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1. INTRODUCTION

Since publication of DASA-1800—II(1) in 1966, the Defense

Land Fallout Interpretative Code (DELFIC) has undergone substantial

revision in all of its modules. These révisions have created some
new demands on the Initial Conditions yodule (ICM) and remnved some
old restrxictions. Of most direct con;equence to the ICM are changes
in the Cloud Rise Module (CRM)(Z).

The new CRM accounts for wind shear effects on the cloud
rise dynamics. Therefore, shot-time winds above ground zero are
input via the ICM rather than via the Cloud Rise~Transport Interface
Module (CRTIM) as was done originally. The old CRM could accept no
more than forty particle size classes, and the size class structure
was rigidly prescribed. These restrictions have been relaxed in the
new CRM, and the ICM has been revised accordingly. In addition, the
ICM has been given a capability to accept parameters that define a
power~law particle size distribution function. From these parameters,
it constructs a particle size class table with a user-specified
number of entries.

Subroutines LINK1 and DSTBN have been revised, and a new
subroutine, SHWIND, which is called by LINK1l, has been created. Sub-
routines MASS, TEMP, TIME, and VAPOR remain unchanged.

Subroutine LINK1 is tne ICM executive program. Subroutine
DSTBN éonstructs particle size class tables for lognormal and power-~
law particle distributions. Subroutine SHWIND reads in the shot-time
winds above ground zero.

The logic of the ICM consists of a card input, which is
described in Table 1, followed by serial exercise of the subordinate
subroutines. Adequate detailed documentation is provided by the
FORTRAN statement listings.

Use of the ICM is quite simple with one exzeption: defini-
tion of particle size distributions. Therefore, the bulk of this

supplement is devoted to discussions of particle size distributions.

Py S S 1 prnr—.
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2, THE LOGNORMAL DISTRIBUTION

2.1 Fundamentals
A variable x is said to be normally distributed if the

probability of its occurrence in the range x to x + dx is given by

2 1Ix-g2
dN(x|u,07) = exp | = 5| dx , (1)
{

ov2n

where u is the mean value of x and 02 is the wariance of x. The
square root of the variance, o, is called the standard deviation.
To define a lognormal distribution, we make the trans-

formation

¥ = n(y) (2)

In terwms of the variable y Eq. (1) becomes

. 2
dAly|u,o®) =

l{%ny -y 2
exp |- 5 S d(2ny) (3)

ovam

and y is said to be lognormally distributed.(B)

Some statistical properties of y are as follows:

mean(y) = exp(y + 3 0°) (4)
median (y) = exp(y) (5)
mode (¥) = exp(y - o2) (6) :
variance (y) = [exp(cz) - 1] exp(2u + 02). ) -'i,

Preceding page blank
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Ler y and ¢ be the geometric mean and geometric standard deviation !

oL y. Then
y = median(y) = exp(w) (8)
and
s = exp(o) . (9
Let k3 be the j-th moment of A(ylu,oz) about the origin.

Then by definition

A 2
AJ.—J el 1.06 4 TN 20 BN (10)

(o]

and from the properties of the normal distribution it follows that

%3 . (11)

exp(ju +~%

e -

A feature that distinguishes the lognormal distribution
from the normal distribution is the existance of moment distributions.

The j—th moment distributicun is defined as

y
2 1 2
A(yIU)C )j = -A_i f tjdﬁ(tlu’o ) (12)
3 o
which can be shown to be(3)
2 2
Mylo®) ) = Al + 30%0%) 13)




The moment distributions provide simple relationships between log- |

normal distributions of number, surface area, and volume of particles

with respect to their diameters.

2.2 Application to Particle Distributions

In discussions of lognormal particle distributions, con-
fusion frequently arises because distinction is not ciearly made
between p anc y and between ¢ and s. Since particular values of u
and ¢ depend on the base of the logarithms used, we have chosen to
confine our discussions in the DELFIC documenta:ion to parameters in
the form of y and s.

Suppose that we have plotted cumulative numbers of parti-
cles versus diameter on log-probability graph paper and have ottained
the curve shown in Figure 1. This straight-line curve indicates that
the distribution of particle number with respect to diameter, D, is
lognormal, Thus, D is equivalent to y in Eq. (3), and from Eqs. (8)

and (2) we have

¥ = Dy
and

= Dgy,13/050

These are the quantities DMEAN and SD, respectively, that are required
as input to subroutine LINK1l, and that are printed by LINK1. DMEAN

is expressed in units of micrometers. {In words, DMEAN is the median
particle diameter in the distribution ¢f numbers of particles with
respect to their diameters.) If the user specifies a lognormal dis-

tribution but does not input values for DMEAN and SD, the program
(1), :

supplies the values
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DMEAN
SD = s

= 0,407 um
4.0

i
<
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As noted above, the properties of the moment distribu-
tions are useful in interrelating distributions of particle number,
surface area, and volume with respect to particle diameter. This is
because the number distribution is the zeroth moment distribution
with respect to diameter, surface area is distributed via the second
moment distribution, and volume is distributed via the third moment
distribution. Thus, if we assume spherical particles and if the
parameters p and o are known for either the particle number, or parti-
cle area, or particle volume distribution with diameter, then the
other distributions can be determined from the equations below. The
parameter ¢ is the same for all three distributions, If we use N, S,
and V as subscripts to denote number, surface area, and volume,
respectively, we have from Eq. (13)

2

uS=uN+20

2
uv uN + 30

where u and o are related to y and s by Eqs. (8) and (9).

