AD=A100 760

UNCLASSIFIED

AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO-—ETC
A MULTIBURST FALLOUT MODEL FOR OPERATIONAL TYPE STUDIES, (U

MAR 81 J F CRANDLEY
AFIT/6ST/PH/81M=-1 NL

) F/6 18/8







AFIT/GST/PH/81IM-1 i

% Accession For
[ NTIS  cRAst >

DTIC TAR
tianaaanced .
Justificetion .

By. . — ]
Distrirvt, oy
Avallo” "0 s Do
Lo e Lr N |
bl Sreong
f,
{
|
A MULTIBURST FALLOUT MODEL
FOR OPERATIONAL TYPE STUDIES
THESIS
John F, Crandley, Jr.
AFIT/GST/PH/81M-1 Capt USAF

T
It I
4 4 ]

- ~
i \
Nty |
e :
. N

Approved for Public Release; Distribution Unlimited




It

AFIT/GST/PH/81M-1

)

”

MULTIBURST FALLOUT !IODEL

z- =
PERATIONAL TYPE STUDIES e
=z <

A
-

——

FOR

W

\Qo

q/;’ o s Tep’s THESIS,

1

Presented to the Faculty of the School of Engineering
of the Air Force Institute of Technology
Air.University
in Partial Fulfillment of the
Requirements for the Degree of

Master of Science

by
AQ John F./Crandley, Jr., B.S.
Capt USAF
Graduate Strategic and Tactical Sciences

]) March 1981

Approved for Public Release; Distribution Unlimited

01328




Preface

The study of radioactive fallout from nuclear detonations

is of great intecrest in this time of debate over the proposed

MX missile field. A counterforce attack against this complex
could consist of thousands of lavge yield nuclear wcapons
detonated on or near the ground. Such an attack could have
more far-reaching consequences than most military plarners

consider. A highly survivable, mobile missile svstem would

have little value to the millions of people killed from the
fallout produced by such a counterforce attack.

Presented within is a simple, efficient proccdure for
accurately determining this collateral damage of failout for
any scenario involving many bursts. This methed is designed
for an operational planner to easily ''scope thc problem”

without utilizing much computer time.

I am grateful to Dr. Charles J. Bridgman for his guidance
in the development of this procedure, and tec uy lcovely wife,

Michaela, for her patience and support.

John TF. Crandley, Jr.

(This thesis was typed by Sharon A. Cabriel)
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Abstract

A method is developed for calculating fallout deposition
downwind from a massive nuclear attack on a small target
area over a short time span. This is accomplished using
existing smear codes and replacing their existing hori:zontal
activity distribution with an approximating function. This
function is the difference between two cumulative normal
functions which are shown to result from superposition of
individual bursts. A comparison is made between the contours
predicted by this new code and contours predicted by the old,
time-consuming, iterative procedures. The new code has been
employed in several different scenarios involving the proposed
MX field to determine the resulting dose contours from a

massive attack against that field.




A MULTIBURST FALLOUT MODEL
FOR OPERATIONAL TYPE STUDIES

I. Introduction

A new Intercontinental Ballistic Missile (ICB!) system
will be deployed in the Western United States within the
next several years. This new system, designated the MX,
will greatly enhance the survivability of the land-based
leg of the Triad. This survivability will be accomplished
through mobility; a single missile will be shuttled ran-
domly among 23 shelters on a racetrack. The current propo-
sal calls for 200 missiles to be purchased, with 200 race-
tracks to be built in Utah . and Nevada (Ref 1:3).

This method of "hiding" the MX missiles creates tremen-
dous problems in targeting for any enemy. One possible
targeting option would be to attempt to destroy as many M
shelters in as short a time as possible. This option would
have a high probability of destroying a large percentage of
the MX missile force, while interfering with the command,
control, and communication necessary to effect a retaliatory
strike. Also of great concern is the corresponding downwind
fallout effects from such a massive strike. There are several
single burst nuclear fallout models available which could
predict this collateral effect by superposition of individual

burst fallout patterns.




Presently there are many different individual burst

models being used by many different government agencies. Most
of these models have their analysis based on a study done by
the Weapons Systems Evaluation Group (WSEG-10) in 1959.
However, Bridgman and Bigelow (Ref 2) have recently shown

that the heart of the WSEG calculations is in error. They
proposed an alternative method of calculation, which was

used by Colarco (Ref 3) to construct an improved single-

burst fallout code for operational type studies. Colarco's

code produces results which are closer approximations than
WSEG-10 to the Defense Land Fallout Prediction System
(DELFIC). DELFIC is considered by many to be the benchmark
of fallout computer codes.

One of the unfortunate aspects of these single-burst
codes is that they cannot easily compute the effects of
many bursts within a relatively small target area (such
as an MX field). Fallout analysis of a counterforce attack
on a missile field (or similarly distributed target) is now
done by superpositioning hundreds of individual bursts by ﬂ
an iterative procedure. 3Because of the computer time needcd
for these iterations, this is a slow and expensive process.

Also, because of computer limitations, this way not be a

completely accurate procedure.
In the following chapters, a method will be developed
to produce a fast-running computer code to accomplish multi-

burst calcualtions without the need for superpositioning.




