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20. ABSTRACT (continued) -

the user, in which case the code will process the data such as to comiPUte the --

effective wind vector and shear parameter.,

The code will automitically coitipute and print a fallout map in ternis of H + 1-
hour exposure rate ordinates for a spatially undistorted array of points on the
ground. Alternatively., the user may specify his own map boundaries and grid.
increments. He also may specify any numiber of ground points at which the code
will compute H + 1 hour exposure rate and maximum effective biological dose-
Both model and code are fully documiented, and user instructions for the
code are presented.

Results of a validation study are presented. Predicted fallout patterns are

compared with observed patterns for five test shots that cover a wide range of

Visual comparisons of contour maps and various statistical comiparison methods
are used. DNAF-l predictions are -found to he substantially better than those
of WSEG-10 and almost us good as DELFIC predict ions.
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1. INTRODUCTION AND BACKGROUND I

To quickly and efficiently estimate fallout radioactivity 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 models 1' 2 ' 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 6

rather than a numerical approach is appropriate for this purpose.

The model that has best satisfied these requirements in the past, the

WSEG-1O model, has been used for more than twenty years for damage assess-

ment studies45. WSEG-10 has recently been analyzed and its prediction

capabilities compared with those of several other models7. It was found

that, while in several respects WSEG-1O is satisfactory in terms of its

mathematical structure, its data base is obsolete, and this deficiency

alone was seen to substantially compromise its prediction capability .

To upgrade prediction capability the easiest course would be to upgrade

the WSEG-1O data base, but retain its mathematical structure. However

owing to several deficiencies of the model itself, this course has turned

out to be undesirable. The most important of these deficiencies are as

follows. WSEG-1O 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 larqe yield (i.e., megaton range) nuclear

weapons. For these large yield cases the exponential 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

physically realistic function should do. Thus, to fit the low yield deposi-

tion rate data as well as the high yield data, and to -force the fitted

function to go to zero at zero time, a new mathematical base is needed.

7 I--.i AN-- -
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Another serious problem 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 locally 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 seriously compromises prediction capability.

To substantially improve pre(iction 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 lower limit for WSEG-10,

to 10- 3 KT. The upper yield limit is 105 KT.

The model computes gamma radiation from dry ground-deposited par ticu-

late fallout from the nuclear cloud cap and stem. This radiation issues

from weapon debris fission products and from induced activity in the j
fallout. Contributions from throwout and induced activity in the crater

or elsewhere are not included. Plpha 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-

naticai structure of 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,

arid predictions by the WSEG-10 and D)FIYIC 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.-I and

WS EG-10 miodelinq approaches arid res ults 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

d we have used results generated by a special version of the DELFIC code1 '.

Nuclear cloud rise was calculated through the 1976 U.S. Standard Atmos-
8 -3 5phere for every decade of yield from 10- KT to 10 KT. Explosion was

taken to be at sea level. Fission yield was taken to equal energy yield.

Twenty thousand fallout parcels (100 particle size classes and 200 cloud

subdivisions) were followed for each calculation. Cumulative activity

tabulated as a function of time was differentiated to give deposition
9 t

-rate by the method of cubic splines . Results 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 radioactive, early

fallout. Some numerical experimentation showed that increased resolution j
of the calculations produced curves of essentially the same shape; there-

fore, to save computer time the curves shown were accepted as an adequate

compromi se.

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

section 3.1.
4

2.2 FALLOUT ONSET TIME

Fallout onset time, to, is the time of first impact of fallout on the I
ground. It is needed to calculate fallout time of arrival as a function of

distance from ground zero, which in turn, is required for calculation of

several critical parameters, Onset Limes for each decade of yield were

tabulated from the DELFIC deposition rate data, and ýn (t() was fitted by

leas( squares to a polynomial in ,n(W). The result is

- _I
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R= exp [6G.7553 + O.32O55znW + 0.0li37478 (9.nWY]- (5)

where R is in nieters and W is yield in kilotons.

2.4 NOMINAL PARTICLE0

The model requires that a single, "effective fallout wind' vector,

v, 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-weightod average diameter over all particle sizes. The standard

DELFIC lognormal particle size distribution waS used,

=0.407111

s =4.0

where 6, is the ifedicin diameter and s the geometric standard deviation of

the distribution of particle number with respect to particle diameter. (See

Appendix A of reference 1.)

Calculations were performed for the full range of yields, at ever-

d'I~ade of' W starting with 10 KT, using a special version of- PELFIC.

The low yield results were averaged separately from the. high yiel-d

results, to give

6nm 217.05 Jil; W <100 KT

n oi 240. 95 Jim; W > 100

The average of these diameters is 229 ill, which is the value used in the

4 model

201



Using 6 229 ,m, a table (Table 1) of particle settling speeds

as a function of altitude in the 1976 U.S. Standard Atmosphere 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, 6 nom = 229 ,im

Settling Settling
Altitude Speed Altitude Speed

-(kil above MSL) _ns- -- LktoboveMSL) ( s-I_

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 2.33)3 32 4.7083 '

10 2.4324 34 4.8517

11 2.5419 36 5.0023

12 2.6446 38 5.1767

13 2.7489 40 5.3910 _

14 2.8551 42 5.6632

15 2.9630 44 6.0155

16 3.0723 46 6.4727

17 3.1831 48 7.0778

18 3.2951 50 7.8819

19 3.0482

i

!21
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toi ýi low ana lytica 1 intc'qrm ion (it the product (J(t) F( X ,t) where.

I (X t, ) is" [)'C eiI-i ca IIv I Giiias io foiirt ion.

t. hO( f h d (10 t~o zero o t t.he I iiiii ts of icro and i n fi n i te ti [iie.-
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hei(. fulrc Lion Which (:01110'. ci uisest to sat I fyinriq the sped cficat ions

* 0v0,] tounol to hie

j (t) 4.5111(~)2 K 1 ( ~ 4 6

p. lb're q (t ) i I i ae of d1'poa Itioii of activity [root.ion LKI) is; time (s ) ,
Wnd (Ii(rsiie aind I (,,) ior yie~ld de~penrlent cons;tants,.

I lynnr ? -shoWs a repre'(sentative plot of eq. (6), for W -1 KT , and

ru0inlPare';lii; thiI"ýjjf a SaIlipiii) m of the, I) ITC re'sL I ts. Fxe for a tedencO(y

*to0 iiVerprerI Ilo the III, i1ium1 deposýi t i on rti ti, (a r eI -, Fupj 1) for -;oinle o''
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for early and intermediate times. At late time the eq. (6) function becomes

linear (on the log-loJg 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 occu-., it time tiax which is qiven by

4-a
tma = Tx 1 (7)

The significance of this relation is that only two of these three parameters

need to be specified as functions of yield. A:)proximate beist fit values of

""x and t l were determined somewhat subjectively by trial and error for each

decadL of yield. These were fitted to simple functions of yield as follows:
I3

1 1.06 10 <W< :U KT
__ 3,•=1.0875 + .0119431 9,nW; 10- < W < 103 8

""x 1.17 ; 10 < W

and

S0 hl 55,6 ._3
t m 30W 1 I0 . W < 1 KT

IIa -G-4

t = ,30W 1 .W< 10
0 . 1 2; ' ,3 ( 9 )

t =93.616W , lO W 1.0
OPObl 1

a ax 2497.18W ; 10' W < 10O

where t is in units of seconds.ma1. x

3.2 DEPOSITION AS A FUNCTION OF DISTANCE' FROM GROUND ZERO

The action of effective fallout wind v is to transport the sitahilized

cloud downwind such that. at time t it is centered ever downwind distince

* point X vt. We assume that fallout deposited from the cloud at this time

25
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hais a -ontinujous; IiSLI-ibutioln 1lonq till X i... hoLl me) Ixis with h

di str~ilution (:entertd (Ind peAked at X I [he sItuIatLion) i ilIIl ~r I t ed

in F i qur; 3 . T o determifne the Lot.I , 0 "ýwinld infte(IrafL.I ted t1l outA

dup,. ni ted t LaIly d donce( X fromn gromnd 'o tor , i he con rIxti i ho~ t o,(f 11 1l

F[a 1 leot, detCpos it') I'll) ho suiniurd f~ove -I i I i'i, ind i n t h i case thisl

accopin i 'lied by inyica L~~ue'Lio l o t c I t. [K pn'l

of q (t) wit-h the downwind d str hut ii ' fur-Liun0

Ag As explained in thle previous ,(-0 'e.m a ;ins'r desirab~l oi ý,ec tine ".

f or, the downwind di ste ibUtion fRmnction ('0)' dopos 'i ti n(j fll lout, would 1W J

Gaussian unction. it turned out, howejver, [ha i. vie coul d nut finod a

satisfactory fuinf: Lion for qt) hiat is imil 1/'t ira 11 y inLjtejrh I in CO:llilhjnl,-

1tion with o Gaussian distributio inn X--vt. Thus,, we were forced to Use
theo dis tr ib)u t ion funict io n

F ((X )

whor isanaloqous to the Gaussian standard deviation. Figure 4 Show;)

a compari-son of the eq. 10) f~ilitiol) wit~ L IP the Gaussin function.
Thus, tontal , cro,.swirdi ortdatvt rcin (X) daýpoui Led

dL distarice X aloucj the windward, or, hatl im, axis is

* 1)(x) -f j ( t)F(x ,t )dt
LI

[1(X) 4 sin 2(3,)0/"d
To (3 ) 1  K U K th

A r'esult i s obt i ned i n clIosýed forni provided we L~ake (x=1 inride the integrai

This, result is
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D (x) 2a sin [,(3-c)/2] . 3X, Fx2 + X) X' + 4X2X •lD() ~ a2 8 2TX L( 1 3 ji
IT XL, (3-a) J

- (X4 +X2X2) X2 (X ,X _Y,)n (x2

3 1 3 2 3 4 "X,X21

+ 2 L 3X 2 XIX2 + 4X 2 X6 L + 2 tan-1 _l_ (12a)

where

X = vT -
2 2 2II ~X2 = X . lt

2 2 2
x3 =: x-2 x-

andI]X) = (X 4. 8X )X + 16X X ,

and D(X) has units I II-4.
This is the basic equation for the DNAF-1 model. In the computer code 2

(function DNAF1), anl alternative form of eq. (12a) is also used, which is
* .- required because of limitations of some computers

4 4) 2"-D(X) 2 o sin u ! _] 3 + 2)/X + 422I/X'.

.X4 XX(3-)

X' (I ~ 4X'ix~~x + (X2 4 42h/xi~ zn(X' (12b)2 
-X,. [v2 ,, 3X2 v2 fv 1n ( V

where "

X5= X: + 8X X, 16X X1/X:.
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1hus eq. (1 ?a) is used for sinall values of lx',Iand eq. (121)) for larqe

val ues.

Negative values of X (i •_., upwind distances) art' accomodated as well

as positive values in eqs. (la) a nd (I ?b)

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

_ 4 sin, ' X - 0 (13)0(~ =0 3 -0- :'-. .-- ' -

which, on substitution of X - vt, becoilel

vD)(vt)"O ""4sin(3'L1) (t (.T"

The right hand side of eq. (14) is equivalent to eq. (6) with (T/t)" replaced

by T/t.* Thus, provided that x is not much different from unity, eqs. (13)

or (14) may be used instead of eq. (6) to represent activity deposition r-ate

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 correction.

3.3 FARFILLD CORRICTION p

As already noted, the eq. (6) function for deposition rate fits the

DLLFIC results adequately at early and interinediate times, but at late times

(which correspond to farfield deposition) the D)EL-IC reults drop off mnuch

more rapidly. Moreover, this discrepency becomes more acute as yield increases.

Indeed, as inspection of eq. (14) shows, g(t) 1 l/t; t- -, whereas the

DELFIC resuI,.. for large time arp pr•pnrtional to oXD [[-(t/•-)n], n=1 or 2

and i constant.

*1 A correction to the functions for g(t) and D(X) which have qeneral

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 t was taken to be unity inside the integral in eq. (11).

U .30
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N(X) :0, ( . e., downwind deposition t or a point cIo '1) I s e ui I va e 1 1t

to g(t)/v. tL oil.o turns out that j(vL) /0 - tL(t)/v for larg(e t. Flhu s,

we c:ai( deriv'I dCorrection foctor for the ( ( t ) funct ion for 1 nYUe t which -

wi I 1 also . Lo the I(X) function for large X, wlere X and t are re Ied

iy X - VtL.

Th Ie c o I I i'('([on -L1I/h)tIr is deri ved bY i I i s, oI f ds o expo n entit l i nI erpol -r I a -

,ji ioni-e'o x -/(a vt() between theý functions .IIfl() aad -n ýeXPH.(X-)-
,the'e a ik constant and t,., k and ).ro function': of yield. The farfield
,or, c ,c ted 11(X) D(X)f (- •) is .

xi o (1 )
X > 0 (b '

where W(X) is cnputed by eq. (12a) or (12b), and

a 1.443

k 9.867X1l W- ' (s-)

T H I 60W° '0. ' s (16)

i. 14667W0.200 (s); W . 98.787 KTC

aimc exp 10.124706 4 0.1861768 nW

'.U08660444(.'W)j (s) ; W 98. 787 KT

Fi'jure 5 shows he nfunction j(t)f (actually vD(vt)f, .O, see eq.
14)) for every other decade of yield along with a samppling of the DI.FIC

results and the corresponding quantity for the WSIG-10 nyodel"

The WSFG-i0 model uses the deposition rate function

mI(tAWSEG 11)- ex) [ (t/T') (17)

where I is the gamma function, F' is a yiei(d dependent constant and n

has a value between 1 and 2. in calculati,. the results shown in Figure
5, we have used na- 1 5. Notice in Figure 5 thait the WSIO.-10 lunction

.I ~~31 t-
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DI

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-1O curve fit probably *is adequate for very high yields,

but is very poor for low yields.

3.4 UPWIND CORRECTION

In comparing calculated fallout patterns with observed patterns for

low 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 IOKT.*

For high yield shots there is little 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(Dl)

- log(X) space is used to compute the upwind-corrected activity deposited,

D(X)u, which is given by

D(X) D(X)exp bX [l.0-exp(X/c)j ; X<O (18)

where D(X) is calculated by eqs. (12a) or (12b), and

1) 0.0176
c = 570 W < 10 KT

(19)

b = 0.08045W-0'6G

c -8179.82 + 3800znW W 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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0

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, t , is estimated by means of the following simple

model. The first fallout to touch ground anywhere does so at onset time

to (eq. (1)) in the form of a horizontally distributed parcel centered at .0

X vt . We take the radius of this parcel to be that of the early cloud,

R. (eq. (2)). Thus, for any point with coordinate X < Vto + Ri, we take
0 1

t a=to0 For X > vt 0 + R1, we take t a=to0 + (X-vt 0-.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 (to, vt 0 + 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 lines and has its center at the intersection point of

the lines. Thus t (s) is calculated from the equation
a

= 2 I v X(+ X to +i Ro + /00;• ta to 2 v- o- - -t - v) + .±/lOI

v > 0.01 m s- (20)

Figure 7 shows plots of ta vs X for an effective fallout wind speed of

10 1n s at several different yields. WSEG-1O results also are shown. Since

according to WSEG-1O the minimum ta is 30 minutes, we see that for low yield

ashots WSEG-10 grossly overestimates t a, and hence correspondingly under- I

estimates maximum effective biological dose (eq. (32)).

