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1. INTRODUCTION AND BACKGROUND

To quickly and efficiently estimate fallout radiocactivity from large
numbers of nuclear surface explosions, for example, for military damage .
assessment studies, a simple, very fast fallout prediction code is needed.

While codes based on numerical modelsl’z’3

provide flexibility of usage
and relatively high prediction accuracy, they are cumbersome, use too much
computer storage, require more input data than desired, and use too much
computer time per prediction. A model which uses analytical equations
rather than a numerical approach is appropriate for this purpose.

The model that has best satisfied these requirements in the past, the
WSEG-10 model, has been used for more than twenty years for damage assess-
ment studies®’”. WSEG- 10 has recently been ana]yzed6 and its prediction
capabilities compared with those of several other models7. It was found
that, while in several respects WSEG-10 is satisfactory in terms of its
mathematical structure, its data base is obsolete, and this deficiengy
alone was seen to substantially compromise its prediction capability .

To upgrade prediction capability the easiest course would be to upgrade
the WSEG-10 data base, but retain its mathematical structure. However
owing to several deficiencies of the mode itself, this course has turned
out to be undesirable. The most important nf these deficiencies are as
follows. WSEG-10 mathematics are based on a curve fit of an exponential
function to radioactivity deposition rate data that were calculated by an
early fallout model. The particular model used was developed to predict
fallout irom surface bursts of larce yield (i.e., megaton range) nuclear
weapons. For these large yield cases the exnonential function fits the
deposition rate data reasonably well at intermediate and late times. Un-

fortunately, this is not the case for low yield explosions. Also, in no

case does the exponential function go to zero at detonation time as a -  9.

physically realistic function should do. Thus, to fit the low yield depesi- 't
tion rate data as well as the high yield data, and to force the fitted Lo
function to go to zero at zero time, a new mathematical base is needed. _ .

e W
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Another serious probiem with WSEG-10 is that it assumes that a Gaussian
function describes the vertical distribution of activity in the nuclear
cloud. For shots with yields less than about 50 KT, this is a very poor
assumption since much of the activity which will fall out Tocally is in the
cloud stem, whereas the WSEG-10 Gaussian peaks near the cloud cap center
height, In effect this procedure ignores the stem, even for low yield
cases, and this also serijously compromises prediction capability.

To substantially improve prediction capability, and to extend the range
of applicability to lower yields, an entirely new model is required. The
DNAF-1 model has been developed to fill this need,

DNAF-1 also is based on a curve fit to calculated activity deposition
rate data, though a new set of data is used, and a more appropriate function
is used to fit the data. An entirely new approach is used to account for
vertical structure of the stabilized cloud, which does account for fallout
from the cloud stem. Indeed, revised data and updated modeling concepts
are used throughout the development of the new model. Also, the yield
range has been extended downward from 1 KT, the Tower Timit for WSEG-10,
to 10-3 KT. The upper yield Timit is 10° KT.

The model computes gamma radiation from dry ground-deposited particu-
late fallout from the nuclear cloud cap and stem. This radiation issues
from weapon debris fission products and from induced activity in the
fallout. Contributions from throwout and induced activity in the crater
or elsewhere are not included. Alpha and beta radiation are not treated.

In the next section, section 2, we discuss the more critical aspects
of the data base used for the new model. In section 3 we detail the mathe-
maticay structure cof the model, and in section 4 we discuss how wind data
are used. Section 5 contains results of a validation study: predicted
fallout patterns are compared with observed patterns for five test shots,
and predictions by the WSEG-10 and DEL¥IC models are included as well as
those by the DNAF-1 model. Finally, the computer code is described in
section 6.

Throughout the presentation, we make comparisons between DNAF-1 and

WSCG-10 modeling approaches and resultls wherever such is appropriate.
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2. DATA BASE

2.1 ACTIVITY DEPOSITION RATE

As mentioned above, the DNAF-1 model is based on a mathematical function
that is fitted to activity deposition rate data. These data represent rate
of deposition of total fallout activity as a function of time and yield. Of
course, it would be best to use observed data, but there are none, so instead
we have used results generated by a special version of the DELFIC code!”.

Nuclear cloud rise was calculated through the 1976 U.S. Standard Atmos-
phere8 for every decade of yield from 107" KT to 16° KT. cxplosion was
taken to be at sea level. Fission yield was taken to equal energy yield.
Twenty thousand fallout parcels (1700 particle size classes and 200 cToud
subdivisions) were followed for each calculation. Cumulative activity
tabulated as a function of time was differentiated to give deposition

rate by the method of cubic sp]inesg. Resulss are given in Figure 1.

The uneven appearance of the curves at early times was caused by poor
deposition statistics for the sparse, though highly radicactive, early
fallout. Some numerical experimentation showed that increased resolution
of the calculations produced curves of essentially the same shape; there-
fore, to save computer time the curves shown were accepted as an adequate
comproms se.

The fitting of a mathematical function to these data is described 1in

section 3.7.

2.2 FALLOUT ONSET TIME

Fallout onset time, to’ is the time of first impact of tallout on the
ground. It is neceded to calculate fallout time of arrival as a function of
distance from yround zero, which in turn, is required for calculation of
several critical parameters, Onset times fcr each decade of yield were
tabulated from the DELFIC deposition rate data, and n (to) was Titted by

least squares to a polynomial in fn{W). The result is
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tooexp {1.527607 + 0.4059460. nW 4 0.02064322( nW ) ; Hvlul K]
L~ 1147.54 coul0’
whore t is in units of socond..

2.3 TLIREBALL AND STABILTAD0 €1 tHE OATA

The model alvo veoquires fivebail {(i.e., carly cloud) radius, as well as
radius and tep ard base height s ot the stabilized cloud. The Tatter are
taken to be above mean sea level,

The ecarly cloud radius. Hi (m). is computed from « function used to

;

mitialize the sivo(c cloud rive
R, = Tosw™ L w i K. ()

Statilized cloud can ba.e height, 2 and top height, sy, are computed
0

b

from functions fitted to observed date by Wilsey and Criaco’

z, = awh {3)

where W is encrgy yicld in kilotons, the heights are in meters, and

a = 2228, b

-
t

£ 0.3063; W < 4.07 KI

a = 2661. b = 0.2198; W 4,07

c = 3537, d = U.25b3; W< 2.29
3170, d = 0.40775 2,29 - W 2 19

¢ - 6474, d = 0.1650; W - 19

)

o
o

stabilized cloud radius, R_, is computed from a least squares poly-

nomial curve fit to DLLIIC results,
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R = exp [6.7553 + 0.320552nW + 0.01737478 (sz,nw)"J (

[&2]
—

where RS is in meters and W is yield in kilotons.

2.4 NOMINAL PARTICLE

The model reguires that a single, "effective fallout wind" vector,
&, be calculated from a given vertical profile of wind data. This effective
fallout wind vector is an average of the given data, where in the averaging
each vector is weighted according to the time required for a "nominal particle”
to settle through the wind space stratum represented by that vector.

The nominal particle diameter was calculated from DELFIC results to be
the activity-weighted average diameter over all particle sizes. The standard
DELFIC Tognormal particle size distribution was used,

C.407 um

n
(=4
\

s =4.0

where 644 is the median diameter and s the geometric standard deviation of
the distribution of particle number with respect to particle diamcter. (See
Appendix A of reference 1.)

Calculations were pertormed for the full range of yields, at every
decade of W starting with 10—3 KT, using a special version ot DELFIC.
The Tow yield results were averaged separately from the high yield
results, to give

Snom " 217.05 pm; W < 10C KT

§ = 240,935 jm; W » 100
o

The average of these diameters is 279 nm, which is the value used in the

model .

20




Jsing Som - 229 um, a table (Table 1) of particle settling speeds
as a function of altitude in the 1976 U.,S. Standard Atmospheres, was com-
puted via the equations given in section 2.2.3 of the DELFIC documentation’.
This table is used by subroutine EFWIND to calculate effective fallout
wind.

TABLE 1
SETTLING SPEEDS FOR THE NOMINAL PARTICLE, énom = 229 um
Settling Settling
Altitude Speed Altitude Speed
{km above MSL) (m sty (km_above MSL) C(m s-hy

0 1.6538 20 3.5222
1 1.7124 21 3.6322
2 1.7744 22 3.8122
3 1.8401 23 3.9243
4 1.9097 24 3.9994
5 1.9836 25 4.0806
6 2.0621 26 4.1746
7 2.1458 28 4, 3565
8 2.2350 30 4.5328
9 2.3303 32 4.7083
10 2.4324 34 4.8517
11 2.5419 35 5.0023
12 2.6446 38 5.1767
13 2.7489 40 5.3910
14 2.8551 42 5.6632
15 2.9630 44 £.0155
16 3.0723 46 6.4727
17 3.1831 48 7.0778
18 3.2951 50 7.8819

19 3.0482

21
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2.5 OBSERVED FALLOUT DATA

After development of the model, its capability musi be evalualsd by

comparison against observed data. b this purpose, we have used the beot

whole-pattern fallout data available,  Comparison results are nobt greal iy

different fioin those obtained by q~e of presumably much more capable

models

Details ave yiven bolow in section 6,
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3. MATHEMATICAL b SeR[P ! oN

o0 ACTIVEDY 2 POSTTION RATE FLGNCTION

Ideal wecifications for the aciivity depositvion vate function, (L),

deeoas Yol low

1. 1t ~hould be g Limple singla function, requiring as few yield

dependent parameters as practicable, which fits the deposition

rate data {(Fig. 1) over the entire nine decades of yield range.

The vroduct of () with o downwind di .persion factor, F(X,t),

shandd be analytically integrible over bime to yietd activity

a .« function of downwind distance.  (See the next section.)

3. Borh downwind and crosswind dispersion functicens, F(X,t) and
GO, should have Goussian torms as required by theory and con-
fired by experiment for diftusion by homogeneous turbu]nncell,
in the absence of fivm data to <upport alternative tunctions.
Thus, specification 2 is extended to require that (i) be such as
to allow analytical inlegration of the product g(t)I(X,t) where
F(x,t) is apecilically a Gaussian tunction.

4. (1) should go to zero at the Timits of zero and infinite time.

5. Hormalization should be exact such that activity is conserved.

These specitications dre so restrictive as Lo require some compromise.  Fven

~o, only resjuirements 3 and 5 arve not wet by the function selected,

Fhe function which comes closest to satisfying the specifications

was tound Lo be
o e (/T )] e

Here g(t) is vate of deposition of activity fraction (g"l), tis time (s),
and « Glimepsionless) and T (s) are vield dependent constants,

Cigure 72 shows a representative plot of eq. (6), for W - 1 KT, and
compares this with a sampling of the DETTIC results.  Fxcepl for a ltendency
to overpredict the maximum deposition rate {also sce Fig. 5) for some cases,

Lhe funchion is capable of veproducing the DUFETC vesulls reasonably wel |
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Ed

for early and intermedigte times. At late time the eq. (6) function becomes
Tinear (on the log-log plot) whereas the deposition rate data drop off rapidly.
This discrepancy requires application of a "far field" correction factor

which is discussed in section 3.3.

The maximum of the g(t) function occurs at time tInaX which is given by

Ry
%mx_TV(z (7)

The significance of this relation is that only two of these three parameters
need to be specified as functions of yield. Aaproximate best fit values of
n and t  were determined somewhat subjectively by trial and error for cach

Ma X
decadc of yield. These were fitted to simple functions of yield as follows:

o = 1.06 ;1077 < W< 107! KT
@ = 1.0875 + ,0719437 enW; 107! < W < 10° (8)
o x 1,17 ;100 < W
and
0,556 ‘ -3 .
to = 30M ;1077 < W< 1KT
0°6GH407 3
t oo, = 30M ;1 < W< 10
0.16273 -
t = B93.616W c107 w10 (9)
Mad X -
005115 i ) 5
tyay = 2497. 18K ;10" < W< 10

where tmax is in units of seconds,

3.2 DEPOSITION AS A FUNCTION OF DISTANCE [FROM GROUND 7LRO

The action of effective fallout wina v is to transport the stahilizoed

. y . . . . .
¢loud downwind such that at time t it is centered cver downwind distance

point X = vt. We assume that tallout deposited from the cloud at this time

Ao o a

DIPTSR RS SNLUIURY SR S S S

e
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has a continuous distiribution alony the X {i.c. hotline) axis with the
distribution centercd and peaked at X - 1. The sjtuation is illustrated
in Fiqurs 3. To determine the total, orosswind integrated fallout
deposited 3t any distance X from ground zevo, {he conuribulions of al]
fFallout deposits wmust he sumied over ail Uiswe, and in this case. this e
accomplished by analytical integration Ccom t - 0 Lo t - o cf Lhe protoct
of q(t) with the downwind distribution fun-tion.

As explained in the previous section, a nost desivable selection
for the downwind distribution function for depositing fallout would be o
Gaussian function. [t turned out, however, thal we could not find a
satisfactory function for q(t) that is analytically integrable in combina-
tion with a Gaussian distribution in X-vt. Thus, we wore forced to use

the distribution function

where 5 s analogous to the Gaussian standard deviation. Figure 4 shows

a comparison of the eq. 10) function wilh the Gaussian function,
Thus, total, crowswind integrated activity fraction, D(X), deposited
al distance X along the windward, or hotline, axis is

n(x) —f g(E)F(X,t)dt

0

or

p(x) = S‘I‘l?““"ﬂ (1/¢)"dt (1)

JE— — e ———— . -—. - e

e J Bk [i#(ﬁlﬁ)f‘]

A result is obtained in closed fornm provided we take «=1 inside the integrai.

This result is

26
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Figure 3. Distribution of activity of depositing fallout in the
notline axis direction,
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) R

e D(X) - 2o 3in ["ﬁ3‘il/2]§- XX, [(3,@; P x0) K2 4x2x?:|

' . 2.8
Lo m Xy (3-a)

Ce . , 2 2
oo (6 ax) o s (x5 - ax Xy ) un [ X2
el ’ m

i 2 ! - )
s + X [(xﬁwxi') Xoxs + 4x2x{] [n- + 2 tan 1(’(2):\ S (12a)

id RO
tea ben 'l

N
o B

and D(X) has units m~t

&
-
.

where i

"

. Xy = T %
‘. A b
K= Xp - X i?

Xo = (xg + ax?’x?)xi 16Ky, B

;:i

:»:?j

-1

S This is the basic equation for the DNAF-1 model, In the computer code
o (function DNAF1), an alternative form of eq. (12a) is also used, which is
- required because of Timitations of some computers liﬁ
- | ( . i
o D(x) - 22 5;”-h[“<3"*l/d —'HXX1|:(3X§ + x{)/xg + 4x7x’1‘/xf§J o
7 Xg(3-a) o\
S o
(0 a0k )+ (60 - ax?d ) e k (12b) N
' : : 3 > - SVRS "y

g 3 . 2 X4 &
o ‘] o
v ) 2 2 2.4, 4 o=1{X ? e
, (XT {xi(xﬁ 3x1)/xi + 4y x'l/,\,J [ﬂ + 2 tan ( I PO 35%
R .
@ ,“
: where -,{
L L 2 2 [T TR %
X, = Xy + 8X X} + 16X X1/X3 -
Co
® Q_'i
g f_j
B 29 x
o | B




Thus eq. (12a) is used for small values of lxil and eq. {12h) for large
values.

Negative values of X (i.e., upwind distances) arce accomodated as well
as positive values in egs. {(17a) and (12b).

For a point cloud, defined by o = 0, eq. (12) reduces to

i 3
D(X) . = Lszn,p_@—;v,),/_ei I SRR (13)
O“‘O il 3"(\,—) (X'[X’])' o
which, on substitution of X - vt, becomes
vOh(vt) _,, = ﬁiﬂ“bﬂ?:ﬁ /2 "J}‘z—T- . (14)
()—() 11(3"!1‘) (,L *'T‘ )

The right hand side of eq. (14) is equivalent to eq. (6) with (T/t)¥ replaced
by T/t.* Thus, provided that « is not much different from unity, eqgs. (13)
or (14) may be used instead of eq. (6) to represent activity deposition rate
as a function of either distance from ground zero or time for a point cloud.
These equations are used below for the development of the farfield corrcction.