This code will be designed for operational use; that 1is,

it will be a fast, inexpensive tool for operational analysts
to use in predicting a reasonably accurate fallout deposition.
This code will then be applied to a counterforce scenario
against the MX field in Utah/Nevada. The results from this
study will then be compared to the results obtained from

using WSEG-10 calculations in the same scenario.




II. Calculation of the Multiburst Distribution

WSEG-10 predicts fallout dose rates on the ground with

the following equation (Ref 4:17):
By(x,y) = k[ f(x,y,t”) g(t7) dt~ (1)
0

where k 1s a source normalization constant, g(t”) 1is
the activity deposition rate, and f(x,y,t”) 1s the
normalized horizontal activity function. This activity
function is a bivariate normal function with a time varying

standard deviation in the cross wind direction:
x-th

: -5 ( ) -»(—-ﬁv )
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(2)

where x 1is the downwind distance, y 1is the cresswind

distance, t is time and o is the standard deviation. V

X
is assumed to be a constant wind which rotates uniformly
with altitude. This results in a constant value of wind
shear for the determination of oy(t)
It can be seen that Eq (2) can be written as
f(x,y,t) = f(x,t) « f(y,t) (3)




Wit this substitution 1t can be stown (Ref 5) that o 1,

reduces to:

T

et ,
}\—‘vx-f()',t) (4)

D(x,y)

where ta is arrival time of the cloud and

fly,t) = —— e (5)

It is obvious from Fq (5) that {{(v,t) 1is a normal
function describing the crosswind spread of a single nuclear
cloud. If two or more clouds arc in close proximity and
merge at some point to become onc large cleud, a single
normal function will no longer account for horizontal
activity; there will be some cumulative eff{ect {rom cach

contributing single-burst cloud. The fallout on the ground

from this new, large cloud will still be described by
Eq (4), except that {(y,t) will no lonzer bc given by

Eq (5).

f(y,t) for Multiple Bursts

If an observer were standing some distance downwind
from a target complex (for example, a missile ficld) and
was able to observe a large-scale nuclcar attack cn that
complex, he would initially sce many single nuclear clouds

rising from the surface. If this particular attack were




VU one megaton detenations, all coing ofd within a very
short time of onc another, and distributed uniformly along
an 80 mile line perpendicular to the wind direction, then
the observer would see 100 individual overlupping clouds.
If the horizontal activity distribution within cach cloud
along this line is given by Eq (5), then the observer would
sec 100 normal functions, as in Figure 1. XNote that vy s
now the crosswind distance as measured from the center of
the target ficld.

It can be scen {rom Figure 1 that any point downwind
from this line of clouds will receive activity {row not
only the single cloud dircctly upwind from this point,
but also {rom adjoining clouds. This additional activity
becomes cven more pronounced as the clouds begin drifting
with the wind as the horizontal activity standard deviation,
Oy increases with time (as per the WSEG-10 analysis).
The total activity at any point downwind can be found by
finding the contribution of each single cloud and adding
all 100 contributions together. If the standard deviation,
o} , is large with respect to the intercloud distance,

the addition operation can be replaced by an integral:

LYY,
N M/2 1 -/2(%(-‘7)
f(y,t) = = - ¢ ’ dy (6
Yolw/2 VI o, (t) °
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where w/2 is the half-field width (in the example, 40

miles) and N is the total number of bursts (here, 100),
This function can be easily evaluated il it is split into

two parts:

- —_— e % dy (7)
- Vom Gy(t) °

which 1s easily transformed into

gtw{Z

N f Y 1 -152°2

i

f(y,t)

y <132
by letting

A 3 )

and

dz = m- (10)




Thus, [ (y,t) for many bursts is the difference between
the cumulative normal functions for two different arpument s,
When this function is used in Bq (1), the total dose rate
for any point downwind can be found. A graph of this
function is presented in Figure 2, with the 100 single
cloud distributions added for comparison.

Computer solutions for dose rates from Eq (4) would be
quick and simple except for the integrals in the multi-
burst {(y,t) . Therefore, the following approximation

was used for the integrals in I'q (8) (Ref 9:9832):

P(z) = 1 - 5 (.196854z + .1151942°

Yy

+ .000324z2% 4 ,019527z%) " (11)
where 2z is the upper limit of each integral. The difiference
between the two integrals was then multiplicd by the number
of detonations and divided by the field width to produce a
numerical answer for f(y,t) . This number was then used
in Eq (4) to produce dosc rates.

As will be seen in the next chapter, dosc ratcs fron
Eq (4) using this new f(y,t) agrce very well with dosc rates
derived by addition or supecrposition. fiowever, several cau-
tions need to be mentioned. This f(y) function is mecant to
be used in situations where there arc many bursts in a rela-
tively small physical area. Also, the individual bursts

positioned on the field width line cannot be more than one
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standard deviation apart; that is, the number of bonbs
detonated in a defincd arca (the bomb density) must be
large enough to allow the multiburst {(y) function to

approximate the cumulative effect. Smaller bomb densitics

must be treated as an aggregation of single bursts.