3.6 HORIZONTAL SPREAD OF THE NUCLEAR CLOUD

6 In this section we consider horizontal spread of the nuclear cloud

before we account for dispersing effects of atmospheric turbulence and wind

U ~359



~1 S

GZ

1a. Geometry of the time-of-arrival model.

toa

b. Representative plot of t v s X.

Figure 6. Basis of the time-of-arrival calculation.
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Figure 7. Fallout time of arrival vs. distance from ground zero for

several yields as computed by DNAF-l and WSEG-lO.
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shear. Vf-rtical cloud structure is incl':ded implicitly. We have shown

elsewhere'7 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 low yield shot we cannot make the conventional assumption that close-

in fallout cones 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 stem. and

cap fallout.

u Three critical times are involved here:

to fallout onset time (eq. (1))

t fallout arrival time (eq. (20))
a

tB time of ground impact of a nominal particle which

begins its descent at the stabilized cloud base, zB.

"Time tB (s) is approximated by use of a simple relation between settling
B 12* speed of water drops and altitude , 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) f(o)e~z (21)

where .. 2.90 X 10 m and from Table 1, f(o) 1.6538 (m s ) for our

"nominal particle. Thus,

S41 tB =- f dz/f(z) = ( - e ), f(o) (22)

B LB

where zB is given by eq, (3).

to Horizontal dimension of the cloud prior to atmospheric transport is

specified in terms of the standard deviation of its spread, c (in). Define

a yield dependent parameter, 0w' as

Iw
.3C
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0o I

"Ow R W <1 0 KT (23a)

Ow = R. + (2o5Ri - Ri)(logj 0 W - 1)12

A= Ri0 + 3log 1 0W)/4; 10 < W < 1000 KT (23b)

= 2.5 R. ; W > 1000 KT, (23c)
w1

_ where Ri is given by eq. (2). Then upwind and in the region of qround zero

"we have

"cc = Gw X < vto. (24)

For fallout from the stem we have

a = X > vt- and ta (25)

C w t ) 2tw

and for fallout from the cap we have

-oc =Rs/2; ta > tB (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 fallout has

essenItially the spread of the late fireball. Equations (24) and (23c)

account for the fact that the debris from high yield shots is carried aloft

rapidly, which causcs the earliest fallout to traverse a substantial vertical

path and thus experience substantial horizontal dispersion. Equation (23b)

is simply a linear interpolation in log 10 (W) between 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.

39
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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
13

scale dependent equations of Walton which require specification of turbu-

lence level in terms of a quantity called turbulent energy density dissipation

rate, c. Of course, c-will depend on local conditions in the atmosphere,

' 4but Wilkins has found that c can be approximated, with surprisingly con-

sistent accuracy, by a simple reciprocal function of altitude. Thus, the *2

*. variance of the horizontal spread of fallout at ground level, - (n 2 ), not

including crosswind dispersion owing to wind shear, is given by "'.

.2 =''3 + 1/3 ; 2 1 (27a) .2

2 -. 3 G 4 1 ct 2 <,- / t 2000 ;G > -1 0 i,2 (27b)*

"where t is given by eq. (20) and c is calculated as described in the pre-

ceding section.

Wilkins' relation for c is r: O,03/z, and we have taken for our average

value, <c, = O0 3 /zB. Using a power function in W relation for zB which is

"approximately valid over the entire yield range , we obtain

2 1/3 0.016522W- 0 0/10?3/ W in KT.

.02 ~ 2 .. ,.

The value of ta at which o 10 n1 is given by

:•.• ~ ~ta) (103 211 •I)1(_, 2 I),a

*See ref. I, sec. 3.3 for a more complete presentation of these equations.

0
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Thus if t a< (ta) use eq. (27a); otherwise use eq. (27b).

The value of o calculated by one of eqs. (27) is used in one of eqs.

(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 the quantities nPeded to calculate D(X) via one of eqs. (12a) or

(12b). Figure 8 shows plots of D(X), including upwind and farfield correc-
tions, at every other decade of yield for an effective fallout wind of

•10 11 s . WSEG-10 results also are shown for comparison.
The most obvious difference between the DNAF-1 and WSEG-1O 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-l, such that the DNAF-1 GZ activity is substantially less than
predicted by WSEG-1O. 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

Shave 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 TIIL FALl OUT PATTERN S'

Following in principle, but not in detail, the procedure of Pugh and

Galiano , we account for the effect of vertical wind shear on crosswind
2 2

dispersion variance by an added variance increment, u (In) given by
4S

s= [Sy(zT- zB)ta/lO1 (28)

Here S 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 eqs. (3), (4) and (20). In addition to being a very

rough approximation, this equation is somewhat arbitrary in that some height

difference other than z. - zB could have be.en used. The divisor 10 was

41



(J YIELDz 0.01 KT

WIND lo sm

1 0

Ac
(-3

wjDWWN

R.,

10 0 tl

10 tO0I 10 10 10 10to

DISTANCE FROM GZ ni

.4i

YIELD= I KTz

5 
le

P~

w.
DONWN

z

I.)

0

Ia

10 0210 3D I0D 105 10,

DISTANCE F~ROM GZ (m)

b.

Figureo 8. Crosswind-int.eg'atod activity fraction. 10).X and 1(,L vs;. di stancn frnii orounr
zero alonq tie hoti ine..

A 4?



z
0

LA-

I-

> 0

(I)

00om
0 I D 102 10msl

-71

-- 

I0
Al UPWIND 10

10

10 YIELDIju 1110L0 1.LKILI
WI0D 50 Ms-

ID w0

* ~ ~ 1 DIUPCWIND Z i

I 1ie (rcwrc rtl~t( iti yIv~~I~ 1X.l~ 1X v. I tc ollrIll ov i

* '13 -
v52



chosen by numerical experimentation to give good comparisons between observed

and calculated test shot fallout Datterns.

Crosswind (i.e., Y axis) dispersion of the fallout pattern is provided

by multiplication of eqs. (15) and (18) by a Gaussian function

G(Y) exp Y) (29) -

where

2 2 2 (30)
0 a + U (30)
Y

2 2 .2

and o and are given by eqs. (27) and (28) (111).

3.9 GAMMA RAY EXPOSURE RATE AND MAXIMUM EFFECTIVE BIOLOGICAL DOSE

If we define, as usual, X to be the distance from ground zero along

the direction of the effective 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 11 4- 1 hour normldI ized* gamma ray exposure rate

(Roentgens per hour) at a height of one meter above a point X, Y on the

ground is

A(X,Y) = CKWFG(Y)[)(X) (31)

where C is a scale factor (for example, see Appendix B), WF is fission

yield (KT), K = 6.9733 X I0l) (Roentgens - m )/(hr - KT)**, and G(Y) is

given by eq. (29). D(X:>O) -f is given by eq. (15), while D(X<O) is

given by eq, (18). Fallout maps are symmetrical across the X axis

(i.e., A(X,Y) A(X,-Y)).

*The "normal ized" II 1 1 hour exposure rate assumes that all fallout is de-

posited at H + 1 hour, regardless of whether this is actually the case or not.

**In the older, mlore familiar units, K 2692.4 (Roentgens miý/(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 eI'fective biological dose" is con-5 -
ventionally used 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 Blair 1 6 , Davidson1 7 assumes that 90 percent

of total radiation injury is reparable, while the remaining 10 percent
is irreparable. Further, he estialaies that for humans the repair rate

is about 0.1 percent per hoilr of the residual reparable injury. Taking

fallout gamma radiation expusure rate to vary with time according to

"the usual C approximaIion Davidson derives an equation fnr the

ratio of biological effective dose to F1 + 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 t , the curve is found to have a maximum: the late-

time falloff in effective biological dose being caused by combined

effects of damage repair and decay of exposure rate intensity. The

mazi.mum in this curve give, the quantity called maximum effective
biological dose, M(XY), and if we assume that residence in the fallout

field is from ta to at least the time of the maximum, it is a function only

a'ulf A(X,Y) and ta, where A(X,Y) is a si10ple- multiplier.",--

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 Command and Control

Technical Center and simple functions have b)een fitted to the results to

give the following "quick approximation" equations:

M(X,Y) = A(X,Y)(a 0 lf + a2f2 (32)

45* 9=
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where

B = 0.8685833 ln(ta) ..

a = 15.2891 <-17."o ~t < 1157.9 s -

a1  = .-2.903225 a

a2 = 0.1662315

a = 2 ln(t)

ao = 4.6182
t > 1157.9 s.

a1  -0.53587 a --

a. = 0.0169232

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

,mcompared in Figure 4. A consequence of this inconsistency is that the fall-

out pattern is always asymmetric, even for zero wind, in which case all

activity contours should be circles centered at ground zero. Specifically

for V) 0, eq. (31) becomes, if we omit the upwind and farfield corrections,
;; - ~exp IY 2

A(X,Y) - KWF , !

"which obviously cannot give circular contours for A constant.
S.L(P

S.In practical terms this dOfect in the model is of little consequence.

This is because a zero efff-ctive fallout wind is physically unacceptable.
Indeed, it has been found that for other reasons (see sec. 4.2), the mini-

mum acceptable value of v is about 0.5 m s
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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, S.D

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 S y directly or he can supply a single vertical profile of wind vec- P

tor data, in which case, the code computes v and S y from these data. In

this chapter we des;cribe these computations.
J

4.2 EFFECTIVE FALLOUT WIND

The code accepts a single vertical profile of wind vectors, each 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.

"Aftter some preprocessing (subroutine INWIND), the data are stored in

tabular form. There are four tables which contain the following data:
zi, UEJi UNi and z i" Here z. is the altitude (m above ground) at which 0E•i ii , 1

wind vector components UE, UNi are defined*, i is the table entry (i.e.,

wind stratum) index (i 1, 2 ... I), and Zbi is the base altitude (in above

"" ground) of the ith wind stratum defined as

1+ i 1 (33)
Zb,i 2 zi_ zi )

*Note that it is standard practice to measure surface wind at an elevation
•P.

of 10 meters.
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with z b 1=0. UE i is the wind component along the west-east axis, positive

toward the east, and UNi is the wind component along the south-north axis,

positive toward the north (m s-¼.

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-

stauitial 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 settling time of the nominal par-

ticle (sec. 2.4) through each wind stratum. The calculations are done in

subroutine EFWIND.

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

fallout wind is

-, z '(z zzj -bJ)/f(zJ.)

v - __] (34),

Z b,ii] - zb,i)/f(zi) + - bJ1)/f(z)-

where the summation begins at the ground, zi and zbi are as defined above,

but

K 7c (ft z 13)!? p2

z (zc ,b zb j)/2 z bj z II'!

I'I
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and U" is the wind vector at altitude zU as determined by linear interpolation.
zi

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
V VE + Vj N (35)

and the sine and cosine of its direction angle pdefined as

sin 4ý = v/v

(36)

cos = N/v

where v advN are the easterly and northerly directed components of V'.

- - Theoretical and pr~actical considerations impose a lower limit on the

acceptable value of v. While occasionally a calm condition may be observed

at thle 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 itady cause- certain unreal istic results to appear: for example, the upwind
hotline activity 1'iay fall off less rapidly than the downwind activity.*4

Accordingly, the code will not accept a value of v less than 0. 5 ml s

An input value of v =0 is used as a flag to signal input of a vertical

profile nf wind data. When the code encounters a value! V less than 0.5 ins

(which is not interpreted as the value 0.0 used to signal input. of the ver-

tical lprofile) this value. is printed along with a comment, and v is reset

to 0. 5 ill

o*IThis m anmao us behavior is caused by interaction of several features of
the code. I irst, the horizontal variance off depositled fallout, o ses
3.6 and 3.7) is held constant upwind of ground zero, whereas it increaises
downwind. Second, the upwind correction (sec. 3.4) is, unfortunate~ly, not
a function of v, but was determnined from test shot results for whichi v is
always substantially greater than zero. Consequentily, bo0th of these- fca-

it tures depend on use of realistically large, values of v to give real ist ic
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4.3 SH[AR PARAMFILR

Vertical wind shear is defined is,

dU (7

where U1 i S W Ind and z i s the vertical c-1oard ckae. We make thle cuhs toicry

ais suip tion that cdvecCti ye tr an spnrl will a vorwhe lii ctfct, of s aIheair di s -.

I persion in the a I onywind direCtion, ai d q, I K're eareý i Ire ted

* only in the crosswind C0IIIpone 01 ,Y.
III this model , S is taken to be !.h( roat.-Iiwan--sqiiar(ý value of thtn

Y
* rswnd components Of A U/Az COripIt ted (It in I erva 1I, of /ýz = (z -i ) froml

T Li

I the (c1loud to p to t.he ground. The Final ' valui e i s adjusted as, reqo iri-d

to avoid rachinq below the ground.

In terms of' the variables defined in the preced in section,

I rK-1

i~~ sf - , ((•7;

I2 - ja sIn (UI / - Nji)

L- j-i

C-cost (uL if 1. (38
jV

Here the summact ion be.j ins at the clu 1 L~jtop sujch ha t wc haIve

ind

-. U]

zK 0

,k0

q
:( .co s id c m oe t f A/ zc mu e t i~ ra s o:/, z B r m,



Wi nd coniponents for- avrhi t r.ir~y r'dntcrwi'ined by 1I inear i nte-pol ation in

the wind data f des. I he cil cul ati ns are done in funct ion SYWND.
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5. VALIDATION

5.1 DISCUSSION OF RESULTS

"Predictions are compared with observed H + 1 hour nornmalized* expo-
sure rate maps for the first five test shots described in Table 2. For S

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 "rcconstruction" calculation made by the Naval Radiological Defense

Laboratory shortly after the event
Three methods of comparison of fallout patterns are used:

"1. Visual comparison of contour maps.

2. Comparison of contour areas, and hotline lengths and azimuths.**

TABLE 2

TEST SHOT DATA:I:

Total Fission Altitude
"Yield Yield HOB of GZ

Shot (KT L (KT 51()) , Site

Johnie Boy 0.5 0.5 -0.584 1570,6 NTS+
Jangle-S 1.2 1.2 1.067 1284,7 NTS
Small Boy low - 3.048 938.2 NTS
Koon 150. - 4.145 0.0 Bikini
Zuni 3380. - ".743 0.0 Bikini
Bravo 15000. - 2.134 0.0 Bikini

Nevada Test Site

.9-.

A "normalized" exposure rate map is constructed on the assumption that all local
fallout is down at the specified time, regardless of its actual deposition time.
Ilotline 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 zero on a contour.
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3. The Rowland-Thompson Figure-of-Merit (FM) 2 0 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. 'iontours 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,

E, which for n observed-predicted data pairs is

n

n Xobs,i -Xpred,il /obs,i

Values of E for each prediction (excluding Bravo) by each of the three

models are given under the solid lines 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 most affected by induced activity

in the ground and throwout from the crater, neither of which are addressed

by the fallout models. Overall mean jb,.olute percent errors are given in

Table 4. (Bravo prediction data are excluded.) As one might expect,

L)NAF-I errors are intermediate between those of DELFIC, which are best,

and WSEG-IO, which are worst, though the differences between the F)NAF-I and

DELFIC errors are less than between DNAF-I and WSEG-IO. Note that the most

obvious problem with the WSEG-1O predictions is a tendency to overpredict

the low level contours at the expense of the higher levels, to the extent

e t:hat frequently the higher level contours are completely absent.