3.3 FARFIELD CORRECTION

As already noted, the eq. (6) function for deposition rate fits the
DELFIC results adequately at early and intermediate times, but at late times
(which correspond to farfield deposition) the DELFIC re-ults drop off much
more rapidly. Moreover, this discrepency becomes more acute as yield increases.
Indeed, as inspection of eq. (74) shows, g(t) « 1/t; t+ -, whereas the
DELFIC resuiv.. for Targe time are proportional to exp [ -(t/t)"], n=1 ar ?
and 1 constant,

A correction to the functions for g(t) and D(X) which have general
applicability, but are effective only for late times and correspondingly

large X are as follows. As shown at the end of the last section,

*Recall that « was taken to be unity inside the integral in eq. (11).
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N{X)

0 (i.e., downwind deposition fur a point cloud) is eguivalent
to g(t)/v. [t also turns out that D(vL)’fO - g(t)/v for larqe t. Thus,

we can derive o correction factor for the ¢(t) function for lTarae t, which
will also apoly to the D(X) function for large X, where X and t oare related
by X = vt

The correction factor is derived by means of an exponential interpola-
tion, T-cum [—X/(avlc)], between the functions :n\ﬂ(x)} and .n{éexp[—(é¥>2J} ,

where a is censtant and t,., k and « are functione of yield. The farfield .
1

corcected 0(X), D(X)f (m™ ), s
n(x)f = U(X)exp[_l.n (vD(X)/k) 1 (V%) ] [1—uxp I~X/(avtc>}} ‘ ;
X >0 (1b)
whore D(X) is computed by eq. (12a) or (12b), and
a = |,443
k- 9867107 WU (57
T - 816080 " (s) (16)
L. = 14667w° 20208 (s); W< 98.787 KT

tC Toexp [10.124706 + 0,1861768 W

- 0.008b60444(fnw)2] fs) 5 W > 98.787 K7

Figure 5 shows he function q(t)f (actually vD(vt)f L=00 Sec eq.
14)) for cvery other decade of yield along with a sampling of the DFLFIC
results and the corresponding quantity for the WSIG-10 nodel.

The WSEG-10 model uses the deposition rate function

n

9 spga1n Tﬂ"(113rT7rT)' ex')[' (e/7°) ] ()

where 1 is the gamma function, T' is a yicid dependent constant and n
has a value between 1 and 2. 1In calculati.yg the results shown in Figure

5, we have used N = 1,5, Notice in Figure 5 that the WSEC-10 function
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matches the DELFIC deposition rate data only in the farfield region, and
that instead of going to zero at t = 0, it actually peaks there. Also
note that the WSEG-10 curve fit probably is adequate for very high yields,
but is very poor for low yields.

3.4 UPWIND CORRECTION

In comparing caiculated fallout patterns with observed patterns for
lTow yield test shots, it was found that the calculated activities de-
creased too slowly with upwind distance from ground zero. Analysis of the
discrepancies indicated a correction factor that is independent of both
yield and wind speed for yields less than T0KT.*

For high yield shots there is Tittle credible upwind fallout data to
serve as a guide. However, a correction was developed that is reasonably
consistent with data available for shots Koon, Zuni and Bravo, and that
provides a continuous transition to the low yield correction at W = 10 KT.

As with the farfield correction, an exponential interpolation in log(D)
- Tog(X) space is used to compute the upwind-corrected activity deposited,
D(X)u, which is given by

D(X)u = D(X)exp { bX [1.0—exp(X/c)]} ; X<0 (18)
where D(X) is calculated by eqs. (12a) or (12b), and
b = 0.0176
= 570 W< 10 KT
(19)
b = 0.080450 "+ °°
¢ = -8179.82 + 38002nK N> 10 KT

*Though one would guess that this correction should be a function of wind
speed, there is not enough variation of v among the cases available to
allow for a quantitative evaluation of the dependence.
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3.5 FALLOUT TIME OF ARRIVAL

An estimate of fallout time of arrival as a function of distance from
ground zero is required for computation of maximum effective biological
dose and turbulent and wind shear dispersion of the nuclear cloud during
atmospheric transport. By time of arrival we mean the time of deposition
of the first fallout at distance X from ground zero along the hotline.

Time of arrival, ta, is estimated by means of the following simple
model., The first fallout to touch ground anywhere does so at onset time
t (cq. (1)) in the form of a horizontally distributed parcel centered at
X = Vto' We take the radius of this parcel to be that of the early cloud,
Ri (eq. (2)). Thus, for any point with coordinate X < vt o+ Ri’ we take
t, =t For X > vt + R,, we take t = t, * (X~vtO-Ri)/v. The geometry
is shown in Figure 6a.

Figure 6b shows that the plot of ta vs X consists of two straight
lines that intersect at point (tos vty + Ri)‘ We desire a smooth transi-
tion between the two curves rather than the discontinuous transition shown.
This is achieved by replacing the straight lines with a hyperbola that is
asymptotic to both 1ines and has its center at the intersection point of
the Tines. Thus t (s) is calculated from the equation

v>0.0lms (20)

7 shows plots of ta vs X for an effective fallout wind speed of
10 m s™! at several different yields. WSEG-10 results also are shown. Since
according to WSEG-10 the minimum ta is 397 minutes, we see that for Tow yield
shots WSEG-10 grossly overestimates ta’ and hence correspondingly under-
estimates maximum effective biological dose (eq. (32)).

Figure

3.6 HORIZONTAL SPREAD OF THE NUCLEAR CLOUD

In this scction we consider horizontal spread of the nuclear cloud

before we account for dispersing effects of atmospheric turbulence and wind




.o

v! IR ! X=- vy - R

e L L v wLm . WL w mL G e N T mw ce S WS WS eTRIVTNT L NUY TR EIIw NI IO

S 4= f -

Wl mm e e =

Geometry of the time-of-arrival model.

)
|
|
- — X
O &

Representative plot of t1 vs X.

Figure 6. Basis of the time-of-arrival calculation.
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shear. Vertical cloud structure is included implicitly. We have shown
elsewhore’’’ that close-in fallout patterns from surface bursts of yields
less than roughly 50 KT are dominated by fallout from the cloud stem. Thus,
for a Tow yield shot we cannot make the conventional assumption that close-
in fallout cories from the cloud cap, nor that it begins its atmospheric
transport with a horizontal spread derived from the stabilized cloud radius.
Accordingly, in the following analysis we differentiate between stam and
cap fallout,

Three critical times are invoived here:

t, fallout onset time (eq. (1))
t fallout arrival time (eq. (20))

tg time of ground impact of a nominal particle which
begins its descent at the stabilized cloud base, 5

Time tg (s) is approximated by use of a simple relation between settling
speed of water drops and a]titudelz, which for this purpose is found to apply
well enough to fallout particles. The settling speed of a particle at
altitude z, f(z), is

f(z) = flo)er? (1)

where z = 2.90 X 107" m™! and from Table 1, f(o) = 1.6538 (m s~') for our
nominal particie. Thus,
0

ty = - J{; dz/f(z) = <1 - e_czé)//( tf(o)) (22)

where 73 is given by eqg. {3).
Horizontal dimension of the cloud prior to atmospheric transport ijs
specified in terms of the standard deviation of its spread, o, (m). Define

a yield dependent parameter, 0, 23

38

-




+®

o, = Ry ; W< 10 KT (23a)
o, = R+ (2°5R1 - Ri)(1oglow - 1)/2

= Ri(1 + 310g;oW)/4; 10 < W < 1000 KT (23b)
o, = 2.5 R; ; W > 1000 KT, (23c)

where Ri is given by eq. (2). Then upwind and in the region of ground zero
we have

a. = o, 3 X < Vto. (24)

For fallout from the stem we have

t. -t R
- +{ 8 9)_S _ .
o, =0, I-(tB ~ to)<2 0w> ; X > VtO and ta < tB (25)

and for fallout from the cap we have

o = RJ/25 ty >ty (26)

where R_ is given by eq. (5).

Equations {24) and (23a) express the fact that onset of fallout from low
yield shots is early enough that the upwind and ground zero area failout has
essentially the spread of the late fireball. Equations (24) and (23c)
account for the fact that the debris from high yjeld shots is carried aloft
rapidly, which causcs the earliest fallout to traverse a substantial vertical
path and thus experience substantial horizontal dispersion. Equatjon (23b)
is simply a linear interpolation in Tog;,(W) batween eqs. (23a) and (23c).

Equation (26) sets the standard deviation of horizontal sprrad of
fallout in the stabilized cloud cap at one half of the stabilized cloud
radius, and eq. (25) provides for stem fallout via a linear interpolation
in altitude (in terms of arrival time) between the base and top of the stem.
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3.7 TURBULENT DISPERSION OF FALLOUT

During transport from its initial location in the stabilized cloud to
the ground, fallout is acted upon by the ambient atmospheric turbulence such
as to produce additional dispersion, To calculate this effect, we use the
scale dependent equations of Walton'® which require specification of turbu-
lence level in terms of a quantity called turbulent energy density dissipation
rate, e. Ofucourse, e will depend on local conditions in the atmosphere,
but WiTkins  has found that e can be approximated, with surprisingly con-
sistent accuracy, by a simple reciprocal function of altitude. Thus, the
variance of the horizontal spread of fallout at ground level, 02 (mz), not
including crosswind dispersion owing to wind shear, is given by

0l = (0§/3 + §-<a>1/3ta )3 : o < 10° (27a)
o = 10°(362% 4 2 <™t <2000 ) 5 o7 5 10%2 (27b)

where t_ is given by eq. (20) and 0, is calculated as described in the pre-
ceding section,

Wilkins' relation for e is ¢ = 0.03/z, and we have taken for our average
value, <g>» = 0°O3/ZB' Using a power function in W relation for 5 which is
approximately valid over the entire yield rangels, we obtain

T R MUl R N

? 2
The value of td at which o = 10°m is given by

(o), = (0 o Yt

*See ref. 1, sec. 3.3 for a more complete presentation of these equations.
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Thus if ta < (ta)z’ use eq. (27a); otherwise use eq, (27b).

The value of ¢ calculated by one of eqs. (27) is used in one of egs.
(12) to calculate crosswind integrated fraction of activity deposited at
hotline distance X from ground zero.

At this point in the presentation we have discussed how to determine
all of tne gquantities needed to calculate D(X) via one of eqs. (l2a) or
(12b). Tigure 8 shows plots of D(X), including upwind and farfield correc-
tions, at every other decade of yield for an effective faliout wind of
10 m s'l. WSEG~10 results also are shown for comparison.

The most obvious difference between the DNAF-1 and WSEG-10 predictions
is the much sharper peak downwind of ground zero (GZ) predicted by DNAF-1.
For the higher yields this peak falls off more rapidly toward G7, according
to DNAF-1, such that the DNAF-1 GZ activity is substantially less than
predicted by WSEG-10, The farfield activity curves have nearly the same
shape, as expected, though they are significantly displaced, except for
10" KT for which case they are essentially coincident. Upwind, the curves
have similar shapes, though again the displacements are significant. Shapes
and displacements at near and intermediate downwind distances are signifi-
cantly different,

3.8 WIND SHEAR DISPERSION AND CROSSWIND SPREAD OF THE FALIOUT PATTERN

FolTowing in principle, bubt not in detail, the procedure of Pugh and
R b . . . . .
Galiano , we account for the effect of vertical wind shear on crosswind
. , . . . 2 2 .
dispersion variance by an added variance increment, g (m™), given by

o, = [SY(ZT - zB)ta/w] ? (28)

Here SY is an approximation to the crosswind component of vertical wind
shear, determined as described in section 4.3, and the other quantities
are as defined by egs. (3), (4) and (?0). 1In addition to being a very
rough approximation, this cguation is somewhat arbitrary in that some height

diffcerence other than zy -z could have been used. The divisor 10 was
4
{
1
4
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chosen by numerical experimentation to give yood comparisons between observed
and calculated test shot fallout patterns.

Crosswind (i.e., Y axis) dispersion of the fallout pattern is provided
by multiplication of eqs. (15) and (18) by a Gaussian function

GY) = ~—2— exp] - 1-(5_—)' (29)
Vo, oy
where
2
of Tu to (30)

2
and ¢ and USQ are given by egs. (27) and (28) (mz).

3.9 GAMMA RAY EXPOSURE RATE AND MAXIMUM EFFECTIVL BIOLOGICAL DOSE

If we define, as usual, X to be the distance from ground zero along
the direction of the eftective fallout wind vector, positive in the down-
wind direction, and Y to be perpendicular distance to the X axis in the
ground plane, then the H + 1 hour normdlized* gamma ray exposure rate
(Roentgens ver hour) at a height of one meter above a point X, Y on the

ground is

A(LY)=CKWGHMNX%

where C is a scale factor (for example, see Appendix B), NF is fission
yield (KT), K = 6.9733 X 10° (Roentgens - m?)/(hr - KT)™, and G(Y) is
given by eq. (29). D(X::O)n:f is given by eq. (15), while D(X<O)n=u is
given by ey, (18), [Fallout maps are symmetrical across the X axis
(i.e., A(X,Y) = A(X,-Y)).

*The "normalized" H + 1 hour exposure rate assumes that all fallout is de-
posited at H + 1 hour, redardless of whether this is actually the case or not.

**In the older, more familiar units, K = 2692,4 (Roentgens - miy)/(hr - KT)
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To estimate radiation damage to people, in terms of short-term
survivability for damage assessment/vulnerability analysis studies,

a quantity here called "maximum eifective biological dose" is con-
ventionally usedb. This quantity is designed to allow for effects of

a continuing exposure of ever decreasing intensity, and to account for
some coincident repair of radiation damage by the human body. Follow-
ing a theory postulated by B1air16, Navidson'’ assumes that 90 percent
of total radiation injury is reparable, while the remaining 10 percent
is irreparable. Further, he estimaies that for humans the repair rate
is about 0.1 percent per hovr of the residual reparable injury. Taking
fallout gamma radiation exposurc rate to vary with time according to
the usual t™'+7 approximationls, NDavidson derives an ecquation for the
ratio of biological effective dose to H + 1 hour exposure rate that is
a function of two variables: time of arrival of fallout (or time of entry
into the fallout field), and time of exit from the fallout field. This
equation has been evaluated numerically, and when plotted against exit
time for specified ta, the curve is found to have a maximum: the late-
tine falloff in effective biological dose being caused by combined
effects of damage repair and decay of exposure rate intensity. The

ma <imum in this curve gives the quantity called maximum effective
biological dose, M(X,Y), and if we assume that residence in che fallout
field is from ta to at lecast the time of the maximum, it is a function only
of A(X,Y) and ty . where A(X,Y) is a simple muitiplier.

The numerical calculations necessary to define the ratio M(X,Y)/
A(X,Y) as a function of ta have been done by the DoD Conmand and Control
Technical Center and simple functions have been fitted to the results to
give the following "quick approximation" equations:b

MOGY) = AOGY)(ag + ags + apnd) (3)




Y

where

B = 0.8685833 In(t,)

—

a, = 15.2891

t_ < 1157.9 s
ay = ~2.903225 a
a, = 0.1662315
B =2 Tn(ta)
a, = 4.6182

t. > 1157.9 s.
ay = -0.53587 a -

a, = 0.016923

As discussed in sections 3.1 and 3.2, a Gaussian dispersion function
for deposited fallout is preferred for both the alongwind and crosswind direc-
tions. In this model a Gaussian crosswind function, G(Y), is used, but the
alongwind function, F(X,t) (eq. (10)), is non-Gaussian., These functions are
compared in Figure 4. A consequence of this inconsistency is that the fall-
out pattern is aiways asymmetric, even for zero wind, in which case all
activity contours shouid be circles centered at ground zero. Specifically
for v = 0, eq. (31) becomes, if we omit the upwind and farfield corrections,

1/Y)2
AV g = K ——nt () 3

.g = KW 02\f5;3'[] . (0)2]

which obviously cannot give circular contours for A = constant.

In practical terms this defect in the model is of 1ittle consequence.
This is because 2 zero effective fallout wind is physically unacceptable.
Indecd, it has been found that for other reasons (see sec. 4.2), the mini-
mum acceptable value of v is about 0.5 m 57
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4, USE OF WIND DATA

4.1 GENERAL CONSIDERATIONS

Wind data are used to determine two essential model parameters: the
effective fallout wind vector, V, and the crosswind shear parameter, Sy.
Use of the magnitude of the effective fallout wind vector, v, is described
throughout section 3, and use of SY is explained in section 3.8.

The code accepts wind data in two forms: either the user can specify
v and SY directly or he can supply a single vertical profile of wind vec-
tor data, in which case, the code computes v and SY from these data. In
this chapter we describe these computations.

4,2 EFFCCTIVE FALLOUT WIND

The code accepts a single vertical profile of wind vectors, cach vector
representing the wind speed and direction at a specified altitude. As is
described in detail in section 6.3, considerable flexibility is allowed in
terms of form and format of the input data,

After some preprocessing {subroutine INWIND), the data are stored in
tabular form. There are four tables which contain the following data:

Z;s UE,i’ UN,i and 2y g Here z. is the altitude (m above ground) at which

VIR LR

A T .
14“1_"_4“|'L‘ALL- PR

W er . @
Y * . -

»

LN H . N . . N N - )
RIS CUUCUVUTERTDRIN S WP S W SO DU DY DA PRSI Wi SVt S LRI T I

wind vector components UE i UN ;are defined*. i is the table entry (i.e.,
3 b3 ot
wind stratum) index (i = 1.2 ~ -~ - 1), and AN is the base altitude (m above e
ground) of the ith wind stratum defined as -
-3
1 e

. L 3

4 T o \ziq 21) (33) i i
;Nété that it is standard practice to measure surface wind at an elevation -15
of 10 meters. f?
o
L
.
|
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with z 0. UE 3 is the wind comoonent along the west-east axis, positive

towardbéﬁe east, and UN,i is the wind component along the south-north axis,
positive toward the north (m 57,

Strictly speaking, altitude should be relative to mean sea level (MSL).
However, in most cases MSL can be replaced by ground level (GL) without sub-
stantial error, and in practice this substitution will be implicit in most
land surface burst predictions, as it is in the cases of the predictions of
the Nevada Test Site shots discussed in section 5. The code provides for
adjustment of altitudes to be relative to GL even though they may be input
relative to some other origin.

