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Preface

This thesis deals with the strategic targeting of

light water reactors for the purpose of enhancing radio-

active fallout. Previous reports have presented nuclear

reactors as both desirable and undesirable targets. I

present the factor by which fallout coverage is increased

in targrting a nuclear reactor. This factor is a function

of weapon CEP. Having presented the results, I left it

up to the reader to decide whether nuclear reactors are

attractive strategic targets for enhancing fallout.

I wish to thank my thesis advisor, Dr. Charles J.

Bridgman, for his time and many helpful suggestions. I

would also like to thank my wife for her understanding,

patience and encouragement.

This thesis was typed by Sharon A. Gabriel.

Gerald R. Domaszek
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Abstract

The value of light water reactors as strategic nuclear

targets for enhancing fallout is evaluated in this report.

The evaluation is made by determining the ratio of the

probability weighted fallout coverage from one or more

weapons which involve the reactor core, to the fallout

coverage from a single weapon weighted by the number of

weapons targeted. This ratio is the factor by which target-

ing reactors will enhance the area of fallout coverage.

Targeting reactors with a single weapon will always

enhance fallout coverage. However, the probabilistic

amount of coverage increase is dependent on weapon CEP.

Area coverage of a particular dose during the first week

is increased by less than 5 percent for CEPs greater than

350 , 400, and 500 meters corresponding to yields of 100,

500, and 1000 kilotons, respectively. During the first

year, the area is increased by less than 5 percent for

CEPs greater than 900, 1100, and 1400 meters corresponding

to yields of 100, 500, and 1000 kilotons, respectively.

Finally, multiple weapon targeting of nuclear reactors

is counterproductive in that it decreases the factor by

which targeting reactors increases fallout area coverage.
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STRATEGIC TARGETING

OF LIGHT WATER REACTORS

I. Introduction

Various studies have been conducted on the value of

nuclear reactors as strategic nuclear targets. Some

conclude that lofting the core of the reactor will greatly

enhance radioactive fallout and deny huge portions of land

from habitation and cultivation for long periods of time

(Ref 46:12), while others conclude that the augmented

fallout would not be intense enough to deny the use of

the land under emergency radiation exposure standards

(Ref 337:4).

The problem investigated in this study is whether

nuclear reactors are attractive strategic targets for

enhancing radioactive fallout. The study is limited to

light water reactors which are the most common type of

nuclear reactors operating in the United States.

The study consists of determining the accuracy within

which the weapon must land to loft the core of the reactor

with the fallout cloud of the weapon and the accuracy

required to cause a core meltdown. The AFIT fallout pre-

diction model is modified to calculate the area covered by

fallout from a weapon and reactor core. Finally, a means

of evaluating the effectiveness of targeting a nuclear

reactor for enhancing fallout is developed.

.. . . . .r , . . . . . ri r " ' .. -- '" . ... ' .. ... ' I. . . .



The nuclear weapons discussed in this study are

assumed to be thermonuclear with 50 percent fission and

used in the surface-burst mode. The reactors are assumed

to be typical 3300 megawatt thermal reactors which have

operated on the average at 67 percent of capacity. It is

also assumed that the reactor is refueled annually by

replacing one-third of the core, and that the reactor is

attacked the day before it was due to be refueled.

The first step will be to calculate the probability

that the core of the reactor will be vaporized and lofted,

melted, or survive the nuclear detonation. Next, the AFIT

fallout prediction model is modified to account for the

radioactivity of the reactor core. The ratio of fallout

coverage from one or more weapons involving a reactor core

to the fallout coverage from weapons not involving a

reactor is determined. This ratio is a function of CEP

and is also the factor by which fallout coverage is enhanced

in targeting nuclear reactors.

The meltdown of a reactor core is brifly examined as

a method of enhancing fallout, but no evaluation similar

to that conducted in the case of core lofting is undertaken.
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II. Probability of Damage

One of three possible outcomes will occur when a

strategic nuclear weapon is launched against a nuclear

reactor. First, the reactor could be destroyed and the

core vaporized and lofted with the radioactive cloud from

the weapon. Second, the reactor could be destroyed or

damaged and the core of the reactor eventually melted.

Finally, the reactor could survive the nuclear detonation

and continue to operate, or at least safely shut itself

down and avoid a meltdown. The actual outcome is dependent

upon the yield of the weapon and its proximity to the

reactor.