If base 10 logarithms are used instead of natural loga-

rithms, we distinguish the distribution parameters by use of primes,

My

1S

and o', and the relations become

2
Y| '
g = My + 22n(10) (a")

2
t i ]
uy + My + 32n(10) (o")

where 2n(10) = 2.3026.

el olonn B " b
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The distribution of particle mass with respect to diameter
is taken to be equivalent to the volume distribution with respect to

diameter. This implies that all particles have the same density,

2.3 Particle Size Class Tables

For computation purposes, the continuous lognormal distri-
bution is replaced by s histogram. The computer program, via sub-
routine DSTBN, does this automatically by use of the distribution
parameters and the number of size classes,NDSTR, which is input by
the user.

The user specifies parameters DMEAN, SD, and NDSTR. From

these, the parameterc u,., o, and W, are determined via

N
My = 4n (DMEAN)
c = &n(SD)
2
My = Wy + 30 .
Define the normal distribution function argument x as 1
2n(D) - uy ﬂ
X & ———
o}

where D is particle diameter. Then

X

2
“[ exp(-t /2)dt

-00

1
N(x) = —=
/or

Subroutine DSTBN constructs the pa. cle size class table

(i.e., histogram) as follows. Each size class contains a constant
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volume fraction, ANV, of

ANV = 1/NDSTR .
Let Di’ i=1,2.....,NDSTR, be the upper (i.e. the larger particle)
boundary diameter of the i-th particle size class. The table is
ordered with the largest particles in the first size class, and so on.

Then, for the i-th size class

N(xi) = iANV
and

= o+ .
In(D; 1) = X0+ uy

The upper boundary of the first size class, D., and the

1
lower boundary of the last size class, DNDSTR+1’ are specjal cases.
These are taken to be the diameters at ANV/Z and l—ANV/Z, respectively.

That is,

AN
- _Vv
N(x)) = —

and

ANV

NGoypsrrer? =1~ 77 -

In these calculations x is determined frem given N(x)
via equation 26.2.23 of Reference 4.

The central particle diameter for the i-th class, di’ is
given by

d; = PiPyy -

— e m—a . - PUPREEEIEY P s, S SR SRS—

e
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' i
' 1 . ' !
If NDSTR.= 1, a single size class is created with . ‘ '
B ' , ‘
D, = (DMEAN) * (5 0% SD) , ' |
D, = (DMEAN) / (5.0 * SD)
i
and ' ~ i ) ; .
d) = DMEAN .  ° C ‘ o ‘
|
1
4 H '
)
p ) !




) 3. THE POWER-LAW DISTRIBUTION

3.1 Fundamentals

Mathematically speaking, power-law distributions are
meaningless since distribution functions cannot be defined for them.
This is because the power-law function is not properly bounded for
zero argument Freiling has shown that fallout particle distribu-

. tions that have been represented by power-law functions can equally
(

on

" well be fitted by lognormal distribution functionms. 3) The implica-
tion of Freiling's work is that power-law distributions would be more

v accurately described as truncated lognormal distributions. Neverthe-
less, power-law distributions frequently are useful in fallout work.

Define the power-law frequency as
df(D|k,X) = kp"XdD , (14)

where df(DIk,X) is the number of particles in the diameter range D to

‘ D + dD. If we assume spherical particles with constant density, p,
we have
L 3-X
mpk mpkD
dF ‘D ™M ,x) = “emM dp , (15)
! ! \ ‘
where dF{D %%E,x, is the fraction of the total fallout mass, M, in

the diameter range D to D + dD.
The mass fraction of particles in the macro-range from Di

' to D, is obtained by integration of Eq. (15) between these limits to

j +
give :
' ‘ i
’ = __mpk [ 4-X _ _4=X «
. OF = el (Dj Dy | 0<X<4. (16)
i
L
| ‘ 11

v Jot -

RN




3.2 Particle Data Analysis

Suppose that we have obtained a sample of fallout particles.
We weigh the sample to obtain M (kg), and we size the sample into N :
fractions, the i-th fraction containing particles in the diameter
range ADi centered on Di (meters). We weigh each fraction and obtain
the mags fractions AFi' We determine that the average particle
density is p (kg/m3).

To obtain the power law distribution parameters k and X,
ve plot log(AFi/ADi) versus log(Di). A straight line is fitted to the

data. From Eq. (15), we see that the intercept and slope are

intercept = c = log %%E) ’
and

slope =m =3 - X .
Then

X=3-m
and

k= 21057 e :

When X and k are determined from M expressed in kilograms,
D and AD in meters, and p in kg/m3, they can be input to subroutine
LINK1 as EXPO and CAY, respectively.

3.3 Particle Size Class Tables
For use in fallout calculations, subroutine DSTBN creates

a histogram representation of the power law distribution. The histo-

gram is comprised of NDSTR particle size classes, where WNDSTR is




specified by the user. The mass fraction in each size class, AF, is

the constant
AF = 1/NDSTR

Let Di be the upper (i.e. larger particle) boundary of the
i-th particle size class. The table is ordered with the largest
particles in the first class, and so on. Then the smallest particles
are contained in the NDSTRth class. If we assume that the smallest
particle in this class is much smaller than D
Eq. (16) that

NDSTR® we see from

pAX 6M(2—X) AF

NDSTR =~ mpk
By recursive use of this relation with Eq. (16), we find that

1
D, = (NDSTR - 141) 4%

DypsTR

Size class central diameters, d,, are

i

dy = \/PsDypy -

To establish a central and lower boundary diameter for the
NDSTRth class, we say that
1

