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I INTRODUCTION

A. Background

The Department of Defense Land Fallout Prediction System is a re-

search tool designed to utilize a Modular Computer Program called DELFIC

(for Defense Land Fallout Interpretive Code), to implement a highly

sophisticated and physical fallout model.1 As a research tool, DELFIC

typically requires a relatively large amount of computer time and yields

a great variety of output data. Much of the output is not needed for

damage assessment, and the long computer time is inconsistent with the

necessity for generating a large number of fallout patterns to assess

the damage from a strategic nuclear attack. A derivative of the DELFIC

program called PROFET (for Prediction of Fallout at Early Times) has

been developed to provide an operational capability to make rapid-access

fallout predictions with a minimal amount of input data and an easily

interpretable output. It simplifies the input requirements for the

program, ivplaces the less-sensitive portions of the program with empiri-

cal formulas, and reduces the output to a few essential parameters. How-

ever, it remains principally a physical model, and its running time is

still suitable for handling only a few detonations in a reasonable period.

A need exists for a si.mplified model with much reduced computing time

and restricted input and citput requirements for large-scale damage-

assessment studies. To th-, --d research was initiated and the SEER

model was developed.
3

The development criteria for SEER were that it simulate DELFIC out-

put and that it produce the simulated output at a fraction of the

References are listed at the end of the report.
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computer time needed for DELFIC. The computerized SEER program requires

about 2.5 seconds of CDC 6400 computer execution time for each 1200-grid-

point run. Preliminary exposure rate comparisons of SEER output with

DELFIC output indi'ated fair agreement of exposure rate contour shape,

aize, and pattern directionality for moderately sheared winds for yields

between one kiloton and 10 megatcns. Additional equations were formulated

to improve the accuracy of SEER, but these were not integrated into

the original SEER, nor were they -tested.

The problems remaining at the termination of the above SEER develop-

ment research were:

(1) Uncertainty as to whether the developed simplified system

would match DELFIC output adequately under all reasonable in-

puts to DELFIC (e.g., wind structure and atmosphere).

(2) Uncertainty as to what criteria should be used for measuring

the adequacy of match (e.g., H + 1 exposure rate at a point,

area of exposure dose contours, intensity-area integral, or

fraction down).

(3) Uncertainty as to whether or not statistical wind data can be

used to predict fallout effects.

These remaining problems required resolution before the simplified

system could be recommended without reservations to predict fallout ef--

fects in damage assessment -'.-Ldies.

B. Objectives

The objectives of this research were to formulate criteria and con-

duct validation tests of the developed simplified fallout computational

system with respect to DELFIC under a wide variety of conditions, and

to make the necessary corrections or improvements ou the simplified

computational system where validation is inadequate so as to satisfy

2



the validation criteria. The SEER II "omputational model will incorpor-

ate these corrections and improvements.

An additional objective is to dev(,lop a procedure to incorporate

statistical variabilities of wind stucturos into expected fallout pat-

terns with measura•3 :f variations.

C. Scope

The long-tern goal of the research program that includes the re-

search effort reported here is to implement a better fallnut model for

damage assessment. 1- is believed that models in current use cannot

adequately predict fallout for the likely range of yield and wind condi-

tions under which an attack could occur, and that the operational conse-

quences of this inadequacy are significant. The new model must 1) pro-

duce fallout information at given resource location from a large num-

ber of detonations at given target locations, and 1 .o so without sub-

stantially increasing the computer costs associated with the model. As

an inte mediate cbJective, a model capable of predicting fallout on a

specified resource point from a single specified detonation must be de-

veloped. This objective has been substantially met by the SEER II model,

with the following limitations in scope:

9 It is a single shot model.

* Its range of validity is 1 KT to 30 MT.

* It does not currently provide for fission fractions

less than unity.

* It does not currently provide for height or depth of

burst corrections.

9 It assumes that a single vertical wind profile obtains

for the entire time and spatial extent of significant

fallout.

This contention is being investigated under a contract entitled "Demon-

stration of the Utility of the SEER Fallout Model."

3
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It is calibrated to DELFIC fallout patterns with the

following data inputs

- Siliceous soil substrate

- U.S. standard atmosphere 300 North, January

- Log-normal particle size distribution with mass

mean 130 microns.

- U-235 fission spectrum or U-238 8 MeV, depending

on yield.

Most of these limitations will be alleviated during the Demonstra-

tion phase currently under way. In particular, SEER II will be incor-

porated in a system that provides for addition of the fallout at a re-

scurce point from all the detonations affecting it, and the prediction

will take into account spatial variation of wind fields for large-yield

weapons. Providing for fission fraction and height of burst corrections

should require a minimal effort. Although the validity of the model for

very low or very high yields is certainly in doubt, provision will be

made to extrapolate the results to all reasonable values of yield.