11
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ITII. Validation of the Multiburst Distribution

Any model must, by necessity, be shown to actually
conform to the reality it purports to represent. There are
several ways in which a model can be validated, with most
validation methods comparing model results to actual data.
As there 1s little data available on downwind fallout
dosages from multiple bursts, a different approach was
necessary. This involved a comparison between the results
of the new model and results derived from an iterative

superpositioning method of the same scenario.

Scenario

A scenario involving a counterforce attack against the
missile field at Whiteman Air Force Base, Missouri (Ref 7:32)
was used as a basis for comparison. This particular missile
field encloses 150 silos in an area roughly 90 miles on a
side. Two one-megaton devices were then simultaneously
detonated at each silo, for a total of 300 bursts. These
300 bursts were then distributed evenly on a 98 mile line
perpendicular to the average west wind of 20 miles per hour,
anc a shear of one per hour. Fifty percent of the yield of
each burst was from fission. The coordinates of the contour
lines of the followirg unit time reference dose rates were
then computed: 1000 roentgen/hour (r/hr), 500 r/hr, and
100 r/hr.




Description of Superpositioning Procedure

A single burst code similar to Colarco’s model (Ref 3)
was used for the iterative procedure. A grid was established
with 2000 miles on the x (downwind) axis and 182 miles on
the y (crosswind) axis. The x axis was broken down into
201 increments, while the y axis was divided into 27.

For more efficient computer operation, the 150 silos were
broken down into 15 groups of 10 silos per group. These
15 groups were then placed on grid line x = 6 and on every
grid line between y =7 and y = 21 , resulting in 15
silo groups evenly distributed on a north-south line 98
miles long. To simulate 20 bursts at each silo group, the
computed single-burst dose rate at each silo group was
multiplied by 20. The superpositioning method, then, was
accomplished by stepping from point-to-point on the grid
and calculating and adding the contribution of dose rate
from each silo group to that point.

Machine 1limitations dictated the coarseness of the grid.
Consequently, there was a reduction in accuracy. A summation
of all grid points did not total up to the entire activity
produced by the detonations; approximately five percent of
the activity was missing. This missing activity was not
deemed important to the comparisons, and is believed to be
the result of the coarse grid at the extreme downwind limits

of the fallout field.

13




Description of Multiburst Procedure

Results using the new model were obtained using the
multiburst code shown in Appendix A.  The required inputs
were inserted, and the coordinates for the desired contours
produced. No machine limitatlons werc encountered using

this model.

Comparison of Multiburst to Supcerpogition
1 )

The comparison was made using the same inputs: 300

one-megaton bursts, each with 50 percent of its yicid
from fission; wind of 270/20 with a shear of one hrvl;
field width of 98 miles. The contours obtained were for
doses of 100, 500, and 1000 r/hr.

Two different scts of contours were drawn {or two
different particle size-activity distribution curves. The

WSEG contours use a size-activity curve with paramcters cf

@ = 44 and 2np = .690 . A second sct of contours was
generated using size-activity curve paramecters of o = 37
and nB8 = 1.528 . hese parameters more closely resemble

those used by the DELFIC model (scec Figure 3). All calcu-
lations using these parameters and the Bridgman,/Digclow
procedure for activity deposition rate (Ref 2:29-30) will
be termed AFIT calculations.

Figures 4a through 4c show the three desired contour

comparisons using the WSEG formulation for activity dcepo-

sition ratc, while Figures 5a through 5c show the same

14
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comparison using the AFIT activity deposition formulation,

As can be seen, thesce comparisons of superpositioning and

the multiburst code are in good agreement. For the smaller
dose rates there is a difference in the crosswind deposition
of activity as downwind distance increcases from ground zero.
This discrepancy is due to the way the 300 bursts are distri-
buted in the superpositioning procedure; that is, the 15
groups of 20 detonations more closely rescmble fifteen
20-megaton detonations. This aggregate cloud will taper off
much more than an aggregate cloud of 300 one-megaton bursts,
as shown by Figure 5c. Consequently, the multiburst contours

are considered to be more accurate.

22




IV. Employvment of the Multiburst Code

To demonstrate the ease with which this new model can
be usecd, the fallout patterns from a counterforce attack cn
an MX field werec gencrated. Several different scencrios
were devised, and the appropriate inputs made to the code
MULTI, which is listed in Appendix A. MULTI incoirporates
the multiburst f(y,t) distribution developed in Chapter
II. An interesting feature of this ccde is the ability to
use either the WSEG g(t) (activity deposition ratc) or
the AFIT g(t) 1in dose/dose rate computations. Thercfore,
for all scenarios, a comparison study was made of contours

generated using the two different g(t)}'s .

Scenarios

The MX field, consisting of 4600 shelters, is preoposed
to be situated in the states of Utah and Nevada. Several
different scenarios were created around thesc shelters,
based on several parameters. These parameters include the
number of attacking reentry vechicles (RV), the yield and
fission fraction of each RV, and the average continental
winds. Two different dose contours were genervatced for cach
dose using the two different go(t)'s . Based on all these
variables, a total of 64 plots (or 32 comparisons) were

created.

23




To simulate a full, counterforce attack, 4600 RV's
were targeted against the MX field. The crosswind width of
this field was estimated at 190 miles. The yield of each RV
was allowed to be one of two values: either one megaton or
500 kilotons. These yields are commensurate with the war-
head yields of Soviet ICBM's. A 50 percent yield due to
fission was assumed for each warhead. As another comparison,
the number of RV's was decreased to 2300 with warhead yields
remaining the sane.