4-X
4o = |5 D
NDSTR ~ |2 NDSTR

and

2
Dypstr+1 = ‘npstr’ /D

\DSTR °*




Mgk e

Fﬂ-‘v
|

T T ' v - T T ———
' gy V—‘

4, TABULAR DISTRIBUTIONS

4,1 Particle Size Class Tables

If the user so desires, he can input his particle size
distribution in histogram form with NDSTIR size classes. The table
of size classes must be arranged in descending order of particle
diameter. Each size class is defined in the iuput by its upper
(i.e, larger particle) boundary diameter, Di’ and mass fraction, AFi'
These two data are punched on a separate card for each size class. i
The last card in the deck contains the lower boundary diameter of the
NDSTRth size class. Central particle diameters, di’ are computed to be

di=(Di+D y/2 .,

i+l

preceding page blank

PO '\ A, A




5. USER INFORMATION

5.1 Card Input
The ICM card input is described in Table I. This table
and the discussions in Sections 2.2, 2.3, 3.2, and 4.1 provide

adequate information for use of the code.

5.2 OQutput
Though the printed output has been modified somewhat,
the example output presented in DASA-1800-1I is still satisfactory.
Communication with the Cloud Rise Module is via

COMMON/SET1/. The contents of COMMON/SET1l/ is described in Table 2.2
of DASA-1800-III (Revised).(?)




L 3

TABLE I

CARD INPUTS TO THE INITIAL CONDITIONS MODULE

Variable Names

Card Number Contents and FORMATS
1 ICM Run Identifier DETID(J), J=1,12
(12A6)
2 Control integer to specify particle size IDISTR (I5)
distribution type:
W 1 lognormal
2 power-law

} 3 tabular

3 Number of particle size classes NDSTR (1I5)

A(a)* (For lognormal particle size distribution)
Explosion yield (KT), height of burst
* above GZ(m), soil class indicator:
1.0 for siliceous

2.0 for calcareous,
median particle diameter (um), geometric
standard deviaticn of the particle size
distribution, and particle density

(g/cm3). (See Section 2.2.)

4(b)* (For power-law particle size distribution)
Yield (KT), height of burst (m), soil
class indicator (see above), exponent in
the particle size distribution frequency
function, coefficient in the particle size
distribution frequency function, particle
density (g/cm3). (See Section 3.2.)

4(c)* (For a tabular particle size distribution)
Yield (KT), height of burst (m), soil class
indicator (see above), particle density

(g/cm3).

A table of upper boundary particle
diameters (pm) and mass fractions

4(c)I*

' é(c)** The lower boundary diameter (um) of the
] NDSTR+1 last particle size class. (See Section 4.1.)

18

JETT YT g 1

W, HEIGHT, USOIL,
DMEAN, SD, DNS
(6F10.3)

W, HEIGHT, USOIL,
EXPO, CAY, DNS
(6F10.3)

W, HEIGHT, USOIL,
DNS (4F10.3)

DIAM(J), FMASS(J),
J=1,NDSTR (2E12.5)

DIAM(NDSTR+1)
(E12.5)
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Table I (continued)

Card Number Contents

Variable Names
and FORMATS

5 Number of entires in the wind data table
Kok
For each entry in the wind data table:
altitude (m, relative to msl), x com-
ponent of wind (m/sec), y component of
wind (m/sec)

NHODO (I5)

Zv(J), v,
VY(J), J=1, NHODO
(3F12.3)

IDISTR is 1, 2, or 3.

& **  These cards are read only for a tabular distribution.

**%%* These cards are read only if NHODO > O.

* One of the cards 4(a), 4(b), or 4(c¢) is read according to whether
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6. FORTRAN STATEMENT LISTINGS

Complete FORTRAN statement listings are given for the

following subroutines. These subroutines are operational on the

UNIVAC 1108.

SUBROUTINE Page
LINK1 22
DST 8N 27
SHYIND 29

The machine used to prepare these listings prints a

{#f symbol to represent a 4-8 punch; this symbol should be an
apostrophe ('). In FORMAT and DATA statements, the apostrophe is

used to define Hollerith character fields.

Preceding page blank
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SURROUTINE LINK1 LYNKL
INTTIGL CONDITIONS (FIRFRALL) MODUL: LTMK1
MY, BURURN PESEAPCH ASSOCIATES JANUARY i9r2 LTINKL
LINK]

FLUSUENRF AP CECEU R RS U S FUT N SAS SN SRS T RS U XSS RNE S S RGE NS LU R FF SR ES 28| TNKL
LTNLL

PROGRAM TO DETERMINE THE INITIAL CONDITIONS SPECIFICATIONS OF LTNKY
TIME, TEMPERATURF, TOTAL SOTL MASS, FRACTION OF THF SOIL RURDUFN INLIN¥I
THE VAPOR PHASE, ANC THE SI7E FRENUENCY DISTRIARUTION OF THF LN«
CONDENSED PHASE SOIL LTNKL
LTHNKL

THF FIRST CARD CONTAINS ANY ARBITRARY ALPHANUMERTIC 1DENTIFICATION.LINK1
LINKY

OTHER INPUT PARAMETERS ARE -~ TEST PAPAMETER (INTISTR) TO DETERMINE LINKI
IF THE PARTICLE SIZF FRENUENCY NISYRIBUTICN IS LOG-NORMAL, POWER LINX]
LAW, OR TARULAR, YIFLD IN KILOYONS, HEIGHT(DEPTH) OF AURSY IN LTNKY
METERS, A SOIL TYPE INCICATOR, FALLOUT PARTICLE DENSITY(GM/OM®®I), LINKL
MEAN(HICROMETERS) ANC SYANDARD DEVIATIOM FOP A LOG-NOPMAL PARTICLELINK]
SI7E FREQUENCY DISTRIRUTION, THF NUMBER OF PARTICLE SIZE CLASSES LINK1
IN YHE PARTICLE SIZE FRFQUENCY NISTRIRUTICN, TF ETTHFR & TARULAR LTINK1