The ranges within which the nuclear detonation must

occur for each of the outcomes may be represented as

concentric circles about the reactor as shown in Figure 1.

If the weapon lands in the inner circle, the core

is vaporized and carried off in the fallout cloud. The

radius of the circle corresponds to the range of the 200

psi-sec impulse (R200) of the weapon. The 200 psi-sec

impulse is the impulse required to rupture the pressure

vessel (Ref 3:792). If the reactor vessel is ruptured,

the core may be crushed and part or all of the core drawn

into the fireball and vaporized. To simplify the problem,

it is assumed that if the reactor vessel is ruptured,

the entire core is drawn into the fireball and vaporized.3I
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Figure 1. Probability of Damage Versus the Distance the
Weapon Lands Away from the Reactor
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In the next annular region, the core is not vaporized

but it does definitely melt down. The region is bounded

by the range corresponding to 30 psi peak overpressure of

the weapon. The limit is based on the strength of reinforced-

concrete structures (Refs 13:237-241; 14:159-161).

In the third annular region, the core may melt down.

The region is bounded by the range corresponding to S psi

peak overpressure of the weapon. This limit is based on

the designed strength of the containment wall (Ref 3:787).

The probability of a core meltdown between the 30 psi range

(R3 0) and the S psi range (R5 ) is assumed to be a cumula-

tive log-normal function. This assumption is consistent

with the probability of damage for various similar structures.

If the R3 0 and R5 ranges are taken to represent the

98 percent and 2 percent probabilities of meltdown, respec-

tively, then

R ( n r-a)2

Pd (R) = f 1 e dr (1)
0 V7 r

where

a = in(R 3 0R5 ) (2)

and

1 nR 3 0B - (3)



describes the probability of either vaporization or meltdown

over ranges from zero to infinity. For ranges less than

R200 , Eq (1) gives the probability of vaporization, while

for ranges greater than R200 , it gives the probability

of meltdown.

The values of R20 0 , R30, and R5 are weapon yield

dependent and may be determined from various graphs in

References 8, 14, and 20. The values of R200 , R3 0 ,

and R5 for yields of 100, 500, and 1000 kilotons are given

in Table I.

TABLE I

Radii of Core Vaporization, Meltdown, and Survival

Yield (Kt) R20 0 (m) R3 0 (m) R5 (m)

100 57 841 2056

500 132 1438 3515

1000 231 1812 4429

The probability of whether the core is vaporized, melts

down, or survives the explosion is determined by integrating,

over all area, the probability the weapon hits a unit area

times the probability it will curse damage. Since the

probabilities are functions of radius from the target and

6
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symmetric about the target, the probability of a particular

outcome can be expressed as

Pd= f Ph(r)Pd(r) 27rrdr (4)
0

where Ph(r) is the probability of the weapon landing at

a radius r away from the target and Pd(r) is the

probability of damage at a radius r as given by Eq (1).

The probability of hit function is a gaussian function of

the form

22

P (r) = 1 e ()
h 2 7T a2

where r is the radius from the target and a is the

standard deviation of the impact point distribution. The

standard deviation can be expressed as follows:

c Cp (6)

where CEP is the radius of the circle of equal probability

(Ref 1:18). The circle of equal probability of a weapon

is a circle around a target within which 50 percent of the

weapons will impact.

Since the consequences of vaporization and meltdown

are different, the probability of vaporization is

7



R 200 r . 2(r

Pv= f - e 2wrdr (7)
0 2 fia 2

where the probability of damage Pd(r) is one for r less

than or equal to R200 '

While the probability of a meltdown is

f Pd(r) e 2rdr (8)

R20 0  
2ffa 2

where Pd(r) is given by Eq (1).

The probability of survival is simply expressed as

Ps 1.0- (Pv +P m) (9)

where Pv and Pm are given by Eqs (7) and (8), respectively.

PRBHIT is a computer program which uses the above

equations to determine the probability that the core is

vaporized, melts down, or survives the targeting of a single

weapon. The program is listed in Appendix A. A list of

the probabilities for 100, 500, and 1000 kilotons yields

for various CEPs ranging from 10 to 2500 meters is provided

in Appendix B.
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III. Modeling Fallout Footprints from the Lofted Core

As discussed in the previous chapter, there are three

possible outcomes of an attac'- on a nuclear reactor, the

first one being that of vaporizing and lofting the radio-

active core with the radioactive cloud of the weapon. As

part of the fallout cloud, the radioactivity of the core

will return to the earth in the same manner as the weapon

fallout. Several models are available for predicting the

fallout footprint from the weapon cloud.