The validity of the reseprch results reported here is also subject

to the limitation that no standardized technique has been established

for judging the agreement between two fallout patterns. Therefore, sub-

jective judgments on their similarities in directionality, shape, and

size have been used to assess the success of SEER II in simulating DELFIC.

Finally, the study of statistical wind variability we., limited to

the question of what the historical variability of the instantaneous

vertical wind profile over a particular point had on the statistical

variability of fallout patterns generated from these instantaneous winds.

The question of correlations between winds at different locations and

different times is being investigated elsewhere.

4



II FALLOUT MODELINC

A. Problem Discussion

Depending on the geographical location and the time of year, the

wind structure can vary greatly with altitude; both wind direction and

wind velocity are subject to large changes. Fallout particles falling

from various cloud altitudes and subjected to shearing .inds are moved

about at varying velocities and directions during their descent. The

resulting deposition patterns are irregular and difficult to reproduce

by the use of simplified empirical equations. Normalized wtnd inputs

are too simple to adequately characterize the actual winds. For this

reason,and because good simulation of DELFIC output for all naturally

occurring wind structures was deemed necessary for the simplified fallout

model to be generally useful, it was decided that SEER should be modified

to handle complex as well as simple wind structures.

Typical of the wind structures for which the modified model is re-

quired to accept and produce good simulation of DELFIC output are the

summer winds over Fort Worth, Texas, and Lake Charles, Louisiana. 4

Representations of the winds that may be expected at these two locations

in the summer are shown in Figures 1 and 2,where the wJnd vectors (di-

rections and velocities) at altitude intervals of 1000 meters are placed

end to end. A straight line drawn from the zero point to any altitude

* point on the curve is an approximation of the fallout pattern direction

for particles falling xrom that altitude, with the larger particles

landing closer to the zero point and the smaller particles landing

farther away. The general shapes of the fallout pattern fimits (e.g.,

the 1 r/hr exposure rates) resulting from these windsfor a weapon yield

5
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that will produce a maximum cloud height of 20 kilometers, are shown in
,

Figures 3 and 4. As can be seen, the shapes are irregular (especially

with respect to the relative location of ground zero) rath6r than sym-

metrical about a hotline axis. The higher exposure rate contours are

also expected to be irregular. The reproduction of these irregular con-

tours therefore is beyond the capabilities of the simplified SEER model.

The use of mock winds for input into fallout models can serve two

purposes: 1) it is a means of providing infor.mation on the manner in

which selected inputs affect the model's output, and 2) it is a means

of generating pattern extremes for model output comparisons. For the

mock winds shown in Figure 5, SEER produces the fallout contour pattern

shown in Figure 6 while DELFIC produces the pattern shown in Figure 7.

The SEER contours do not adequately simulate the DELFIC contours in

shape or size, although the bearing is similar. The mock wind is simple

in structure (only one direction of rotation) but is highly sheared.

Its total change of direction is 2250.

B. Method of Approach

In order to obtain a closer approximation of DELFIC fallout expo-

sure rate contours for any wind structure, it was necessary to expand

the modeling of the physical characteristIcs of particle transport. The

following major tasks were carried out:

(1) Improving the accuracy of those empirical equations previ-

ously developed which were retained for SEER II.

(2) Including particle transport modeling.

(3) Formulating new empirical equations that were necessary

for the new model.

,

See a]sq Figure 20 and Table C-i.
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(4) Translating the model into computer programs and sub-

routines.

(5) Analyzing computer output and adjusting the model anti

the associated programming.

C. Model Development

1. Empirical Equations Derived from DELFIC

The modeling starting point for SEER II is the DELFIC cloud

at stabilization. The important parameters at cloud stabilization are:

a) the cloud stabilization times, (t)
s

b) the cloud top altitude, (A )

c) the cloud base altitude, (Ab)
b

d) the cloud radius, (rn)

These values can be directly obtained for various yields from

the DELFIC cloud history table. Empirical equations written to approxi-

mate these parameters as a function of yield are included in Appendix B

along with figures demonstrating their accuracy. At the cloud stabili-

zation time, the cloud radius is at a reference minimum. From the mini-

mum radius, the cloud expands radially, first at one rate and then at

another rate, until the cloud radial expansion termination time is

reached. Sinice SEER II is a cloud disk transp t and deposition model,

the rate of cloud radial expansion is an important modeling parameter.

The rate of cloud radial expansion with time, the expansion termination

time, the maximum radius, and the deposition radius (which may be less

than or equal to the maximum) are derived from analyses of DELFIC con-

stant wind fallout patterns, DELFIC cloud stabilization parameters, and

particle fall velocities. Empirical equations written to approximate

these parameters as functions of yield are also included in Appendix B.