OR POWER LAW DISTRYEUTION IS USFD , THE HEAN AND SYANDARD LINKY
NDEVIATION ARE NOT Z2LLFD FOP SINCE THEY 0OC NCT APPLY, IF A LTINK]
LOG~-NORMAL DISTRIBUTION IS TO RE SUPPLIED BY THE FROGRAM, THE LINKE
MEAN AND STANDARD OEVIATION FIELDS ARE LEFT ALANK, LIN¥Y
SHOT TIME WINDS ABOVE GZ ALSO ARE INPUT. THESE ARE USED TO LINKL
COMPUTE WIND SHEAR €FFECTS ON CLOUD RISE AND FALLOUY ADVECYION LINKL
DURING THE CLOUD RISE TVIME INTERVAL, LINKL
LINKL

FOP UNDERGROUND BURSTS INPUT DEPTH OF BURST AS A NEGATIVE NUMREP LTNK1
LINC

THE OUTPUT UNITS ARE MASS IN KILOGRAMS, LENGTH TN METERS, TYIMF TN LINK1
SECONDS, TEMPERATURE IN DEGREES KELVIN, YIELD IN KILOTONS, LTNKL
DISTRIABUTION PARAMETERS TN MICRONS LTNK]
LINK1

SEERVEIEBENEPERUEIRSEEES  LOSSARY FFFSUFSIRIRSLICIIPEIEITRSICRUIVEIN TNKE
LINKI

CAY COEFFICIENT NF THE FREQUENCY FUNCTION FOR THE POWFR LINK1L
LAW PARTICLE SIZE FREQUENCY DISTRIRUTION LINKL

DETID(D) INITIAL CCNDITTIONS IDENTIFICATION ARRAY LINK]
DIAM(I) ARRAY (201), UPPER BOUNDARY Nf THE I-TH PARTICLE SIZE LINK!

CLASS. THF LAST ENTRY IN THE DIAM ARRAY IS THE LOWERLINK1
3O0UNDARY CF THE LASTU(SMALLEST) PARYICLF SIZE CLASS. LINK1
THE LENGTH OF THE DIAN ARRAY IS ALWAYS ONE GREATER LINK]

THAN THE NUMRER OF STZE CLASSES(MICROMETERS) LTNKL
OMEAN MEDIAN CIAMETER (MICROMETERS) OF LOGNORMAL PARTICLF LINK1
SIZE NISTRIARUTION LINKL
BDMS FALLOUT PARTICLE DENSITY (GM/CM¥®3) LINKE
EXPO EXPONEN] CF THE FREQUENCY FUNCTION FOR THE POWFR LINKL
LAW PARTICLE SIZE FREQUENCY DISTRIBUTINN LINK1
FMASS(Y) ARRAY OF FRACTION OF TOTAL PARTICULATE MASS IN I-~TH LINKL
PARTICLE STIZE CLASS. MAXIMUM LENGYH OF ARRAY = 200 LINK1
HE IGHT AEIGHY CF RURST (METERS) ARQVE GROUND ZERO LINKE
IDISTR CONTROL INTEGER FOR PARTICLE SIZE DISTRIBUTION LTNKL
1 - LCCGNORMAL DISTRIBUTYON LINKL
2 = PCHER LAW DISTRIBRUVTION LINK1
3 - TAPULA® DISTRIAUTION READ IN ON CAXDS (ARRAY WHY)LINK1
IS CONTPOL INTEGEP SPECIFIES WHETHE® LOGNORMAL LINKL
DISTRIGUTION IS SPECIFIED BY THE USER GR BY THF LINKL

