTICNS TAKEN DURING ANLC AFTER FALLOUT.

QE While the detonation of nuclear weapons will certainly
5 cause scme unique actions and reactions, <here are scms

speciifi actions required of scldisrs wupon =rccuntering
fallcut.

a
o

l"
)

1. Cptimum Tipme of Exit.

!m

RARK

Pcr perscanel caught in a fallout area (presumably
in covered fox hcles c¢r shelters) there is an optimuz “ime
to exit the area tc minimize <+he absorption of nuclear
radiation.

While soldiers stay in <he protective confines of
= their fcx hcles, they take advantage of the shielding. They

LS Y

also prolong their exposure tinme. Tc immadiately 1leave
would reduce their expesure time but would expose them tc a

"
-2

much higher dose rate outside their shalters.
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For given initial dose rate, decay rate, shieldirg
and expcsure time to a safe area, there is an optimum tinme
+0 leave. .F

Given that a unit mus*t cross a radiation area, there
is a not-earlier-than time tefors which they may not enter.
I+ is a function of ERES, fallout pattern and decay rate,
speed of «crossing and shieldiag dursing +he <crossing.
Inclusicn c¢f this type of problem into <the the maneuver
section of a driver routine would certainly bhave an impact
upoL the cutcome of the simulation.

Actiens taken to decontaminate vehticles and

parscnnel are relatively simple if oaly <transportaticn to _
and fronm a decontamination site and +ime +akzn to ﬁ;
decontaminate are ccnsidered. The main problem with
decontamination is one of supply.

Ge ADDITIONAL TARGET ELEMENTS.

The current model bhas only tanks and troops in the

+target areas. Any tazget may ke added to the target array
by 3efining it as a temporary entity and allowirg a target
“0 own it. To damage the en%tity reguires +he modeler to

b

‘ call one or more of the damage functions with the

3 approfpriate arguments and then Jdacide if *he -entity is o
2 damaged. The procedure is virtually identical to what is -

- currently used. .




APRENDIX A
BREGRESSION ANALYSIS
A. GAMMA RADIATION

Since the mcdel needs the gamma radiation level at a
specific rangs for a given yield, it is advantagous *o
replct Fig. 2.7 with dose as the dspendent variable. Fig.
A.1 is this new flot.

1€00 < \ \
AN

50 AN

lO600 800 1000 1200 1400 1530 13090

FPigure A.1 Gamma Radiatione.
Surzendering this plot to <the APL linear regression
package fcr *he equation;
ln(Dose) = A + B * Range ¢+ C * 1ln(Yield)

fails tc rrcvide an adequate solution. Therefore, thez model

was solved in pieces and reassemblad.
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The procedure was to regress each line independently as
ln(Dose) = A + B * Range

fcr each yield. The coefficients A and B are obtainad for
€ach yield and are listed in Table VI.

TABLE VI
Ccefficients A and B.

-

Yield

=« DO DPUEWN -
- b d ad wd ed wnd b od b
DINININININ b eded =
a6 5 &6 0 0 08 0 0
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2.

Fcr each yield, the coefficients are plotted as shown in
Figs. A.2 2nd A.3.

e
c o ?
o o
12 b= o o
a
- 2
'
llT A i 1 ! 1 A i | L

1 2 3 y 5 8 7 8 9 10 vield (XT)
Pigure 1.2 Regression Coefficient A (Data).
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Figure A.3 Regression Coefficient B (Data). i

The coefficients can now be regressed against yield. From ]
Fig. A.2 the first ccefficient appears to vary as the square
root cf yield. Therefore, the equation;

A=C, + C;+/¥Icld

R SPOTIS | TP

is fit with the follcwing results.

10.74

il i

Co

«5599

<,

This equation is plotted in Pig. A.4 aleng with %he
original coefficient data. The fit is quite good.