Several average winds were obtained (Ref 8) for the
continental United States as a whole at an altitude of
40,000 feet. All winds were from the west (270°) and had
different velocities based on the season. An average summer
wind had a velocity of 35 miles per hour (or written as
270/35), while an average winter wind was given as 270/77.
Strong seasonal winds were derived by adding one standard
deviation to the average winds. This resulted in a strong
summer wind of 270/70 and a strong winter wind of 270/1189.
These winds were then applied to each scenario.

Two different dose contours were generated for each
scenario, the doses being 1500 and 500 rems. Since most
single story residences above ground have a protection factor
of three (Ref 7:33), the 1500 rem contour represents 500 rems
indoors. Five hundred rems is considered to be the dosage
necessary to produce 50 percent fatalities in 30 days

(Ref 7:32).
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Fatalities will not be estimated in the following

comparisons. However, the contour lines do enclose the
areas of high fatalities from fallout. Major cities down-
wind from the bursts are delineated on the figures for
easier reference. It will be obvious that the WSEG formu-
lation significantly underestimates these areas of high

fatalities.

Results

Sixty-four computer runs were made interactively
using a CDC 6600 computer. Average compilation time was
1.8 seconds with average execution time of 1.5 seconds.
The 64 runs were then combined into 32 comparative graphs.

These 3” figures were arranged in four groups according
to wind velocity. Figures 6a through 6h have a common wind
of 270/35 (average summer). The second group, Figures 7a
through 7h, has a wind of 270/77 (average winter), while
Figures 8a through 8h have a slightly lower wind of 270/70
(strong summer). The strong winter wind group, Figures 9a
through 9h, is last with a wind of 270/119. All winds have
a shear of 1/hr.

It is obvious from all comparisons that the WSEG
contour lines encompass much less area than the AFIT contour
lines. This is a direct result of the Bridgman/Bigelow

method of computing g(t) and of the parameters used for

25




the particle size-activity distribution curvza. Colarco
showed the same kind of result, only for a single-burst
model.

It is interesting to note that the WSEG contours are
probably close approximations to the contours generated by
the Department of Defense (DoD) in their predictions of
fatalities from an MX field attack; the same basic WSEG
formulation is used. Consequently, the estimation of
resulting fatalities is not as high as it would be if the
AFIT contours were used, especially in the low wind situa-
tions. As the wind increases and the WSEG contours finally
stretch into the Atlantic Ocean, the number of fatalities

predicted by WSEG and AFIT will be about the same as the

enclosed population is egqual.
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Recommendations

The presented code will give realistic approximations
of the downwind deposition of fallout with great speed and
ease. This is exactly what operational planners need to
make timely decisions. However, several enhancements could
be made to the program to increase its accuracy.

The first enhancement involves wind. The use of a
single, constant wind from the surface to 40,000 feet and
across the countryside is a notoriously bad approximation.
Some way must be devised to incorporate several different

winds into the model.
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Appendix A

Fortron Cole 200

This appendix contains the following 1tous:
-- a copy of the code MULTI which computes
fallout contours, and a4 glossary of the
terms uscd in MULTI;
-- A user's guide to running the complled version
of the MULTI progvong
-- a sample of output from MU:TIl and an explan-

ation of how to intcrpret the output,

MULTTI Code

MULTI i1s a derivative of SMEAR, a single-burst f{allout
code written by Dr. Charles J. Bridgman of the Air Force
Institute of Technology. Several changes were incorporated
into SMEAR to produce MULTI, most notably the multiburst
f(y) distribution develeoped in Chapter II. MULTI was also
designed to be run interactively, with inputs coming fron
both the user and an attached data tape (TAPE4). The uscr
inputs are the parameters of the particular problein to be
studied, while the data tape consists of a table of coef-
ficients supplied by Colarco (Ref 3:67-71). The table of
coefficients is required in the AFIT calculation of ¢g(t) .

The opecration of MULTI is straightforward, with all

dose/dose rate quantities being calculated as described in
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Chapter 11. The contour coordinates are piven in terms of

X  (downwind distance {rom line of bursts) and y (cross-
wind distance {rom center of f{icld). These contour ccordi-
nates are displayed with the output at the terminal, and arc
also written on a data tape (TAPE6G). This data tape can
then be uscd as the input for contcur drawing routines.

The generation of contour coordinates is an iterative
procedure. The downwind distance x is increased by a small
amount, and the dose (or dose rate) at that x coordinate
and the center of the field (or y = 0) 1is then computed
and compared to the desired dose. If the computed dose is
equal to or less than this desired douse, we are either on
or outside cf the desired dosc contour and the y coordinete
is assigned a valuc of zero. If the computed dosc is grcatcr
than the desired dose, we are within the desired contour and
the y coordinate is increased by a small amount. A new
dose is computed for this new (x,y) position. I{ this
computed dose is still grecater than the desired dose, the
y coordinate is again increasecd. This procedurc continucs
until the computed dose cquals the desired dose; the vy
coordinate is then the total distance incrementall: t-aveled
from the center of the field to this equality point. The
downwind distance x is increcased again, and a new
coordinatec is determined using the same procedurc. Twenty-
six pairs of (x,y) coordinates are generated to define a

desired dose contour.
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A glossuary of terms used within the code is provided
in Table A-1. These terms arce prescuted in order of

appearance within the prouran.