[S 205 -BE N e A JEC T~ SV R\ B




c PROGRAM LINKL 59
C 9 « PRCGRAM SPECTFIED LOG-NNRMAL NISTRIRUTION LINKL 60
c 1 - USER SPECIFISD LOG~-NORMAL NISTRIAUYION LINKL 61
C ISIN SYSTEM INPUT TAPE LINKL 62
C Isouy SYSTEM OUTPUT TAPE LINK] 63
c NNSTR NUMRER OF PAPTICLE SIZE CLASSES. MAXIMUM = 200 LINKL 64
c NHODO NUMRE® CF ENTRIES TN WIND HOODOGRAPH TABLFE LINKY 65
Y PSCI) ARRAY (20nY, PARTICLE SIZE CLASS MINPOINT OIAMEYFR LIMK1 BB
C (METERS) LTNKY 67
c sSn STANDARD DEVIATION OF LOGNORMAL PARTICLE SIZE LINKL 68
c NISTRTIEUTICNC(OIMENSTONLESSY LINKL 69
c SSAM MASS OF CCNDENSED PKASE MATERIAL AT SPECIFICAVION LINKL 70
c TIME LINKL 71
c TME TIME CF TNITIAL CONDITIONS SPECIFICATION LINKL 72
c TMP1 AVERAGE TEMPERATURE OF GAS IN (iOUD LINKL 77
C TMP2 AVERAGF VTEMPERATURF OF CONNENSEN PHASE MATEOIAL TN LINKL 74
c cLoun LINKL 7%
c YoM TEMPORARY SYORAGF LINKL 76
c USOTL SNIL CLASS INNICATOR LTNKL 77
c 1.0 FO& STLICEOUS LIMKL 78
c 2.0 FOF CALCAREOUS LINK1 79
c VPR MASS OF VAPOR IN CLOUD AT SPECIFICATION TIME LINK1 80
c VX{(1) X=COMPCNENY OF WIND VELGCCIivY AT WIND HONOGRAPH LINKL 81
c STRATUM I (MEVERS/SEC.) LINKL A2
c vYy(n Y-COMPCNENT NF WIND VELOCITY AT WIND HODOGRAPH LINKL 83
c STRATUM T (METERS/SEC.) ’ LINKL 84
c W WEAPON YIELD {KY) LINKL 85
c ZSCL SCALEN HFIGHY 0OF BURST LINKL 86
c Ve ALTITUCE CF THE WIND COMPONENTS VX(1) AND VY (D) LINKL 87
c (METERS RFLLVIVE TO MFAN SEA LEVELY LINKL 88
c LINKL 89
C VS SRS ENPFFUSFERRS VI G S SV VS ESFU SV USRS E SR P SRR SL L UBLIRERE ISR SN2 5| TNKL1 90
COMMON /SFETY/ LTNK1 9¢
1CAY »yDETIDC(12) ,CTAM{201) ,DMEAN 9 ONS sEXPO s LINKL 92
2FMASS (200}, IDISTR » IEXEC s IRISE »yISIN s ISOUY s LINK1 a3
INDSTR +PSC230) + SO s SSAM 9y TME » TMPL s LTNKL 94
W TMP? » T2M s USOYL s VPR oW s HE IGHY s LINKL1 95
52SCL » NHODO y2V(200) s VX(200) VY (200) LINKL 96
c LINKY 97
c LINK1 98
C PHFSEUSRS VIV SO UURUCOER LN LV LR NSO LTSGR RIS RIS RLRSLESIR SIS ABES LS T NK] 99
c LTNK1100
1 FORMAT (12A6) LINK1101
2 FORMAT (73X ,60HTHE SPECIFIED STANNARD DEVIATION TS NEGATIVE HENCE TLINK11G2
INCORRECTY// /) LINK1103
3 FOPMAT(7F10.3) LINKL104
4 FORMAT(/2/725%X28H**** INPUT PARAMFTERS 38sv/20X,5HYIELD,40X,EL12.5LINKL10S
192Xy 2HKT/20X, 26HHETGHT OF BEPTH 0F BURUT21X,E12.5,2Xs8HMETERS/Z20XLINKL106
2y13HSOTIL CATEGORY) LINKL1107
5 FORMAT (1He 65X, GHSTLICEQUS) LINK1108
2] FORMAT(1H+ ¢65X,10HC ALCAREQUS) LTNK1109
7 FORMAT (/720X 36HPARTICLE SIZE FREQUENCY DISTRIBUTION/ZLINKL110
125X32HA LOG-NORMAL CISTRIAUTION WIVH ~/30X,15HMEDIAN DIAMETER,20 ,LINK1111
2E12.592Xy11HMICROMNF TERS/ 20X, 23HGEOHETRIC STANDARD DEVIATION, 7%, LINK11%2
3E12.5725X%, 34wHTHIS DISTRIARUTION WAS SPECIFIED AY) LTNK1113
8 FORMAT(1H+,65X311HTHE PROGRAMY LINKLI11G
9 FORMAT (1H+ 465X y BHTHE USER) LINK111S
10 FORMAT(IS) LINKi116
23

- Y O S N sore e




11 FORMAT (/73X,53HTHE SCALFC NEPTH OF BURSY IS REYOND THE SHOPE OF THFLTINK1117

t 1 MODEL#71) LINK11138
) 12  FOPMAT(/3X,111HTHF SCALED HEIGHT OF BURSY IS SUCH THAT THERE IS NOLINK1119
P 1 SNZL MASS ENTRAINFC IN THE CLOUD AND HENCE NO LNCAL FALLOUT///) LTNK112C

13 FOPMAT(//7/25x37H*%**® INITIAL CLOUD PROPERTIES AT H +E12.5,14H SECLINK1121

1CNNS  *%¥%//20X,23HAVERAGE GAS TEMPFRATURERBX,E£12.592Xy14HDEGRFES LINK112?
2KELVIN/720X,56HAVERAGE TEMPERATURE OF CONDENSED PHASF MATERIAL IN LTNK1127 \
3CLOUN,SX 95 12.592Xy 1 LHNEGRFES KELVIN/, 20X, 31HMASS OF VAPORIZEN SOTLLINKI1?L

W IN CLCUDy30X,E124592X,HKTILOGRAHS7/720X41HMASSS OF CONDENSED PHASF LTNK1125

{ SMATFRIAL IN CLOUD,20X,F12.532X,9HKILOGRAMS) LINK1126
15 FOPMATC1X, 14HLEAVINE LINK 1) LINK1127
16 FNPMAT(£12//7/51X, 2% * % % % & & % & 22//12X4*7T H F NE PART MLINKILZS

1 € NT nF DEFENSE FALLOUT PRFDICTTIONLINKILZD

2 S Y ST EMZI/ISIXy2% & & & 8 & % % & V777732, 2INITIAL FONPITILINKIL20
30ONS (FIREBALL) MODULEZ,///55X,#PREPARED BY2/46X, 2MT, AUBUPN RESEARLINKi131

GCH ASSOCIATFS27S55X, 2NEWTON,y MASS.£//7/725X,2%e¢®  TNITIAL CONDITIONLINK1132

.3
T S INENTIFICATION ¥%%%y/26X,12A6) LINK1133
17  FORMAT(/3X,60HTHE SFECIFIEN MEAN PARTICLE STZE IS WEGATIVE HENCE TULINK1134
4 {NCORRECY/Z/7) LINK113E
18 FOPMAT(7720X,36HPARTICLF SIZE FRENUENCY NDISTRIBUTION/ LINK113¢
125X44HA TABULATED FMFTRICAL DISTPIBUTION WITH =/30XI2,2X,21HPART ICLINK1137
2LF SIZE CLASSES) LINKL1138
192 FORMAT(//51X,19H* = % » & % 3 % & ¥7/) LINK1139Q