1;1‘ 1 ] 1 1 ] 1 ] ] ]
1 2 3 4 5 6 7 8 9 10

Figure A.4 Regression Coefficient A (Regressed).
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There is a temptation to say that the coefficient, B, is
really a ccnstant since the curve is very flat and <ch=
represented values are so small. Hovever, it must be
rememktered that this is to be anmultiplied by the rarge and
the result used as an exponent. Any small -error may have
catastrophic results. From Pig. A.3 a straight line cf the
fornm;

|

is fit with the follcwing results.

-.0053

Co

.0001

c
1

The equaticn is rlotted in Fig. A.5 along with the original
coefficiert data.

-.005

YT S RN TR SN NU WA S SR S
1 2 3 & 5 &8 7 8 9 10

Figure A.S Regression Coefficient B (Regressed).

Assesgbling the equation results 4in the follcwing
equation.

.5599/Y1e1d e.OOOl'Yield-R

—0058°R (A.1)
e

G

U6166-
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Fquation 4.1 is plotted on Fig. 4.6 for even yi
along with the criginal data.
{ 1000

4 L.I“L Vs ‘.!i',’.‘! 1L .

\ 300 I

N 100

30 [~

10 A IS NN U VN N SR U NN N
600 200 1000 1200 14090 1500 1300

Figure A.6 Full Gamma Regression Model.

I+t is dimportant that <he equation be accura*e in the
vicinity cf 650 rads as this is the mean of the le+hal dcse
distribution and is the dividing point betwesn surviving and
dying.

B. NEUTECN BADIATIONR

Lik2 gamma radiation, the m>de2l needs the neutzon
: radiaticn 1level at a specific raage for a2 given yield.
However, Fig. 2.6 agpears to have straight lines which can
ke exploited in a regression analysis. Pig. 2.6 has beaen
converted toc 2 metric scale and is presented in Fig. A.7.
The neutron regressicn model was alsc split into <twe
submodels. EFach line was regressed indepardesntly as;

Rance = 4 ¢ B * ln(Yield)

for each dose.
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2 5

Yield (KT)
Figure A.7 Beutron Radiation.

The ccefficients A and B are ob+tairned for esach dcse and ara

listed in Table VII.




TABLE VII
Coefficients
Dose A B -
30 1272 171
100 1093 158
300 918 156
1000 766 148
30CC 641 129
10000 461 138

Fcr each dose, the coefficients are plotted as shcwn i:n
Figs. A.8 and A.9. The coefficients can now be ragressed
against the dose.

1000
A -
N a
500
1 1 1 1 1l
SOQO 1nn 3NN 1110 2nnn 100ac¢

Dose
Pigure A.8 Regression Coefficient A (Data).

For tte first coefficient, A, the model is

ln(d) = C, ¢+ G * 1ln(Dose)

cC = 7.7

Cl = -.1696
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Figure A.9 Regression Coefficient B (Data).

Fer the secornd ccefficient, B, the moiel is
B =Cy, # C;, * 1In(Dose)
with

190.45

Co

C

1 -6.4145

The submodels can now be assemblad and result in the
followiag full mcdel.

_ 2368.47 L. Ny v
Range = — 595 * (190-5.42n(Dose))+n(Vield) (2.2)

Dose

What *he model needs is a <function of range and yield
vhich yields dose. Equation A.2 cannnot be separazed *o dc¢
this, therefcre an afpproximation is offered. The term;

190 - 6.4 * 1ln(Dose)

is the slcpe of the line for a given dose. For doses fronm
30 to 10,000 rads, the average slope is 150. The proposal
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is to use 150 as the slope fcr every line. Fig. A.2 has zhe
data plotted again as well as Eq. A.2 ard the new propcsel.
For dcses of 3,000 rads and below the new propcsal seems to
te an imprcvement.

1600

1400

1200

1000

800

Range (Meters)

600

Regression A
Yield (XT) Simplified O
Figure 2.10 Neutron Radiation and Regression.