The WSEG-10 model is the standard model used to predict

fallout radiation doses and dose rates. The AFIT model is

a smearing code like the WSEG-10 model with a new g(t)

function which incorporates particle size-activity, settling

rates, and accounts for fractionation. The AFIT model pro-

vides results which are in much greater agreement with the

benchmark Defense Land Fallout Information Code (DELFIC)

(Ref 2:4). For the above reason, the AFIT code is used to

predict the fallout from the weapons, and is modified to

predict the fallout from a lofted reactor core.

To compute the fallout footprint from the weapon and
reactor core, the gamma dose rate and dose from the reactor

must be calculated. The beta activity from the reactor

is not considered as in the case of weapon fallout because

of its short range. The Way-Wigner relation for the activity

I.9



is

A(t) = A1t 1 2  (10)

where A(t) is the activity at time t and A1 is the

activity at one hour after fission takes place. The total

activity from a weapon at time t after the explosion can

be calculated knowing that the activity at 1 hour after the

detonation is 530 x 106 curies per kiloton of fission

yield (Ref 14:453).

For a weapon, the calculation is direct and simple

using Eq (10) because all fissions occur almost simultan-

eously. In a reactor, the fissions occur continuously at

varying rates over the entire period the reactor is operated

prior to the core being disrupted. To obtain the total

activity from the core, Eq (14) must be integrated over

the operating time of the reactor prior to the core being

disrupted.

In a reactor, 3.1 x 1010 fissions per sec or

1.116 x 1014 fissions per hour are required to produce a

watt of thermal energy (Ref 16.89). In a weapon, there

are 1.45 x 1023 fissions per kiloton of yield (Ref 14:13).

To determine the average number of "gamma curies" per

fission at 1 hour after fission, we divide the number of

gamma curies per kiloton of fission by the number of

fissions per kiloton. Thus,

10
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530 x 106 Ci/KT
1.45 x 1023 f/KT

is the average number of gamma curies per fission at one

hour. The total gamma activity from the core can then be

defined as

A(t) = (3.65Sx10 - 1 s Ci/f) 1.ll6xl0 1 f/Hr)P

0 (t-T) - 1 .2 dT(Hr) (11)
-to

or

0 -12
A(t) = .408P f (t-T) dT Ci (12)

-to

where P is the average operating power of the reactor core

in thermal watts, t0  is the elapsed time since reactor

startup in hours, t is the time after core disruption in

hours, and time is considered 0 when the core is disrupted

(Figure 2). Integration of Eq (12) gives

A~t) 2.04P [t - ' 2 - (t+t0)-.23 Ci (13)

11
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I i I
d- 0

Figure 2. Calculation of Fission Product Activity

In a typical light water reactor, one-third of the

fuel is changed every year (Ref 19:219). To account for

the changing fuel, Eq (13) becomes

A(t) = .68P [3t .2 - (t+tl)-.2

- (t+t2 )''2 (t+t 3 )''2 Ci (14)

where tI  t2 , and t3 are the times in hours that each

third of the core has been in use in the reactor when the
core is lofted. Taking the weapon source normalization

constant and dividing by the gamma activity per kiloton

12
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gives a factor for converting reactor core activity to

a normalized dose rate.

2350 rem mi 2

Tr 'Z' =4.434 x 10' rem m

530xi0 6 Ci/KT F T

Multiplying Eq (14) by the above constant and changing P

from watts to megawatts, the normalized dose rate from the

core of the reactor is expressed as

Dose Rate 3.02P [3t-.2_ t+tl ) - .2

(t+t2) -. 2 2(t~t)-.2 rem mi 2  (15)

where the value of 3.02 times P is here defined as the

reactor normalization constant.

The normalized reactor dose is obtained by integrating

Eq (15) over the time of exposure.

Dose = 3.02P f [3t-2 _ )-,

(t+t2) -2 (t+t3 ) dt rem mi 2  (16)

The AFIT model, as well as the WSEG-10 model, is

incorporated in a program called SMEAR. Program SMEAR is

a FORTRAN IV program. The program has been converted to

13



FORTRAN V and Eqs (15) and (16) have been added into the

AFIT model to account for the additional radioactive fall-

out from the core of the reactor. The day before refueling

the reactor was to take place was selected as the time of the

attack on the reactor. This will give the worst possible

case for fallout from the reactor. The times tI , t2 ,

and t3  in Eqs (15) and (16) will be 26256, 17496, and 8736

hours, respectively. A listing of the modified code called

SMEARi is provided in Appendix C.