*
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OVEIR'LL MEAN ABSOL UTL PECIc[NT ERRORS *

ContLour. Ar-ea I lo t1 i ne L-e n L h

D NA1- 1 66(58) 43(35)

) LL FI C 62(4P) 32ý(."6)

WSB%-_1O 1l17(90), 51(45)

The F iqjuye-of --Meri t I'M) resul ts do not show a consi stent ordor of,

Ca~pa1_il iti ce; for Lhe iiedals. This is; typicail of past explerience. as well,

(Ind we haive concluded that in its present form, 17M does not provide. a very

useoful measure of predi cti on capability. Details are given in Appendix C.

5.2 DISCUSS ION (OF THE TESl SHOT DIATA AND PREDICTIONS

Thie th~ree low yield shots were executed at the Nevada Test Site, and

A ~their fal lou0Lt patterns were MeaSUred over laInd. I-or this reason, obýervmd

p~atternis for these shots, though not. highly accurate, wtay be considered to
be superio to 1' L th pattierns of theý high yield shots, which werte executed on

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

M ~~~~high yie(l1d .haoLs very Large, which adds to mea s ureiient probl)emls , but most

of' the fal11out fromu these shots fell1 into water. [~van so , mm; t of the woon

jm1*.i Hro area wi s cover ed by in array of: faillnalt callercti on stations;, so this

pa ttern is proablhiy rea sariab] y accurater. /un i , an the other hand , is a

special cs.The fal lout pat~tern used here is excl1us ivel y downwind of: thle

'Ito]]1 an(d mi, dat ermiined by art oceanographic survey uIn thod that wa s known

týo be inaccurate. The close-in pattern in the rali on of the atoll is

avtai ahle, but contains- no closeod contours, so could lnot he used here; thus
the hiqih-i ctiv ity portion of the ohservý:d pattern for this shot is ignored

*Val ues in parenthes3es (ire calculatLed with do La far the highest level
contours- ex(;l uded.
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and this alone must account for a substantial portion of the disagreement P

,• between observation and prediction for this shot, particularly with regard

to contour areas and contour overlap (Table 3). As already mentioned, we

have no observed pattern for the Bravo shot. In addition, we have the j
following p-oblem. 1

DNAF..1 and DELFIC predictions for 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

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

""he particle size distribution used for these predictions is typical of

fallout produced from 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 imade using the H hour winds tabulated in refer-

ence 7. DELFIC predictions were made using all of the reference 7 wind

profiles, from H hour onward in time. WSEG-IO calculations were done using

.. 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

U. nuclear cluuds. For both of these cases, we have used reconstructed wind

"data: for Small Boy the reconstruction is described in Appendix B of

reference 7, .,!d for Bravo we have used the winds developed by Dean and

"Olmstead. Values of v', q and Sy computed for the DNAF-1 predictions are

given in Table 5.

po . ;
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TABLE 5 6

EFFECTIVE FALLOUT WINDS AND SHEAR PARAMETERS

COMPUTLD FIROM H HOUR WIND PROFILES FOR USE BY DNAF-l

Test v S yi
_ Shot (II s- ) (de .) (s-)

"Johnie Boy 6.0 - 8.6 0.00323

Jangle-S 13.1 14.6 0.00311

Small Boy 3.8 64.0 0.00066

Koon 6.2 11.3 0.00133

Zuni 4.9 -20.0 0.00225
Bravo 5.8 93.6 0.00044

5.3 OBSERVFD AND PREDICTED FALLOUT PATTERNS

Contours are in units of Roentgens per hour for gam•a radiation at a
height of one meter above ground at H + 1 hour. All activity is assumed

L 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 each case are plotted to the some

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 Appcndix A glossary relates symbols used in the report text to the

FORTRAN mnemonics, The code was originally developed and exercised on the

CDC 6600 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
10 (lines 69 and 70, subroutine DNAF). No other peripheral storage units

are addressed.

All 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-1) and maximum effective biological doses

(Roentgens), at a height of one met9r above the point !,e printed.

Wind data may be specified in cither of two ways:

1. Fffect.-e fallout wind sneed, v (m s- ), wind direction,

e (dcL-ees clockwise from north in the direction of the wind

vector), and ci osswind shear parameter, Sy (s-) are input

directly.

*Jn aajition to the FORTRAN code, the Texas Instruments TI 59, a sophisti-
*.. cated pocket calculator, has been programmed to compute A(X,O) (see eq. 31)).
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4 TABi 1 6

P': tCR~I T ION OF DNA[-- 1 COUL SItHF1i' [INt A N[) FU[NCTIONS

Subrout ine

DNAF E xecuti ve. Controls calctilotion fluew and call-, mo1st of the to] lowingq 131!rhis

SLOLCI Computesý stub i 1 ized cloud he iiht,; ;rnd ladi us )iA us, f ireball rad ius:

INWIND Reads in and prnci-sses a vi~rticlen profile of wind data if the, of feet Liv

I 8i1loutwind Speed, v, is niot .;;ecif-ed by input.

U- [WIN[) Comipu tes effect ive fal lout wind, v,. frow d~ito input via suroiit ireP I NWI NC.

* s~~YWNrD Coiipute,; the wiind shear praiinetr'r Sy, ferom the- mlrid da tal ilnput Vii 'A 110il10

'I iNW IND.

.1ONSET Colupo tes fallout ons.et timlee,

S111SF Coriputues tile factor- whic relýt r Ir tilt ifll ed iby Pi I I hour- eXilost~i'- ra Ii'(live"

the Ildildxiui effectiv- bio lotlical ilose(, ri(X ,Y).

- INAF Coripo te.u crosswind-i ite~ir''ted HI 4I hour aciCtlvi ty frcat ion deposited at dl stare p

X ailorng tile hotlinie from gr-ound ze(ro, t
'U~~lA C~oirijiolo deipos ition vairiane, * r -liiSli 1( imti tr tl~~~idy iir

illd1 tdO IliL arrival [imne, ta. di Iii. ilonihmwirl 'istarr-e X fromii firnu~il zero.

MA 'iI rint, a two-di m(iesicnal maii of hi I I hour' exposiore' rate. 4
- .L SFTM Sets f-iilout. wap iroruindmit-' andrri d iriif'rva, 1'fmw tihe u-ser. Thiii nlwur-imt-n

is 11Ci oil nly if I)n1lkJll2iLtlr 'SI IMP is1,S' 1110 tile resul~tingj ripl. iw iil-ntiidr

to pirovidie the user w/i th a 1)111 ilii l- 110110k al. tile tfallout pattLell.

I1P12 LIi rý.ir i ri~tC lpol a tiionli in itwieri Lab11 P f,(ltrN i

ChiWOR tL'i'ii rtuold itton p1 intout.



2. A vertical profile of winds are input from which the code conm-

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 s A zero input value is used to signal input of a verti-
-1cal profile of wind data. If a value of v < 0.5 in s , other than the signal

value of 0.0, is encountered, a comment is printed and v is reset to 0.5
III - (See the end of section 4.2.)

6.2 FALLOUT MAPS

Selection of the mode I calculation option (logical parameter IFMAP,
card 3, is true) causes calculation of 1- + 1 hour normalized exposure rates

(Roentgens hr-i) at a height of one meter above a two-dimensional array of

points on the groundd. The points are spaced at grid intervals DGX and DGY

(meters) in the x and y coordinate directions. Here the x axis is in the

.wesL-to-east direction (positive east of ground zero), and the y axis is

in the south-to-north direction (nositive north of ground zero).

Ordinate values are output in rectangular arrays, arid 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 ujp t)he pa(e, south-to-north from bottom-to-top. A two-line, power of

. ten format is used. Thus, the activity for each point appears as

+NNNNN

V. VVV

which is interpreted us

I NNt'r.NN
V.VVV X 10- (Noentgens hr-).

Printing is done in units of naip ';trips, each strip consisting of a suffi--

i ient number of connected printer sheets Lo cover the entire y 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. Enough strips are produced 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 rer~ular intervals on each strip.

If logical parameter USETMP is true (card 3), the user must specify

boundaries and grid increments for the map. Otherwise, the code sets these

"parameters (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 asjp
described next.

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

i. Logical parameter USETMP = -TRUE. (card 3, sec. 6.5)

"2. Coordinates (x min, Ymin or" XMIN, YMIN) of the southwest corner

of the map, and (xmax, Ymax or XMAX, YMAX) of the northeast

corner of the map. (card 6)

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

(card 6)

"If only DGX is specified, the code computes IGY such as to produce a

, spatially undistorted map on a standard line 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 TV (lines

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 iap.

6 40
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"The code presented in Appendix D provides for a maximum of 5000 map

points. If the map specified by card 6 input requires more than this
number of points, DGX and DGY are adjusted such that no more than 5000

map points are required, a convient to the effect that the adjustment has

been made is printed, and calculation then proceeds. Map point o-dinates
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 4a-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.
SCard 4c contains scale and translation factors, and card 4d contains

data field pointers. Cards 4e to 4n-l each contain altitude and wind vec-

tor data for a wind stratum, arnd the last card, 4n, is the data set termina-

"tor.
9t Use of the scale-translation data and the field pointers deserves some

explanation.

In cu, bin6LIun wikh Lhe ubjecL-Limime forrmat, the field pointers, Ni,
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. Each card con-

tains three items of data:
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I "S
1. Altitude of the wind measurement

2. x component of the wind vector FORM = RESO

3. y component of the wind vector

or

2. Wind direction angle FORM = METE

3. Wind speed .

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

or direction angle, and N3 with the y wind component 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 lie altitude, N2 specifies which contains the x wind

*Com1ponent or the direction angle, etx.. For exampl1e , if we ha ve NI= I,

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

thie x wind component or direction angle is in the third field, and the y

wind component or wind speed is in the second 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 in fields 1-3 and translations are in fields 4-5 of card 4c.

After application of these translations and scale factors, iltitude must be

in meters with origin at the ground, and the wind must be expressed in terms

of components (im s-I) in the x (easterly) and y (northerly) directions. If

it is used, the wind direction angle must be, after scaling and translating,

the angle of the wind vector measured clockwise from north.

Scale and translation data -i e read from card 4c into array SCALF( )-

The three data items on each wind data card are 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, dnd SCALE(1) is a scale factoi

used to adjust toe units to meters. Thus the altitude, ZCH, is
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ZCH (IP(N1) + SCALE(4))*SCALF(1). S

If FORM = RESO (card 4a), the wind vector data are input in component

form. In this case, the only other card 4c datum used is SCALL(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)*SCAL[(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 meters 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 wiiid is blowing, to direction toward which the wind is

blowing; in other words, the code automatically rotates the wind angle

through 180V unless this is circumvented by appropriate specification of

SCALE(5). Specifically we have

WX /\I'(N3)*SCAL.E(2)*SIN(,iý-.(tP(N2)*SCA[L(3) + TRNS))

WY AP(N3)*SCALE(2)*COS( (AP(N2)*SCAL1(3) + TRNS)) -1 80'

"where

TRNS SCALi(5)kSCAI.E(3) - 180.

R7
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Default values for the scale factors, Qk41LEl\) through ZLMLE',0), are

6 ~unity. That is, if any or all of the first three fields on card 4c are left 6

blank, the code sets the correspoding scale factors to unity.

The wind data should extend at least up to the cloud top height, zT<7
T7

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

.1 ~~highest wind stratum is constant up to zT e
The wind data are sorted by the code and arranged in sequence of in-

creasing iltitude; thus it is not- necessary that they be input in any par-

ticular order.

An example of a common situation will illustrate how to set up thle

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,
4 ~the actual altitude of the surface wind is 4248 feet. Figure 9 shows how1

cards 4a-4n might be punched for this set of data.' '
TABLE 7 7

K, ~EXAMPLE WIND DATA LISTING ~t

Site Elevation is 4215 FeetI

Altitude Direct ion
(kft relative Speed Angle*

to MSL) jnjph) jderees)

Surface 2 '190 '1
615 170
830 180

10 37 200

Wa30 80 2101

*Direction from which the wind is blowing. S

W1
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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 complote package

of FORTRAN codes listed in Appendix D.

Computation is quite fast. A rough estimate of computation time is

derived as follows. In a single run on the CDC 6600 computer, eight com-

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,

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

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

and the total CPU time was 29.469 seconds. If we simply lump all of the

accessory calculations, including print and punch times, in with the activity

calculation time, we get 2.6 millisecond per activity calculation.

tlk

...
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6.5 DES•RIPTION OF CARD INPUTS FOR THt TNAF I CO)DX

. , ,. Card

N umi b er W. iV aD os an d I•r ...

SIIOLL(12), (12AG) Run identification

S2 '1, FW, WIND, SY, ANG, W ToLal explosion energy yipld (KT)

GRUFF. (81D10.0) I-W Fission yield (KT)

"WIND - Fffective tallout wind speed (w s-) (WIND 10.0)

A blanlk field is used Lu srignal iriput of card 4

a. data.p

SY Wind shear parameter (s-). Required only if

Wind - 0.0

L58 Lffectiwv, f 1 lout wind vector angle, or hotI in,

angIle, clockwise relative to north (degrees).

Required only if WIND - 0..

GRUFF: Scale factor for imiultiplication of all II + I hr

Fexposure rate values. (See Appendix C.) Uefault

value is unity.

"I"FIAP, USET MP (Il 1) II MAP If true, a twoi-dimensional I1 1 1 hour exposure rate

I n {•Imap is to be computed and printed. (See Io(lical

paraiieter IISETMP and -isrd numillwr 6.) If false,
""l + I hour exposure rate and maxiiiui Li bioqical

dose ire ceiputed for user-specified points. (See
. .. ,. • i •cards nUllbevi 5. )

4lSE TMP If true, the user must spe(cify the fal lout mal)

uoundaries and grid intervails via input of card

b. If false, the code sets these parameters via

suolroutine SETMP. In any case, USLTMP is applicable

only if IFMAP IS TRUE.

-f 4 Cards 4d-4n are input only

if WIND = 0.0 on card ?.

In that case, a wind pro-

"file irl tih verticol is

specified as follows (seo

see 1c. 6.31)p

4a F oRM, (A4) Specdfir, whether wind data are input in meteoroloriical format

(i.e., speed arnd direct ion) or in resolvid format ( i .. , coill-

iJnerits riolved ill the inortlrily and easterly dirictions).

"F ORM MLIIL spercifins ieteroroloilical format

SFORM Rl SD s;peccif ie', resolved for'ihit

91



Card

SNuimber_ Variables and Format Data Desriion

4b FMT, (12A6) Wind data object-time format. (See cards number 4e-4n.)

"4c SCALE(5), (DFIO,O) Wind data scale factors and translations. Default values

For SCALE(I) through SCALF(3) r 1. (See cards 4e-4n.)

44d Ni, N2, N3, (314) Wind data input field pointers. Ni, N2, N3 are some peritu-

tation of the integers 1, 2, 3. (See cards 4e-4n.)