Table VIII lists the full model slope and the percent
error if a slope of 150 is used. Notic2 that the errcr is
nega+ive at low doses but is getting larger. Thus, it is

expected to be in perfect agreement a*t some dose. That dcse
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TABLE VIII d

Slope Approximation g

Dose 190 - 6.4-1ln(Dose Change from 150 :
Q 168 -12% g
130 160 -06° )
300 153 -02% 1
518 150 J0% i
1000 146 03% ]
3000 138 08% 3
10000 131 13% :
-

)

is 518 rads. As with gamma radiation, it is important tha+
the mcdel te accurate at radiation 1lsvels of 650 rads and
below. Cktviously, this is.

Akcvs 518 rads, the error is positive and continues *o
increase. At 10,000 rads the error is about the same as at
30 raids. This seems to be & waraning about extrapclatica.
I+ wculd be unwise *to use ¢this formula for ranges ard
radiation levels outsids those from which it was derived.

Using tte approximation, Eq. A.2 becomes

2368.47

Range = ~-1696

+ 150.en(Yield)
Dos

which can ncw be separated.
The rearranged formula is;

5.836
_ /[2388.u7
Dose = (%:T§57?nCYield)> (A.3)

PR PRI
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C. THERMBAL RADIATION

: The mcdel uses a thermal radiation equation which yialds

f? range as a function of yield and radiant exposuce. Fig. 2.2
E$ is already in that fcrmat with the exception that range is
S . in miles. Fig. A.11 is the same figur2 using a metric range
n scale.
- 3000
2 “»
- o
W)
' o
- 21000
@
&0
3
e 500
{
{f
- 5 { R A W |
; ‘001 2 5 10
B Yield (XT)
- Figure A.11 Thermal Radiation.
f* Thke praviously used method of using submcdels will again
. ke used. The full mcdel is;
5; Range = A + B * 1ln(Yield)
R for eacn exposure. The coefficisants A and 3 are obtained
for each expcsure and are list2d ia tabple IX .

For each exposure, the coefficients are plo“ted as shcwn
in Figs. A.12 and A.13, The coefficients <can ncw be
t2gressed against the exposure.
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TABLE IX
Regression Coefficients A and B

Bxpcsure A B
3 6.8331 .5136
5 6.5 728 5051
8 6.3238 .2239
12 6.1137 .5180 :
25 5.7 786 .4926 {
50 5.4593 4773 |
7 P
A
5 I
5 ] [ | 1 1 ]
1 5 Y 25 50
Cal/Cm2

Pigure 1. 12 Regression Coefficient A (Data).

Ffcr the first coefficient, A, the model is

A =Cy + C; * ln(a2xposure)

Cop = 7.3528

C1 = -,4885
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FPigure A. 13 Regression Coefficient B (Data). i

The seccnd coefficient could now be ragressed against

exposure, but several models tried failed to yield ar i
accurate explanation of behavior of the coefficient as a :
function of exposure. This makes sense since B is the slope E
of a given line and all lines appear to be parallel. ;
Thergfore, an average slope value is ‘.sed. !

B = .505

Tte submodels can now be asseambled and result in the
following full mcdel.

.5051 (A.4)
4885

Range = 1561-(Yield)
(Exposure)’

Nermally, a figtre would be used *o coampare the data to
the regression lines at this point. dowaver, the agreement
is so gocd that a graph would lack enough detail to reveal
any diffasrences. Therefora, Tables X and XI will be cffered
to shcw hcw well the curva fit is.

JL”"‘
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APRENDIX B
BODEL LISTING FILE

Pl SR INAP FRAR

-«.l.-

This aprendix contains a copy of the listing file for a
test run of <the mcdel. There are three targetzs, five
tatteries arnd three companies. Each target has 50 taaks and
%0 trcops uniformly distributed witanin the RT. Table XII
lists the target data while Tabls XIII lists +*the battery
data and Takle XIV lists the company data. Target types are
as listed cn page 68.