103 FORMAT(#12,9X, 2PARTICLF SIZE, LOWER SIZE INVERVAL BOUNDARY,MASS FRLINK1140
1EQUFNCY, AND UPPER S17¢ INTERVAL ROUNDARYZ/10X,2FOR USE IN PSXP, TRLTNK1141
2ANSPORY, ANN ACTIVITY CALCULATIONS (DIAMETERS IN MEVERS) 2//20X,#DTLINKLLL2
IAMETER 2, 4X, HLOWER BCUNDARY 243X, 2MASS FRACTIONZ,3X,2UPPER ROUNNAPYZLINK114LZ
W77y LINMK1lub

197 FORMAT({//720X,2PARTICLE SIZE FREQUENCY DISTRPISUTIONZ/25X, 2POWER LAWLINK11LS
1 ODISTRIRUTION WITH ~ 2/30XsI3,1X,2PARTICLE SI7E CLASSES#2/30X,#THE LINKL114E
2SPFCIFTED PARAMETERS ARF2/30X,2CAY =2,2X,E12.5/730X,2EXPQO =2,2X,E12LINK1LG7

3.5) LINK1148
19t FORMAT(12X,13,4(3X,E12,5) LINK1149
195 FORMAT (2E12.5) LINK1150
198 FORMAT (/3X,58HTHE PARTICLE SIZE DISTRIBUTION TARLE IS IMPROPERLY OLINK1151
2RDERED// /) LINK1152
c LINK1153
c PSS JEVSEP S S C S U S S LS S L SR LB EEE LS EREP R YRR R LS FREC L R E LS ERIECRER L RESE Y ESR “LfN‘iiSQ
c (I3RS SRS RRR IR RTINS USRS RS R EASAS RIS RS IS RS 23 X3 '*""...!‘!l.".. '-'LI NKi 155
c LINK1166
¢ READ INITIAL CONDITIONS RUN TOENTIFIER LINK1167
READ (ISIN,1) (DETIDCJ),J=1,12) LINK11538
c LINK1159
c WRITE CVERALL TITLE LINK1160
WRITE (ISOUT,16) (DETID(J)yJ=1,12) LINK1161
20 READ(ISIN,10) IDISTR LINK1162
READ(ISIN, 10)NOSTR LTNK1163
TF(NDSTRY4O01,401,%07 LINK1164
%01 NDSTP=100 LINK116S
%02 GO TO (210,220,211),IDISTR LINK1166
' 210 READ(ISIN,3)W,HEIGHT,USOIL,NMEAN,SD,DNS LINK1167
¢ WAS A PRESHOT PARTICLE LOG-NORMAL DISTRIBUTION SPECIFIED BY LINK1168
' c THE USER YES YO 22 LINK1163
IF (DMEANY 21,21,22 LINK:170
21 IS=0 LINK1171
GO Yo 23 LINK1172
22 18=1 LINKi173
GO TC 23 LINK1174
24
]
2
)
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PEADCTISTING3)W,HEIGHT,USOTL  EXPO,CAY,DONS
GO Tn 22

READ(ISING MW, HETGHT, USOIL ,NNS
READ(ISING195) (DIAM(I) ,FMASS(Y),I=1,NDSTR)
LO=NDSTR+1

READ(ISIN, 1385)DIAMLILD)

e

C CHFECK ORDERING OF THE HISTNGRAM TABLE
0n 215 I=2,L0
IF(NTAMLI) LT. DIAM(T-1)) GO TO 215
WRITE( ISOUT,198)
GO TO 190

215 CONTTNUE
c
€ 23 CONVERY HNR - DOB FROM MFTERS TO FEFT
23 HETGHY=HEIGHY/D.3048
C ZSCL IS THE SCALED +OR - NOBR
60 ZSCL=HEIGHY/Z{(W)** (1.073,4))
c
c TEST YHE NDAYA TO SEE IF THE MODEL IS APPRCPRIATF

IF(HEIGHT) 669064063
63 IF(7S5CL-130.0070,70,150
66 IF(ZSCL420.00143,70,70

T0 CALL TIME

CALL TEMP

CALL MASS

CALL VAPOR

GO TO (90,495,95),INISTP

TESY FOR ACCEPTARLE SPECIFICATIONS OF PRE-SHOT PARTICLE SIZE
FRFQUENCY DISTRIRUTICN,

IF{sSN)91,92,92

WRITE (ISouT,2)

GO TO 190

IF(DMEAN)9%,35,95

WRITE (ISOUT,17)

G0 TO 190

aO0OQ
V3] [Ne Vo)
& -~ o
Nl
~n

N+
m

CALL DSTBN

o0 O

CONVERT HOB - DOB PACK TO METERS FRCM FEET
HEIGHT=HEIGHT*0,304¢

CONVERT VPR AND SSA¥ FROM GRAMS TO KILOGRAMS

VPR=VPR/1000,0

DURING COMPUTATION SSAM CONTAINS THE VALUE OF THE TOTAL MASS OF
GAS AND CONDENSED PFASE MATERIAL IN THE CLOUD.
SSAM=SSAM/1000.0-VPR

a0 Q0 a0

WRITE INITIAL CONDITIONS RESULTS
WRTTE(ISOUT y4) W, HETICHT
IF(USOTL~-1.0)301,301,302
301 WRITE (ISnur,5)
GO TO 0%
302 WRITE (ISOUT,5)
305 GO TO (309,310,311Y,IDISTR
309 WRITE(ISOUT,7)OMEAN,SD
IF (1S)102,1034102