"4e AP(3), (FMI, see card 4b) Altitude (mi above ground) = (AP(NI) + SCALL(4))*SCALE(l)
:-.For FORM METE:

. Easterly wind component (m s")

- AP(N3)*SCALE(2)*SIN(n/180. (AP(N2)*SCALE(3)

+ SCALL(j).SCAL[(5) - 180.))

4n AP(NI) 999999., (FMT) Northerly wind component (mi s

- AP(N3).SCALE(2)*COS(n/180.(AP(N2)*SCAI.E(3)
""- SCALE(3)*SCALE(5) - 180.))

For FORM RESO:
Easterly wind component (im s) AP(N2)*SCALE(2)

Northerly wind component (I[] s-) = AP(N3)*SCALE(2)

5 Cards 5a-Sn are input only

. if paraiteter IFMAP
FALSE. on card 3.

5a X, Y, (dFlO.O) X Distance from G7 along the hotline. Positive X is in

- the downwind direction (it)

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

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

* input.

O5n Lnd of record flaq.

6 XMIN, XMAX, YMIN, YMAX, Card 6 is input only if parameters IFMAP nd USETMP both are

DGX, DGY, (81I`O.) true on card 3. Map boundaries and grid increments are

specified as:

XMIN, XMAX w minineun and laximuo, map coordinates relative

to GZ along the easterly dire(cted axis (in).

YMIN, YMAX minimum and tiaximum map coordinates relative

to Gi alonq the northerly directed axis (imi).

DGX, DGY - map grid increments in the eastel,'y and nor--

therly axes directions (m). [GX must be

specified, but CGY is optional. If DCY is

not specified, it is computed by the program

such as to provide a spatially undkitorted imp .

wher, printed by a standard line printer.

"-



6.6 EXAMPLE PROBLEM AND PRINTOUT DESCRIPTION 0

To assist the user in getting the code running 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 v, ý and S y 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, Y, H + I hour exposure rate and inaximum effective biological dose.

6 -93 0

( i



4. -

L L

-6Lt

<74 -01

"Ilk

co

<4 S.,



. . it. .F ..l

1 I f ~~~~N 11 r I f ~ V A 1

rtr f l :r A" L n p

A IlX If NO )1 fl I C I - i_ ; AS'- ICTATý
'F' VC v i.

7t'Ci.L(I IT L l[l f - 1 101 1 1'Rt.T.

pI 10 (I IS-j I

50. fli'iflhlt.W1 *1) 1 ) T

tr1-11 +01*' 1..~ : noU no a IT '40 - r IIaU +

I I e I j Oitl + Yr 1½ C 11nl-- ,I1 4n 0 0nIt. flra) I -il Il
,.t IL >, Vl I) VA AV411+Y; n no +) :500 i II-a1 4 .4n

5A, I I * it *'I 1 n.. 'VT In:-i +1' QVfl~ Il '.. 11149 0+ I 'l- nl .. I - ',00a

n V-.Pfl 110 I. IV lr S. lnVTr1 ?.MI5Fla c ,0I0 t1 2v'a1I-+ L.¾'.A.'4Q

L'.b fi') '1 ) 1.' 1 F f 0 *;1 t1 VIIVV$*VI 1 1. n N 0I ' +1'4 L. I +' 0U 0~ 1.4 rV1i7.. t00
t . 1 6 InIPIu Vi F1 +',' 11V + ?, I I. Ol I

t 
- I'I IT. 1P'48)00Ct1 04 I cI P .+V ll 1, !tC On

1.3 qil~ >11 F-1-11 I.I1 i. I014064'r1,0 1,03-5 40,, 1.r4 0 t bC.+VqI F.'i 7 +.fl1

+ ''lf 'r) ' 1. i 1 1.O V~O 1260SU+ 1,- -U4 
2 

uIl On .c. 1P7 IFt-,il
Iil A+'I q .tVlI I..I r.VISVVOV'lR t.67ŽaU-flt t''.N? on11 t'h.i1t 111 111]l
I ' OR lI 1ti'.' 7. 1)0V *11 0 1.: 'bTILIV14 f,,lt.1 II,t, V -. )V IV

'.VII) *1. 2, nnnT:n 1. .V1V '.I AV .1 1?~V -+.UAA,.

JIIP& L'f-v1 IIA "j ALTTrIIIV

ALIl0 , 1 ViI1IJ a1 :-.4.U1I1']q '11e .;.IofIii' 1 ,? ', IRijl) f.T6. itnIV'lil z l1>,IV I 31 n.,lIV'lQ 10.r,'VAROV..
A L liii' I, 1 0I 111:4 1 4teI.~ 410 I71?Ii ()VVIIl ITV'3'1.Vha0]POIT 0 (1.TVVO Aiflc. C 110VI1 IrA1,.VUPOCv

%~'I1 '[V i t 'Gl (12 I i SI I (H HIT 111 I.., (IV * t 1
ItA- A"?'~ I fl . I jit .-Hi I [P SI C

'kidj L"I : T Art(' h lo !

XMJIl A'y YMI r; VP yM 1:11 VTA X:1 It y
i u0,.0 , ,Itu.I"OVa.1Vn (1 n o il

TOX-'tIVII'ij 4.I I 1 PTL1 A TITi' I+ ~l)
X 1 1)1 S ti' I f V .f f, U 7 j''131 p I IR.

*JlT AI:- fr' P I

r5 0..



-'',11, . ,|2... .. 2+1 i , 2 [ .. - i 7.2, ret7 .• 2 l h 1 .22, .' 2'?'. '2 27 .'2 2

,2 ... .. .. 2.. .2 .'2:2 . . . . .,

- - 7 I , I I 2

, -2q, ,, .; q -2 ,2 ., 1 0, 7 ~ , I.,, 2, ? 2, , 2, ; • ,• 2,.a 2•17 Ie I
017.iflL] <'' ,", ,2 .,2,' ,'#'1 1,'... 2.7. ?.2O, '..

2
1 ' ,P ,'o .•L,',°-. ',''l .P t , l-

.1#21 -, -. -1 t 7 2 2 2 2' 2 -I -

i -2 -. -1 2 12.2 2 7 I o2 -

LU.•0. [ t,- . .*'2 , . 2 ,2' tp 1..''2'' .2'.. '.0l- ..22 '.?2 ,, 2.2.' ,.l .2• ,.. • ,21

•-r, -. -, 2 .2 2 2 2 7 -2 -2 -

122 -, -2 2 1 2 1 2211 '2
I210121 . 2l "227.'11 .1 2,..- ' 702'7 +1"7., 2.1 .2 . 2 2 2 2.| -

- .] - 2 -" 2 10 2 1 2 2 -2 2• -2 -P -
122 '1.2.it2 ,t, '1 ,' .~''7 2 21,'.23 0,7 2.2,- 0.7 2.02 I . ,.l ,'2 2.0.22 '.72-.2.-7 ,-2.2.2.l.'

2,-, + -I 7 7 2 2 2 7) - 2- - 2- - 2' -

2.72,]2. .q|. 20 .''- .; .202')[ 2.'2' 2,.?' ?.227 1.07. 2.72" 2.'.' 2.7,'.2.1.' .. I 1. -

-r' -2 -2 7 2 2 ' - .' 2I 7I - + -- U 1

S71,112-0 .22 . . . 22.I I, 2.272 L 2.2,; 2. 7 121 . + 22.... '7.I1 2' ,2l .I;.

-Jl , , 2l 2r 2>q• 2]• , . 7. -l 'I I" .1 I 0 0 .l

*-.,'-. '. 2 .. 2 .2'''''. ' 2 '.. 2 .2. -'I 0.2 '. 2 .20 2.0 .- ' .'-2< - ." , 2,2-

.1 . .22.2 .2-7. .22.' .102. .1* 07.l ' 2 2.2•.22.2 ' 2.L,'2 ,.'''2..2202.212 .'.2 1 .72; ,'')

,,-2 - , -. 2 21 -' -' - + - 2, - U 7 -2, + $ ,-

2+ ,' *', .. ] .72 .2'-'1 I 2 • 7-2-1 22'II 7,I 27 2%+ .2-2..'' 2• 2*. 7 ,,.22I .22 '7 I•

-- / i]. -1 -=2,I 2 i n 2, 2 . I '; 2 7 r'2 -7 - ".' - +.

_.2 . 2. '2 2 ,' •0 0 .. L-22096.77 0 .7 2'~ 27 .2



REFERENCES

1. H. G. Norment, "DELFIC: Department of Defense Fallout Prediction
System. Volume I - Fundamentals," Atmospheric Science Associates,
DNA 5159F-1 (31 December 1979). AD A088 367.

2. H. G. Norment, "DELFIC' Departmcnt of Defense Fallout Prediction
System. Volume II - User's Manual,' Atmospheric Science Associates,
DNA 5159F-2 (31 December 1979). AD A088 512.

3. H. G. Norment, "SIMFIC: A Simple, Efficient Fallout Prediction
Model," Atmospheric Science Associates, DNA 5193F (31 December 1979).

.AD A089 187/9.

4. G. E. Pugh and R. J. Galiano, "An Analytical Model for Close-In
* Operational-Type Studies," Weapons Systems Evaluation Group, WSEG

RM No. 10 (15 October 1959). AD 261 752.

. 5. R. B. Mason, L. Bragg and J. Sherby, "Description of Mathematics
for the Single Integrated Damage Analysis Capability (SIDAC)",
Command and Control Technical Center, TM '15-80 (13 June 1980).

6. H. G. Norment, "Analysis and Comparison of Fallout Predi"" on Models,"

"Atmospheric Science Associates, unpublished.

"7. H. G. Norment, "Evaluation of Three Fallout Prediction Models: DELFIC,
SEER and !'SEG-I0," Atmospheric Science Associates, DNA 5285F (16 June
1978).

8. U.S. Standard Atmosphere, 1976, NOAA, NASA, NOAA-S/T 76-1562 (October

9. L. F. Shampine and R. C. Allen, Numerical Computing: An Introduction
(W. B. Saunders Co., 1973).

10. E. F. Wilsey and C. Crisco, "An Improved Method to Predict Nuclear
"Cloud Heights," Ballistics Research Laboratory, unpublished.

11. G. K. Batchelor, "Diffusion in a Field of Homogeneous Turbulence.
I. Eulerian Analysis," Australian J. Sci. Res. 2A, 437 (1949).

12. A. C. Best, "Empirical Formulae for the Terminal Velocity of Water
:. Drops Falling Through the Atmosphere," Quart. J. Roy. Meteor. Soc.

76, 302 (1950).

*t 9/



REFERENCES, continued

13. J. J. Walton, "Scale Dependent Diffusion," J. Appl. Meteor. 12, 547
(1973).

14. E. M. Wilkins, "Decay Rates for Turbulent Energy Throughout the
Atmosphere," J. Atm. Sci. 20, 473 (1963).

15. H. G. Norment, "Validation and Refinement of the DELFIC Cloud Rise
Module," Atmospheric Science Associates, DNA 4320F (15 January 1977).
AD A047 372.

16. H. A. Blair, "The Constancy of Repair Rate and of Irreparability
During Protracted Exposure to Ionizing Radiation," Ann. New York
Acad. Sci. 114, 150 (1964).

17. H. 0. Davidson, Biological Effects of Whole-Body Gamma Radiation on
Human Beings (Johns Hopkins University Press, T9957T7-.

18. S. Glasstone and P. J. Dolan, The Effects of Nuclear Weapons, 3rd
Edition (Department of Defense and Department of Energy, 1977).
Sec. 9.146 ff.

19. R. L. Stetson, et. al., "Operation ',ast'e, Proj. 2.5a. Distribution
and Intensity of Fallout," U. S. Naval Radiological Defense Laboratory,
unpublished.

20. R. H. Rowland and J. H. Thompson, "A Method for Comparing Fallout
Patterns," DASIAC, G. E. - Tempo, DNA 2919F (April 1972).

98J

98 _-.



A SI

APPENDIX A

GLOSSARY OF SYMBOLS AND FORTRAN MNEMONICS

Text FORTRAN
Sy1bol Mineeon ic Descri ption

A(X,Y) OMAP( ),A 11 1 hr normalized exposure rate (Roentjen hr-1) at three

ite Lers ahoy 10oi0 t X, Y..

C GRUFF Scale factor to be applied to activity calcuLations,..

4 D(X) GOIX Crosswind integrated activity fraction deposited at distance 0-
DNAF1 (Functioni) X from ground zero. (m-)

--D(X)f Farfiuld corrected, crosswind integrated activity fraction

deposited at downwind distance X from yround zero. (if-1)

D(X) Upwind corrected, crosswind integrated activity fraction

deposited at upwind distance X frol ground zero. (II-&

f(z) V( )Settl ing speed of the nominal fall out particle at altitude
az. (w. s-)

F(X,t) Factor to account for dispersion in the hotline axis direc-
'•. ~ ~tion of fallout being deposited at time t at point X. n) f

* . g(t) Activity fraction deposition rate function. (S-)

. G(Y) CROSS (Statement Crosswind fallout pattern dispersion factor. (in )
Funcd ion)

M(X,Y) DMAX Naximum effective biological dose (Roentgens)

R. RI Early cloud radius. (111)

R RS Stabilized cloud cap radius. (iii)

S SY Wind shear parameter: approximaaion to the crosswind

component of the vertical wind shear. (s)

t T i ie. (s)

t TA Time of arrival of the first fallout at distance X fromri
a

ground zero. (s)

tB TB Time required for the nominal particle to settle from the 9

stabilized cloud cap base to the ground. (s)

t.itmax TM Yield dependent time of maximum activity deposition rate

according to the q(t) function. (s)

t TO Fallout onset time. (s)

..9
"*.

i .'1
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Text FORTRAN
Snymbol Mn emion ic Description

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

(s)

l UE WX(I) Easterly directed component of the wind vector in the

ith wind stratum. (m s- 1)

UNi WY(I) Northerly directed component of the wind vector in the

ith wind stratum. (in s-

v WIND Effective fallout wind speed. (in s-)

Effective fallout wind vector. (11 S-1)

W W Energy yield of the explosion (KT). (Fhe KI unit is the

energy released by explos4on of one kiloton of TNT.)

' FW Fission yield of the nuclear explosion. (KT) J---

x XM Coordinate, relativa to ground zero, in the easterly i

direction. (mn)

X X Hotline distance from ground zero, positive in the down-

wind direction. (in)

y YM Coordinate, relative to ground zero, in the northerly

direction. (m)

Y Y Perpendicular distance to the hotline in the ground plane.

zb . ZBH(I) Altitude of the base of the ith wind stratum :love ground.
b-i

(m)

zB ZD Height of the base of the stabilized cloud cap above ground. (m)z B

z ZCH([) Altitude of the center of the ith wind stratum above

' - ground. (m)

ZT ZT Height of the top of the stabilized cloud cap above ground. (I)

ALPHA Yield dependeoL parameter in the g(t) and D(X) functions..-

(dimensionless)

Diameter (Gin) of the nominal fallout particle. i

Turbulent energy density dissipation rate. (in
2 s- 3)

G SIGE Variance of the horizontal spread of the nuclear cloud at

deposition time. (Does not include the wind shear dis-

persion -tontribution,) (in
2
)

Gc Standard deviation of horizontal spread of the cloud before

atmospheric transport. (i)O
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Text FORTRAN
Syubo I Mn emonic n ic De scr p t ion

.2 Wind shear contribution to the crosswind fallout pattern

variance. (il l

S(jy SIGY Crocswind standard deviation of the fallout pattern. (i)

ANG Direction angle (clockwise from north) of the effective

fallout wind vector. (deg.)