User's Guide to MULTI

Table A-2 shows how the parameters of a problem are
entered. The first directive sets up the internal switches
for the program:

-- M determines thc type of ¢g(t) calculation
(0 = WSEG; 1 = AFIT);

-- MD determines the type of output desired
(0 = dose rate; 1 = dose);

-~ N determines the number of contours to be

generated.

The parameters of the scenario arc entered next, with
the desired contour valuecs entered {first. The yield of the
attacking weapons (in megatons) and their fission fraction
are then requested, as are the average wind velocity (in
milces per hour) and crosswind shear. The number of bursts
must be entered next, along with the crosswind width of
the field (in miles).

If the desired contours are to be computed in terws of
dose (that is, MD = 1), the total number of hours svor which
the dose is to be integrated is entered next. 7Thi- iatecra-
tion over time is the Way-Wignor approximation . Pef S:304),

If a time of infinity is desired, zero is the reuaivad input.




S

Finally, if all calculations arve teo be made using the
AFIT g(t) (that is, M = 1), the paramcters of the activity-
size distribution curve must he entecred. To approximate the
DELFIC default, the parameters given in Chapter 111 should

be used,

Interpretation of Output {rom MULTI

Table A-3 is the output of the scenario entered in
Tablce A-2. A short summary of somec of the input data Iis
first given. "AFIT CALCULATION" mecans the program will
utilize the AFIT ¢g(t) in its computatiocns. The yield,
fission fraction, wind and wind shear are printed out, as
is the desired dose contour. The 26 pairs of coordinates
for the contour are then listed. Note that this listing
is just "half" a contour; due to the symmetry of the cloud,
the other "half" of the contour has the same x <cocrdinates

but the ncgative of the 7y coordinates.
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COMPUTER CODL

PFOGT MULTTCINPIT, MUT20T, 28775, 7295 0)
e T L T
C  TAPEL IS AL JUTPUT 1A5S T0R COMFUTEC VALJES,

C

DIMERIION X(2F),Y(77)

COMMCN DUle) 42M 0 ),3(?),AL,”T

CCuMCN YJ')I C’ ICL"J ’S‘C,VT(,}”’T.“.,TF,K,M,HT‘
COMMCN Ny W, TD

c

C INTEOGNAL SWITCHES =

c M=, F02 355G, M=z=1 FNR LFIT

c MO=t FCF 3337 k2TI(2/74%), MO=4 FCR DOSEIR)
c N IS THE NU132R 0OF CONTOUT S T2 3¢ COMPUTED

c

PRINT# 4 Z8TER Mo 02 1) ,MD0L CR 1) 5 AND N(# CONTOJSRSY= ¢
READ ? 4}MyMDyN
¥ READ N VaLU3 JF CIKTONRS SFQUESTED IN R/HR OR X
PRINTY ,%2NT I CIATOUR VvALUES=
READ", (C(I),I=1,M)

c RTAD YIELDY (IN MT),FRATTION OF YIELD AS FISSION,
c WIND (IN MIZ74R)y LKRD HIND SHIAY (IM HR=1)
PRINT? g INTZST YIELPZFRACTION, WIND LT

VIl AND HWIHD 34R=

FZLED *y YA,FF4VX, S“’

PRINT® y=NTES # CF MWRETE=

RZAD+ 4y NN

PRINT® g™ INTE? N~-S WIDTH OF FIftl= "

RZ8DY, %

W=W/2,

IF (MR, ENL 1) PRINT»,"ENTER TIME OF DURATION= ™

IF(MOeEN e ) RELD>,TN
C SC (SJUKCEZ NORXMALYITATION ZONSTALTY YIZLDS R OX /MR

IF(MeENe 43 STZ=2484 AYFETYM

IF(Met Neie) SC=2¢ IS+ "7 ¥FFP Y M

c
c YISELSD SEFRINDTNT oL LT ONET ONGH CLeRUTED
C 4O 1T 1N KTL)ELAT
C SIGH oWl €133 & THOSTATTL MILFS
C TS IS In H4CuRs
HOZ 6ot g JYLLDGIY M) =y ® " 7 (L QR (Y Y 42, )+ (L 5501~
£ +2.22)
SIGH = 43 ¢HC/7T ,2°
SING = S¥D( 7 400NN 70 m D T e 4 LALDTIYMY E G e
C TC = 46 F7T78 (12, 20/ 4= ok KL/T) el (1e=a'* XAt
L4 M TPTIRZ5 )
c SET A_PKA AN) RBRITA FO® W3S 6 CHLCULLTIONS
AL = "v"!c
BT = “‘9
Cc IF TH4IS 1S & TG OSALTMATION,SKI® YO &L
IF (¥, FP.?) :::: &
PRINT®,"ENTES ALP WA AND RETA =
REA) ', £L 4,37
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c
c
25
26
S5
€¢
65
(&
75
8t
82
c
c
€6
c
c
c
C
c
c
c
c
97
gt
c
C
c
C