LTNC1175
LINKL17¢
LINKLILT7
LINK1178
LINKLI17Q
LIMKL11ARC
LTNK1131
LINKL118?
LINK1183
LTNK1184
LINK1185
LINK1L13E
LTNK1147
LTNKL1188
LTNK1t8¢S
LINK1130
LINK1191
LINK1192
LINK1133
LINK119¢
LINK1195
LTNK119¢
LINK1137
LINK1193%
LINK119@
LINK1200
LINK1201
LINK1202
LINKL203
LINK1200
LINKL20%
LINK1206
LINK1207
LINK1208
LINK12DO
LINK1210
LINKL211
LINK1212
LINK1213
LINK1214
LINKi21S
LINK1216
LINKL217
LINK1218
LINK1219
LINK1220
LINKL1221
LINK1222
LINK1223
LINK1224
LINK1225
LINK1226
LINK1227
LINK1228
LINK1229
LINK1230
LINK1231
LINK1232

25




602

310
106
118

200
143

150
190

26

T .

WRITE (ISOUT,™)

GO Y0 315

WRITE (ISOUT,93)

6N TC 315
WRITEC(TSOUT 1 3INDNSTR

PRINT FINAL PARTICLFE SIZF CLASS

WRITECISOUY,133)

nn 602 J=1,NISTR

JO=J+1

OM1=DIAM{JOVI*1.0F~H

OM2=DIAM(J) *1,.0E~6
WRPITE(ISOUT,134)J,PS(J),DML, FMASS{J) ,DM2
G0 TC 106
WRTTE(ISOUY,137INDSTR,CAY,FXPO

GO YO 315

WRITE(ISOUT,13)TME, THP1,THP2,VPR,SSAM
WRITECISOUT,192)

CALL SHWIND

WRITEL(ISOUT,15)

RETURN

WRITE (ISOUT,11)

GO TO 190

WRITE (ISOUT,12}

CALL EXIT

END

LINK1232
LINK1234
LINK1235
LTNK123¢
LTNKL237
LINK1233
LINK1239
LINK1240
LINKL24LS
LTNKL1242
LINKL24T
LINKL264
LINK120L5
LINKL24E
LINK1247
LINK1248
LINKL 200
LINK1250
LTNKL251
LINK1262
LINK1252
LINK125¢4
LINK125%
LINK125€
LINK1257
LINK1258
LINK125¢C
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SURRQUTIN:E 0OSTBN
CNOMMON /SET1/

1CAY yOETID(L2) ,DIAM(201) ,DMEAN sONS
2FMASS (2001, INISTR s IEXEC s IRTSE yISIN
INDSTR s PSC200) » SO s SSAM y TME

LyMp2 y T2 s USNIL- s VPR

W
’
52SCL » NHINO 2 ZV(200) P VX(200) VY (200)

t

LOGNORMAL DISTRIBUTION TO 100
POWER FUNCYION DISTRIRUTINN- TO 200
TARULAR DISTRIAUTION TO 2040

AODOOOOOHOO

TAC(X)=SOPT (ALOG(1,07X*%2)) '

APX(X)=VA(X)-(2.515517¢0,802853*TA(X)+0. 010323'7A(X"‘2l/
101, 041,432793%TA(X)¢0.1A89269%TAX) %240, 001?05'TA(X)"1)

LD=NDSTR+{
GO YO (400,200,300 ,INISTR
100 IF(DMEANI111,111,112
111 OMEAN=0,407
SN=4,0
112 IF(NDSTRP-19101,101,102
101 PS(1)=0MEAN®*1,0E=6
C5=SD**5
DIAM(1)=DMEAN*CS ,
DTAM(2)=DMEAN/CS
FMASS(13=1.0
GO TO %00
102 RARMU=ALOG (OME AN)
STGMA=ALOG (SD)
BARMU=RARMU#3, ¥SIGHASS? ;
FRAC=1,07FLOAT (NDSTF)
Nno 103 ND=1,NNSTR
103 FMASS(ND)I=FRAC
NH=NDSTR/?2
DO 104 I=1,NH
PRA=FLOAT(I)*FRAC
DIAM(T+1)=BARMU+APX (PRR)¥STGMA
J=NNSTR-T¢1 i
104 DIAMCJI=BARMU-APX(PERY ¥QIGMA

(¢ Xe X Mo

PRB=FRAC72,0
PS(1)=BARMUSAPX(PRR)*SIGMA

PS INDSTRI=BARMU~-APX (PREB)*SIGMA
DIAM(1)=2,%PS(1)=-DIAM(2}
DIAM(LDY=2,¥PS(NDSTF)-DIAM(NDSTRY'

s NeXe]

J=NDSTR=-1

IF(3-17107,107,105
105 DO 106 I=2,J : 5
106 PS(I)=0,5%(OIAMCI)+CIAM(I+1))

oA e e -t e & -

CALCULATE MEAN DIAMETERS FROM BOUNDARY VALUES.

FOR THE 2 EXTREME INTERVALS THE AVERAGF DIAMETER IS
ASSUMED TO RE AT HALF A MASS FRACTION FROM ZERO AND ONE

21 EXPO
y ISOUT
s TMPL
yHE IGHT

l

FNATION 26.2.23 OF NBS-AMS 65 HANDprK IS USEN TN COMPUTE THF
PROJABILITY FUNCTINN ARGUMENT FROM THE RATIONAL POLYNOMIAL
APPROXIMATION TO VHF NCPMAL PROBABILITY FUNCTION.