Effective fallout wind is a weighted-average wind, the average being
taken between the stabilized cloud cap center height and the surface, and
the weighting being taken according to settiing time of the nominal par-
ticle (sec. 2.4) through each wind stratum. The calculations are done in
subroutine EFWIND.

Define ﬁi to be the wind vector in the ith stratum. Then the effective

fallout wind is
J-1

;g% U, (zb’1+1 - zb,i)/f(zi) + st(lc - zbhd)/f(z5)

v = e (34)

[<% B

]
i (zb,1+1 - Z~b,1>/f(z1.) + (zc - zb,J>/f(zJ)

where tne summation begins at the ground, z; and z, ; are as defined above,
3
but

7_C = (Z‘ + ZB)/Z

AT I L N AR
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and UZI is the wind vector at altitude z. as determined by linear interpolation,

J
f(z) iS the settling speed of the nominal particle at altitude z determined

by linear interpolation in Table 1.

Actually, the code uses the magnitude of the effective fallout wind,

2 2
+
Ve

and the sine and cosine of its direction angle ¢ defined as

sin ¢ =

I
<
inxl
~
<

COS &

i
<
=
~
<<

where Ve and vy are the casterly and northerly directed components of V.
Theoretical and practical considerations impose a Tower 1imit on the
acceptable value of v, While occasionally a calm condition may be observed
at the surface, this is never the case throughout the transport air space,
and therefore a zero value for v is never acceptable, Very low values of
v may cause certain unrealistic results to appear: for example, the upwind
hotline activity may fall off less rapidly than the downwind activity.*
Accordingly, the code will not accept a value of v less than 0.5 m 5_1.
An input value of v = 0 is used as a flay to signal input of a vertical
profile of wind data, When the code encounters a value v less than 0.5 m 5
(which is not interpreted as the value 0.0 used to signal inpul of the ver-
tical profile) this value is printed along with a comment, and v is resct

to 0.5 m s~ ',

*This anomalous behavior is caused by interaction of several features of
the code. [irst, the horizontal variance of deposited fallout, a” (secs.
3.6 and 3.7) is held constant upwind of yround zero, whereas it increases
downwind. Sccond, the upwind correction (scc. 3.4) is, unfortunatcly, not
a function of v, but was determined from test shot results for which v is
always substantially greater than zero, Consequently, both of these fea-
tures depend on use of realistically large values of v to give realistic
results.
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4.3 SHEAR PARAMETER

Vertical wind shear is defined as

R4

Uy
il

(37)

D_}Q_
~lc=

where U is wind and z is the vertical coordinate, We make the customary
assumption that advective Lransport will overwhelm effects of sheosr dis-
persion in the alongwind direction, and, herefore. we are intervested
only in the crosswind componenl of 5, SY.

In this model, SY is taken to be Lhe yoot-maan-sgiare value of Lhe
crosswind components of AG/AZ computed at intervals of az = (zT - LU) from
the cloud top to the ground, The final Az value is adjusted as required
to avoid reaching below the ground.

In terms of the variables defined in the preceding section,

1/7

- COSdb <UE,zj - “[’ljfl)-]///Y {i - éir;) }' ((38)

Hore the summation begins at the cloud top such that we have

and
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Wind components for arbitrary o ore determined by linear interpolation in

the wind data t les, The calculations are done in function SYWND.
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5. VALIDATION

5.1 DISCUSSION QF RESULTS

Predictions are compared with observed H + 1 hour normalized™ expo-
sure rate maps for the first five test shots described in Table 2. For
the sixth shot, Bravo, there are not enough observed data to construct a
complete fallout map. Thus, for this case we compare our prediction against
a special "reconstruction" calculation made by the Naval Radiological Defense
Laboratory shortly after tne event®?,

Three methods of comparison of fallout patterns are used:

1. Visual comparison of contour maps.
. . . *®
2. Comparison of contour arcas, and hotiine lengths and azimuths.™

TABLE 2
TEST SHOT DATA

Total Fission Altitude
Yield Yield HOB of GZ
Shot (KT) (KT) (m) m) Site

Johnie Boy 0.5 0.5 ~0.584 1570.6 NTS®
Jangle-S 1.2 1.067 1284.7 NTS
Small Boy Tow - 3.048 938.2 NTS
Koon 150. - 4,145 0.0 Bikini
Zuni 3380. - 2.743 0.0 Bikini
Bravo 15000. - 2.134 0.0 Bikini

+Nevada Test Site

* -
A "normalized" exposure rate map is constructed on the assumption that all local
fallout is down at the specified time, regardless of its actual depasition time.

* %k
lotline length is defined as the furthest distance from ground zero on a contour,
and hotline azimuth is the angle, measured clockwise from north, to the point of
furthest distance from ground sero on a contour.
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3. The Rowland-Thompson Figure-of-Merit (FM)*? wnich is a measure of
contour overlap. (See Appendix C.)

These are roughly in order of importance.

Statistical data are in Table 3 and the contour plots are on pp. 58
through 80. Contours were drawn by a 30-inch Calcomp plotter, and each
observed-predicted pair are to the same scale. Contour maps and statisti-
cal data are included for predictions by DELFIC and WSEG-10 as well as by
DNAF-1,

Prediction accuracy is seen to be good. Perhaps the best quantita-
tive measure of accuracy is provided by the mean absolute percent error,
£, which for n observed-predicted data pairs is

n

- - 100 : -

: n EE: l‘obs,i Xpred,i /xobs,i
i=1

Values of [ for each prediction (excluding Bravo) by each of the three
models are given under the solid Tines in Table 3, The values in paren-
theses are computed with the data for the highest level contours excluded.
The highest level contours are particularly difficult to predict since
usually they are dominated by the region wost affected by induced activity
in the ground and throwout from the crater, neither of which are addressad
by the fallout models. Overall mean absolute percent errors are given in
Table 4. (Bravo prediction data are excluded.) As one might expect,
DNAF-1 errors are intermediate between those of DELFIC, which are best,

and WSEG-10, which are worst, though the differences between the DNAF-1 and
DELFIC errors are less than between DNAF-1 and WSEG-10. Note that the most
obvious problem with the WSEG-10 predictions is a tendency to overpredict
the low Tevel contours at the expense of the higher levels, to the extent

that frequently the higher level contours are completely absent.
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t®

COMPARISON Of

M
DNAF-1
DELFIC Contour
Test Shot WSLG-10 (Roentgen hr
Johni» Boy 0.24% 1000
0,182 oo
0.18/ 50
Janqle-S 0,70 H00
0.483 300
0, 050 100
35
Small Boy I 0,582 1060
0 308 500
----- <00
100
hi
Koon 0.51Y 500
0.787 250
0,340 100
Zuni 0.163 150
1. 104 100
0.180 H0
30
Bravo 0.054 3000
(NROL) 1J.060 2000
0.070 1000
500
100

*ala taken from reforence 1,

HNala taken from reference 7

TARLL 3

UBSERVEL AN PREDICTED TALLON

PATTIRN STATISTICS

Observad/ONAF - 1/ LE1C*/WSELG - 10

)

o hwea ()
0.2/8/0,038/0, 029/ - - --
0.539/1.00 /0,77 J1.17
.20 /1,90 71,79 74,47
74(68B) /68 (42) /159 (188)

0,117/0,390/0.144/ - -~
U, 386/0.820/0,310/-~ -
144 /72,04 /0048 Jushh
3117699 /5. 08 /5. 40
138(106)/740(40)/84(/9)

0. 216/0.302/0,04]
0,528/0,703/0,13%
0,942/1.74% /0,564
3.7% /3,35 /1.1
40(10)763(%9)
32,0 /559 /26,0 /5,7
122 /13.8./87 770
Gh0 0 /387 70 1384
39(21)/33(41}/52(306)
474 /w37 [P239 /7269
2101 /1088 /3619 /4684
S187 /3055 /6660 /10760
10950/57491 /79913 718200
43(53)/105(16)/168(70)

5373 /-mm=- /188 J----
13h2/122 /413 /219

2366071074 /1798 /2613
4048074113 /5444 /9056
7632074159072 7550/41620

I camparable Small Boy prediction by WSEL-10 in nat available.

**Mean absolutoe percent orrors:

DNAL -1/DULE TE/ENEG-10.
including the data for the highest activity level contours,

Hee .

44

h3.

Hotline
Length (km)

1. 33/0.38/0,032/--~-
SO 0B/2,58 7307
A10/3,71/4,13 /8.9
SREL)/28(3) /784 (70)
0.69/1,6471,00 /o=
L.50/2 A9/ 1000 -
3.0a04.005.87 /2.8
LLO6/0 07776871000
7905174347782 (70)

1.00/0,92/70.25
1.62/1,49/0. 90
2.22/2.021.09
hoto/3,90/3,72
B.10/5.6%6.17
19(27}/44(30)

10.2/14.812,5 /5H.0
17.3/22.7/24.2 /184
A.0/39.8/39.5 /5.6
26(12)/22(22)/23(M)

gy /32 /78 [se
125 /44 /96 /110
136 /74 f12] /168
171 7103 /183 7716
LWe(nl)/17{16)18014)

V77 Jomnnf31 fomee
198 /24 /43 /30

237 /a6 713 [17]
208 /103 /112 /759
N9 /48y J708 /597

Asimuth {deal)

35973617 0w
345/3517.3407 344
30373517734 3/ 304

M7 16/ 352 ===
306/ 1h/3647 - -
I/ 18/3507 10
G/ bu/ 00/ 10

71/ 647 b
737 b4/ 80
772/ 64/ 13
1?4 647 74
AL TY

1W/01.3/ 0/ 9
151,37 47y
17/11.3/ 3 9

12/3007337/349
1773807337/ 319
277340/ 338/ 349
33/ 340/340/ 349

72/---/ 90/ -~-
69/ g4/ 90/ 19
8/ 94/ 90/ HY
N/ w4l 90/ 89
RIVEA U Y A VA

ihe values in paventheses are caleolated withaut
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A.

?1 TABLL 4
OVERALL MEAN ABSOLUTL PERCENT LRRORS™

Contour Ared lotline Lengih
DNAF-1 66(58) 43(35)
DELFIC 62(4?) 3?(?6)
WSEG-10 117(90) 51(45)

The Figure-of-Merit (I'M) results do not show a consistent order of
capabilitics for Lhe models. This is typical of past expericence as well,
and we have concluded that in its present Torm, FM does not provide a very

useful measure ot prediction capability. Details are given in Appendix C,

5.2 DISCUSSION QF THL TEST SHOT DATA AND PREDICTIONS
The three Tow yield shols were executed at the Nevada Test Site, and
' qﬁ their fallout patterns werce measured over land. For this reason, observod

patterns for these shots, though not highly accurate, way be considered to

be superior tao the patterns of the high yield shots which were executed on

Bikini Atoll in the South Pacific. Not only are the fallout fields of the

-l high yicld shols very large, which adds to weasurement problems, but most

| of Lhe Fallout from these shots fell into water. [Lven so, wmost of the Koun
pattern area was covered by an darray of fallnut collection stations, so this

: pattern 1+ probably reasonably accurate, Zuni, on the other hand, is a

ﬂj special case.  The fallout pattern used here is exclusively downwind of the

atoll and was determined by an oceanoyraphic survey mcthod that was known

to be inaccurate,  The close-in pattern in the reaion of the atoll is

available, but contains no closaed contours so “. could not be used here; thus

' *a the high-activity portion of the observed pattern for this shot is ignored

*Values in parentheses are calculated with dala for the highest Tevel
contours excluded.
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and this alone must account for a substantial portion of the disagreement
between observation and prediction for this shot, particularly with regard
to contour areas and contour overlap (Table 2). As already mentioned, we
L have no observed pattern for the Bravo shot. In addition, we have the

. J;J following problen.

R ONAF--1 and DELFIC predictions faor the high yield shots are expected
to be inferior to those for the low yield shots. This is because the high
yield shots were detonated over coral soil, and in the cases of Zuni and

. Fooe e e
. T e s e
L"""I""'L
AR TR
LSt .
s acs A4 siA & B *

O -

R v e : el
lad oo L'u'..'u‘-.. 1 anmeni i

Bravo, large bul uncertain amounts of sea water were lifted by the clouds.

=
r

The particle size distribution used for these predictions is typical of

failout produced frowm the siliceous soil found at the Nevada Test Site.

We have not succeeded in developing a distribution appropriate for coral
- and coral-sea water mixtures.,

) .

DNAF-1 predictions were made using the H hour winds tabulated in refar-
ence 7. DELFIC predictions were made using all of the reference 7 wind
profiles, from H hour onward in time, WSEG-10 calculations were done using

/ ii v and SY values supplied by the DoD Command and Control Technical Center as
determined by them from the H hour wind profiles; these data also are tabula-
ted in referen 7 (Appendix A.3). For shots Small Boy and Bravo, the
published wind data have been found to be not pertinent to transport of the
nuclear clouds. For both of these cases, we heve used reconstructed wind

Y h P - L
PIV AN IR P LR LIRSSV S T S er UN R BTN

& - AR e T ot -
' ' - .
) R . e

data: for Small Boy the reconstruction is described in Appendix B of
reference 7, .nd for Bravo we have used the winds developed by Dean and
Otmstead. Values of v, ¢ and SY computed for the DNAF-1 predictions arc
given in Table 5,

, ~
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TABLE 5

EFFECTIVE FALLOUT WINDS AND SHEAR PARAMETERS
COMPUTED FFROM H HOUR WIND PROFILES FOR USE BY DNAF-1

Test Vv, ¢ SYI

Shot (s ) (deg. ). (s7)
Johnie Boy 6.0 - 8.6 0.00323
Jangie-S 13.1 14,6 0.00311
Small Boy 3.8 64.0 0. 00066
Koon 6.2 17.3 0.00133
Zuni 4.9 -20.0 0.00225
Bravo 5.8 93.6 0.00044

5.3 OBSERVED AND PREDICTED FALLOUT PATTERNS

Contours are in units of Roentgens per hour for gamm radiation at a
height of one meter above ground at H + 1 hour. All activity is assumed
to be deposited at H + 1 hour. For all but the Zuni shot, for which fall-
out activity was measured by an oceanographic method, predicted activities
are multiplied by a combined ground roughness-instrument response correction
factor of 0.5. (See Appendix B.,)

Observed and predicted patterns for cach case are plotted to the same
scale., North is up the pages and east is across the pages toward the right.

Visual comparisons are best made by superimposing electrostatic copies of

the plots,
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6. COMPUTER CODE

6.1 GENERAL DISCUSSION

Coding is entirely in ANSI FORTRAN and complete listings are presented
in Appendix D. Glossaries of mnemonics are in subroutines DNAF and INWIND,
and the Appendix A glossary relates symbols used in the report text to the
FORTRAN mnemonics. The code was originally developed and exercised on the
CDC 6€00 computer, but also has been extensively tested and exercised on
the Honeywell Information Systems 6080 computer used by the DoD Command
and Control Technical Center.*

Data is input via system unit 5 and output via unit 6. These unit
specifications can be changed by changing the values of parameters IN and
I0 (1ines 69 and 70, subroutine DNAF). No other peripheral storage units
are addressed.

A1l subroutine and function names are listed, with a brief description,
in Table 6.

There are two optional modes of code operation:

Mode 1. H + 1 hour exposure rate map preparatiun
Mode 2. H + 1 hour exposure rate, and maximum effective
biological dose at user specified points.

Map calculation is discussed in detail in section 6.2. For the
Mode 2 calculation, the user simply specifies ground points in terms
of X,Y coordinates relative to ground zero, and the H + 1 hour normalized
exposure rates (Roentgens nr'l) and maximum effective biological doses
{Roentgens), at a height of one meter above the point 7.e printed.

Wind data may be specified in cither of two ways:

1. Fffect:.e fallout wind speed, v (m s_l), wind direction,
¢ (durvees clockwise from rnorth in the direction of the wind
vector), and ciosswind shear parameter, Sy (s_l), are input
directly.