Ami

* i]M
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APPENDIX B

"GROUND ROUGHNESS AND INSTRUMENT RESPONSE CORRECTION FACTORS

To compare predicted H + 1 hour gamma exposure rates in a fallout field

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.

Predicted exposure rates are based on laboratory measurements of fission

product yields and on factors called exposure rate multipliers that convert

the fission yields for individual nuclides to exposure rates at one meter

height above an infinite plane ,n which the fission products are assumed

to be uniformly distributed. One correction, the ground roughness factor,

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-

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

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

commonly used survey meters. The product of these two factors is approxi-.

d mately 0.5, and this factor is applied to dose rates throughout all of the

predicted test shot patterns except for Zuni as noted in section 5.3.

[ 0"
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APPENDIX C

FALLOUT PATTERN COMPARISON BY THE FIGURE-OF-MERIT METHOD

20Rowland and Thompson 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 comnon 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 1; for no overlap, FM = 0.

"Mathematically, FM is

N
" 2(r. + ria )1FM NI 2i

(r. + ri_,)

2 (A. - Ai-.

i=l

where

N is the number of contours in the patterns. The summations

are from highest contour to lowest

r. is activity of the i th contour (Roentgen hr-) ro 10 r 1

a. is common (i.e., overlapped) area for the i th contours.

a = U.

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

.*1
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"0

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

important, is that being a measure of overlap, the FM is stronqly biased

in favor of overprediction; that is, it favors predictions that cover a

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 common to both patterns are simply

ignored. S
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APPENDIX D

FORTRAN CODE FOR THE DNAF-3 FALLOUT MODEL

IIND

[0107



"SJaPOUJTINF7 CHAR CHAF I

ANF
C EtEC4JTIVE PROGRAM FOP THE CHNAF-I FALLOLJr PPECICT TON MODEL CH AF 3

C CHAR 4 i
C H. C. HOdtiENT, AT'OSPHER!"I, SCIENCE ASSOCIATES - UGUST ISEI ONAF 5

*C OH A5 6
o 4 4 v OL CLOSSARY S444544 54 40 CHAR 7

*C A H+1 HOUR .AMlA EXPOSOUR RA-.E (ROENTGENS/HR) ONAF 8
0 ALPHA -ONAF-l MO:0EL PAF'AMETER CHAR 9

c; A..T R'TIGHrS (I A&OVE 151) AT NICGH cýETTLING SPEEDS OF THE CHAR 10
1;NOMINAL PIRUICLE ARE DERINFil CHAR il .

o ANG HOTLINE A4GLE (INP1,T AS IDErPEES c'LOCKWIsI PROM NORTH) CHAR 1.2
C 0 £XPONCNý 1 4RAHLTEk USED FOR APDROY. PART!CLE SETTLING CHAR 13
C SPFEEO C:ALflJLATION CHAF 14
C CAY K FACTOF, f(R-M"27)/(HR-KT)) ONAR 15 .

COSA COSINE OF HCT LII`.F ANrILE = WIND)Y/WINO) CHAR 16 .4C 0;X,PVGY -AP ItCR&IENTS (SEE XHAX, Efl') (HtA) CHAR 17
C DlAX MAXIMUM' U-FEC7TIViF PIOLCOGCAL COSE (ROENTGENS) CHAR IF

*C F,1 FISSION Vt FLC (Y.T) CHAR IQ
C GRUFF St2ALý F'ACtOR TO PIE APPLIED -0 ACTIVITY VALUES ONAR 20
C (F.G, GROJND ROLUGHNESS + IHSTRUMFNT RESPONSE FACTOR) CHAR 21

C IFNAP LOGICAL F. AG WHiCHi WHEN TRUE SPECIFIES THAT A RALLCUT MAP CHAR 22A
C I- PPFFPAREO[ CHAR 23

3 IN H'iMBL-P. OF CHIAZflTEFS/INCH HORI,700TPLLY OHt THE PRINIEO MAP CHAR 24C P4 SY5TEM IN'IUT. UNI T CHAR ? 5
C INTL I,IN1TL- RlLktS To SICGNAL. FIRST EASIZ THROUGH SIGTA & CHAFt CHAR 26

C r) SY STi 4 PRfiN UNIT CHAR 27 '*C IP SYST:il PLIACH UINIT CHAR 26c 14 H'JMREF. OF CH4APACTEF S/INCH VLRT ICA LLY Ctt THE PRINTED MAP CHAR 2cý
C N-Woo NUUPI4FR OF HLIGHT.9 F T WICH WIND GAT A ARE 'rNPUT CHAR 3n
C, NIAP MAX. NOD. )F FeJiNTS ALLOWED) TN A MAP. (DIHENSION CR CHAP) CHAR 31
C NXMAP NH4i.aEP. OF HAF IPOREHlENTS IN THE X CIRECT !rON (SEE XMAX ETC)DNAF 3?
C NY~iAP NIJMRCR. OF lIAR INC:ZEHENTS IN TH4E Y CIRECTYON (SEE XMAX ETC)NAR 33
C 04AP FALLOUT HIP OIRD)INATE ARRAY CHNAR 34
C P1 PRiiL6ALL kADIU$ (M) CHAR 31
C .?. S3TARTLIZE] CLOUC RADIUS 04) CHAR 36
o SIGE rAUSSIANJ IAR;ANCE OE CLOUV rTSPEPSION (H''*?) CHAR 37
c; SIGY CRO)SS-WILN) CAUSE' IAN STANDARD DEVTAT1OH OF THlE FALLOUT CHAR 3e
C PAsTT? 'PN (4) CHAR 39

C FIHA SINE OF ItTLYNE ANCLE = wNtli)X/HNtn CHAR 4D
U y SHEAR PARI METER OR RH- SHEAP PL¶RAMC-TFR Fr!OM 70 TO GROUND CHAR 41

C T& TItlE OR ARPIVAL OR F-ALLOUT (S) CHAR 42
TA ARIVALTIME OF FALLOU- FROM THE' STAIIE CL P ASE (S)CNAF 43

C 1LL,TLS, 4R~iVAL [iMEPS AT VHICH fATE OF GROWTH OR CLOUt) TURBULENT CHAR 4L
o WJSPEPSIC4 VRRI&N'EE DEICOMES rOtrVAHT I-) CHAR 45

4 C TM 'THE Or Mý XTI~t' AC;T fl/fY OCROSITIO PA.S)CAR '46
C VT FALLOUT C4SCT lTIME (S) ONAR 47
C LISETMP LOGCL~f,1 F. AG WHICH WHE:N T RUE REO'iIRES THE USER TC S'PECI,"y CHAR7 48
C MAO ROUNOULES AND C-RI CNHAlR 4~
C V S TTLI!NG >;PLEUDý (M/ S) OF TrHE NOMINAL PAR T ICLE AT HEIGH1TS CHAR 50 .

G ALT CHAR 51J
C SE'i-TITLING .EPEKO AT 5Z--A LEVEL OF THE NJOMINAL PARTICLE (M/S) CHAR 52 --

C W TOTIAL YIE.1r (KWI) CHAR 53
C WIND Lf CTIVE- WINO SP:Ed (HIS) CHR 540

;I, H.ý tAPITRIAti O&ýAP;E-.HM OF W UNAR 55
C WL1C +GSIOOCF'W1 ON AF 5f-

G 'A 9 iSERVE INC T4[ CLMHPCHLN% IN) -HE X F-IRECT TON (5Crf YPAX ETC)CHAR 137
wy O3SERVi[- lIN1 CONMODNENTS IN4 THC V DIRECTTON (9EL XY-AX( ETC)CNAR 5$

C XIAY,XHIN~,VMAX,YM( N MAP LINTTING CORORINATES. (X IS POSITIVE ONAF 59
*C TJWAQLU LM.-T ANP Y IS POSITIVE TOWAPD NORT H) (m) CHAR F 60



o 7 STABILIZE) CLOUD BASE HEIGHT (!J) ONAF 61
o ZB IND LAYEZ PASL HEIGHTS (H) ONAF 6?
C ZJh H IND LAYIF CFNIEP HEIGHTS (M) ONAF 63

G D SAIIZ- LU FNEP HEG-()ONAF 6
o ZT ST AREII_1Z7r) CLOUP TOP HEIGHT () NF6E3
c ONAF 66

DI MENSI ON HOLL (121 ,C'M.AP ( 5 000) , CONTIIPA L) ONAF 67
LOGICAL IFMAP, US;iTM P, C F4T , CPNC ONAF 6E
DATA IN ,10 IH ,IV , CAY y NI4AP , TRO ONAF bq

-~1 /5 ,6 ,10 6 3 6, 9733E99 Foon 957s 2q577-95I/ ENAF 700
DATA IP/ 7/s SOT?' I/?.50662?.375/ ONAF 71

ONCAP 7?
2w FORMAT (///ISX25HG; ID LIMITS AND INT;:PVALS/20X4HXCHIN10X4HXMAXIOX(4HYONAF 73

IMINlOX4HYMAXIUX7H)E:LTA X,SX7H[)tLTA Y/15XFlfl.0,'+XFIO.0,4XF1C.0,4X(F'DIA, 74
20995XlQq5)FlQ 2)ONAF 75

47 FORMAT(//ISX, &1H)GX AND 3C- HUS- PE ADJUSTED To ACCOMOCATE THE MACNAF 769IP IN STORAGE) ONAF 77
to00o F3RMAT (SF10.0) ONAF 78
1100 F3RHAT(511) ONAF 70
1200 FORr-AT(4#(5x, IPEII.'.)) ONAF 80
1300 FORMAT(///7X, 1liaA MOAP IS NO7 PREPARED. H+1 HOOR EXPOSURE RATE (ONAF el

1ROENTGENS/HR) AND tIAYIAUM EFFEFCTIVE B9IOLOGICAL DOSE (MEBOW (POENTGONAF 6?ý
2ENS)/ 7X, dSHARE 'OMFUTEO FOR USER-SPECIFIFO POINTS. X IS THE WINUNAF 83
3OWAPD DIRECTION A4D Y £5 3FOSSWIN(X,// ONAF 8L
4 qx9 '.HX(H), 1?X, 4HY(IA), 11X, 6HR(H+4), IIX, 4HH4EBD) ON AF 85 0

14.00 FOR.MAT(12A6) r3NAE 86
1500 FORMAT( 1I411 so( 19H* * //SSX,lt~HD N A F - it, ON AF 87

1 25X, 7 2H' H E ) E F E N S E N U C UCA P A G E N C Y F A S DNAF 88
2T F A L LO0U T," LSX, HPPR.EOI rTIO 0N S YS TONAF 89
3 E M// SIX, 19W4 'L ////55X ,i1H PRE PA REU0 8YV/4X , 3OHONAF 90
4ATMOSPHERIC SCIENCE ASSOCIPTES/ 54X, 144134FDFORD7 MASS.////25Y, ONAF 910 3UH*'4* R'JN IOENrIEICATI3N *** 3X, iUt6) ONAF 9?

1600 FORMAT C//20X, ?'.HYI ELDS - TOTAL FISSION), 21X9 IPEIZ. 5, 2H ONAP 93
I 1PEIZ.5, 4H) wT/ 20XZiHOPDINATE SCALE FACTOR, ?kX, IPE1?.5) ONAF 9L

1700 FORMAT(//70x, 20HEFFE-CTIVE WIND SPVEO0, 2?5X, 1PFi?.5,6H M/SEC) ONAF 95
18 00 FORMAT( 20]X, .3?HWIND DIFECTION (CLOCKWISE: FROM NORT14, 6X, Dr'AP 9b

I IPEIKS3, 5H I)O,' UNAF 97
1900 F3RMAT (20X, igHSHEAR, PPAIEA4TF.R, SY, 26oX, iPE12.5, 84 PER SF0) ONAF 9E
20 00 FRMAT(//2?OX, 71HIM EFFLOFIVE WINO SPEErD LESS THAN 0.50 M/S HAS BEOINAF 99

lEN SPECIFIED - W140D IFEI?.5/ 20X, ?il-4WINC' IS RESET TO 0.EO) ONAP 100
2100 FORHAT(At) ONAF 101

ONAF 102
COMPUTE TH-: CiCSSWINJ GILISSIAN SPREAD VIA THIS Ft'NCTIO 'l CHAP 103

CýOS IY,)SIGYV) =FXF(-0.54 (VY/SIGYY)as2?)/SIGYY/SQT2P1 ONAF 104 -

9N IA F 10F,
COPY IN RUN IDENTIFICATE ON ON AF 106

100 READ (IN, 1400,LNDZOO 0) HOLL ONAF 107
CN NAF l01b

150 INTLt=O ONAF 1099
INTLZO0 ONAF 110

COPY IN BASIC DATA~ UNAF il1
REAAQrN, 1000) H, Fli, WIND, 5'?, AtJG, fPIIF ONAF 11?
READ(IN, t100) IFýAP, USETMiP ONAF 113

*0 L10 = ALOG1O)(W) ONAF 114
ANG =ANG'/OTPC UNAF 115
SINA = SIN(ANO) ONAF 116
COSA = COSCANG) ONAF 117
IF (GRUFF * EQ. 0.91 SP1UFF=1.0 a NAF 118
CAYFW =C8Y*FW*GRJFF' ONAF I11-

COPUTE STABILI7EýD CLOUT PROPERTIES ONAF 120



CALL SCLOI3( W, RI, :ZS, Z~r, ZD) ONAF 1-21
COPY OLIT BASIO DATA ON AF 12?