OSTRN
NS VAN
s NSTAN
» DSTEN
,oqrnN
Y NSTEN
0SYAN
DS TRN
NSTARN
NSTABN
nsSTaN
nsyan

. PSTAN

nSTAN

NSTAN ¢
NSTRN j

nIrAN
nsSTAN
NSTARN
NSTRN
NS TARN
DSTBN
NSTAN
nstTaN
n§Tan
DS TRAN
NS TAN

0STAN

DSTBN
NSTAN
DS TAN
nNSTHN
DS TN
NSY8N
DSTAN

NSTAN 7

NS TAN
DSYAN
NS T8N
DSTBN
NSTAN
DS TBN
0STBN
NSTAN

DS TBN

NSTeN
OSTBN

DS.TAN;

DSTBN

NSTAN'

pe T8N
NSTBN
NSTBN
DSTEN
DSTAN
" OSTAN
0S T8N
DS TAN

O WP N T L' ") b

e ba
™) =D

-
"N
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E WO
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~N TN

[AVIRSY
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k 107 DO 108 I=1,NDSTP NSTYAN 53

1 " DIAMCIV=EXP(DIAM(IY) NeTAN 60
? . . 108 PS(I)=EXP(PS(I))*1,0E~6 DSTAN 61
DIAM(LNI=EXP{DIAMCLEY) NSTAN 62

GO TO 40O NSTBN 62

! 200 IF(EXPN-4,01201,202,202 DSTHAN 64
202 WRITE(ISOUT,2001) PSTAN 66

u ' CALL EXIT DSTAN 66
2001 FORMATU(212,1X, 2EXPONENT OF POWER LAW POWER LAW PARTICLE SIZE FREQUDSTSN 67

) 1ENCY DISTRIAUTION GY, NP E0. 4.0%) DSTAN 68
[ ' 201 IF(NDSTR=11203,204,204 NSTAN &0
203 NNSTR=10 NSTYAN 70

204 AN=FLCAT (NDSTR) NSTAN 71

. FRAC=1,07A4N NSTYAN 72

DN 205 I=1,NOSTR DSTBN 73

205 FMASS(I)=FRAC DSTAN 74

p ! POH=1,0¢ (4, 0-EXPO) NSTRN 75
| : DMIN= {6, 0*SSAM*FRAC/ (POW*CAY®DNS*3,14159E6) ) *¥POW NSTRN 76
NO 206 IJ=1,NDSTR DSTRN 77

_ L AJ=FLOAT(IJ)=1,.0 NSTAN 7R

206 DIAM(IJI=(AN-AJY *$PCH¥DOMIN iDSTBN 79
PS(NDSTR)=DMIN®*0,5**POW DSTRN 80

! DIAM(LD)=PS(NDSTR) *¥2/0TAM(NDSTRY NSTAN 81
1 ND=NDSTR-1 NDSTAN 82
;DO 207 IJ=1,ND DSTBN 83

! 207 PS(IJ)=SORT(DIAM(IJI®DIAM(IJe1)) NSTSN B4

DO 208 IJ=1,LD DSTBN 85

) 208 DIAM(IJS)=1,0E¢6*DIANM(T Y NSTRAN RE
i GO TO' %00 OSTAN 87

‘ ‘ 300 DO 301 I=1,NDSTR OSTAN 88
301 PSHI)=0,5%(DIAM(I)+TCIAM(I+1))*1.0E~6 DSTBN 89

! 400 RETURN DSTRN ag

! ~ END , DSTBN 31
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SURPQUTINE SHWIND SHWND 1
SHHUND 2

REANS IN SHCT TIME WINT DATA ABOVE GROUND ZERN SHHND 3
SHWNO &

COMMON /SETY/ SHWNN &
1CAY yNETINCL2Y ,CTAMC201) ,DMEAN s DNS sEXPO s SHWND &
2FMASS (2000, IDISTR s IFXEC » IRISE »ISIN s ISOUY s SHWNP 7
INDSTP sPS€200) s S0 » SSAM s TME s TMPL s SHWND &
LTMP2 2 724 y USOTL » VPR oW yHEIGHY s SHWND @
5ZSCL » NHODO » 2V (200) VX (200) VY 200D SHWND 10
READ(ISIN, 1INHODN SHWND 11

IF (NHONDOY100,100,200 SHWND 12

100 WRITE(ISOUT,S) SHWND 13
GO T0 300 SHEND 14

200 READ(ISING2YCZVIJ) 9 VX(JY VY (JYyI=1,NHODO) SHWND 1%
WRITE(ISOUY,3)INHODO SHWNNO 16
WRITE (ISOUT &) (ZVIJI3VXLI) 4 VY (J), =21, NHONC) SHWND 17

300 RETURN SHWND 18
c SHWNN 19
1 FORMAT(IS) SHWNN 2C

2 FORPMAT(F12,3, 2F12.3) SHWNR 21

3 FOPMAT(212,9X, 2WIND HODOGRAPH AT GRCUND ZEROZ,10X,2NHONO = 2,I5/71SHWND 22
11%,2VECTOR ALTITUDE, ZVU(J) £,16X,2VXUJ)£,2L)X,2VY I 2) SHHWND 223

4 FOPMAT(3(16X,E13,6)) SHHND 24

5 FOPMAT(212,9X, 2SHOT-TIMF WINDS HAVE NOT REEN SPECIFIFN?) SHWND 29

END SHHWND 26
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