TABLE XII
Target Data

Targe+ Type X b 4 RT
9 P Coordinate Coordinate |
1 1 9500.0 0.0 1400.0
< 4 8000.0 0.0 400.0
3 S 6000.0 0.0 300.0
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“' TABLE XIII
: Bat tery Data '
Battery Size X, Y. i
Coordinate Coordinate f
. 1 SRC 0.0 0.0 3
z MRC 1000.0 0.0 i
3 SRC 1000.0 500.0 {
4 MRC 500.0 0.0 {
5 SRC 1509.0 250.0 {
]
~ TABLE XIV
. Company Data
- Company X, b @ Radius
Coordinate Coordinate
x 1 2000.¢ 500.9 200.0
- 3 2000.0 ~500.0 200.0
¥ ;:
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>
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APRENDIX C
GLOSSARY

A. WBAECHNS EFPECTS

Alpha particle: A radioactive emmision identical with the
helium nucleus, having a mass of four and ar electric charge
of twc positive units.

Attenuation: A decreas2 in in%ensity due to absorpticn or
scattering, but not due to geometric resduction as a result
of range.

Beta particle: A radioactive enmmision identicle in
compositicn +0 an electron wit the possiblae exception tha+
beta particles pocssess a very high speed.

Induced Radicactivity: Radioactivity produced 4in certain
elements by the cagture <¢£ free nautcens. In the 2area
immadiately below Ground Zero the el2men*ts of sodium,
manganese, aluminum and silicon are are easily induced.
Neutrcn: A particle of mass one and without any elactric
charge. Neutrons are present 3 all elemen*s except light
hydrcgen and are required ¢o initiate the detcnation process
in nuclear weapons.

Rad: Cne of many ma2asures of <radiation density eor
destructive power. It represents the absorption of 100 ezgs
of icnizing radiation per gram of absorbing material, such
as becdy tissus.

B. TARGET ANALYSIS

- Punctionally impaired: Perscnnel who 2xhibit some decreasad
oy ability <tc perform their assigned <task, but ar2 no*
-

< incapacitated. Charicterized Ly vomiting, diarrhea, nausea,

lethargy, derression and men+tal disorientation.
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Inmediate permanent incapacitation (IP) Immediate permaren<
incapacitation is the ;most severe of the radia+ion criteria
and causes death in the shortest amount of time. Perscnael )
perforaing tasks which are cphysically d=manding beccane

incapacitated within 5 ainutes of exposure. They remain in

this state for 1 to 2 days at whick time death occurs.

»).

Immediate transient incapacitation (IT) Personnel receining
+his dose become incapacitated withir 5 minutes of expcsure
and remaia sc for 30 to 45 minutas. Personn=2l ¢hken reccver,
but are functionally impaired until deacth which occurs in 4

to 6 days.

Latent lethality (LL) Personnal 2xposed to this their lethal
dose become functicnally Impaizred within 2 hcurs of
€XpoSure. More than half of +his group will die withir
several weeks.

Incapacitated: An individual who performs at 50 % or less
of his pre-irradiation performance level.

Radiation exposure status: A unit wide rating relating the
average accumulated dose to the risk warranted exposurs of

pending missions.

8inimum separation distance (BSD): The distance friendly
troops aust be from the burst +o insure less +*han 2% chance :
of damage. d
Light dasage: Light damage does not preven<t the immediate
use of an itam. Scme repair by the user will usually be
needed tc make the item operational.

Moderate¢ damage: Mcderate damags prevents use of an i+enm
until extensive repairs are mada. This degree of damage is
normally sufficient tc deny use £ the equipment. In most
situaticns, achievesment of this degree of damage will be
sufficient to support tactical operations.

Severe damage: Severe damage prevents use of ar item
p2raanently. There may be some situaticnz such as the
attack cn a bridge where severe damage is the only adequate
degres of dsstruction.
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