-C IF THIS IS A ASEG ZALTHLAT ION,

SOMVERT CI_CFITY TO ¢ ILOVI|FERS
T AT L

DEFIVE SONSTALTS FOR GI(T)
00 25 Jy=z,%
CUI=1)=COIFF(7K, )
CONFINUE
00 23 J=",¢
CUJ-2)=(C0EFF(7X,))
cenlINgE
PRINT =5
FORYAT (¥ ZFIT ZALCULATTCN +)

PFINT THAT

IF (MeENG) PFPINT 55

FOIMAT (* AZSh CLLCULATICN ')
PRINT ZUT TH- IRGUS £471 421 65§
PRINT 7. 4Y4,F7
FOIwaY (' YIELD = - p55,2, % M1, FLOSL0 CualTEON = *,%3,2)
PRPINT -.".:, IX, SHP
FO-MEY (t NIND = ‘,r"."-.i" MUW, TN SHeas = ',FE..7,' 4i~17)
FRILTY ¢,
Fo- w1 (" A2TIVIiY=ST77 TIS7-17UT10% o9 LoGnaTq.l )
PIF = 1 1,
prIyT F2407%, 2Ly T
FO‘T"""“!(:)’,-:.Z,' A I N R Y ‘,:‘Tli,‘ AND -~ TITL =ty
Fi:el)

FIND THE TIWI OF MaXIMUM GIT) ANT CeLL I7 “TM"®

CALL GMAY

DO {27 K=i,N

FIND UPSLISE ihTC23I21T0N €Y CALLING “UFHILL™
CaLL JPHILL

RETUIN AITH VLLUS FI> TN
IF (13,50e="3.) 3070 12,

FIND DOANSLCPT TNTZRSERTIO0N 8Y VALLING “OWHILL™
CALL DHAILL

RETURN 4ITH Ve LUT FI% TF

DIVINE 457 LINE INT) 2% INITRVALS
DT =(TF=TB) *4 &

PRINT 7TAPLT TITLE FO™ AFFRUFKRIATE CALCULATION

IF (43,50, ) PRINT 21, D(XK)

FORMAT(® COIORNTNATET FO: *4F741y* RZHL ISQARATT _INE™)

IF (MJ4NEL.) PDINT 35, 70 (X)

FORPMAT (> CLORTINATES FO! 9876l R I3271°% LINZ®)
FUROTHIS TLniTu

SOMPUT Y BN PR IMT
X IS MNIWNWINDG DISTAMNECT Fidk 2URSTS
Y IS CRISSHIVD DISTANCE FROM HITLINE
(

X, ¥ VALU:CS

20 131 1 Ly 27
T = FLAAT(TI-1)*0T7 + 13
X(I)} = VY*T
TIND £J3% 2N THE 4OT LIKNT FCR EACH STEP X (D)
Y(I1)=

Z=ABSC(Y(T)=4)/SIGY (X(I)))
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Cc CUM, SIMAL FUNCSYINN AS GIVEN PY
C ' APRA P;dlf’ END STZS3UN, Fo0 32
Fod o/ (24~ {30+ 039 570 74,4454 Cu4727
. Ce L U LMT78220 [ ATECTRTIRL) %)
ThAzy,-F

FRzFL-F

FY=NK/Z (2°W)*F D
I=SCG(TY 7YX FY
TF(MDNESY) N = N*EIA(T)

C IF Q0S= JN THT wZ7T LINT 1S GrEETZR THAN THE DJESIRE) 3CS:
C GO CRIASSHWIED UNTTIL NDISIReD GCST IS INTERSEITIN,
IF (NPeCTeD(L))Y GOTO 1.,
Y{I}) = 0,
5070 ¢°5
c
C DETESM NBYICK CF 2R2)330WIND DISTANCE KEEDED
C T0 INTIRSECY DsESIRE™ pLes

13° =%

YAXH=(WeSESTAYINITIII L2,
30 1i: J=1,Ma%W

A=f 4,2

Z=ABRE( (A=) /7S IGY(X{I)))

Pzl a/{2¢" (Lot edGtEe*7+,110204%2%7

¢ +.;£CS'0*"“”4 ClgieprZe+y)*ay)

IF(ALLTeM)F=tle=F
FY:NN/(Z”H)Ff

._._Sch (T) IAadl [ 4
IF(MUWNE o) D2N*CT(T)
IF(QCTSOUKIICED 7O S0

Y{I)=
60 10 13°
1¢6 SONTINUE
108 PRIINT 117,I,Xx(7),Y(I)
WRITELE,142), X (1) ,Y(T)
117 FOxPAT {(15,2¢73.,1)
112 ORMET (17X 27 1,0)
111 CNTINUE
c
c PRINT 74T FINneEL POTINT

X(2g) = VX5 TF

Y(25) = 0,

PRIN 11.,2€,Y(23) ,Y(Z6)