)JRITE(I'), 1500) H)LL ON Af 123
NRITE( 13, 1690) W, FW, C-F'JFF DNAF t24
IF(HINO *INE9 0.0) CO TO 2010 ON AF 125

COPY IN WINO PROrILF 0ArA ONAF t26'
CALL INNWINO(IN, 1)) ON AF t27

COMPUTE EFFECTIV-i WIND, WIVE) ON AF 12e
CALL E FW INO 7T , ZR , V I NO, SI lA , C0';A) ON AF 129

COIPUTE WIND SH:7AR PARAIETE-R, SY ONAF 130
S.Y = SWNIJ F3r 3, SI NA, 9COSA)ONF23

CHECK WIND FOR THRE-SHOL, AND SET WINV=0.50 7F T- IS BEI.OW THE THRESHOLD ON AF 13?
200 IF(NIND .0%: 0.r-0) GO T' 205 ON AF 133

WRITECIO,2000) HI4O ONAF t34
MIND = 0,50 ON AF 13F

COIPUTE FALLOUT ONSET T[ME, TO ONAF 13b
205 TO = ONS;T(W) O)NAF 137Scopy oury i4ofEL PARAHFTE7S ONAF 13f

WRITE(IO, t700) WINE ONAF 13q
IF( .NO'T. IFiIAP) -0 TO 210 ONAF 14n
DIR = OIRr 4 ATANCEINA/COsA) 5~NAF 1141
IF(COSA .LT. 0.0) DIP =DIP -SIGN(1AD.0, "IP) ONAF 142
W~rTEJ6, 1800) DIZ ONAF 143

210 HRIT--(Io, 1900) S., ONAF 14L.
CHECK IF A MAP IS TO B'E PREPARED ONAF 145

IF(IFMAD) GO TO 500 ONAF 146
bERITE(IO, 1300) ONAF 147

COPY IN COOROTNATES AT 4HICH ACTIVIVY IS -0l B:E COM'PUTEP ONAF 146
*250 READO(IN, 1'00,1END=1 00) X~ Y ONAF 149

C DNAF 150
C04PUTE CLOUD OISPFRSIO'J PARAMETERS AND FALLOUT ARPIVAL TIME ONAF 151

275 CALL SIc-TA((, W, To, HINfl,SY, PI, RE, ZB, 7r, WLIO, ONAF 152
I INTLi, SIG!:, SI;Y, TA) DNAF 15-1

COMPUTE CROSSWINO-INTEGkArFEE ACrIVIrTY FRACTION ON THE HOTLINE AT X DNAF t54
GOFX z:ONAFiiXg WIND, SIL3E, W, INTL2) ONAF 155

C041PUTE H+1 ACTIVITY (P' HF,.) AW POINT (X,Y) ONAF 15E
A =CAYfIW * CROSS( Y, SIGY) 4 GOF)" DNAF 157

CO4PUTE MAXIMUJM --FFEC-iIIE [IOLOtuICAL DOSE ONAF t56
DOMAX = A *00SF (TI) ONAF t59

COPY OUr RESULTS ONAF 160
* RITE(IrJ, 1200) X, Y, A, ~AX DNAF 161

C.0 TO 250 ONAF 162
iFM SsPrr: ONAF 163

CHECK IF MA SSill ,Ey'HE USfF OP. Bv THE PROGRAH ONAF 164
00IF(USETMP) GO To U00NF 6

CALL ScIMP(W', FH, WIND, SINA, r.OSA, GRUFF, XMIN, XMAX, UNAF I b f
9I YMINf YHAX, DGY, DCY) ONAF 167

60) TO Lt50 ONAF 166-
100 READ (IN, Ig00) XMI N, XPAX, VmIC, YJ'A"(, OGX, DGY ONAF 16?

1410 IF(DGY E fl 'h) )GV [OGX 4 IH/TV/2.0 UNAF 170
'.5u NKNAP = (XMAX - KIIN)/DEX ONAF 171

NYMAP = YMAX - YOIN)/f[CY ONAF 172
MSAP =NXMAP*NYt-iA ONAF 173
IF( RHAP ýLEt NVA-3) GO TJ 460 ONAF 174
44RITE(IOt47) ONAF 175
O;X =SQRT( 2, u4 II#MMAP*Lj;X~rv3Yf(NHlAP~IIH)) ONAF 176
DGY=0. U ONAF 177
63) TO 4111 ONAF 176

ltbG IJRITF(IO, ?-0 ' Im[N, X4A Xv YNI~t, YHAX, DOX, DGY tJNAF 17a-
COMPUTE ACTIVITY AT f4AP POINTE ON AF 180



Y9IV4N ONAF 181

INOFX = 0 LINAF 18' -

D ) 500 J4,NYMAP ONAF le3

Y= M+ OGY ONAF' 184

*X4 = XM1IN ONAF' 185
00 5IJ0 I=1,NXIIAF ONAF 186

Xi X~ 3~X NAF 18b
IF(WINO GT*. i.OE* 02) C.0 TC' '