Graphs of various fallout footprints from a 1 megaton

yield are illustrated in Figures 3 through 6. In the

figures, the inner or smaller footprint is from a weapon

alone, while the outer or larger footprint is from a weapon

and reactor core.

14
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IV. Calculation of Fallout Coverage Enhancement

Because of aiming inaccuracies, not every weapon tar-

geted at a nuclear reactor will detonate with the radius

necessary to vaporize and loft the reactor core. There is

only a probability that the core will be vaporized, and

this probability is dependent on the CEP of the weapon.

Thus, the additional fallout coverage from the core of

the reactor must be weighted by the probability of reactor

involvement.

The method used here to evaluate the effectiveness of

increasing fallout coverage by targeting a nuclear reactor

was to compute the ratio of fallout coverage of one or more

nuclear detonations involving a reactor core to the fallout

coverage of one or more weapons not involving a reactor

core (Figure 7).

The doses selected for the evaluation are 25 and 200

rem. These two doses were selected because 25 rem is the

emergency dose limit an individual may receive (Ref 10:53)

and 200 rem is the dose where deaths begin to occur (Ref 14:

581).

The evaluation was made for both early and late times,

using one week after detonation for early time and one year

for late time. The two times were selected because of the

difference in decay rates of weapon fallout and reactor

19
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Figure 7. Fallout Footprints With and Without a Reactor
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fallout. The weapon fallout decays with time as t 12

while the reactor fallout decays as t" .2 (Figure 8).

Thus, at early times, most of the dose comes from the

weapons, but at late times when the activity from the

weapon fallout has significantly decreased, most of the

dose comes from reactor fallout.

For this study, fractionation was treated by assigning

.68 as the fraction of activity volume distributed in the

fallout particles with a median particle radius of .204

microns and a slope of £n(4) for the log-normal number

distribution of particles with respect to radius. All of

these are DELFIC standards. In addition, the following

assumptions were made: (1) the weapons used were 50 percent

fission, (2) the average winds aloft were 30 miles per

hour, (3) the wind shear was 1.15 per hour, (4) the average

operating capacity of the reactor over the life of the core

was .67, and (5) the size of the reactor was 3300 megawatts

thermal.

The SMEAR1 program was used to determine the footprints

from one or more weapons both with and without the reactor

core. The areas of the footprints are used to determine the

ratio of effectiveness in targeting nuclear reactors.

The numerator of the ratio is the probability weighted

down wind area enclosed within some selected contour from

one or more weapons which involve the reactor core. The

denominator is the downwind area enclosed within some

21
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Figure 8. Decay of Radioactivity
from a Weapon and Reactor
(Ref 12:46).
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selected contour from a single weapon not involving a

reactor times the number of weapons targeted. The ratio

is given by

A +(A -A)P
R Awr N w (17)

sw

where A is the area of the footprint if the weapon or
w

weapons fail to vaporize the core (Figure 7, a and c),

Awr is the area of the footprint when the reactor core is

vaporized (Figure 7, b and d), Pv is the probability of

the additional fallout from the reactor core and is given

by Eq (7), and A is the area of fallout coverage fromws
a single weapon without involving a reactor and N is the

number of weapons targeted.

This ratio is also the factor by which fallout area

coverage is increased when targeting nuclear reactors. The

factor by which fallout coverage is enhanced is a function

of CEP and the number of weapons targeted, as can be seen

in Figures 9 through 20. A ratio of greater than 1 means

it is advantageous to target the reactor, while a ratio of

less than 1 means it is not advantageous to target a reactor.

For a single weapon, the ratio is always greater than

1, meaning that it is an advantage to target the reactor

with at least one weapon. However, the ratio decreases

quickly with increasing CEP. The actual area coverage of

a particular dose during the first week is increased by

23
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less than 5 percent for CEPs greater than 350 , 400, and 500

meters corresponding to yields of 100, 500, and 1000 kilo-

tons, respectively. During the first year, the area is

increased by less than 5 percent for CEPs of greater than

900, 1100, and, 1400 meters corresponding to yields of 100,

500, and 1000 kilotons.