WOTTZ(, 1421 ,X(25) ,¥Y¢Zi)
12¢ CONTINUS




"'“”*‘ - "‘“--.ll.l-..llIF----Il-l-.--------—-——.“

Col*‘si'wt-! AR AR AR RS Sl AL A AR AN R R R L L E R L 22 s
SUTRCUTINZ 5MLX
TEAMO Cla) g2 My ST ) g L7 T
(GTE S AN TC.S]SC?,TIG“,SW ,SC"/X,.I‘:.yT'f,TF,/\,.‘".’-un?
COMMGE NiyH,TD
c MAXIMUM GUT) IS FOUND 2Y TRACING G(T)
c TO ITS PEALC IN o2 HOUI [MCRL™ENTS
G0 & J=1,1
T=F_JAT (J-1)*. 1
DH(J)=5(T)
IF (J.20el) GITD 4
IF (DM(D) LT DMU=1)) GCTOC S

4 CCAHTINUE !
5 TH=T =41 !
RETUERN
£ND

CHAXIY 4% 1 RI2 X LY EFDT 2RNBEE) ANAN X2 FX . AEFRFERERHFARL N
SURRCUTI i UPHILL
COMVGCH D(s) DM M yTL2 ) AL,RT
CO“‘:MON TC' SIGC’SIC“{,Q‘““ ,SC’ VX,TE,T"‘,TF,K’ H,HD
COUMCN NN Wy TD
TH4IS TUTROUTINE FINCS THT CEOINT (N THT HITLINE
CLOSZSY TC THE BUISTS WH™PI TH: SUSIRED CONTOUR
DOSE INTZRSZISTS.

T8= ~5G, IS & FLAG TO INOTCATE THAT J=4iu?Y IS LESS THAN 1Y
T8 = =3¢,
TO=INITIAL 7TIME
T = =(3,+3IG0)7VX
IF (MeNEL.) TO = 9,
T=7Q
c SET BT FOR W3EG (FDR T < F3SIGMA)
DT = L,31%3233(TC)
oM(4) = .
DO 2 J=Z,41. -
c SET DT IR AFIT 0°f RESET IT FOR WSEG
IF(T45E4APS{T)) DT=4 1
I+ CT
TrvXx
7315Y (0
o/ (244 (L 46137 %272 4,115130 87247
4

(@] QOO0

JTULETER T4 JLIF27R T 0G) - Ry

FY="N/ (24" W)*FT
DM =SZ*G(TI/ZUXFY
IFC(MIeNZel) DM ) = EI(T)YCC(D)
IF (J4(J)«5Z3(K)) 6GLTO 2
IF(T.6T«TH) RFTUIN
2 CONTINUE
RTTUSRN
c INTEXPCLATE
3 DLT = 0T (DM =00/ (CM(J) =DM (J=1))
TB=T-DLT
RETURN
. END
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c THIS SUCROUTINE CCwFUTIS G(T) FOF AFIT OR WSEG,
¢ IF (MeEDLT) GOTOD 4
IF (SelLTaesl) GCTC 3
g AFIT COMFUTATICNS
g 2 IS PARTICLY RADIJS (TN METERS)

C““‘JQCK\.I'\U" PO L DY . JEELIEL 4AXP R DAL 33 24K RV W2V oy
SUTECUTT T AdHTLL

CO " MCN Do) g 30 (0 Dy STy yA T
COMMON T2 SI15095 16Hy SH2 43S0y VX s TEoTH TF Ky My HD
COMMON K4y Ny TP
c THIS TUPXJUTIN: FINTS 74T €7
c FARTHEST FA0¥ THE FUISTS NH

Y‘l

T HOITLINE
“SIZED DOSE INYERSZZTS.
JL = TH/45 + 2,
0 % J = JL,m"0
FLOLT (U= 4, 2
TRy X
4/SIGY(K)
Fle/ (2% (144130 ATLY 74,1408 1GPT*2
¥ *03133QQ'7 434 ,04LQEZ747TAL) #g)
FA=1e-F
FB=FA~F
FY=IN/(2,FH)*F3
DM () =SC*G(T)/VX*FY
TF(4DeNZa™) DM =I(TI*DM(Y))
IFQIKYGCT MUY GCTO
4 CONTINUE
c INT=ZPPOLATE
5 DLT = c’()(K)'“”(J))f(E“(J")-f“(J))
TF = T =2L7
RETURN
END
R L R R N S O R L R T T S R T
FUNCTION 5(5)
COMMCN D(a) 421 (% 0),2(7 ) ALy BT
COMMCN T2,S515C, SH 934:,SC,VX,TE,TH,TF,K’H,MD
COMMON Ny Wy TEO

Y
0
T

NX
ot

S2

RS/ (SEFSY OO /(ST +T(2) /(5% 2)
R=R4C(LY/Z(SPS)I+Z(5) /S0 (£)+C () /SART(S)

c CONVEIRT N’T'QS TO ¥“IGCR0NS
£ = F%31,.I¢7 82

ACTIVITY=3I7E FINZTIOR

= Lo

= (ALCS(R) = AgDd5G(AL)Y )/

s EXP(=453PPYF) /7 (S7RM(K42-3)*BT*R)
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o0

DR/0T IS DERLVATIVE JF R
PROIT==2423(1) /(3 *2) =3, *C(2)/(S¥"5) =Z4*C(3) /7 (347Y)
ORIT=DSCT=2sFC ) 2(S** ) =0 (2) L (S¥S) =~ C(T) /(5 4L
OFJT =CT3T*1.F+i6
6= A*AQST(IRIT)
RETURN