*In aadition to the FORTRAN code, the Texas Instruments T1I 59, a sophisti-

cated pocket calculator, has been programmed to compute A(X,0) (see eq. 31)).
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4 TABLE 6

N SCRIPTION OF DNAP-1 CODE SUBROITINES AND FUNCTIONS

Subrout ine
or tunction

— M DNAF

Nescription

Executive, Controls calcuiation 1aw and calls most of the following vrograms,

. SCLLOD Computes stabilized cloud heights end radius plus fireball radius:
Zps dps Rs' Ri'
.‘m‘.
. INWIND Reads in and processes a vorlical profile of wind data if the ef fective
. Faliout wind speed, v, is not specified by input,
: FIWIND Computes effective fallout wind, v, frow data input via subroutine 1NWING,
; SYWND Computes the wind shear parameter, Sy, from the wind date input via subwoutine
e . INWIND,
," ONSLT Computes fallout onset time, tq.
. nosrt Compuies the factor which when rultiplied by H 1 1 hour exposure rale gives
) Lhe maximum effective hiological dose, M(X,Y).
. (INAE T Computes crosswind-integrated H + | hour activily fraction deposited at distance
"d X along the hotline from ground zero,
SIGTA Lompules deposition variance, -, crosswind patiern standdrd deviation, Ty
and tfallout arrival Lime, td. Al ar almnawindg distance X from grownd zoro,
“] MAR Print« a two-dimensiunal map of ft + 1 hour exposure rate.
R SLTMP Sets fallout map boundaries and grid intervals for the user,  This subroutine
) is called only if parameter BSETMP ig false, and the vesulting map i intended
to provide the user with a preliminary look at the fallout pattern,
Co TR Linear intzrpolation between table entries,

LRROR Lrior condition printout,

e
i
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2. M vertical profile of winds are input from which the code com-
putes v and SY as described in sections 4.2 and 4,3.

The effective fallout wind speed is limited to values greater than or

equal to 0.5 m s71.

A zero input value is used to signal input of a verti-
cal profile of wind data. If a value of v < 0.5 m s"l, other than the signal
value of 0.0, is encountered, a comment is printed and v is reset to 0.5
ms~'. (See the end of section 4.2.)

6.2 FALLOUT MAPS

Selection of the mode 1 calculation option (loyical parameter IFMA?,
card 3, is true) causes calculation of H + 1 hour normalized exposure rates
(Roentgens hr'l) at a height of one meter above a two-dimensional array of
points on the ground. The points are spaced at grid intervals DGX and DGY
(meters) in the x and y coordinrate directions. Here the x axis is in the
west-to-east direction (positive east of ground zero), and the y axis is
in the south-to-north direction (positive north of ground zero).

Ordinate values are output in rectangular arrays, and it is assumed
that the arrays arc printed by a standard line printer. The x axis is
across the printed page, west-to-east from left-to-right, and the y axis
is up the page, south-to-north from bottom-to-top. A two-line, power of
ten tormat is used. Thus, the activity for each point appears as

+NNNNN
V.Y

which 1s interpretoed as
FNNNNN

V.yvy x 10- (Roentgens hr™ '),

Printing is done in units ot map strips, cach strip consisting of a suffi-

cient number of connected printer sheets to cover the entire vy axis range.
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Each row (across the page) of each strip contains a maximum of nineteen
ordinate points in the x direction, Enouyh strips are prnduced to cover the
entire x axis range. These .,trips can be attached side-by-side such as to
construct the complete map, and contours may then be drawn by hand. x and
y values are printed at recular intervals on each strip.

If Togical parameter USETMP is true (card 3), the user must specify
boundaries and grid increments for the map. Otherwise, thes code sets these
paraimeters (via subroutine SETMP) automatically, using both yield and wind
as criteria. The result is a small, rather poorly resolved map which may
not satisfy the particular needs of the user. It is intended to provide
the user with a preliminary view of the map. From the information gained
from this quick look, the user may devise his own map specifications as
described next.

To specify his own map, the user must supply the following information:

1. Logical parameter USETMP = .TRUE. (card 3, sec. 6.5)
min® Y or XMIN, YMIN) of the southwest corner
of the map, and (x or XMAX, YMAX) of the northeast

2. Coordinates (x nin

max’ Ymax
corner of the map. (card 6)

3. Grid increments DGX, or DGX and DGY, in the x and y axis directions.

(card b)

If only DGX is specified, the code computes NGY such as to produce a
spatially undistorted map on a standard Tine printer: that is, one with 10
characters per inch across the page and 6 characters per inch down the page.
To adjust for nonstandard character spacing, parameters IH and IV (1ines
69 and 70 in subroutine DNAF and 13 and 14 in subroutine SETMP) must be
changed.

The values of XMIN and YMIN specified on card 6 should be one grid
increment less than the values actually expected on the printed map.
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The code presented in Appendix D provides for a maximum of 5000 map
points. If the map specified by card & input requires more than this
number of points, DGX and DGY are adjusted such that no more than 5000
map points are required, a comment to the effect that the adjustment has
been made is printed, and calculation then proceeds. Map point ovdinates
are stored in array OMAP, and parameter NMAP is used as a variable dimen-
sion for OMAP. To change the maximum number of points, change the dimension
of the OMAP array and the value of NMAP as desired (lines 67, 69 and 70 of
subroutine DNAF).

6.” INPUT OF WIND PROFILE DATA

If parameter WIND (which is the effective fallout wind speed, v) on
card 2 is zero, the code calls subroutine INWIND which reads in a vertical
profile of wind data as described by cards #a-4n (sec., 6.5). This input
is designed for maximum versatility.

Card 4a is used to specify whether the wind data are input in resolved
form (i.e., vector components in the easterly and northerly directions),
or in terms of speed and direction angle,

Card 4b is an object-time format to be used to read the data.

Card 4c contains scale and translation factors, and card 4d contains
data field pointers. Cards 4e to 4n-1 each contain altitude and wind vec-
tor data for a wind stratum, and the Tast card, 4n, is the data set termina-
tor,

Use of the scale-translation data and the field pointers deserves some
explanation.

In cumibinelion with the object-itime format, the field pointers, N1,

N2, N3, allow any arrangement of the data on the cards; the only restriction
being that all of the data cards have the same arrangement. Fach card con-
tains three items of data:
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1. Altitude of the wind measurement )

x component of the wind vector FORM = RESO
y comporient of the wind vector s
or
. Wind direction angle ) FORM = METE
3. Wind speed s

Pointer N1 is associated with the altitude, N2 with the x wind component

or direction angle, and N3 with the y wind comporent or wind speed. Collec-
tively N1, N2, N3 consist of some permutation of the integers 1, 2, 3. The
object-time format specifies three data fields, and N1 specifies which of
the three contains 17e altitude, NZ specifies which contains the x wind
component or the direction angle, etc, For example, if we have N1 = 1,

N2 = 3, N3 = 2, then the altitude is in the first field {from the left),

the x wind component or direction angle is in the third field, and the y
wind component or wind speed is in the sccond field.

The scale and translation data input via card 4c allows input of data
in any units, and allows certain common data translations to be made. Scale
factors are 1n fields 1-3 and transletions are in fields 4-5 of card 4c.
After application of these translations and scale factors, altitude must be
in meters wilh origin at the ground, and the wind must be expressed in terms
of components (i 5"1) in the x (easterly) and y (northerly) directions. If
it is used, the wind direction angle must be, after scaling and transiating,

the angle of the wind vector measured clockwise from north.
Scale and translation data aic read from card 4c into array SCALE( ).

The three data items on each wind data card arc read into array AP( ), for
the altitude, SCALE(4) is a translation, which is applied before scaling, to
adjust the origin to be at ground level, and SCALE({1) is a scale facto

used to adjust tne units to meters. Thus the altitude, ZCH, is
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ICH = (AP(N1) + SCALE(4))=SCALFE(1).

If FORM = RESO (card 4a), the wind vector data ave input in component
form, In this case, the only other card 4c detum used is SCALE(2), which
is a scale factor applied to both components to adjust units to meters per
second, Specifically, we have for the x and y wind components, WX and WY,

WX = AP(N2)*SCALE(2)
WY = AP(N3)%SCALL(2).
If FORM = METE (card 4a), the wind vector data are input in terms of

direction angle and speed., As with the previous case, SCALE(2) is used

to scale the wind speed to units of wmeters per second. SCALE(3) is a scale
factor used to convert the direction angle to degrees. SCALE{5) is an angle
translation (i.e., rotation) which is input in the same units as is the
direction angle. The angle translation calculation is set up to convert

the angle from the conventional meteorological specification of direction
from which the wind is blowing, to direction toward which the wind is
blowing; in other words, the code automatically rotates the wind angle
through 1802 unless this is circumvented by appropriate specification of
SCALE(5). Specifically we have

m

WX - AP(N3)*SCALE(2)*SIN (5P (N2)*SCALE(3) + TRNS))
WY = AP(N3)*SCALE(2)*COS(T%B(AP(NZ)*SCALL(3) + TRNS))

where

TRNS = SCALiZ(5)*SCALE(3) - 180.
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Default values for the scale factors, SCALE(1) through SCALE(3), are

‘] unity. That is, if any or all of the first three fields on card 4c are Teft J,J

) - blank, the code sets the correspc.ding scale factors to unity. _ff
The wind data should extend at Teast up to the cloud top height, Zg {33

. (eq. (4)), but if it does not, the code simply assumes that the data in the i;}

ﬁi highest wind stratum is constant up to Zye .|

The wind data are sorted by the code and arranged in sequence of in-

creasing altitude; thus it is not necessary that they be input in any par-
ticular order,

S

i ‘ An example of a common situation will illustrate how to set up the
W data cards. Suppose the wind data are available in the form shown in Table
7. Ground zero is at an altitude of 4215 feet, and we assume that the sur-

face wind was measured at a height of 10 meters above the ground. Thus,

the actual altitude of the surface wind is 4248 feet. Figure 9 shows how

cards 4a-4n might be punched for this set of data.: _f;

TABLE 7 S

. l i
EXAMPLE WIND DATA LISTING .

Site Elevation is 4215 Feet ,':i_i:l

- Altitude Direction ;“i;
J (kft re]ative Speed Ang]e* :'

__to MsL) (mph) (degrees

Surface 2 190 ”iﬁ

6 15 170 '

: A

4 8 30 180 ‘-'-1

B 10 37 200 o

A
.
‘I':'d . ;Q ‘

. 30 80 210 f j]
— -

. . - . - . . . 1
; *Direction from which the wind is blowing. :...11

|
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.?E 6.4 STORAGE AND COMPUTATION TIME REQUIREMENTS ;*

Approximately 15,000 (decimal) storage cells are required by the CDC
6600 computer to contain the object codes compiled from the complete package :
of FORTRAN codes listed in Appendix D. —
il Computation is gquite fast. A rough estimate of computation time is
fo derived as follows. In a single run on the CDC 6600 computer, eight com-
n: plete fallout maps were calculated and printed, and for each map a vertical
profile of wind data was processed. In addition to the usual calculations,

SR B

!l contour points were calculated, printed and punched for the maps shown on

i . pp. 58 to 80. Activities for a total of 11,242 map points were calculated,

.:i; and the total CPU time was 29.469 seconds., If we simply Tump all of the

ﬁ;u accessory calculations, including print and punch times, in with the activity -
b |

calculation time, we get 2.6 millisecond per activity calculation. p;
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6.5 DESCRIPTION OF CARD INPUTS FOR THL DNAC-1 CODE

Card
Humber . JYariables and Format = e
1 HoLL(12), (12h6)
2 W, W, WIND, SY, ANG, W
) -
GRUFT, (8F10.0) i
WIND -
Y
ANG
GRUFF =
2 [FMAR, USETMD (&1]) TEMAP
HSETMP
14 Cards da-4n are input anly
if WIND = 0,0 on card 2.
In that case, a wind pro-
file in the vertical is
specified as follows (see
sec, h.a3)
4a FORM, (A4

__Dbata Description

Kun identification
= Toia! explosion enerqgy yield (KT)

“ Fission yield (KT)

[ffective tallout wind speed (n s™') (WIND = 0.0)
A blank field is used tu signal input of card 4
data.

: Wind shear pavameter (S'l). Required only if

Wind > 0.0

“Lffective fallout wind vector angle, or hotline

angle, clockwise relative to north {degrees).
Required only if WIND - 0.0,

Scale factor for multiplication of all H + 1 hr
pxposure rate values. (See Appendix C.) Default
value is unity.

If true, o two-dimensional H + 1 hour exposure rate
map is to bhe computed and printed. (See logical
parameter USETMP and card number 6.) If false,

H 4+ 1 hour exposure rate and maximum Liological
dose are computed fur user-specified points, (See
cards number 5.)

If true, the user must specify the fallout map
poundaries and grid intervals via input of card

b. If false, the code sets these parameters via
subroutine SETMP.  In dny case, USITMP is applicable
only if [FMAP 1S TRUE,

Specifics whether wind data are input in metcoroloyical format

(i.e., speed end direction) or in resolved format (i.e., com-

punen ts
I'ORM

FORM

9]

resolved in the northeriy and easterly directions)

MITL  specifies metenrological format

RISO  specitices resolved format

Ui 1

o

SRR TR
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Card
Nuinber

4b
4c

4d

4e

4n

5a

- Variables and Format

FMT, (12A6)

SCALE(5), (8F10.0)

N1, N2, N3, (314)

AP(3), (FMT, see card 4b)

AP(NL) : 999999,, (FMT)

Cords 5a-5n are input only
if parameter [IFMAP =
.FALSE. on card 3.

X, ¥, (8F10.0)

tnd of record flaq,

____Data Destription

Wind data object~time format. {See cards numbor 4e-4n.)

Wind data scale factors and translations. Defaurlt values
for SCALE(1) through SCALE{3) = 1. (See cards 4de-4n.)

Wind data input field pointers.

tation of the integers !, 2, 3. (See cards de-dn.)

Altitude (m above ground) = {AP{N1) + SCALE(4))*SCALE(1)
For FORM
Fasterly wind component (m s ')

= AP{N3)*SCALE(2)*SIN(r/180. (AP(N2 )xSCALE(3)
+ SCALL(L)»SCALL(5) - 180.))

METE:

Northerly wind component {m s™h
= AP{N3)*SCALE(2)*COS{n/180. (AP(N2)*SCALE(3)
+ SCALE(3)+SCALE(5) - 180.))

For FORM -

RESO:

tasterly wind component (m 5_1) = AP(N2)*SCALE(2)
Northerly wind component. (m s'l) = AP{N3)*SCALE(2)

X =

Y =

Distance from GZ alonu the hotline. Positive X is in

the downwind direction (m)

Distance normal to the hotline (m). Activity and maxi-

mum biological dose are calculated at each (X,Y) point

input.

N1, N2, N3 arce some periu-

LI
Py O iLL'A ‘.;.‘LL'_"J'

6 AMIN, XMAX, YMIN, YMAX,
DGX, DGY, (BF10.0)

Card 6 is input only if parameters IFMAP and USETMP both are

true on card 3, Map bounddries and grid ncrements are

'@
ey

specified as:

XKMIN, XMAX = minimum and maximum map coordinates relative

to GZ altony the easterly directed axis (m).

YMIN, YMAY - minimum and maximum map coordinates relative

to G/ alony the northerly directed axis (m).

nGx, DGY - map ygrid increments in the eastecly and nor-
therly axes directiors (m). DGX must be
specified, but DGY is optional. If DGY is

L
-"-‘“‘-‘L

not specified, it is computed by the proyram
such as to provide a spatially undistorted map

when printed by a standard line printer.

®
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6.6 EXAMPLE PROBLEM AND PRINTQUT DESCRIPTION

To assist the user in getting the code runmning on his own computer,
and to illustrate the card input and the printout for a mode 1 (fallout
map) case, we provide here a simple test problem. The card input is given
in Figure 10, and the complete printout is given below, which is largely
self-explanatory.

The raw wind data are printed as well as the processed data. The
processed data have been translated and scaled according to the data
specified on card 4c. Wind layer base altitudes are in meters relative
to the ground. When J, ¢ and SY are supplied directly, this output is
omitted.