For multiple weapons, the ratio is reduced significantly

and, in fact, falls below 1 for CEPs much less than those

mentioned in the previous paragraph. This indicates that

it is not advantageous to target a reactor with more than

one weapon.

It should be noted that, in the case of multiple

targeting of the reactor, the increase in area coverage due

to targeting inaccuracies was not considered. This, in

fact, will make the ratio larger. However, clustering the

weapons not targeted at a reactor, which will increase the

area coverage due to fallout overlap, was also not considered.

This will have the effect of decreasing the ratio. The end

result is an offsetting effect.

24
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V. Fallout from Core Meltdown

The second possible effect of targeting a nuclear

reactor is damaging it to the point where the core will

melt down. The fallout footprint from a meltdown is sig-

nificantly smaller than the fallout footprint from a weapon

alone. The radioactive fallout from a core meltdown is

deposited locally (Ref 6:74). In a reactor meltdown,

temperatures are orders of magnitude lower than in a weapon

and, therefore, the reactor fallout does not rise to as

high an altitude as weapon fallout. Because of the much

lower altitude, the fallout returns to the ground in a

few tens of miles rather than a few hundred miles, as in

the case of weapon fallout. This results in an area of

fallout coverage which is much smaller than that of a

single weapon, but the intensity of radioactive fallout is

higher and remains longer.

Because of the limited area coverage from a core

meltdown, it does not appear to be an advantageous method

of enhancing radioactive fallout coverage; therefore, area

coverage was not computed.
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VI. Conclusions and Recommendations

Whether or not light water reactors are attractive

targets for enhancing radioactive fallout by vaporizing

and lofting the core depends on the accuracy of the weapon.

In the case of single weapon targeting of a nuclear

reactor, fallout area coverage at early times is increased

by less than 5 percent when weapon CEPs are greater than

350, 400, and 500 meters corresponding to yields of 100,

500, and 1000 kilotons, respectively. At late times, area

coverage is increased by less than 5 percent when weapon

CEPs are greater than 900, 1100, and 1400 meters correspond-

ing to yields of 100, 500, and 1000 kilotons, respectively.

Targeting reactors with more than one weapon reduces

the factor by which fallout coverage is enhanced. Thus, to

target a reactor with more than one weapon is counter-

productive as a means of enhancing fallout coverage.

Damaging the nuclear reactor to cause a core meltdown

does not appear to be an effective way to enhance fallout

as the majority of the reactor fallout remains localized.

It is recommended that further study be conducted in

the case of multiple weapon targeting of the reactor to

determine how much targeting inaccuracies increase the area

of fallout coverage. Also, how much will clustering of

randomly targeted weapons to produce fallout overlap

affect the results?
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APPENDIX A

Probability of Reactor Damage Program

The program presented in this appendix is designed

to calculate the probability of vaporizing the core, the

probability the core will melt down, and the probability

the core will survive if a nuclear weapon is targeted at

a light water reactor. The program is called PRBHIT and

is written in FORTRAN V.

Input data consists of the various yields in kilotons,

the vaporization radii for the specified yields in meters,

and the CEPs in meters. PRBHIT is designed to calculate

the probabilities for three yields and 25 CEPs, but can

easily be adjusted to calculate the probabilities for any

number of yields and CEPs.
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APPENDIX B

Probability of Reactor Damage

for Various Yields and CEPs

This appendix provides a listing of the probabilities

of vaporizing the reactor core, a core meltdown, and the

core surviving a nuclear detonation for weapons of 100,

500, and 1000 kiloton yields with CEPs ranging from 10 to

2500 meters.