7 0 ONAF 189

Y 0. 0 DNAF 190
G) TO 4.79 ONAF 191

4.70 X =XM*SINA +- Vt'*OSA NF 9

V =-Xt-1-Ci)SA + vl!-iV:A OtJAF 193

G04IPUTF GLOUD 01O~sPFSIO 4PWRIl1ER[S ANO FALiOU- ARRIVAL TIME ON AF 194

* ~~~72 CALL. SICTA4( , H, 7 0, W4IND,SY, P1 5,Z,7,HIONAF 1'

I INTLis SIGE, Sl;yt TA) DNAF 19f

I4dIEX =INOEY +- I DNAF 197aCO'IPUTE MiAP O'RDINATF - -4+1 HVUP FXPOSUPF RATE (NOPMALI7ED) (JNAF 198P

475 01AP(CI40EX) --C.AYF UJ*CAFi(X,, WINOt STGE, W, INTL2) - CIR0SS(V,SIGY) DNAF 199

500 COtMTINUJ1 ONAF 200
COPY OUT MAP ONAF 201

600 CALL MAPP( IP, H3LL, [lOX, flflY, NXPAP, NvMAP, OMAP, ONAF '02
I XHAX, XiiNi YEA( , Y'MDl ONAF 203
GO) TO 1.00 ONAF 204

9 00 RETURN ONAF ?OE: 3-
EN U ONAF ?Ob

SUBR.OUTINE. ýCLO0-( W, RI, Rf,7;, 7s) SCL0IC ?

COMPUTES STAeILIZE0 VLOJV, PPPPERTIE' SCLOr 4
Csci.oc 5 W11

C H, G_ NO0l :NT, AT910FPHE'U.I" SrIENrCE- 4-SSOCIAES -AUGIAST t'?EI SCIOC 6
CSCLOD 7

RI~i~i.1 4 W(0.53)SCLOV 6
WL=ALOGCW) SCLOO 9

PS r 7X0(i.7551 + WL" (0) 3?05rT -+ LAOf, 01'7))SOLOC 10

IF(W .GT. -1~.07) G.' -,V 10 SCLOD 11
478 T 2 (0. A~31-3) SCLOC 1?

Go TO 20 SC100 13

10 7B = ?c~t. 14~1(.7119V) SCIOC 14

20 IF(W *G-T. ),.?g) IP(W - 19. 0) 30,30,40I SCLOO 15
?T - ý5317, W(.25)SCLOO IP

(,O TO 5'] SCLOD 17

3U Zr = 3179. *W"(fl.L-U 77) SOLOV 18
V0 TO0 5') SCLOD 19

40 Z = 'O. W"(91.i[50) SCLon 20

~0 CONTINUE .SCLOO 71

RE TO' R11 SCLOD 2?
EN'ISOLO r ?3



SJPROUTINE INW~tlOC IN, I0) INWIN 2 -

CINWXN 3
COPIES IN AND PROCESSLS OfEJWEVEO WINE DA7A INWIN 4-
C INWIN 5
C H, G. NORMEN1, AT4OFPHLF.IC SCIENCE ASS.OCIA-S -AUGUST 1%O0 INWIN F

* CINWIN 7

C 44444**S*tb~44~#42#J4#ZM**#MPU#V#4#+INWIN f ~
* CINWIN q

C READS Atli PROCESS-F WITND OITA FOR A HORIZONTALLY INWIN 10
C NONOGENIOUJS FIFLID. VIER ICAL COMPONENTS APE NOT CONSIDERED. INWIN it
C INwIN 12

C C4 0 5 S* Si$SGLSSARY 4 #"4INWIN 13

c F-iT of3.ff1"-TIEro-rm F orA OF IND rr-A INWIN 1'.
C FORM INPUT PARAIIErEP. To INDICATrE FORýMA- OF WIND DATA TO FOLLOW-INWIN 15
c .7ITHER - I FTEOR Oý RES'OLV INWIN If

C Nt,N2,N3 DATA FU-LD POINTERS, INWIN 17
G SCALE O)ATA SCAtf FACTERS AND TRANSLATIONS INWIN t89

C SEE GLOSSARY !N Pi OSFAM CV&F FORP OTHTP OIIANTIES INWIN IQ
INWIN 21 *

REAL MFýE1R INWIN 22
COMMON /W'1AT/ NHO)O, irI4 (5O), 7CH(FO), WX(F0), WYCSO) INWItJ 23
DIMENlSION SCALE( 5), AV( 3), FrT(i2) INWIN 244

G INWIN 25
DATA ALIMIT , P.A.,C ,PRIOGRM , 11-TFOF ,RESOLV INWIN 26

I f 93999'). , air '45329?25, 6HTNWIND, 4HHU:TE ,'.H.F.SO# INWIN 27
DATA IRC'/INWIN 28

C INWIN 29
tF'ORMAT(1 4)X, 6H-L 7ViLS,I4, 5N HRUIIFZ INWIN 31)

3 FORMAT( I ///flX, 'SHWII'C LAYFR BASL ALT rUL-ES?) INWIN 31
4 FORMAT(1HO3X3IHHA( t11 WI41D SPACE ALTITtjnr IS Ei.5,7 FmNerERS) INWIN 321

LOGO00 FORMAT C1.?A6) ININ3
1100 FORMAT (.YI.oo) INWIN 34
1200 FORMAT (2014) INWIN 3 -D
1300 I-ORMAT(//// 26X, i3HRAN WINO fOATA,VTX,1S-HFROCESSFD WING OATA/1BXIINWIN 36

tiN?, 9X, IOHVX OR DIP., .3x, IiHVv OP. S'PFlv 1(4j 1HF, 12X, INWIN 37
2 2HVX, 12X, 2HVY) INWIN 3$ .

1400 FORMAT (10%, 3(2X, IFEi2.5)) IN W IN 39
000O FORMAT (1144,57%,. (2X9 IPLT2.F)) ItJWIN 40

1ý0FORMAT( 1MG, NW, 74HWT.NF TR ALTITUDIES 1CNTET) INWI N 41
flog FORMAT(Ad4 NWN4

C INWIN 43
CJ'Y IN DATA SPSCI-,FICATI ON INWIN 4L. .9

REAO(IN,t00) FORO INWIN 45
CIECIC FORM INWI]] 4f

3IF(FURII .2Qg 11TEJR) C-C TO 25 INWIN k-7 2

20 EIFFOR11 NL. PFSO-V)CALL E'PROR(PROC-RM,-.?0,TO) INWIN 4e
CODY IN FORMAT, SCALE R FIFLO POINTERS INWIN 45

25 READ (IN , moor MT INWIN 50
R--AC IN ,1100) SCALE INWIN 51
READ IN ,1200) NI, N12, N13 INWIN 52

DO b 0 1 zI INWIN 53
IF1 VSC ALL(1) .EO 0. ) S.'AL2 (I1) = 1. INWIN 54.0

IF FORM1 .P'. #F TC P) TPIS=S CALiE(5) M*SCALE) le 18I* NWIN 55

N H 01)00 INWIN 57

C DATA INWIi 159
10 0 READ ( IN , PflT) ýr INWIN 60

IF(AP(Nt-G~EALIM1T)CO TO 250j INWIN 61



-T - ed

WRITE( tO,1400)AF(qi) ,AP(N2), AP(N3) INWIN 62

7C(H0)(PH)+ SCaLE(4'0 )SCALE(i) INRNS)6)

IF(FORM. EO0.RESOLVh GO, TO tED INWINV
fix (NHODO) =AP(N3)'*SCALECZ)' SIN (RACC 4 (APN2),-SCALE( + £rJ))!,WIN 66
WYINHODO) =AP!N3)'S1CALF (2)M COS(RATDC4(AF (N2) *SCALE(C3) + TIRNS)) INWIN 67
GO TO 20'0 INWIN 61'

150 WKCNHOOO) =iPCN2)t SCPLE(2) INWIN 69
WY(NHODOO = AP(N3)OSCALEU') INWIN 70

200 WRITE(IO,i50) 204 (NFODCO),1JX(NHOOO), N4V(NI-OD0) INWIN 71
GO TO 100 INWIN 72

COMMINGLE DATA TO ARP.AN;E IT IN CORER OF ASCENDING ALTTTUDE INWIN 73
250 NNODMI=NHOOO-1 INWIN 74

D3 255 I=1,NHOOHI INWIN 7F
IP1=I.1 INWIN 7E6I03 255 JnIPINHOO) I N WI N 77
IF ( ZGH(I) .LE. ?CH(J)) Go TO 2553 INWIN 76
TENP= ZOH(I) INWIN 79

ZOH(I)= ZCH(J) INWIN 810
ZCH(J) ZTEMP INWIN 8i
TEMP=WXCI) INWIN 82
WX (I) =WH CJ) INWIN 83

4X (J) =TENP INWIN 64
TENP=WYCI) INWIN 85
WY (I)=WY(J) INWIN 86
WY(J)=TEMP INWIN 87

255 CONTINUE INWIN 8e'
CUNSTRUUT WINO LAYEP BISE rALTITUDES IN ARRAY ZBH INNIN 09

259 ZBH(i) =0.0) INWIN 90
00 260 I'2,NHODO INWIN 91'1260 ZBHII) = (ZOCHI-ti +- ZCF-(1)/2, 8 INWIN 92

C Z4iAX=2.04 ZCH(NHCD3) ZEHCNHOP)O) INWIN 93
COPY OUr WINO LAYER BASE CPTA IN WIN 94

HRITE( 10 P3) INWIN 95
DO 210 !GU=1,)NHCO) 1 IREC INNIN 96

kISTOP=IGO4-IREC-1 INWIN 97
IF (ISTOP.GT. NHOPOi ISTOP=N'4000 INWIN 98

? 70 WJRIT E( ID , 1)TGO, ISTOF, (ZP H(K) K=IGOIS;TOP) INWIN 99
0 WRITE( I0 ,4)21PA( INWINI.0C

RETURN INWINi0i
FNO INWIN1U2



SUBROUTINE EFPWIND(TT, 7P, 141r10, SINA, C'O`'A) E.FWTN 2
'IC FFWIN 3

COMPUTES THc EPPTCT rVE WIMP SPEED, WIN[', AND) ITS DIR:-CMCN ANGLE FROM LEWIN 4
C OBSERVP)ý WIND nlATV' EFWI.N 5

oFFWIN 6
F, H. G. NO~t:NT, ATMOEPPEPIC SCTZNC' ASSOCIA T ES - JULYV 1991 EFWTN 7
o LEFIN 0.-

COMMON /W')AT/ NHOOO, ZPH(501), 'ICH(Efl), W((F0), WvCSO) LENIN Cz
DIMENSION ALT( 39V)., V( -3<) FFWIIN 10
DAT A ALT/ .,100O0I,20 00,, 3 00W., -000, ,91000U., 60 0.,1 7000,, RO00.JVFWIN 11

2 17n00, 103000. , 11:0 0 . , 2?0000, 21000 ), 14000., 2.3000 , 1L0100, EFWIN I3

3 25000., 26000.,7ý 1) D0. , 3 0000.,) 3200fl., 3L.000., 36000., 3LGO00. , FFWIN 14

4 400a00., qJ?OOO. -400 j 4;~00k. , 4.3000 50000./ EEWIN 15
DATA V/ 1.66138, IjX1'jq9 1. " 7,4L 1.3401) 1.a9097,9 1-~9836, 2a.0 F1, EFWIN lb

1 2.145j~ .25, 2. 3303, ?, L'.V , 2 F419, 2, 6446, 2.71#83, 2.65F51, LEFIN 17
2 2. 9530, 3. 07??-, I.E 31, 3.2951, 3.4 3, 3.5222, 3. 6322, .F 12 ?, FEWl N IF :

7 3 3.e923,# 1 Y9,- 0OQOE, 4, 1'146, +~. 1', 45 -L5,3268 447063# '..b 517, LEFIN I-
r 4 5.0023, 5.1767, ;*9fJ5.66-32, 6.0155, 6.4727, 7.0776, 7.86819/ JFWIN ?0

SEFWIN ?1
COMPUTE CLOUD CENT6R HL1JPT, 70 LENIN 2'?

20 = (T + Zfl)/?.U, LFNIN 23

HH$8000 N'4000+1 £ FWIUJ 25
DO0 100 I1,tNHDOn LENIN ?b
J = MHG'J0 - I LEFIN 77
IF(ZU.GT, J7BH(J)) DCC TO 150 FENDV Zt

100 CON TIN U LE WI N 2C
150 2 = (Z C + ZB5H(J)l/2.fl LENIN 30

CALL TRMLU , 39,, OlLT, V, VP) LEFIN 31
WGT = (7 - 7R3H(J))/VP EEWIN 32
SNGT = NT EEWIN 3.
CALL TR 0 LU', tIHODO, 768, NX,N14flX) FENIN 34
CALL TROLcZs 'NHOp'J, 76.8, Wv,WN11Y) EFW[N 35
44NDX = WNDX4 WG7T LENIN 36
HNOY ¶4N1Y'WG7T LENIN 37
Jz=j I LEN-IN MF
IE(J E~Q. 0) GO TO 2F6 FENIN 39

D0 200 1.:t,J QWN4
GALL TR'lL(-7G8(T), 39-, ALT, V, VP) LENIN 41
WGT =C23H(14.l) - 7[Dt-IC))/VP LENIN 4?
SNOT = SNGT + HGT FENIN 43
WNDX =WNOX + NXUl)*WCT LEFIN 14L

U00 WNOY = WHO1Y + WYCIP *WI- 7  LENIN 45.
250 WI NO = OQRT(WNNX9'? +WNDV-*

M ?) LEWI N 4~f
HIF(WINO) Eq. 0.0) CC TO 300 FEWIN 47

SINA WNOX/NINE) LENIN 48
COSA WN')Y/NINC) cEWIN i4C
WIND t4INO)/SNG'" ZF lENN 5SO
RE TLIRN FENIN qFj

3oSn SENt 1.0 LENIN 5?
I>COSt 'A = .1ENWIN 53; "

RET URN ENI F 5i1 C
END LENIN 5r



FJNCTION DOSE(TtIDOE
c DOSE I?
ZO01PUTES THE FACTOP WHL;H WHrl .LULT:PLTE-70 PY A PROYI[0CS MAXIMUM DOSE 3

*c EFF~ECTIVE 83IOLOCE',L 00SE DO SE 4.
DOSE 5*IF(TA .LT. 1157.9' GO T) too DOSE 6

*7LE 2.0 4 ALOG(f A/1600% U) + a. DOSE 7
DOSE =4,618?-'EEa(055 - - .O0i693 ZEE) DOSE 8
RETURN DOSE Ci

100 -7EEI 046458.33 4' iLC-G(7A) DOSE 10
DOSE =15.2891 ý- 7 L (?.90-32?5 0- 1662-3215 Z.EE) DOSE 11
RE TURN DOSE 12

ENDDOSE 13

FUNCTION SyWNO(ZT,, 7B, FTNAf, COSA) SYWND 2
G SYWNO 3

*COmPUTES P.MS SHzAR PAV-A'ICTER PFTWMEEN 70 ANR THE7 r-RnUND SY WNO 4
C SYWNO 5

C H. G. N)R'IENT, AT4FlOPHERIC SflIFNrF ASSOCIATES - AUGUM' 1980 SYWNO 6
C SYWND 7

C OM MON / W)AT/ N HO - 0 7PP Zr'0) -C P50) , W Y( 50) , W (5 0 SYWNP E
O OMPUTL CLOW11 C--1T-P PEI'(1'~ ý?IR HALF CLOUC THICYJJESS SYWNC 9

70 (ZT 4-1)20SYWNO 10
DH (ZT -7(3) 2, n SYWNU 114
N 0 SYWN t 12

y - SY WNO ti-6
ZU = 70 OH SYWdNO 14
7L = 70 - OH SYWND 15

- OMPJTE SnUAQ-Z OF 'ýHEAP PAFAMLTEH* ANO INCRPMENT FUM ANrl COUNTER SYWND 16
100 CALL T'PL(!U, NI-4OC)O, ZOI', WX, NXU) SYWND 17

CALL TRPL('U, NIIOIO, 7CF1, fAY, WYU) SYWNO 18
CALL TRPLCL, MHO-)Os 7(11w WX WXL) SYWNO 19gC
CALL TR"L('Ly PHO,'0, 7r1', WY, WYL) SYWNO 20

' Y (-C05 +IU L S'NA*(WYIJ -WYL))/(ZU-ZL))**? SYWN0 21
N N + 1 SYWNO D

CHECK IF DONE SYWNO ?3
IF(ZL .ECO. 0.0a) C, j To 20 0 SYWND 24
7U = L SYWN0 ?5
7L = 7U .1O SYWND 26

CHFGK V: THIS IS LAST SLflIIANr SYWNO ?
IF(7L ~LT. 7f3H(2)) 7L=0.0 SYWND 28
GO TO 100 SYWNE' 29

?00 SYWND SQT(ýY/N) SYWNO 30
QFT Uq~N SYWND 31i
fýN tl SYWND .12



FUNCTION ')NSiT(W) ONSET 2
C ONSET 3iiCOMPUTES FALLOUT ONS2T  'I (F) ONSET 46
C ONSET 5
C H. 6. NOlltNT, AT!,'0SPHIF:IC SCI:*rNC A.,SSOCIATES - AUGUST tqar ONSET 6

UONSET 7
IrwH ,L¶T,n 0T 0 ONSET A
ONS5FT = 1W~t'.2 ONSE_-T 9
PETJUR N ONSET 10

100 4JL =ALOG(W) ONSET it
AM ONSrT PXP(1t.c27%?7 + WI' (0. 40893466 + WLa 2,0643?2E- 9) ONSET 1?

RETURN ONSET t3
EN D ONSET 14

4'SJBPOUTINE SIGyA(K, v~, TO, WINLJ,SY, P1, PS, 7B, 71, WLtfl, SIGTA 2
I INT-a, SI1GF, SH;Y, Tt) SICTA 3

COLIPUTES GAUSSIAN VARIAOCE SlOE AND STNOT DEITO XV N IME SGI S
o OF ARRIVAL OF FAU OUTr AT JISWANCE X FROM 07 ALONr- THE H1OTLINE SIGTA f

SIGTA 7
C H. G. NONPI1ENT, AP40SFHEPTIG SCIENCE ASSOCIATES - UGUST I~et SIGTA 8
C 51618 9

DATA fix0 8 , EX SIGTA 10
7I 6 0;7'E -5 ,?.9E-F ,0. 666646:666f,7 /SIGTA 11

C SIGIA 12
IF(INTL1 .G;T. 0) ;o To log SISTA 13

SI 9- v6 - 4 SIGTA t4
C04PUTE INITIALIZATION FAFAl'LTERPS ON FIRST PASS 51618 115

T9 (1.0 - XPC-)'Z~fl)/DXVO SIGTA 16
W40 WINO TO 51818 17
TOPRIW = To + RI/4 IkE' SIGIA 1,
RSO2 =R'3f?. SICTA 19
.EF(WL10 Wr~. 1.0) IF(WL10-3.O)IO,20,20 SIGTA 20
$IGOP RI SIGTA 21
GO To ~ SISTA 22

10 SIlGOP =RI'9(IL 31, L10 + SIGTA 23
GO To 50 SIGTA 24

?0 SlOOP 2. 5*Rl S1618 25
50 CINT =('4502-SICC)' )/(TF' - -0) SIGTA ?6

516015 SIGOP*4 E1 SISTA 27
4IGI 5101 S202W*X 51618 ZP

S16025 3.GF6s'SI;ýC1S - 2.OES STGTA 29
31621 3.0E651301CL - 2.OE 9 SIGTA 30!

EDýS C I t52~'(-~121 SIGTA 31
EPSC2 = .OFb'FFS:1 I 1618 32
%S = (101)0.0 - S[ GCIS)/FPSCS. SIGT A .33
ILL = (100U.0 - SL GCIL)IE3SGI 51618 34
5-IEARO SV*(IT 7 E.) /I0.0 51618 .35
INT-Il= I SIGIA 36 I

o a ae S I . GTA 44 aaaa aaa 11 37
COMPUTE FALLO'JT TIMF OF APRIVAL $1014 36

lo.10 XIMI = X/WIN0 - r:PRIW SIGTA 3q
TA = TO 4 (XIMI. ST(I1 4  + O.01"TO~lPIU)i2,.0 SIGTA 4.0

COIPIJTELOUD00 HORIZUrtA.. DISFFRSION VAr'IANCE, 5S11-F SIGNA 41
£25 IFUX .01I. WTO) IHTA - TP).30rj0,20,200 51618 42

4IF: (TA GT. TLS) C-) 14, I!. U 16TA1- 3

a 11M=



SI6GE = (SI~cCS + rA'EPSc1)'1*3 SIGIA 44.
GO TO 500 SIGTA 45

150 SlOE =316025 .TA'E-PSCZ SIOTA 46
GO TO 500 SICTA 47

200 IFC(TA . GT. TLL) G) TO 2EO0 SIGtA 46