For a mode 2 (user supplied X, Y coordinates) calculation, the output
is the same except that the map strips are replaced by a tabulation of

X, ¥, H+ 1 hour exposure rate and maximum effective biological dose.
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GLOSSARY OF SYMBOLS AND FORTRAN MNEMONICS
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: J Text FORTRAN 1
. Symbol Mnemonic _ Description __ o 1
-1 20
ALXLY) OMAP( },A W+ 1 he normalized cxposure rate (Roentgen hr™ ) at three ;
.o meters above point X, Y. . "1
- 1
- C GRUFF Scale factor to be applied to activity calculations, : 4"
. d D(x) GOI'X Crosswind integrated activity fraction deposited at distance ' i
) ' ONAF1 (Function) X from ground zero. (m'l) o
. 0(X)¢ Farfield corrected, crosswind integrated activity fraction .
. } -1 .
L deposited at downwind distance X from yround zero. (m™") i
:”.' D{x) Upwind corrected, crosswind integrated activity fraction - "-1
. u . -1, >
) deposited at upwind distance X from ground zero, (m ) 201
5t .
f(z) v( ) Settling speed of the nominal fallout particle at altitude
N 2. (m s_l)
v F(X,t) Factor to account for dispersion in the hotline axis direc-
Y/ . . . -1
i tion of fallout being deposited at time t at point X. (m™ )
- s . -1
2 q(t) Activity fraction deposition rate function. (s7')
. . -1
s G(Y) CROSS (Statement Crasswind fallout pattern dispersion factor. (m ")
o Funciion) .
J M(X,Y) DMAX Maximum effective biological dose (Roentgens)
R]. RI tarly cloud radius. (m) .
N R RS Stabilized cloud cap radius, (m)
SY SY Wind shear parameter: approximation to the crosswind
. component of the vertical wind shear, (s”)
4 t Time., {s) -
1
o td TA Time of arrival of the first fallout at distance X from - ]
- ground zero. (s) L '\W
' tB 8 Time required for the nominal particle to settle from the ' :
stabilized cloud cap base to the ground. (s) o
?-’ @
‘ ’ tmax ™ Yield dependent time of maximum activity deposition rate .“
L. according to the g(t) function. (s) :!
D B
S tc, T0 Fallout onset time. (s) R
j'?
& - 11
. .
J
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e Text FORTRAN
O Symbol Mnemon ic
. T
- Wl Ve ; WX (1)
3 Uy s WY(T)
. v WIND
v
: W W
!
W FW

e X X
E y M
] ¥ Y
» 2y 5 ZBH(I)
ol
g B
z ZCH(T)
v z Al
q !
: a ALPHA
i Hom
- [}
) o SIGE
.. UC
q
q

J———

Description

Yield dependent constant in the g(t) and D(X) functions.
(s)

Easterly directed component of the wind vector in the

ith wind stratum, (ms™h

Northerly directed component of the wind vector in the
ith wind stratum, (ms™h)

Effective fallout wind speed. (m s'])

Effective fallout wind vector. (ms 1)

tnergy yield of the explosion (KT). (The K1 unit is the
energy released by explosion of one kiloton of TNT.)

Fission yield of the nuclear explosion. (KT)

Coordinate, relative to ground zero, in the easterly
direction, (m)

Hotline distance from ground zero, positive in the down-
wind direction, (m)

Coordinate, relative to ground zero, in the northerly
direction, (m)

Perpendicular distance to the hotline in the ground plane,

(mn)

Altitude of the base of the ith wind stratum nove ground.

(m)

Height of the base of the stabilized cloud cap above ground,

Altitude of the center of the ith wind stratum above
ground. (m)

lleight of the top of the stabilized cloud cap above ground.

Yield dependent parameter in the g(t) and D(X) functions.
(dimensienless)

Diameter (um) of the nominal fallout particle.
Turbulent energy density dissipation rate. (m7 5‘3)

Variance of the horizontal spread of the nuclear cloud at
deposition time. (Does not include the wind shear dis-
persion zontribution.) (m))

Standard deviation of horizontal spread of the cloud before
atmospheric transport. (n)
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' Fq Text FORTRAN
. Symbol Mnemonic o L Description

o Wind shear contribution to the crosswind fallout pattern

s variance, (n’)
~u gy SIGY Crocswind standard deviation of the fallout pattern. (m)

B ANG Direction angle (clockwise trom north) of the effective
fallout wind vector. (deq.)
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fE APPENDIX B ®

GROUND ROUGHNESS AND INSTRUMENT RESPONSE CGRRECTION FACTORS

" To compare predicted H + 1 hour gamma exposure rates in a fallout field ¥i§
with values measured over land by radiation survey meters, it is necessary '
to make certain adjustments to either the observed or predicted values.

Conventional practice is to adjust the predictions,

: -.I Predicted exposure rates are based on laboratory measurements of fission if
product yields and on factors called exposure rate multipliers that convert :
the fission yields for individual nuclides tc exposure rates at one meter -é
height above an infinite plane on which the fission products are assumed 'j
. to be uniformly distributed. One correction, the ground roughness factor, if

is required to account for absorption of radiation by small irregularities,
or roughness elements, in an actual ground surface. The other correction

‘ is necessary to account for variation of response of survey meters to radia-
'Tig tion over the spectrum of wave lengths encountered. Ground roughness fac-

tors for Nevada Test Site terrains are estimated to be in the range of 0.70 R

to 0.75, and an instrument respense factor of about 0.75 is appropriate for "

. commoniy used survey meters., The product of these two factors is approxi- o
;ﬁﬂ mately 0.5, and this factor is applied to dose rates throughout all of the ’:
pradicted test shot patterns except for Zuni as noted in section 5.3. -

9 | 1
- .
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APPENDIX C

FALLOUT PATTERN COMPARISON BY THE FIGURE-QF-MERIT METH0D

Rowland and Thompson20 developed this method for comparison of pairs
of fallout contour maps by computation of a single index, the FM, that is

a measure of contour overlap between them.

For each contour common to the

patterns, the area overlapped and the area not overlapped is calculated,

The areas are weighted by the average radiation level between successive

contours. Sums over all contours of weighted overlapped areas and weighted

total areas are computed, and the FM is the ratio of the two sums.

For com-

pletely overlapped, perfectly matched patterns, FM = 1; for no overlap, FM = 0.

Mathematically, FM is

S W
LNCHEEIN
2. 2 (A1 B A1-1)
i=1
where
N is the number of contours in the patterns. The summations

are from highest contour to Towest

-1
r is activity of the i th contour (Roentgen hr ), roe = 10 r
a, is comuon (i.e., overlapped) area for the i th contours.
a =0,
o
A, is total area of the i th contour. The summation in the de-

nominator is computed for both patterns, and the largest sum

is used, A = 0,
[0}
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N The FM has been found to have limited utility as a measure of fallout
: prediction accuracy, This is mainly for two reasons. First, and most
jmportant, is that being a measure of overlap, the M is strongly hiased
in favor of overprediction; that is, it favors predictions that cover a

fJ large area, and therefore overlap the observed pattern, regardless of

\ other considerations. Second, the FM method imposes no penality for miss-
ing or extra contours; contours not comnon to both patterns are simply

P ignored.
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APPENDIX D

FORTRAN CODE FOR THE DNAF-1 FALLOUT MODEL
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OOCOOC OO0 GOC OO0 O00LOOO0000OOO0aOGCOOOaAO00O0cC

[y

SJ3ROUTINS DNAF ONAF
ONAF
EXECUTIVE PROGRAM FOP THE LNAF~1 FALLOU™ PPEDICT TON MODEL DNAF
ONAF
Hy CG. NORMENT, AT4QSPHERIS SCIENCE ASSOCGTATES - RUGUST 1961 ONAF
NAZ
» X% X X 5 & &x & [ p @ (‘LOSSARY X ¥ N » ¥ & & ¥ ¥ ¥ 3 v @ gNAF
A He¢1 HOUR 3AMMA EXPOSURE RATE (ROENTGENS/HR) ONAF
ALPHA INAF=1 MOIEL PARAMETER ONAF
AT HEIGHTS (* AFGVE MSL) AT WICH SETTLING SPEEDS OF THE DNAF
NOMINAL PYRTICLE AFE NFFINFD DNAF
ANG HOTLIMNZ ANGLE (IMPUT AS DEGPEES CLOCKWISF FROM NORTH) DNAF
h IXPONENT *ARAMETER USED FOR APPROY, PARTICLE SETTLING DN AF
SPEED DALTULATION DNAF
cay K FACTOF. { (R=M®¥ D)/ (HR=-KT)) ONAF
CISA COSING CF HOTLILE ANALE = WINDY/WIND DNAF
D3XyDGY MAP INSRE(ENTS (SIE XMAX, ETT) (M) ONAF
0%AX MAXIMUM ETFFCTIVF P IOLOGYCAL CNSF (ROENTGENS) DNAF
] FISSION YIFLD (KT) DNAF
GRUFF SCALT FACTOR TOD RE APPLIED "0 ACTIVITY VALUES CNAF
(FeGs GROJNC ROUGHNESS ¢ INSTRUMFMT RESPONSE FACTOR) DNAF
IFNAP  LOGICAL F.AG WHICH WHEN TRUE SPECIFIFS THAT A FALLCUT MAP DNAF
37 PREPARID ONAF
IH NUMBeP. OF CHEPBITIF S/INCH HORIZONTALLY OM THE PRINVED MAP DNAF
N SYSTEM IN?UT UNIT DNAF
INTLL, INTL? FLIZS TO SIGNAL FIRST FASS THROUGH SIGTA & CNAF1  ONAF
I2 SYSTHM PRINT UNIT DNAF
e SYST<M PUNGH UNIT ONAF
Iv NUMBER, OF CHAPECTZFS/INCH VERTICALLY OM THT PRINTED MAP ONAF
M4000 NUM3ER OF HLIGHTS AT WICH WIND DAYA ARE TINPUT ONAF
NYAP MaX, HO. 3F FOINTS ALLOWFD TMH A MAE. (DIMENSION CF OMAP) DNAF
NXMAP  NUMBZP OF MAF IMCREMENTS IN THI X PIRECTYON (SEE XMAX ETCIDNAF
NYMAP  NUMBCR OF HAF INCREMNEMTS IN THE Y [IRECTTON (SEES XMAX ETC)ONAF
NYAP FALLOUT MAP CRDINATE ARRAY ONAF
PI FIRLBALL RADIUL (W) ONAF
2S STABTLIZE) TLOUC RADIUS (M) ONAF
SIGE GAUSSIAN JAKIANCE QF CLOUD VTISPEFRSION (M®*2) ONAF
SIGY CRNSS~WIN) GELUSE TAM STANDAPD DEVTAYION OF THF FALLCUT DNAF
BATTIRN (4) DNAF
SINA SINE OF HXTULTNE ANGLE = WIHDX/WIMD ONAF
S SHFAR PARVMETER OR RME SHEAR PAQAMETFR FPOUM 20 TG GROUND DNAF
TA TIME OF ATRIVAL OF FALLOUT (S) ONAF
T ARRIVAL TIME OF FALLQU™ FPOM THT STABILITED CLOUD CASE (S)DNAF
TLL, TLS  ARRIVAL T1MES AT MHICHK RATE OF GFOWTH OF CLOUY TURBULENT ODNAF
NISPERSIOY VERILNIE AFCOMES CONSTART /™) DNAF
T TIME OF MAXTMUM ASYIVITY NCPOSITION RAL,. (S) DNAF
T FALLOUT DNSET TIMZ (St DNAF
USETHP  (NSICAL FUAG WHICH WHIN TRUE REANIRES THE USER TC SPECIFY ONAF
MA® ROUND?IES AND CRID DNAF
v SITTLING 3 PLEDS (M/S) OF THE NOMINAL PARTICLE AT HEIGHTS ONAF
ALT DN AF
v SITTLING TPECD AT SoA LEVEL OF THE MONMINAL PARTICLE (#/S) DONAF
W TOTAL YZE. [ (KT) DNAF
HTND Ly FECTIVE WIND $PZED (M/S) ONAF
He HARPFRIAH _OGARP[THM OF W UNAF
HL10 ANLGOSTAM LOCAFITHY OF W ONAF
“r Q3SERVEID 4INC COMPONENTS IN “HE X CIRECTTON (STE YMAX ETC)DNAF
WY 03SERV-T YIND (OMPONENTS IN THE Y DIRECTTON (SEL XMAX ETC)ONAF
XYAY g Y MIN, VHAY, YHI N MAP LIMTTING CONORDINATES. (X IS POSITIVE DNAF
TOWARD £B83T ANC Y IS POSITIVE TOWEFD NORTH) (M) ONAF
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c 73 STABILIZEY CLOUD BASE HEIGHT () ONAF
c ZB8H WIND LAYER PASL  HEIGHTS (M) DNAF
G I3H WIND LAYF? [UHTER HEIGHTS (M) ONAF
C 20 STABILIZEZ CLOUD SENTER HEIGHT (M} ONAF
G Fal STAHTILIZS) CLOUD TOP HEIGHT () DNAF
C ONAF
OIMENSION HOLL{12) 4 COMAP( §000); CONTUR( t) ONAF
LOGICAL IFNAP, USiTMP, CFNT, CPNC ONAF

DATA IN , I0 , IH , IV, CAY » NMAP y O7TRC ONAF

1 / 5y 6, 10 4 b 3 649733E3s F000 157629577351/ INAF

DATA I8/ 774 SOT22I72.5066232757 CNAF

c ONAF

24 FORMAT (//715X25KH6R ID LIMITS AND INTERPVALS/ 20X 4HXMINLOX 4HXMAX 10X 4HYDNAF
IMINLOXL4HYMAXLOXTHIELTA X y3XTHDTLTA Y/15XF 10, 0,4XF10,s 0y LXF10, Dy LXFLONAS

20,0, 5%XF 10, 2,5%XF10. 2) ONAF

47 FORMAT(//715X,; E1HIGX AND JCY MUS™ BE ADJUSTEQ TC ACCOMODATE THE MAONAF
1P IN STORAGE) ONAF
1000 FIRMAT (8F10.1) DNAF
1106 FIRMAY (5L1) ONAF
1200 FORMAT (4(5Xy, 1PELL (u)) DNAF

1300 FORMAT{///77X, 11842 MAP IS NOT PREPARED. H+1l HOUIR EXPOSURE RATZ (DNAF
1RIENTGENS/HR) ANO HAYIMUM EFFECTIVE B8TOLOGICAL DOSE (MEBO) (ROENTGONAF
2ENS)/ 7X, 38HARE JOMFUTED FOR USER-SPECIFIFD POIMTS. X IS THE WINONAF

30KWARD DIRICTION AND Y IS SFOSSWIND.// ONAF
L 33Xy 4HAM), 12X, LHY{M), 11X, 6HR{H+1), 411X, LHHECBO) ONAF
1400 FORMAT(1245) ONAF

1500 FORMAT( 1M1, 50¢, 19KH* ¢ ¥ ¥ & ¥ ¥ % & x//50X,14HD N A F - 41/, DNAF
1 25X, 7247 HE 3 EFENGSE NUCULI AR AGENCY F A S DNAF
2T F AL L O U T/ 45X, WP P E DI C T I ON S Y S TONAF
3 E M//7 S51X; 19KR* t{ ¥ ® ¥ » X ¥ & 3////55X, L1IHPREPARED BY/LEX, JIJOHDNAF
LATMOSPHERIC SCIENCE ASSOCIATES/ 54Xs L14HBFOFORD, MASS«////25X, DNAF

SIUH*¥¥*  RUN INENT IFICATLIN  *%*x, IX, 172/6) DNAT

1600 FORMAT {//720X,2uHYIELDS = TOTAL -FISSION), 21X, 1PE1Z.5, 2H (, ONAF

1 1PE12.5, 4H) XT/ 20¥,21HIPDINATE SCALZ FACTOR, 24Xy 1PE12.5) DNAF

1700 FORMAT(//20X, 20MIFFECTIVE WIND SPFED, 25X, 1PF12.556H M/SEC) DNAF

1500 FIRMATL 20X, 37HRIMND DIRECTION (CLOCKWISE FROM NORTHI,  8X, DNAF

1 1PEL2.35, 5H DEG.! ONAF

1300 FORMAT (20X, 19HSHIAR PARANETER, SY, 26X, iPEF12.5, 8H PER SFC) DNAF

2000 FORMAT(//20X, 71HAM EFFLCTIVE WIMD SPEED LESS THAN D.50 M/S HAS BEONAF

1EN SPECIFIED - WIND = 1FE12.5/ 20X, 2.MWIND IS RFSET TO0 0.£0) DNAF

2100 FORMAT (A6) DN AF

" DNAE

COMPUTE TH: CROSSWIND GAUSSIAN SPREAD VIA THIS FUNCTIO: ONAF

CR0OS  /Y,SIGYY) = EXF(~0.5% (VY/SIGYY)**2)/SIGYY/SQT2P1 DNAF

G NNAF

COPY IN RUN IDENTIFICATION DN AF

100 PEAD(IN,1400,cND=:00) HOLL ONAF

c DNAF

150 INTL1=0 ONAF

INTLZ=0 ONAF

COPY IN BASIC DATA DNAF

PIAD{IN, 1000) W, FH, HWINO, SY, ANG, GPUFF ONAF

READ (IN,; 1108) IFAP, USETMP ONAF

WL10 = ALOGLO (W) DNAF

ANG = ANG/DIRG DNAF

SINA = SIN(ANG) DN AF

COSA = COS(ANG) ONAF

IF(GRUFF ,=Qs D.01 GRPUFF=1,0 ONAF

CAYFHN = CAY*FWeGRJFF ONAF

CO-FUTE STABILIZED CLOUY FROPERTIES DN AF
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caLlL SCLOD( Wy RI; RS, IT, ZI®)
COPY QUT BASIZ DATA