45



WEAPON YIELD 100.0 KILOTONS

CEP (M) PROB YAP PROB MELT PROB SAFE

10.00 1.000000 -.000000 .000000

20.00 *996412 .003588 .000000

30.00 .918100 .081900 .000000

40.00 *755251 .244749 .000000

50.00 .593761 .406239 .000000

60.00 .465041 .534959 .000000

70,00 .368463 .631537 .000000

80.00 .296636 .703364 .000000

90.00 .242725 .757275 .000000

100.00 .201646 .798354 .000000

200.00 .054745 .944492 .000762

300.00 .024712 .934238 .041049

400.00 .013977 .820320 .165704

500.00 .008968 .674772 .316260

600.00 .006236 .544350 .449414

700.00 .004585 .439871 s555543

800.00 .003513 .358953 .637535

900000 .002776 .296564 .700660

1000.00 .002250 .248124 .749626

1250.00 .001440 .167018 .831542

*1500.00 .001000 .119253 .879746

1750.00 .000735 .089107 *910158

2000.00 .000563 .068978 .930459

**2250.00 4000445 .054916 o944640

2500.00 .000360 .044724 .954916

46 I



WEAPON YIELD 500.0 KILOTONS

CEP (M) PROB VAP PROB MELT PROB SAFE

10.00 1.000000 -.000000 .000000

20.00 1.000000 -.000000 .000000

30.00 .999999 .000001 .000000

40.00 .999473 .000527 .000000

50.00 .992021 .007979 .000000

60.00 .965085 .034915 .000000

70.00 .914972 .085028 .000000

80.00 .848488 .151512 .000000

90.00 .774861 .225139 .000000

100.00 .701128 .298872 .000000

200.00 .260614 .739386 .000000

300.00 .125579 .874332 .000089

400.00 .072705 ,922042 .005253

500.00 .047161 .918133 .034706

600.00 ,032992 .870208 .096800

700.00 .024346 .795940 .179713

800.00 .018694 .712734 .268572

900.00 .014800 .631415 .353785

1000.00 .012005 .557090 .430905

1250.00 .007700 .408997 .583303

1500.00 .005353 .306978 .687669

1750.00 .003936 .236611 .759454

2000.00 .003015 .186963 .810022

2250,00 .002383 .150985 .846632

2500.00 .001931 .124235 .873834
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WEAPON YIELD 1000.0 KILOTONS

CEP (M) PROB VAP PROB MELT PROB SAFE

10.00 1.000000 -. 000000 .000000

20.00 1.000000 -.000000 .000000

30.00 1.000000 -. 000000 .000000

40.00 1.000000 -.000000 .000000

50.00 1.000000 .000000 .000000

60.00 .999965 .000035 .000000

70.00 .999473 .000527 .000000

80.00 .996909 .003091 .000000

90.00 .989604 .010396 .000000

100.00 .975244 .024756 .000000

200.00 .603340 *396660 .000000

300.00 .336991 .663008 .000000

400.00 .206395 .793364 .000241

500.00 .137524 .857644 .004832

600.00 .097640 .877746 .024614

700.00 072705 .861599' 065696

800.00 .056154 .819589 .124257

900.00 .044636 .762991 .192373

1000.00 ,036311 .700677 .263012

1250.00 .023394 .551437 .425170

1500.00 .016304 .431676 .552020

1750.00 .012005 .341799 .646196

2000.00 .009204 .275010 .715786

2250.00 .007279 .224926 .767795

2500.00 .005900 .186791 .807308
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WEAPON YIELD 1000.0 KILOTONS

CEP (M) PROB YAP PROB MELT PROI SAFE

10.00 1.000000 -. 000000 .0000000

20.00 1.000000 -. 000000 .000000

30.00 1.000000 -.000000 .000000

40.00 10000000 -.000000 0000000

50.00 1.000000 .000000 .000000

60.00 .999965 .000035 .000000

70*00 .999473 .000527 .000000

80.00 .996909 .003091 .000000

90.00 .989604 .010396 0000000

100000 .975244 .024756 0000000

200.00 .603340 .396660 0000000

300.00 .336991 .663008 .000000

400.00 .206395 .793364 .000241

500.00 .137524 .857644 .004832

600.00 .097640 .877746 .024614

700#00 .072705 .861599* .065696

800000 .056154 .819589 .124257

900.00 .044636 .762991 .192373

1000.00 .036311 .700677 .263012

1250.00 .023394 .551437 .425170

1500.00 .016304 .431676 .552020

1750.00 .012005 .341799 .646196

2000.00 .009204 .275010 .715786

2250.00 .007279 .224926 .767795

2500.00 .005900 .186791 .807308
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APPENDIX C

Program SMEAR1

This program provides the fallout footprint of

selected dose rates or doses for weapons alone or a

weapon along with the core of a reactor. As listed,

the program will provide footprints for a single weapon

or a single weapon and reactor. For multiple targeting

of a reactor with weapons of the same yield, only line

37 of the program needs to be changed by multiplying the

SC value by the number of weapons.
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APPENDIX D

Input Constants for Program SMEAR1

The constants listed in this appendix are input

data for the variable array C(J) in program SMEAR1

(Ref 7:67-71).
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