/

3 G=0 s
RETURN

WSZG ZOMPUTATIONS

(o NeNw]

4 X=V¥X*S
N=4ES(X)
H=4 o 461635355 " 04, 115400 " NR Q4 o LU TLL2QF+ 34,0, 135273047,
PHIZ1s = 1 o/7(2,% H¥"N)
IF (XelTele) FHI = 4,=CHT
G = PHI*IXD(-S/TCY/TT
RETUFN
END
CR¥FSPRRI LA YBANERBIIRE . BUN L EL SN L 4RL S TN EIRANRFSEIRL
FUNCTION 3I(3)
COMMON Tl3)30M (2 M) 4 T(7)Y,AL,07
COUMCN T4y SIS0y 3157ySHT 9SO VX 9T 23 TNy TFsKegM,MD
COMMGN N 4, W, TD
" THIS FUNCTIOLN ZOKVIKRTS N35% RATE TO O03E
c USING THZ WAY=WIGNER AP2SOXIMATION
t
E
]

TE=S

IF(TAGL T i) TA= 1

TE=TA+TD

BI=Co/(TAt*,2)
IF(TEWGTTA)3I=RI=S,, /(T Exe,2)
RETURN

EisD

CHr¥F 4440 BAX 3 EUL P HT  FVBBRE NLL LR A2 ELINASRENSI BN

FUNCTYION SIGY(X)
COMMON Dled,3M (2 T)y3(7 )y ,0T7
COMMON T, 3150315y SH4T 3SCyYX,TE. ., 76, . My7
CO*HLN N "'f!,rD
5 c THIS “UNCTION ZOMPJITES SIGHMA Y, LS FIG W3E6-1.

TS=X/VX

IF(TSe5T634)T8=2,

Thk=1,48.'TS/TC

{ SIGY = SNAT(SIGD  *2¢T 4 (SIGH*SHRAX/YX)** )
RETUFN
END
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CH¥F PP RRT L FAINBAPERI RIS - XX BAB ¥ED YRS FIH L X S eBEDRAEFRIN
FUNCTIOM 3DESF(7KyN)
DIMENSICN A(2b:,9)

C  THIS SUNCTIJN RTECE THE JATA VAFE AND INTERPOLATES

c FO% THE CC2FISIENTS NIIDED FOiX THE GIVEN ALTITUSE 7¢

REWIND &

B0 11 TI=1,253

RELD(xy1 )8 (s NN,50=1,%)
REZD(L,2.1) (A(T, J); J=5,9)
FOSMLT(F +1,4811,3)
FORIMLT (F ., 1’ JTi1 oq)
IF(7K.LEL (I, 4))C0 TD 11
CCUTINUE

X2=A(I,1)

Xi=A(I-1,1)

Y2=R (T4 N}

Yi=A(TI-1,4V)
COZFF=(LY2=Y1) 77U X2=~X1)) #7K+ ((X2" YL ~X4"¥Y2)Y /7 (X2=X1)})
RETURN

END

i
[a BN
[ =

(W

|
|
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TABLLE A-1

Glossary of Terms Within MUTTI

INPUT PARAMETIERS

D(I) Contour valuc in dose or dosc rate

YM Yield of the weapons (in megatons)

FF Fraction of yield due to f{ission

VX Velocity of the wind (in miles per hecur)
SHR Crosswind shcar (in hours 1)

NN Number of bursts

W Width of the field (in milcs)

™ Time of duration for dose computations

{(in hours)

AL Alpha parameter from activity-size
distribution curve

BT Beta paramcter from activity-size

distribution curve

T O U i ———— S —— % = . A

WSEG-10 PARAMETERS

HC Nuclear cloud height (in Kilofcet)
SIGH Cloud thickness paramecter
SIGO Initial cloud radius parameter
TC Time constant
sC Source normalization constant
73
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TADLY A-1 (Cont*d)

COMPUTATION PARAITING

ZK Nuclear cloud height (in kilometers)
CJ) Coefficients for AFF1IT ¢(t) computation
DT Interval along hot line

™ Time of maximum ¢ (1)

TB First time of occurrence of desired

dose on hot line
TF Final time of occurrence of desired T

dose on hot 1line

T Time (in hours)

X Downwind distance (in miles)

Y Crosswind distance (in miles)

F Cumulative normal function

FY Crosswind distribution of activity
Q Dose or dose rate

A Crosswind mileage counter

MAXW Crosswind limit of computation

FUNCTION G(S) PARNITTERS

R Particle radius (in metecrs)
A Activity-size function
DRDT Change in particle radius with respoct
to time
PHI Cumulative normal function
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TABLE A-2

Interactive Inputs

ENTER M (0 or 1), MD (0 or 1), AND N (# CONTOURS) = 1,1,1

ENTER CONTOUR VALUES = 1500

ENTER YILLD, FRACTION, WIND LEVEL, AND WIND SR = 1,.5,35.1

ENTER # OF BURSTS = 4600

ENTER N-S WIDTH OF FIELD = 160

ENTER TIME OF DURATION = 0

ENTER ALPHA AND BETA = 37,1.528
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TARLE A-3

Sample Cutput

.

[

C \

Lot

[l v '

{ <
i
3
vl
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