WRITE(IO, 15n0) HILL

WRITE(IJ, 1690) W, FW, GPRJFF

IF(HIND JHZe 0.,0) GO TO 200
COPY IN WIND PROFILE DATA

CALL TIHWINOCIN, IJ)
COMPUTE EFFZCTIVI HWIND, WIMD

CALL EFWIND(ZT, 2B, WIND, SIMNA, COSA)
COMPUTE WIND SHIAR PARAYETER, SY

SY = SYWNO (2T, r3,; SINL,; COSR)

CHECK WIND FOR THRESHOL: AND SET WINT=0,%0 IF T7 IS BE!.OW THE THRESHOLD

200 IF(HIND +Gce 0,800 GO TC 205
WIITE(I0,2000) WIND
HIND = 0_50
COMPUTE FALLOUT ONSEY TIME, TO
205 T3 = ONSET (WY
COPY DUT MODEL PARAMFTEZS
WRITECIO, L700) WINC
IFC oNOT, IFHAP) :Q TOC 210
DIR = OIRC ®* ATAN(SINA/COSE)
IF(COSA .LT. 0.0) DIF = DIP - SIGN(1R0.0, ZIR)
WIITE(H, 1300) DIR
210 HWRIT=(10, 1900} S!
CHECK IF A MAP IS5 TO Be PREPARED
IF(IFHAP) GO TO 300
HRITE(I2, 1300)
COPY IN COORDINATES AT (HICH ACTIVITY IS 0 BE COMPUTED
250 READ(IN,100G,EMD=1 00) X, ¥
c
COMPUTE CLQUD DISPERSION PARAMETERS AND FALLOUT ARRIVAL TIME
275 CALL SIGTACC, Wy, TOy WIND,SY, PI, RS, ZB, 7T, WL10,
1 INTL1, SIGE, SI3Y, TA)
COMPUTE CROSSHYINU~INTEGKAYED ACTIVITY FRACTION ON THC HOVLINE AT X
GOFX = DONAF1{Xy, WIND, SIGE, H, INTL2)
COMPUTE H+1 ACTIVITY (Rr/HR) AT POINT (X,¥)
A = CAY{U'W <4 CROSS(Y,SIGY) * GOFY
CO4PUTE MAXIMUM =ZFFECTIFE tIOLOGICAL 0OSC
OMAX = A * DOSF(TY)
COPY OUT RESULTS
RQITE(IO’ 1200) X, Y, A, u'!AX
G2 TO 251
G
CHICK 1F MAP 1S SPECIFIIL PY THZ USEF. 0P BY THE PROGRAM
200 IF(USETMP) GO TO +00

CALL ScTMP(W, FH, WIND, SINA, COSA, GRUFF, XMIN, XMAYX,
1 YMIN, YMAX, DGX, DGY)
GO TO 450

400 READ (INM, 1000) XMIN, XMAX, VMIL, YMAX, DGX, DGY
410 IF(DGY _50:; N 0) IGY = DGX*IH/IV/2.0
50 NXMAKP = (XMAX - K4IN)/ZDGX
NYMAP = (YMAX - YeIN)/DCY
HEAP = NXMAP*NYMA?
IF( MMAP ,LE. NMA®} GO TJ 460
HRITE(IO,07)
D3X = SQRT( 2, 0*I/YMMAP* D3 Y2 NGY/ (NMAP>TH))
UGY=UQU
G) To +19
kbl WRITE(IO, 24) XMIN, XMAX, ¥HIN, YMAX, DGX, DGY
COMPUTE AGCTIVITY AT MAP POINTS

110

DNAF
ONAF
ONAY
DNAF
DNAF
ONAF
DNAF
DNAF
ONAF
ONAF
ONAF
DNAF
ONAF
ONAF
ONAF
ONAF
NN AF
DNAF
ONAF
ONAF
ONAF
DNAF
ONAF
ONAF
ONAF
DNAF
ONAF
ONAF
DNAF
DNAF
DONAF
ONAF
DNAF
DNAF
DNAF
ONAF
DNAF
ONAF
UNAF
DN AF
DNAF
DNAF
ONAF
DN AF
DNAF
ONAF
ONAF
DNAF
DNAF
DNAF
ONAF
DN &F
ONAF
ONAF
DNAF
DN AF
ONAF
DNAF
DNAF
ON AF

121
122
123
124
125
12e
127
12¢
12%
130
1314
132
133
134
13F
1306
137
13€
139
140
161
142
143
144
145
146
147
148
149
{50
151
152
153
154
15%
15€
157
156
156G
160
161

176
17¢
160

K R
dvo ol
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Y$ = YMIN ONAF 181 .
- INDFX = 0 ONAF 182 —
¢ 03 500 J=1,NYMAP ONAF 183 e
R YM = YM + DGY ONAF 184 -
S X4 = XMIN DNAF 185 L
: 00 500 I=1,NXHAP DNAF 186 K
X4 = XM #+ OGX ONAF 187 -
IF(WIND +6Te 1.0E-02) GO TC 470 DNAF 188 A
) X = SQRT(XM#+? « M**2) DNAF 189 _
; Y = 0.0 DNAF 190 .
Jﬁ GY TO 472 ONAF 191 » {
G70 X = XM¥SINA + YM¥IDSA DNAF 192 !
¥ =-XM3*C0SA + Yhe3ILA ONAF 193 :
GOMPUTE GLOUD GISPFPSION FARAMETERS AND FALLOU™ ARRIVAL TIME DNAF 194 =
472 CALL SIGTA(Cs Hy TO, WIND,SY, PI, RS, Z8, 7T, WL10, DNAF 195 S
- 1 INTL1, SIGZ, SIsY, TA) DNAF 19€ e
o INDEX = INDEX + 1 DNAF 187 - 4
‘! COMPUTE HAP QROINATE ~ 441 HDUP FXPOSUPF RATE (NOPMALIZED) DNAF 198 ..
LTS5 OMAPC(INDEX) =CAYFA*[NAFL (X, WIND, SIGE; W, INTL2) * CROSS(Y,SIGY) ONAF 199 s
o 500 COMTINUZ DNAF 200 o
s CoPY QUT MAP ONAF 20% Tl
’ 500 GALL MAPP(  IDy HILLy; DGXy DGY, NXMAP, NYHMAP, OMAP, ONAF 702 D
1 XHAX, XdIN, YMAC, YMir) DNAF 203 T
. G TO 100 DNAF 204 L
E | 300 RETURN DNAF 20€ P
o £ND DNAF 206 3
e A
. :
R e
N L. ) ::{
e 3
. .
a »:;
: N
v SUBROUTINE SCLOSC W, RI1; RS, 77, 7R) scLov 2 L
T C SCLOC 3 )
g COMPUTES STABILIZEU GLOUL PPRPERTIES sCLOT & D
| ¢ scLOC & P
. ¢ He G. NORMINT, ATHOSPHEFIZ SCICNCT ASSONIATES - AUGUST 19€0 SCLOC 6 “
c scLob 7 ‘
RI=1 03, 9%W=» (0 33 SCLOC & ‘
AL=ALOG (W) scLCD 9 |

RS = IXP({4.755% 4 WL*(D 32055 + WL*0, 01137478)) SCLOC 1N

IF(H oGT,. 4407} G2 TC 10 SCLOD 11
- 78 = 2223+ Wes (0 3ULE3) scLot 12 o
®: GO TO 20 S5CLOD 13 L X
: 10 7B = Zéntl. * W™ (N.?7158) SCLOC 14 L
5 20 IF(H 6T, 2.29) IF(W = 3G, 0)30;30,40 SCLOD 15 S
2T - 3537, % Hs¥{(, 25EG3) SCLOD 1#
0 TO 51 scLoD 17 S0
30 ZF = 3170, % Wes(N.LQ77) SCLOD 18 -
) GO TO 50 SCL0on 19 :
e KO ZT = Hu7u, ¥ WYH(7,LE50) SCLOD 20 L
- 50 CONTINUZ ScLOO 21 0
Lo R TURN SCLOD 27 \
: ENG SCLOC 23 '
. B




SJRARGUT INF INWIEDE Thy I0) INWIN 2

C INWIN 3

GOPIES LN AND PROCESSES OBTERVE) WIND DATA INWIN &

c INWIN &

c Hy G. NORMENT, AT40CPHEFIC SCIENCE ASSOGIATFS - AUGUST 1S80 INWIN &

C INWIN 7

C I XTSI YV Y PSR LYY XS N ‘l-‘l-bl-iﬂb##l*.%&-‘l#ladlll‘.ll!l.ll!#ll—.t'QODQ!QQINHIN f

C INHIN 9 L

c RZIADS ANJ PROC:SSI & WIND 2/TA FOR A HOPIZONTALLY INWIN 10 o

c HOMOGENIOUS FIFLD. VER™ICAL COMPONFNTS ARE NOT NONSIDZRED, INWIN 1% 1

c INWIN 12 i

C N T ST SN N T Y SN R S N I GLOSSAFY ¥ BB v 4 R K Y E R s 1NHIN 13 ‘.i

C FuT OY.JECT-TIYE FORMAT 0OF WIND DATA INWIN 1& T

o FIRM INPUT PAREMETEP TO INDICATE FORHA™ OF WIND DATA YO FOLLOW~INWIN 15 3

c ZITHER = 4FTEOR O RESOLV INWIN 1€ -

c NL,N2,N3 DATA FIILO POINTERS INWIN 17 -

o SCALE  DAYA SCALT FACTCORS AND TRANSLATINKS INWIN 18 ’1

c St GLOSSARY TN PIQ3FAM DNAF FOR DTHFP NUANTIES INWIN 1@ ]

C [ FIETXITRIRR LYY YR Y 3 lkliC!¥&l"JU‘QJ!!#-‘“!'.'..!!Ul’!'"‘J.!'04'#'*UINHIN 20 -

o INWIN 21 .1
PEAL METENR INWIN 22 o
COMMON ZuNAY/ NHO)O, ZBH(50), ZCH(RO0), WX(50)y HY(S5D) INWIN 23 ) 1
DIMENSION SGALEC 3)y, AFC 3), FMT(L2) INHIN 24 .

c INWIN 25 ®:d
DATA ALTNIT , RAIC + PROGRM 4 HFTFOF ,RESOLV INWIN 26 . ]

1 /7 933999, , 01745329265, SHINWIND, 4HMETE ,GHRESO/ INWIN 27 o

DATA IRZGC/3/ INWIN 28 L

o INWIN 29 -

1 FORMAT( 4X, 6HLIVILSyI4y, 5H "HRUyI&, 8F1245) INWIN 30 ©

3 FORMAT( ///7/733X, ?SHHINC LAYKR BASE ALY ITUDESY) INWIN 31 LN

ol v FIRMAT (AHN3XILHMACINUM WIND SPACE ALTITUNF IS EL17.59 7H METERS) INWIN 32 -

1000 FORMAT (1245) INWIN 33 "3

1100 FORMAT (3F10,0) INWIN 34 L

1200 FIRMAT (20Ik) INHIN 3% CL
1300 FIRMAT(/7// 26Xy 13HRAH WIND DATA;3XX,1CHFROGESSED WIND DATAZ1BX,INWIN 26 .

13HZ, 9X, 10HVX OR [IPey 3X, L1HVY OR SPEZD, 16X, 1HE, 12X INWIN 37 :

2 ZHVX, 12X, ZHVY) INWIN 3R -j

1400 FORMAT (10X, 3(2X, 1FL1245)) INHIN 39 .

1500 FIRMAY (tH+,57X, T (2X, 1PE12.%)) INWIN &40 !F1

1800 FORMAT( 1H0, 55X, TLHMIME STRATA ALTITULES INCONSTSTENT) INWIN 41 _y

1300 FORMAT (AW INHIN &2 '3}

¢ INWIN &3 o

COPY IN DATA SPSCIFICATION INWIN b4k A
PEAD(IN, 13002 FORY INWIN &5 S

CH:CK FORM INWIN LE i
IF(FURM (©Qe METEIR) GL T2 25 INWIN &7 ]

20 IF(FORM LNE. PFSO.VICALL SPROR(PROGRMy;=~20,T10} INWIN 48 :

CO>Y IN FORMAT, SCALE & FIFLD POINTFRS INWIN 4¢ }

25 RIAD ¢ IN , 1000Q)7HT INWIN 50 3

RIAD { IN , 1i0@) SCALE INWIN 51 B

READ ( IN , 1200) Niy N2, M3 INWIN 52 ;

DD 50 I = 1,3 INNIN 53 .

50 IF (3CALCCI)LED, " 0. 0) SCALE (1) = 1.0 INNIN 54 o

TF(FORM ,Kde HITEIR) TPRPHS=SCALE(S)¥SCALE(X) - 18N, INWIN 5% -

WRIT- (I0,130N) INNIN 56 .

NHOBO=0 INWIN 57 )

CO0”Y IN, PRINT RAW DATA, TVPAMSLATE AND SCALE DATA, AIND PRINT PROCESStD  INWIM 5§ o)

C DATA INNTi 59 o
100 READ ( IN , FMT) \F INWIN 60

IF(APCINLY _GE,ALIMITICO YO 250 INWIN 61 JDJ

- P S T T




A

@

WRITE(IO,1400)
HM40D0=N40N0+1
ZCH(NHODQ) = (AP
IF{FORMsZQeRES
HX (NHODO)
HY (NHODO)
GO TO 2010

150 WK (NHOOQ)
WY (NHODO)

200 WRIVTE(IO,150D)
GO 10 100

TR O OFLAO ONOML WMIFLEYY _OTVULY _OM "R O "8 F Y _ LR O WO R Ty VDY OFOY RBETER T AT e YT T AT T

AF(N1)y AP (N2), AP(N3)

(NY) + SCELEU4))*SCALE(1)

oLwI GC TO 150
SAP(N3)Y*ECALE (2)* SINIRAGC* (APIN2)*SCALE(3) + TRNS))
=APIUN3II*SCALF (2)*COS(RADC (AF(N2)*SCALE(3) + TRNS))

= AP(M2)*SIALE(2)
= AP(N3II*SCALE(D)
ZGH4 {NHODG ) 3 WX INRODO) y HY (N ODO)

COMMINGLE DATA TO ARRANSE IT IN CROEP OF ASCENDING ALTITUDE

250 NHODM1=NHODO-1
D) 256 I=1,NHO
IP1=1+1
00 255 J=IP1isN

oML

HOD)

IF( ZCH({I) «LE«. ZCH(JY) GO TQ 255

TEMP= Z2CH(I)
ZCH(I) = ZCHUJ
ICH(J) =TEMP
TEMP=HX{I)
WX (I)=HWXLD)
WX (J)=TENP
TEMP=RWY(I)
WY (1) =HY (J)
WY (J)=TEMP
255 GONTINUE
CONSTRUGY MWIND LAYEP
259 ZBH(1) = 0.0
DO 260 I=2,NHO
260 ZBHUI) = (ZCH{
S ZMAX=2, 0% 7CH(N
COPY OUT WIND LAYER
HIITEC IO 43)

)

BAISE ALTITUDPES IN ARRAY ZBH

8o

I-1) + ZCkH(I))/2,. 8
HOD)Y) = ZEH(NHODO)
BAS: CTATA

DO 270 IGO=1,NHOD), IREC

ISTOP=IGO+IREC
IF(ISTOPLGTaNH
270 MRITE( 10 41)
C WRITE( JO 44}
RETURN
FND

-1

0D0) ISTOP=N4CDCO

IGO0, ISTOF, (ZBH(K) 4K=TG0,ISTOP)
ZMAY

113

INWIN 62
INWIN &3
INRIN &b
INWIN 6%
idWIN BB
INWIN &7
INWIN bF
INWIN 69
INWIN 70
INNIN 71
INWIN 72
INWIN 73
INWIRN 74
INWIN 75
INWIN 7E
INKIN 77
INHIN 78
INWIN 79
INWIN 80
INWIN 812
INWIN 82
INWIN 83
INWIN &4
INWIN 85
INKIN 36
INWIN 87
INWIN 8¢
INWIN &9
INWIN 90
INWIN 91
INWIN 92
INWIN 93
INHWIN 94
INWIN 95
INWIN 96
INWIN 97
INWIN 98
INWIN 99
INWINLOO
INWINLO]
INWINLOZ2