* SlOE = CSIGC1L -rTI*EPSt1)3 SIGTA 49I
-- GO TO 500 SIGT A 50

250 SlOE = S16021 +TAIEPSC2 SIGTA 51
GO TO 500 SIGTA 5?

300 S160 = (SIGOPt (B - TO) *:ýINT)a4*FX SIGTA 53
IF(TA.GT. (1000.0 -SIGD)/EPSC1) GO TO 350 SIGTA 54ISSIGE =(5160 4ITA#EPSCIWb*3 SIGTA 55
GO TO 500 SIGTA 56

350 SIOE = 3.0E6'SIGO i-tAFPSý2- 2.0F9 SIOTA 57
CORRECT CLOUD HOeRI7ONTA- DISPERSION VAPIANCC rop HIND SHEAR DISPERSION SIOTA so
C AND RETURN THEI STMNDARD OEVIA-ION SIOTA 59

500 SIGY = .3QRT(SISCf (SHFARC*TA)1k-?) SIOTA 60
RETURN SIOTA 61.

N' SIGTA 62?

FUNCTIO1N )f4AF~iY, $1I I', SICrE, W, INTL2) ONAFI
G ONAFI .3
COMPUTES TOTAL FALLOUTl' %:ACTION (INTVGiPATEn IN THE CROSSWIND GIRECTION) ONAFi L&

tC DEPOSITEDO AT 01STAINCF Y FROM 62 AL01NC TH,.: HOTLINýý (PER P) UNAFi 53
C ONAFi 6

V . Go NORMENT, AT'tOSPHEF.IC SOTENCE AS~OCTA-sS -AUGUST 1qe1 ONAFi 7
G ONAFI 8b

DATA PI/1.l£41q9?654/ OSIAFi q
IF(INTL?) ta,10,50fr ONAFi 103C * -0 * 4 4.4 * *~ 4 O NAFI 11

COMPUTE INITIALIZATION PPFAML'TEPS ON FIRST PaSS7 ONAFI. 12Op
1.0 INTL2 =t ONAFI1 13

WLýALOGCN4) ONAFi 1IL
IF(W GT. 10.0) G49 TO 30 GNArl 15
A = 570.0 CNAFtifl
B = 0. 0175 ONAFi 17
Go TO 50 ONAFI 18

30 A -.3179.,i2 + 381)'O.0'HL ONAFi19 p.
p 0.34W t it& NAFi ?C1

50 IFCH GT . 1.'1E3) -O -0 200 ONAFI 21
IF(W (3T . 9.9 GO Tni 60 ONAF 2??
ALPHA =t.G O1 NAFI 23
GO TO 100 ONAFI ?4

60 ALPHA =1,0d3-5 + r,. o01194.31WL ON .i2
a100 TECH .G) 1.0) (,L1 "C' lED ONrAFi ?6

T4 r 310 ON0~fl6 TAF 27 '.
GO TO 4130 ONAPI 28

150 TM = 30* 9f1. 407) 3NAFI 2q
0 T() 9U .0 ON&Fi 30

?00 ALPHA =1,17 DNAFi 31
iF (H r*r 31 * 1. ) Gg O TO 30 0 ON4FI 1
TM = 9333.1'51k41'(W.IE?73) O)NAFi 33

GOT 1O NAFI 34 S
300 T M = 2437 1' w t ~ i jON A FI' 35
~00 X1= TM'3QRT(ALP'HA/(4,.0 ALPHA)) 4WrNrO (NAFI 3 1'

EXIF 4.q*Xl-54 ? OA 40r

TXIS 1.0"X15, DNA 24
VK HLNJ)W1 C 0. SF' 45) P9 ?6 'r-5 OA143



VTAU 316IJ, *W"*(D. ?413) WIND ONAFI 44p

42 0 VATC -1.,44VNW1N'rE"XP( Io.1?4'06, + WL M (0.ltei7bA ONAFI 49f

I. d.bb0-i44?3*WL)) ONAFi 47
*GO TO 391 ONAF1 4Pl

4 '50 VATC - 1.4434WINJ1~146b-7.0N*C"*0.26203) ONAFi 49;
- . .,,* ~4 4 4 * ONAFI 50

COMPUTE G(X) ONAFi 51

YS X;4-SIGF 0 F153

X3S= X2s XIS OAI54
X3F = X354ý2 ONAFI 55

SRSIG =SORT(S!CE) CNAFI 56
XOSIG =xl;RsIG ONAFt 57
FXSXIS = XS'IFXi-S ONAFI 584FXSXIF = '<S4cXIF ONAFi 5q
IP(X.3P .GT. 1,Of) 511 TO E10 [JNAF:I f 0
F 1 = X3S ONAFi 61 -

F2 = XIF ONAF! 6?

GO TO 550 DNAfrt 63
510 Fj = Lo/x3IS ONAFI E4

F2 1. 9 ONAFI 65;

rXSXIS = rXSXIS/XIr ONAFI 66
FXSXIF = FXSXIF/XIP nNAfI.l 67

550 ONAFI S9516 ' CUR'l (-YrPI XI4 ( 3. F)IX?S + Y1S) *F¶ + FX(SXj:) - NAFI E8
± (F2 +PXSXIS)*k,3S + (XS'*F? - FXSXtP)l4 ALOG(XlS/X1S) 4 UNAFI (9
? XDSIGC((X2S +. TxliV)4Y23'FI + FXzXIF)*(PI +2. '1'ATANCXOSIGU))/ ONAFI 7fl

*3 (Fý! + ?.OFXSXVS)&X3F. + in.u*Xrl~xlv-<1F) ONAFI. 71

*CHECK FOR IJPWINO OR DOWNNWIND UORPECTION ONAfft 7?

IF(X)600,500,700 ONAFI 73

* a OMPUTE UPWItV) CORRECTIONJ UNAFt 74
bOO ONAFI =ONAFI * E:X'( P'X*(.1.0 - EXP(X/A))) ONAFI 75

RýTUPRN ONAFI 76
*CO9PUTF DOOINWINJ) CnPflFCUONf UNAFt 77

-0 l Dl NAFI. = JrAFl # EXTU(-(tALOG(VO<4
'ON4F1) +(X/VTAU) '2) *ONAFt 78

1 (1. - XP (X/VA
TE))rAt7

~0O RETURN UNA~t 6n

END UNAFt 81



SUJýROUJTIN: L-TMP lw, rw, wIeND, SINA, floSA, r$UFF, XHIN, XfrAY, SETMP 2 A4

1 YMIN, YM&X, XGY, 9(-Y) SETMP 31

0 AUTOMATIC, MAP %T'JP FOP PUPPO'3S (IF FPrLIMINARY LOOK AT PATTERN SETMP 5 '
o SETMP 6
cl He Go NORt.NT, AT'iOFPHEF:IC SCIFNCF ASSOCIATFS - AUGUST iget SETMP 7 -

o SFTMP 8
G THIS COOS ESTT4ATcFS L'PWINO Anin OOWNJWTIIO H-OTLINE niSTANCES TO THE SETMP 9
c I R/HR CONTOUR LEv'EL, tNO S7'S UP T HE MAP ACCORO!NGLV. SEIMP 10-
G THE' MAP IS SPATIALLY IUtrISTOPJEO. SFTMP i1
C. SETMP 12

DATA NGPIOX ,'CIF.IOV , H ,IV SETMP 13
1 1 7 , 44 to0 6 /SETMP 14.

G SETMP 15
CO01'PUTF APPRC(I.-IATF HOTLINE L2STAHCý:'! TO 'THE 1 R/HR CONTOUR LEVEL SETMIP 16

TENWN1 ) =1~OOWjN'7 SETNP 17 S
XLJN (255 C;N~C,84) (W**( 0.27125 + 0,031124 SETMP 16

I ALOG(TN-INON))) SETMP 1S
TECH .GT. 10.0) GO) TO 100 SETMP 20
XUP =-340.0 (TrNtlfJDbb`(0.10i62)) (Wt`*(0.j5)) SEPIP 21I-
GO TO 200 SETMP 224

t ~~100 XUP = 125.3 " ttH~ 0, .6) (N'(0.58 33)) SETMIP 23
CUMPUTE HAXIUMI~ ANO MINT1IRI MIAP COOPOINATFS, SETMP 24

200 IF (SINA) 300,400,Ldr SETMP 25
300 XMAX = XUO 4 SIViA SETMP 26AXMIN = XICN 4 Sl1Jt SETMP 27

GO0 T 1 5 00 SETNP 28 -
t,00 XMAX =XON 4 SINA SETNP 29

XmlXMI = XUP * S~TIA SETMIP 30
*500 IFC(COSA) e00,'Ofl,TWD SETMP 31

600 YMAX =XUý) 4 COSA SETHP 321
YNIN = XON * COSA SETMP 33
GO TO 300 SETMP 34

700 UYMAX = XON * COSA SETMP 35
VNIN 7 UIO COrn' SETMP 36

COMPUTE GPID INCREMFNlS At'( PLJlJuST HAP BOUND)ARIESF SETMP 37
AU LNGH =XIAX '-XHPTSTM 3

YLNGH = YlAX -VHIiN SETMP 39
IF(XLNOH .GT V LNrJ1) GTO 00SETNP 40 :
ClOY = YLNG;H/NGPIOY SETNP 41
OCX = 2.OO0GY 4 IV/iH- SETrNP 4?
DCI= (O.567*VLNC-H - YLNC-H) /2.0U SETMP 43
IF COG) 100go, 1000, 6 ST0P4

£9cl0 XMAX XMA *~ +00 SETMP 45
XMIN = XmI'4 - PG SETNP 46 F,
GO TO 10100 SETMP 47 -

jO00 OCX =XLNGH/NGEIO)X' SE rMP 68
DCV = 03XZlH/lV/?.'9 SETH!' 49
0C - (0 *ErS7*XLkCH - YLNC.H) /2. 0 1EP5

*-IFCOGf) 100'b iquUo,:0 SETH!' 51
j5 59 VMAX 'YMAX + nO SETH!' 52

YMj~ I=yMIN4 - r(r. SETH!' 53 -

1000 XMIN qMIJ - (OGX SETMP 54 -
YMIN VMIII - (-Cy SETMP 5r5

*RETUJRr SETMP qFF
ENO SETH!' 57 -

AI 19



SUBPOIJTINE- 'IAPP( I'¶T'L'T, HOLL, DCGX, r' JHP Jb~,CAHR

I XMAX, XIIN, VIIAX', YMIII) MAPP 31
CMAPP 4

COP ILES JUT Ti-A7 FALLULJ(T -PIF FPQ11 Tfl7 ARRAY oMIAn) mARP 51-
C HAPP p6
C T. W. SJF4CNKL ?- FE BFIIARV 1167 MAPP 7
C H. G- N-Cý'tNT, ATIfOSFHERIC SCI:NCE ASSOCIA T ES -JULY 1981 HAPP p
C c ARP q
C *-flb44- t4t.4*.rfa, f 4 4 ~ HA PP to
C HAPP ti
C ONAF-*j 9140 PRINT7Fr HARP 12
C HARP 13
C *4**4t444 * a4*#~.**z.4~**

9 4 ~ 4 q*4*
4 4APP 14

C HARP 15
DIM4ENSION *JMAP(20), APS¶M( t0), HOLL(i2) , OHAPC 50oo) HARP 16
DATA INC/ 136 ',XGŽ%YGcZ/D 0,90-a/ HARP 17

2 FORMAT (/1?X,101r6) HARP t8
4 FORMAT C ,F3 lIS63) HARP jO
0 FORMATC//13X,?5P-THCl C'Uf'TUY PPESEN T FO) IS) HAPP ?0
£0 FORMAT (l5X,4?HXP3SlIPE PATE NORMALIZFIn To 'tHE H'1I HOUR.) HARP 21
I. FORMAT (lHI,5H31TRP13,FX, 12A6) HARP 22

*lb FORMAT(/ 3)X, "14-, IOFi.0, 3M A/ "A PP ?3
20 FORMAT (15X,IlJHrGPouiJrt ZEFRO IS LOCATED A- X = ri.o,6i~a Y F1O.IHAPP ?L

1) APP 2F
*2~ FORMAT (15)3X,2bHIIN[TS, AP[: PO -IlVOE-NS7 CFO HOO1P) HARP 26

C HARP 27

TI NC2. 3'1GX HARP 2q
XC OOROZ(MIPJ4+uCX HARP 30UXCltIC= INC'JGCX MAPP 31P
KKL~t HARP 3?
Nx=N X HA HARP 33

G LEFT 13 LtD-' HEIE AF A -FMPOPýARY S-ORArF itAPP 34
LZFT = (Xý I8aX-xmIH/ lxx HARP 3F

C 102 PRINT C'V)INATL DESCRIPjFTION HAOP 36
C HARP 37
102 WRITE. CISO'JT,d) HARP 3$fP
162 WRITE,- (ISOIJT,10) HARP 3q

WRIT- CTSOIJT,?fl HARP 4n
C HAPP 41

170 UPITE- (17)0lJ,P0) KGZ,YE.7 HOPP 4.2
1702 IF(LEFT-NX) 101D?12MAPP 43
1021 N4XL-:FT HARP 44

*1022 HMMNX/CINC) HARP 4 5
M= MM +1 HAP pp 6

o LEFT I3 IJSEU HFF.F L~THE N41)rIOP nfl PPINiT COLUMNS IN THF LA.-T HARP 47
*c PPINT-- ST91Dr MA"P 46

IF (LEFT.NE:.0) Go -C 202'. HARP 50U
i- niAPP b1

LE'FT INC HARP 5?
STRIPS HAPP 55

202.3 DO 11I ISTRIP=IM HARP 54
MAPKUNt %APRýUN+I HARP 15F
AP25"A(i) ýXCO02DO HARP 5 -
n0 3023 IVA3=2,I0HAR 57

3023 ABSSA(I 13) =&flSSAC Tj~p..j +7 INC HARP 58E
WJR.IT, C: £3007IJ , 1) V rA'.(!t , HD0LL ?'ADP 5q

*WRIT- (ISOUT,ibdACSFt HARP 50
IV.123 KL=KKL+ (Ny;IAP-1) '.-JXl fP HAPP 61.



IF( ISTR IP-M) 103,lO..,103 MAPP 62
10' KINC=L!FT-1 MAPP 63

VLEFT=LzFT MAPP F6.

GO TO taIi MAPP b6
103 KINC=INC-1 HAPP 67

XCIN=xCINr MAPP 66
£031 CO frI NUýJ MAPP 6Q

c MAPP 70
c ROWS MAPP 71

Y V = V M I h+ CG Y FL 0A T N VA P) MAPP 72
00 200 J=I,NYMAP MAPP 73
KHýKL+I(INC MAPP 74.
KDC= 0 MAI'P 75

C NA PP 76~
c NUMB-7RS WITHIN ROit MAPP 77

00 3;0 K=KL,KH MkPP 78 lp
KDC=KfIC4-1 V~APP 7c

C NAPP 811
C 150 COOE FOR 00WjP. OF TENJ EISPLAY MAPP 61.
1ý0 IF(Ot1AP(MI) 05, 10ci07 MAPP 8?
105 ASSIGN 121 TO N3 mAPP 83

OMA P (K) = -)MAP(KM NAPP 64
rGO To 1'19 MAPP e5 p~

105 JMAP(KOC)=O MAPP 66-
GO TO 100 MAPP 87

107 ASSIGN 300 TU N3 NAPP 86
109 H =ALO'1fjl(ONAP(K)) MAPP a q

H L = A M 0( H I . 1) MAPP 9 n
JMIAP (KJ)C)H-Hi MAPP 91

1090 OMAPQ<) =10.0**HY ?APP 9?

1091 OM1AP CK)=CitAP(K)/t0O.0 MAPP 94.
J4AP (K9C)z.JAP(KO:O 0+i MAPP 95

115 GO TO N3,(300,121) MAPP 96
C 121 ;ý~i SIGN OF HýA: C('OF INt'TE MAPP 97

121 OH A P(M =-01APCKM MAPP 98
300 C.ONTINU-' MAPP 9c~

WRIT * ICO'JT,4 )'Y(Y(OMH1P(KX=KL,KH) MAPP 101
YY=YY-OGY MAPP 102

200 KL=I'L-NXMAO MAPP 103

X CUOOR0= XC '3OR 0+XCI'P MAPP 105
110 KKL=KKL4-INC MAPP 106
lit1 RETORN MAPP 107

E Ll MAPP 1.08

ENRON



SU9ROUTINE TRPL (TRPL 2 -

I ARC, NPR?, PADA, PAPS, VRR) rRPL 3
o TRPL L.
Cl .4####TRPL 5

o RPL 6-
C TRPL USL-S LIANC&P 1IUJTPPO1.&TTON TO LO&~POSITION OF ARC WITHIN TRPL 7
C THE ONE-UI'IFNSION~t A RPAY FARA AND rOniPIJTES FOR 'HE COQRE:SCONDTNG TRPL 6
o POSITION IN TI-C ONEC-IMLiNSIONAL ARRAy PAR-R, VRB. NPR IS THE TRPL a~
C DIMENSION OF PAF.A AND PAR.3 (WHOSE ELFIIFtFS." CORRESqPOND ONE TO ONE).TRPL tol

o IF ARC IIS OULTSI(DE -HE TABJLATD. VALUES OF PAPORB IS SELECTEC RL 1
o FROM THZ CORPESPONDING EfND OF r-APP. TRPL 12
G PARA IS CRJER,ýr F{ý'OI- LEt'T (PARA (1)) To CPEATEr- (PARA (NPR)) TRPL 13
G TRPL IL.

*C DtESZ TRPL 16.-
DIESO TR0)L 17

I P ARA (NPR)~ PA rP CNPP) TRPL 18E
o TPPL 10Q

* C 4 a#** T4ZtI4 **. 4 ZA4~.** 4 R PL ?

o TRPL 2? '
020 IF (ARC PAPA (1)) 02?, 022, 040 TQPL 23
022 MB = I. TRIPL 24.

4@1*U24 VRB = PARB (HP) TRP-L ?r!
026 RETURN IRPI 26
040 Li0 054 4A =2, NPR? TRPL ?7

IF (ARG - PARA (HA!)) OLt, 0,+4, 034 TRPL 2?P
044 MB = M-A T R0L 2q

GO TO 02.. TP H)-PR 'A-1f 'IPL 30. -

0lL. VRB = (ARC. - PAPA (PA - 1) (AR(4) PR M ) TRPL 31:1I (PARA C(HA) -PARA (MA 1 I) + P&Rn (MA - )TRPL 32
GO TO 9?6 TRPL 3

054. CONTINUE RPPI A 34
MB = NPR TPP c3 -
GO TO 02'. TRPL 3

END RL3

9.4



*SURROJTIN'E EPRrZO (PFCGP.H,IRRCP.,ISOUT) ERROR 2

G To W. SCHW-iNKE ERROR 3
c C MARCH 1366 ERROR

ERROR 5
G flip.*.444.* .r bUr# 4~4 44 Z44-K #N$4#LM4#4* E#4R#R#ERRR 6

C ERROR 7FG THIS PROGR4M WRITCS A GFNJEPALIZFn Fp~oR COM4HFNT OF THE FCILOWING ERROR 8
o FORM ON TAPE ISO01- AID '-HEN RETUPNS) IF THE SIGN OF IRROR IS ERROR 9
c; POSITIV7 OR STOPS If ITV SIGH IS dCG~AlVr~. ERROR 10

0 ERROR 11
o ýRR)R SE~ NFR00-PAM4 (PROf',lR) AT OR NEAR STATEMENT tIUMBFR ERROR 1?

o (1ýC) PLLMFE REFER TO -HE PROGRAM L.ISIINC. ERROR 13
c oALN PFP H ERROR 14
C PRIOR IC CALN RO TH PARAVrrEP PR)O RMA MUST B3E SET ERROR 15

WI1TH 7phE 1() NAME OF THE CALLING ERROR 16
-,c PROGRAlý ANO PAPAM5TEP IRROR MUST RE. S&- WITH THE NUMBER CF THE ERROR 17

c FORTRAN STATEMENT NOTCH PEST IDEFNTIFIES 'lIE ERROP. CON91ITON. ERROR ie
o; ERROR 19
C .*4SAZ.M ~I6##A***4*4M#*C444***4RO 20

tERROR 21
I EORIMV'C//%!H EUR.PO. SEWEDF IN CROGPAM A 6, 3 01 AT OR NEAR STATFMENTERROR 22

1 HUPNTER 16,y40H . FL EASE REFER TO THE PROGRAM LIFTING. I ERROR 23
C ERROR 2L.

C ****4***S*~l~~#.44.s*.444.M~v#***"*******4ERROR 25

C ~.. #~44S~l-, ~26
c ERROR 27

IPRR I4IS(IRRU?;) ERROR 28
WRITE( ISCJT,tJ)PROtYtý ,IPR ERROR ?9

*IF(I%)ROR)101,1O0,tO0 ERROR 30
100 RETURN ERROR. 31

*101 STOP ERROR 32
EN 0 ERROR 33

a?
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