_‘,,...H
S

LN

A ORT LN

o
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L SUBROUTINF EFWINR(TZT, ZRy WIND, SThA, 60%A) EFNIN 2
'] c FFWIN 3
- COMPUTES TH: IFFICTIVE WIMD SPEZD, WIN[', AND ITS DIRICTICN ANGLE FROM  CFWIN &
~ C 0BSERV:D WIND NATHN EFWIN 5
[ FFWIN [
X C He G. NORMENT, ATMOSPHEPTZ SCIINCE ASSOGTATES « JULY 1991 EFWIN 7
S G EFHIN o
5 COMMON /WIAT/ NHOD0, ZRH(50), 7CH(SN), WX(FD), WY(5D) tFWIN G
F; DIMEMSIIN ALT( 39),y V( XQ) FFWIN 1D
: ODAYA ALT/0.,1000, ,2000,, 3000 , «000., 57004, 6000ay 7000,, R000.,FFHIN 11
: 1 $0NN., 10000e, 11000+s 12007e, 13000,, 14000e, 250004, 160004y CEFWIN 1°
; 2 17000_; 13000, , 19000¢, 20090 , 21005 , 22000s; ?3000ey 2-000., EFWIN 13
: 3 25000,, 25000., 72000,, 300N0., 37000., 34000., 36000., 23(000., EFWIN f&
: 4 w0000 , 42000., -~4000,, &~000 5 «3000 5 S0000./ EFWIN {5
3 DATA V/ 1455338y 1.7124y 1o ?7al, 143401, 1,9097, %.9836, 2,0621, EFWTIN 16
2 1 241453, 2,2350, 2 3303, 2, 4324, 2 G419, 2, Pbiub, 247433, 7, 6551, EFWIN 17
. d 2 2.9530, 3,072%, 77,1633, 3,295, 3.403%, ®,5222, 3.6322, I.F122, FFWIN L8
v 3 349243y 3.999wy -, 0806, b4, 1746y « 3565, 45328y 4a7053, & 5517, EFWIN i€
y 4 540023, 541767, 43910, 546532, 60155, 544727y 70776, 7.6819/ CcFWIN 20
) C EFWIN 271
X COMPUTE CLOUD fENTER HLIGHT, 70 EFWIN 27
F 70 = (2T + IR}/240 cFHIN 23
: COMPUTE LOCATION OF 70 IN Z8H ARPAY FFWIN 24
[ 4 MHODO = NHMODO+1 EFWIH 26
. N0 100 I=1,NHONO EFWIN ?P6
- J = MHOOG - I EFWIN 27
" IF(ZG,.GT, 78H(J)) GC TO 150 FFWIN 26
. 100 CONTINUZ CFHIN 2¢
- 150 7 = (ZC + Z8H(J)I)/2 0 EFHIN 30
" CALL TROL{7, 34, O0LT, V, V¥P) EFWIN X1
-] KGT = (20 = 7BH(J))/VP EFHIN 32
- SHGT = WGT EFWIN 33
: CALL TRPL(7, HHODJ, ZCH; WX, HNNX) FFWIN 34
g CALL TRPL(Z, WHODY, 7CH, WY,WHDY) EFWIN 35
- WNDX = WNDX*WGT EFWIN 36
. WNDY = WNIY#WGT EFWIN 37
- J = J -1 EFHIN 36
T TF(J «FQ. 0) GO T 2¢% SFHIN 39
.4 Do 200 I:1,J cFHIN &
- CALL TRIL(ICH(T), 3¢, ALT, V¥, VP) EFWIN &1
Y WGT =(23IH(I+1) — 7BH(TI)/VP EFWIN &2
- SWGT = SUGT + WGT FEHIN L3
- WNDX =  WNOX + HX(T)SWCT EFUIN 4&
- 200 WNDY = WNOY + WY(TI)*HCT EFHIN LS
» 250 WIND = SART(WNNX**2 + WNDVY*XD) EFWIN LE
4 IF(WIND +EQe D.0) GC TO 200 FERIN 47
- SINA = WNDX/WIMD EFWIN 48
" - COSA = WNNY/WIND cFHIN &C
. WIND = WINO/SHWGT SFHIN 650
n RETURN FEAIN 51
A 300 SINA = 1,0 EFWIN 52
o COSA = 1.9 EFWIN 53
7 § RETURN EFWIN Si
- END FFWIN 58
]
) 4

-~ & 7

L
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FUNCTION DOSE(TZ)
c
COMPUTES THE FACTOR WHMIH WHEN MULTIPLIED RY A PROVICCS MAXINUM
c EFFECTIVE B3YIOLOGICEL DOTE
IF(TA .LT. 1187.9 GG YO 100
7ZE = 2.0 * ALOG(TA/Z600.0) + 440
DOSE = 4,6182 ~ XIF * (0453587 - 0.016923 * Z£E)
RETURN
100 ZEE = 044635833 ¢ ALCG(TA)
DISE = 15.2891 ~ TLE * (2.903225 - N 166723715 * ZEE)
RZ TURN
END

FUNCTION SYWND(ZT,, ZRy CINA&, CO0OSA)

[aR Y]

SOMPUTES RMS SHIAR PARAVETER BETHIEN 70 AND THZ CROUND

Hoe Ge NIRMENT, ATHOTPHERIC SCIFNCE ASSOCIATES - AUGUTY 1580

OGO

COMMUON /WIAT/ NHOSC,; Z0H(50), TCH(S50), WX(50), HY(50)
SOMPUTE CLOUC CINT_R HEIGHY BID HALF CLOUC THINKHESS

70 = (2T & In)72.0
DH = 27 = M) /2.1
N = 0

Sy = 0.9

U = 70 + DH

7L = 20 = JH
COMPUTE SNUARI 0F SHEAP PAFAMLTZR ANN INCRFMENT SUM ANT COUNTER
100 CALL TRPL(ZU, NHOUQ, ZCH, WX, WXU)
CALL TRPL(TUy, NHOPYO, 7CH, MY, HYUY)
CALL TRPLIZL, MHODD,y ZCH, WX, WXL}
CALL TRPL(ZLy MHOMD, ZCH, HY, WYL)
SY = 3Y & ({~COGA* (MXU ~ WXL) + SINA¥(WYY « WYL))I/(ZU=ZL))"*?
M = N+ 1
CHICK IF DONZ
IF{2L «Efl, 0.0) Gu TO 200
70 = 24
L = 77U = ?40*NH
CHFCK 1F THIS IS LAST SUMMAND
IF(7L LT. ZRH(2)) 70L=0.0

GO TO 100

200 SYWND = SART(SY/N):
PETURN
N

DO SE
DOSE
DO SE
DOSE
DO SE
DOSE
DOSE
00Se
DOSE
DOSE
00SE
Dose
OOSE

SYHND
SYHWND
SYWND
SYHWND
SYWND
SYWNND
SYWND
SYWNC
SYHND
SYWNU
SYWND
SYWNO
SYWND
SYKND
SYWND
SYHWND
SYNND
SYHND
SYHWND
SYWNO
SYWND
SYHNOD
SYHND
SYHRND
SY WND
SYWND
SYHWND
SYMND
SYHND
SYWND
SYWND
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L FUNCTION ONS:T(MW) ONSET 2 ]

N ¢ ONSET 3 —d
’U COMPUTES FALLAUT ONSIT TIML (&) ONSET & @
o C ONSET 5 o

I ¢ He G. NORYINT, ATIOSPHERIC SCIINGI ASSOGTATES - AUGUST goar ONSET 6 "

. s ONSET 7 -
- IF(H LLT, 1eN.6) 30 7O 100 ONSET & -
ONSFT = 114754 ONS:T 9 y

PETURN ONSET 10 o

100 WL = ALNG(W) ONSEY 11 a1

L ame ONSFT = EXP{1.527567 + WL® (0.408G466 + WL*2,064322E~2)) ONSET 12 s |
3 RETURN ONSET 13 >

. _ £ND ONSET 14 -j

s*

. - - -
N 1 L
| 0

"“fﬂ- SJUBROUTINE SIGTA(X, By TO, WIND,SY, PI1, RS, 7B, 2T, WL10, SIGTA 2 N
. 1 INTLYi, SIGF, SI3Y, T#) SIGTA 3 ]
; C SIGFA & k
: S0MPUTES GAUSSIAN VARIANCE SICE AND STANDA®RD DEVIATION SiGY, AND TIME  SIGYA 5 .
'1 c OF ARRIVAL OF FAL.OUT AT JISTANCE X FROM GZ ALONG THE HOTLINE SIGVA €
'y c SIGTA 7
: C He G. NORMENT, ATHOSFHEPIC SCILNCE ASSOCIATES - AUGUST 1581 SIGTA 8
" c SIGTA 9

DATA axvn R R ’ EX SIGTA 10
- 1 /7 4479607E-5 , 2,9E-F , 0,666666566€67 / SIGTA 11
. c SIGTA 12
: IFCINTLL +6T. 0) 50 YO 100 SIGYA 13
ﬁ CO!'!¥¥¥44§9¥¥l“.Ja-&ll&b&l.'!.l!"-ySIGTAi[.
COMPUTE INITIALIZATION FAFAMETZRS ON FIRST PASS SIGTA 15
T T8 = (140 - EXP(=1%2P))/BXVQ SIGTA 16
R IO = WIND * TO SIGYA 17
S TOPRIH = TO + RIZ4IMD SIGTA 18
. RSD2 =RS/?.0 SIGTA 19
e IF(WLL1G 46Te 1.0) IF(WL10-3.0)40,20,20 SIGTA 20
& SIGUP = RI SIGTA 21
. GO TO 30 SIGTA 22 T
B 10 SIGOP = RIA(1, 01 + 2, D%WL10) /u, 0 SIGTA 23 L
. GO TO 50 SIGTA 24 S
20 SIGOP = 2, 5%RI SIGTA 25 .
50 CINT = (RSN2-SIGO? )/ (fE - *0) SIGTA 26 :
SIGC1S = SIGOP®*E( SIGTA 27 R
'¢§ SIGCIL = <SD2*r[X SIGra 28 e .
: SIGC2S = 3.6EG*SISCIC - 2.0EQ SIGTA 29 =9
SIGC2L = 3.0E6*SI3CIL -~ 2,039 SIGTA 30 3
EPSC1 = U, 016522%4** (=0, 10233) SIGTA 31 3
EPSC2 = 3.0E64FFSI1 SIGYA 32 ]
T.S = (100040 - S[GC1S)/FPECH SIGTA 33 :
TLL = (100040 - SIGCILI/E>SCL SIGTA 34 o
SAZARC = SY#(ZT = ZE)/1040 SIGTA 3§ |
A INTLT = 1 SIGTA 3€ L
Cb!#‘;uIOBt!UUD‘Kl#Jl¥¥4¥l.~¥§ll-“l!lSIG]'As? .
COMPUTE FALLOUT TIME OF ARFIVAL SIGTA 36 _
100 XIMi = X/WIND - TYPFIW SIGTA X9 -
TA = Tn + (XIML ¢ SCFT(YTH41#+2 ¢+ 0.01%TOPP M} ) /2.0 SIGTA &0 o
COMPYTE CLOUD HORIZUNTA. JISFERSION VARIANCE, SICF SIGFA &1
: 125 IF(X o5T, WTO) IF(TE = TR)2UN, 200,200 SIGTA 42 .
Y IF(TA _GT. TLS) G) Te 180 SIGTA 43 :“t4
b




-
R SIGE = (SIGC1S + [A*EPSC1)+%3 SIGTA &b
Gd TO 500 SIGTA 45
5 150 SIGE = SIGC2S ¢TA* EPSC2 SIGTA 46
(! G0 TO 500 SIGTA &7
' 200 IF{TA 5T TLL) G2 YO 290 SIGTA 46
: SIGE = (SIGCIL +TA*EPSC1)*+3 SIGTA 49
) G0 TO 500 SIGTA S0
250 SIGE = SIGC2L +TA*EPSC? SIGTA 51
GO TO 500 SIGTA 52
o 300 SIGD = (SIGOP+ (TV = TO) *CINTY®#FX SIGTA &3
| TF{TA.GT, (1000,0 = SIGOI/EPSC1) GO TO 350 SIGTA 54
K| SIGE = (SIGO +TA®IPSC)**3 SIGTA 55
. G0 TO 500 SIGTA 56
: 350 SIGE = 3.NE6*SIGO +TL*FFS22~- 2.0F9 SIGTA 57
CORRECT CLOUD HORIZONTA. DISPLPSION VARIANGE FOF HWIND SHEAR OISPCRSION SIGTA 58
C AND RETURN THE STINGARD DEIVIAYION SIGTA 59
500 SIGY = SNRT(SISE *+ (SHEARC*TA)**2) SIGTA &0
RETURN SIGTA &1
‘I IND SIGTA 62
i FUNCTION INAFL(X, WIND, SIFE, W, INTL2) ONAFL 2
¢ ONAFL 3
COMPUTES TOTAL FALLNOUT SFACTION (INT{GPATEN IN THE CROSSWIND GIFCCTION) ONAFL u
u c DEPOSITYN AT OISTANCE X FRCM GZ ALORNG THI HOTLINE  (PZR M) DNAFL &
C ONAFL1 6
. 5 e Go NCRMINT, ATYOSPHEFIC SCTENGE ASSAGIA™ES = AUGUST 1¢cet ONAFL 7
5 C ONAFL &
i DATA PI/34141592654/ DNAFL 9
. IFCINTL2) 10,140,500 ONAF1 10
C* % & & 4 4 3 ¢ 5 2 5 % ¥ 8 4 & % ¥ ¥ X 3B A x ¥ ¥ » % x4 5 v & x ¥ OINAFL 11
ii COMPUTE INITIALIZATION PAFAM_TEPS ON FIRST PA4SS DNAFY 12
10 INTLZ =1 ON&FL 13
i HL = ALAG(W) DNAF1 1t
IF(W .GT. 10.0) GI TO 3¢ ONAFL 15
A = 5700 CNAFYL 1€
B = 0.0175 DNAFL 17
R G0 TO 59 DNAF1 18
i 30 4 = ~3173.42 & IR00L0%HL ONAF1 19
: B o= 0,03035%H*> (=, 6¢) DNAFL1 20
50 IF(H _GT. 14M:E3) 50 Y0 200 DMAF1 21
IF(N «5T. Da1) GO TP &0 ONAFL 22
ALPHA = 1,16 DNAF1 23
GO TO 100 ONAF1 24
H0 ALPHA = 1,1375 4+ T 01104631%UWL DNAF1 75
P 100 IF(H .6V 1.0) GU TO 150 ONAFL ?6
i TM = 30, 4 WE*(0.-10F6) ONAFYL 27
GO TO 407 DNAF1 28
s 150 TH = 30 * d**(f,c407) INAF1 29
L - GO0 TO 400 ONAF1 30
- 200 ALPHA = t. 17 DNAF1 31 K
L IF (W oGTs 1u0+) GO TO 300 ONAKF1 X2 -
TH = 333,516% W (e 1€273) ONAF1 33 -
'® GO TO 400 ONAF1 34 »
300 TMH = 2437 18*W** (T, 0511%) TNAFE 3% o
, L00 X1z TM*3ORTCALPHAZ (L0 - ALPHA)) * WTND GNAF1 3¢ '\
X COF = 2,0*3IN(PI* (3,0 ~ ALPHAY/Z2,0) /(3,0 = ALPHA)/PI**2 DNAF1 37 L
. PIX1 = PI%Xt INAF1 38 :
o X15 = xj**? ONAFL 3=
T FXLF = 4, I4X1S**2 NNAFT an ,
& FX1S = 4,04Y1S INAF1 49 ®-
TX1S = 3.09X13 DNA¥Y 4?2 =
YOK = HINI*W** (0.7 6645) /0, A67F~5 ONAF1 43
® 1Y »




L - @ L 2
ﬂ‘ VTAU = 3160,0*W¥*(0, 24E3) * WIND DNAF1 Wb ;“
L) IF(W = 34.78€E)L505LED,L20 DNAF1 4R B
- 420 VATC = «1.44X*WINFAP( 10.12470F + WL*{(0.10617642 - DNAF1 4®&

1 3.660443I-3%HL)) DNAFL 47
GO YO 301 ONAFI 48
250 VATC = =1.443*WIND* 14667 .0*W** (0,26203) DNAF1 &S :
. C‘F‘Qdl‘lll‘ll'#*l*lllk&l'lll*&CQOQQDNAFlgu :
e COMPUTE G (X) ONAF1 51 “ow
3 500 XS = X347 DNAF1 52 [ 2
X2S = X3 + SIGF DHAFL SX ol
X3S = X2S5 - X1S DNAF1 5&
X3F = X3Ssa2 DNAFL 55 :
SRSIG = SART(SIGE) ONAF1 56 8
X0SIG = X/3RSIG ONAF1L 57 o
1 FXSX1S = XSAFXLS DNAF1 58 e
& FXSXAF = XS*€X1F INAF1 59 »
;- IF(X3F “6T_ 1.9) 50 TO t10 ONAF1 €0 ot
Fe o= X3S DNAFL 61 S
F2 = X3F ONAFY &7 A
GO TO 330 DNAF1L 63 ST
510 FL = 1,0/X3S CNAF1 €& o
F2 = 1.9 DNAF1 €5 )
@ FXSX15 = FXSX1S/XF ONAFL 66 fp;_;
FXSXIF = FXSXIF/XIF ONAFL €7 X
$60 ONAFY = SRSIG * COFY (=X*PIX1+4(( 3, 0%X2S + ¥{S)*F1 & FXSX1S) = DNAF1 €& e
. 1 (F2 4 FXSX1S)*X3% + (¥2S%F? - FXSXLF)*ALOGC(XPS/X1S) + ONAF1 €9 2
¢ - 2 XDSIG¥((X2S ¢ TXILT)*Y2S*F1 + FX3IX1F)*(PT + 2, ™ATAN(XDOSIG)))/ DNAF1 7 R
- 3 ((F2 + 2,0%FXSXIS)¥*X3F + 4o 0*XT4FXSXLF) ONAFL 71 -
CHECK FOR UPWIND OR OOWNWIMD CORFECTION ONAFL 72
y IF{X)607,800,700 DNAF1 73 .
"E COMFUTE UPWIND CORREGTION DN&F1 74 e
600 ONAF1 = ONAF1 * EXP( R¥X*(1,0 = EXP(X/A))) DNAF1 75 o
RETURN DNAF1 76 S
_ COMPUTF DOWNWIND CORRECTTOM DNAFL 77 Lo
A 700 DNAF1 = DNAF1 * EXP(=(ALOG (VOK*DMAF1) + (X/VTAU) *+2) DONAF1 78 K
: 1 (1,0 - IXP(X/VATC))) DNAFY 79 -
. c00 RETURN DONAF1 &0 oo
ol END ONAF1 81 ny
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SU3SROUTTINI S.THMR(W, F¥, WIND, SINA, COSA, CRUFF, XMIN, XMAYX, SETMP 2 . i
1 YHIN, YMAX, 06X, DCY) SETMP 3 )
c SETMF 4 e
c AUTOMATIC MAP SZTUP FOP PURPNSZT (F FPTLIMINARY LNOK AT FATTERN SETHP & S
c SETMP & ]
c He Gao NORM:NT, AT40SPHEFRIC SCIFNCE ASSOCIATFS -~ AUGUST 1281 SETHP 7 L
o SETMP 8 '
c THIS COOF ESTIMATES UPNIND AND DOWHWTHD HOTLINE NISTANCES TO THE SETMP ¢ )
¢ 1 R/HR CCNTOUR LEVEL, END 5:7TS UP THE MAP ACCORDTNGLY, SETMP 10 -
c THE MAP IS SPATIALLY UNFISTOR™Z0. SETHP 11 :1
G SETMP 12 L
DATA NGRISX , NGRIDY , IH 4 IV SETHMP 13 !
1 / 37 ' L s 10 6 / SETHP 14 B
C SETMP 15 Py
COMPUTE APPRCXIMATE HOTLINE CTSTAMCES TO THE 1 R/HR CONTOUR LEVEL SETMP 16 g 4
TENWND = 10, 04WINT SETMP 17 S
XON = (2,513 * TIMWUND*®(0.6876)) * (W**{ 0,27125 + 0,031124 *  SETMP 18 -3
1 ALOGI{TZNANDY)) SETMP 19 kj
IF(W 4GT. 10.0) G2 TO 100 SETMP 20 -3
XUP = =3uleD * (TFHWMD** (0.1062)) * (H**(0,15)) SETHP 21 -4
GO TO 200 SETNP 22 -
100 XUP = =125 3 & (T_pWHO* (0, 1062)) = (W*+(0.5833)) SETNP 23 [ !
CUMPUTF MAXIMYUM AND MINIMIM MAP CQORDINATFS SETMP 24 i
200 IF(SINA) 300,400,400 SETHP 25 4
300 XMAX = XUS * SIHA SETHP 26 L
XMIN = XON + STHA SETMP 27 ‘_i
GG T9 500 SETMP 28 e
00 XMAX = XON * STNA SETHP 29 L
XMIM = XUP * STHA SETHP 30 P
500 IF(COSA)ENT, 0,700 SETMP 31 C
500 YMAX = YU + COSA SETMP 32 =1
YMIN = XNN * COSA SETMP 33 "-q
GO TO 300 SETHP 34 R
700 YMAX = XON * COSA SETHP 3% -4
YNIN = XUP ¢ 0ASA SETHP 36 -
COMPUTE GPID INGREMENTS ANL ADJUST MAP BNUNDARIFS SETMP 37 -
500 XLNGH = XA4AX -~ XMTN SETMP 368

VLNGH = Y4AX - YMLN SETHP 28 o
IF(XLNGH «6T« YLNSH) GO TO 906 SETHP 40 o
NGY = YLNGHZNGRINY SETHMP 41 C
DGX = 2,0*NGY*IV/IM SETKP 42 Co
06 = (0,857*YLNGH ~ YLNGH) /2,0 SETHP 43 4 }

IF (DG)1970,1000,850 SETMP &4u :
£50 XMAX = XMAX + 06 SETHP 45 IL{
XMIN = XMIN - NG SETMP &4E -
GO TO 1008 SETMP 47 .-i
300 06X = XLNGH/NGEINY SETMP 48 .
OGY = D3X*IH/IV/2.0 SETNP 49 :
06 = (0,EB7*XLNCH = YLNGH) /2,0 SETHP 50 -3
IF(DG)I100,1000,5°0 SETMP 5% "y
250 YMAX = ¥MAX & NG SETHP 52 g
YMIM = YMIN - DG SFTKP 53 Y
1000 XMIN = ¥M{d = 0GX SETHP Si "3
ymIM = ¥YMIN - (CY SETHP 55 1
RETURY SETMP 56k K
FNU SETMP 57 -
A
e
1
.1‘
1
1
]
g
.
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SUBPOUTINI MAPP ( T'SCUT, HOLL, 0GX, Frv, HXMAP, NVMAP, CHAP, MAPP

1 XMAX, XYIN, YHAX, ¥YHIM) MAPP

G MAPP
COPIZS JUT THI FALLUUT “Af FPOM THI AFRAY nMio HAPP
c MAPRPP
c Te He STHWINKL 2?22 FEBRFUHARY 1947 MAPP
C He G. NCSMINT, AYMOSFHELRIC SCITNCE ASSOCIATES -~ JULY 1381 MAPP
P

g 44\4'401‘44‘16444440&04‘9!!“&4&&#0\l-x»ll-lbl%“&-*%-l-U‘-‘loOctJ&l-*l04»00#-u“%;#uzﬁpg
c MAPP

c ONAF=1 MAZ PRINTE~ MAPP
C MAPPR
o S R e et LR P R Y Y Y Y T PRy g1
C MAPP
DIMENSION JMAP(20), ARSSA(1L0), HOLL(12), OMAP( 5nQ0) MAPP

DATA INC/ 1375 XGZyYCZ/040,0.0/ MAPP

2 FORHPAT (/12Xy19T6) MARP

4 FORMAT (1%,F13.0,?X,1CFE 3} MAPP
o FORMAT (/715X 25HTHE CUMMTLITY PRESENTFD 1IS) MAPP

10 FORMAT (15X, u?H_XPOSUPE PATE NGRMALIZED TO “IME H+1 HOUR.) MARP
1 FORHAT(lHi,ﬁHGTRI°I3;FX, 12A46) . MAPP

1b FORMAT (/ 3X, uH*¢* , 10F412,0, 34 *2/) MAPP

20 FORMAT (15X, 31IHGPOUND ZEFO0 IS LOCATED AT X = F10ele8H o, Y = F10.1MAPP
1) MAPP

23 FORMAT (165X, 2ERHUNITS ARPE PO IHTGEINS €70 HOIIR) MAPP

C MADPP
MAPRUN=Y MAPP

TINC=2,0*7GX MA PP
XCOORO=XMIN+OGX MA PP

XCIHNC= ING+OIGX MAPP

KKL=1 MAPP

NX=NXMA® MA PP

¢ LEFT I3 US:I0 HFRFE AS A TFMPOPRARY STQORAMRE MAPP

LEFT={X{8X~=X"1IN) 7/ YCX MA PP

C 102 PRINT CROINATE JESCKHFIFTION MA PP

C MA PP

102 HWRITZ (ISOUT,”) MAPP

162 WRITZ (ISNIT,10) MA PP

WRYIT- (IS0UT,23) MA PP

C MAPP

170 MRITE (ISOY,20) XGZ4YE7 MA PP
1702 IF(LEFT-NYX) 1071,1022,1022 MAPP

10231 NX=L=ZFT MA PP

1022 MM=NX/(ING) MA PP

M=MM+1 MAPP

c LEFT T35 USS0 HFFEF LT THE NUMAEPR OF PPINT COLUMNS IN THF LACT MAPP

C PRINTZIR STRIP MA PP

LEFT=NYX~MA44(IN") MAPP

IF (LEFT.NEL0) GO "C 207% MA PP

Ho= HMAH MA PP

LEFT = INC MA PP

S STRIPS MA PP

2023 DD 110 ISTRIP=1,M MA PP
MAPFUN=YAPRUN+1 MAPP

ARSSA(1L) =XCO0RD MA PP

NO 3023 I13=2,10 MA PP

3023 ABSSA(IA31=ARSSA(TLR=-1)+TINC MA PP

WRITZ (ISOUT, 1) HATELUY 4HOLL MADP

WRIT_. (ISOUT,i6)ACSEA MAPP

10?23 KL=KKL+(NYH{AP=1)*X}MAP MA PP




. IF (ISTRIP-M) 103,104,103 MAPP K2

?; 10 KINC=LIFT-1 MAPP 63 »
: VLEFT=LIFT MAPP  Eu '
XCIN=VLEFT#0GX MAPP 65
G0 TO 1931 RAPP  6F
103 KINC=INC-1 MAPP 67
XCIN=XGING MAPP 68
1031 CONTINUE MAPP €Q
3 C HAPP 70
i c RONWS MAPP 74 »
YY=YMIN+CGYSFLOAT (NYMAP) MAPP 72
DO 200 J=1,NYMAP MAPP 73
KH=KL+K INA MAPP 74
KDC= 1 MAPP 75
C MAPP 76
- ¢ NUMBZRS MITHIN ROWS MAPP 77 -
- @ DO 300 K=KL,KH M&PP 78 »
KDC=KNC +1 MAPP  7C i
o MAPP 80
C 150 CONE FOR °JW:P OF TEM PISPLAY MAPP 81
150 IF(OMAP(K))105,310c,107 MAPP a2
105 ASSIGN 121 TO N3 MAPP 83 .
OMAP (K) ==MAP (K} MAPP B4 N
G0 TO 119 MAPP 3t
105 JMAP({KDC)=Q MAPP  G¢
GO TO 300 MAPP &7
107 ASSIGN 300 TO N3 MAPD 88
109 H = ALO%1N(OMAP (K)) MAPP 89
HI=AMOD(H,1.0) MAPP Qg
JMAP (K2X) =H=H1 MAPP  4i
; 1090 OMAP(K) = 10,0%%HY MAPP G? .
ﬁi IF (OMAP(K) =9,93%} 145,115,101 MAPP Q3 .'“
1091 OMAP (K)=CHAP(K)/10%0 MAPP Q4
JYAP (KOC) = JHAP(KNZH +1 MAPP 95
115 GO TO N3,(300,121) MAPP  gg
C 121 RCSET SIGN OF MAZ COOFDINATE MAPP 97
121 OMAP (K) =-04AF(K) MAPP 98
o 300 CONTINUZ MAPP gG
dﬁj WRITE(ISQUT,?2 ) (JHAP (W) ,K=1,K0C) MAPP 100
: WRITZ(ISOUT,4 IV, (OMAP (KD yX=KL, KH) MAPP 101
YY=YY-0GY MAPLR 102
200 KL=K|=NXMA® MAPP 103
WRITZ (ISOUT,16)ARSSE MAPP 104
XCOORN=KXCIOR0D+XCI* MAPP 1085
110  KKL=KKL+ING MAPP 106
» 111 RETURN MAPP 107
- END MAPP 108

i MR - o b
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SUIRQUTINI TRPL ( TRPL

1 ARG, NFR, PARA; PAPB, VRR) TRPL
TRPL

YRR PR P LRI E YR YRR PP NI N AP RS E TSR PN LY RS RPE LSRR R Y ] l‘!!*#*TRPL
TRPL

TRPL USZS LINCAR IWNYERPOLATION T0 LOCATZ POSITION OF ARG WITHIN TRPL
THE ONE-OIMENSIOMAL ARPAY FARA AND COMPUTES FOR THZ CORRISFONLING TRPL
POSITICN IN THZ ONU-DIMLNSTONAL ARRAY PARTA, VRBe¢ NPR IS THL TRPL
DIMENSION OF PAFA AMD FAR3 (WHOSE ELFHMFNT™S CORRESPOND ONE TO ONE)TRPL
IF ARG IS NQUTSINE “HE TARUYLATZID VALUES OF PAFA, VWRB IS SELECTEC TRPL

FROM THS CORRESPONDING END OF FAPR, TRPL
PARA IS CRJERED FROM LEAST (PARA (1)) TO GREATES™ (PARA {(NPR)) TRPL
TRPL

[ XA RS X R R PRI L X ll-‘lsu-&adl'uilalﬁltal;lbi&t&“l‘&h.ucn'04#‘!6¥TRPL
TRPL

DIMENSION TRPL

1 PARA ( NPR), PAGR (NPP) TRPL
TRPL

ARFIBPLR AL AR GH IR IWBFRIUN Y FABN S AU N RNA AL S GBI AN GO R RS LGP B SV 5524TRP
IBYBBBR S AN LA JansrannXganld nbh!»!‘%xx-\(zp&xh;:xxuxlMsturulc!vct¢40--;4u¢404‘[RPL

TRPL

020 IF (ARG - PARA (1)) 027, 022, 040 TRPL
022 8 = 1 TRPL
GU24 VRB = PAR{ (MR) TRPL
02 FETURN TRPL
040 DO 054 MA =2, NPR TRPL
IF (ARG = PARA (MA)) OLey Oaby 054 TRPL

Ouwy MB = MA TRPL
GO TO 024 YRPL

0ud VRB = (ARG <« PARA (ME =~ 1)) * (PAPR (HA) — PARR fMA - 1)) / TRPL
1 (PARA (44) = PARA (MA - L)) + PARP® (MA -~ 1) TRPL

GO TO 025 TRPL

054 CONTINUZ TRPL
MB = NPR TRPL

GO TGO 024 TRPL

END TRPL
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CcCoOo

SURBPOUTINI ZRROR (PFCGPM, IRRCR, ISOUT) ERROR

Te W, SCHWENKE ERROF

1 MARCH 1366 ERROR
ERROR

XYY PR S R IR R I Y S RIS AR L R LR R PUNJR B AUNER LR RS 2HNY C"#GO#ERROR
ERROR

THIS PROGRAM WRITSS & GONEPALIZFN FRPOR COMMFNT NF THE FCLLOWING ERROR
FORM ON TAPg ISOUT- AMVD THEN RETUPNG IF THE SIGN OF IRROR £ ERROR
POSITIVE OR STOPS IF ITS SIGN IS WNFGATIVE, ERROR
ERROR

=RRIR SENSID IN FPOCGPAM (PROGRE) AT NP NFAR STATEMENT MNUMBFR ERROR
(IRCV, PLEACE REFER TO THE PROGRAM LISTING, ERROR

ERROR

PRIOR TC CALLING PFCR  THE PARAMETERP PROGRM MUST 8L SET ERROR
WITH THC 30 NAME OF THF CALLING ERROR

PROGRAM AND PAPAMITEP IPROR MUST PRi Sh( WITH THE NUMBER CF THE ERROR
FORTRAN STATFMFNT WHICH REST IDENTIFIES THF ERRCP CONDITION. ERROR
BABBBBPEBSELAAABBIBABIBBUBLIF P FEUPAUTBERAR RN L P LY IIRR 2RI 302 !’F"Qilggggg
ERROR

FORMAT(//?pH FPPOS SENSEQN IN PROGPAM AR, 30H AT OR NEAR STATFMENTERROR

1 NUF3ZR IhyubH ¢ FLEASE REFZR TO THFE PROGRAM LISTINGs) ERROR
ERROR

B T T TR T T T e R R Y PR R R R L R R Y L]
T R I R WL P Yy S NI I YT T XY S Y Y LR R Y N Y- 0]
ERROR

IRR= TAIS(IRKROR) ERROR
HRITE(ISCUT, 1) PR}, IPR ERROR
IF(IPRORI1D1, 100,100 ERROF

100 RcTURN ERROR
101 STOP ERROR
FND ERROR
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McDonnell Qouglas Corp
ATTN: Toech Library Sves

McLean Research Center, Inc
ATTH: L Sahilling

Mission Rescarch Corp
ATTM: Tech Librarvy

National Iastitute for Public Tolicy
ATIN; €. Groy

Orion Research Inc
ATTN: L. 5chole

Pacific-Sicrra Research Corp
ATTN: G. Lang
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DLPARTMENT OF DEFENSE COMTRACTORS (Continaec)

Rand Corp
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ATTH: R. Rapp
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ATTN: D, Paolucci

Science Applications, Inc
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Stience Applications, Inu
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ATIN: P, Dolan

Titan Systemy, Inc
AITH: R, Lee
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