Sin'ce there is no direct DELFIC printout of these parameters, no

14



comparison of accuracy is made, and the adequacy of the approximations

can be judged only as they affect the final results.

2. Analytical Theory

The total potential fallout deposition (intensity integrated

over area) froin a weapon of fission yield W can be expressed by

I :KW (.)k

where K depends oi the weapon type k and W is in kilotons. For example,

Miller 5 gives a K value of 3610 r/hr at 1 hour per kiloton per square

mile for fission of U-238 by 8 MeV neutrons, and this converts to 9350

r/hr at 1 hour per kiloton per square kilometer. If f is the fractionc

of the fallout falling locally from the cloud, then

c
I = f KW (2)k c

is the deposition of cloud fallout.

If the fallout cloud is separated into L equal layers of equal

total fallout radioactivity, then for each layer, £,

c
I = f KW/L (3)Sk£ c

is the fallout deposition from that layer. If the particles in each

layer are separated into particle size groups, and if each particle size

group, g, represents a fraction of the total activity of all particle

sizes, then for each particle size group in each layer,

S~c
I = f f V/L (4)
keg c g

where f is the fraction of the activity in size group g.

S~g

For each layer of cloud deposition, the area .overed by fall-

out is approximated by

15



[ A =2rd(d - d1) (5)

where d is the deposition distance of the largest particles, and wheren

rd is the radius of the cloud at the time of deposition. The increment

in area of deposition between adjacent particle sizes g and g+l is

6A = 2r Ad (6),d g

where Ad is the increment in deposition distance.

g

The fallout intensity (exposure rate) is inversely proportional

to AA . Thus, for each layer of deposition, the average exposure rate

within each AA is

I I k /AA fcfgKW/2Lrad (7)
a kg 1g c g d g

where the deposition distance for particle group g is

d =Vt =V (t + t fg) (8)

and where V is the effective fallout wind velocity from the altitude of

cloud layer • to the ground surface, t is the time of deposition, t is
d s

the elapsed time from the time of detonation to the time of cloud cap

stabilization, and t is the time of fall for particle size g.fg

The particle falling times depend on the particle size and its

altitude of origin. Instead of providing approxim~ating equations to cal-

culate the particle falling times for various sizes and from various

altitudes, falling times were precalculated for specific particle size

groupings and stored in the program.

If the cloud is divided into L equally thick layers, each

layer will have a thickness of (At - A b)/L, and the midpoint altitude of

each layer is

16



(22 -1) (A -A)

A =A + t b(9)2 b 2L

where I is the number of the layer counting from the bottom layer (= 1)

to the top layer (Q = L). The cloud is assumed to be uniform along any

vertical section.

The direction of fallout deposition, with respect to the weapon

burst point, of fallout particles from each cloud layer is determined by

the effective fallout wind direction for the altitude of each cloud layer.

The effective fallout wind direction for an altitude is the net result

of the directional transport of particles falling from that altitude.

From each cloud layer, the fallout will land in the direction of a line

extending radially from the ground burst point, with the larger particles

landing closer to the burst point and the smaller particles landing fur-

ther away. The exposure rs.:e of the deposited fallout from each layer

not only varies with distance in the effective fallout layer direction,

but also varies with distance, r , perpendicular to the effective fall-x

out layer direction. The exposure rate is at a peak value at r = 0x

(measured from the radial line) and diminishes to a minimum value at

rx 
r d

The peak exposure rate at a dovnwind distance Y for a cloud

layer is approximated by

1  0 4 ( w 1/3 36 (10)

where I is given by Equation 8 and is the average exposure rate between
a

-rd and rd at any downwind distance. The exposure rate decreases from

its peak value ("hotline" value) in a fashion that is approximated by a

normal distribution:
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-1/2 r x
rx y 31ar d

where -r ! r • r rd x d

However, the DELFIC exposure rates near the pattern edge ex-

hibit more of a shoulder and then drop off relatively sharply; this

necessitates modifying Equation (11) to simulate the sharper drop. The

revised expression is

DR/6

I = 0.751 DR + 0.25 r (12)rx y \ mmn

where
DR (13)

The procedure as reported thus far provides the mechanics for

the determination of the exposure rates within the area of deposition

for fallout from each cloud layer. Where the deposition areas of fallout

from the various cloud layers overlap, the exposure rates are then summed

to give total cloud exposure rates.

In the development of the above procedure, many of the inputs,

such as the value of f K in Equation (2) and the relationship of I to
c y

I in Equation (10) are erapirically determined by comparative analysis
a

of DELFIC data (the results of DELFIC runs) with the results obtained

from partially developed computerized runs based on the above rationale.

In the region near the detonation point, the radioactivity on

the ground arises from detonation ejecta as well as fallout from the

stabilized cloud and fallout originating from the developing cloud prior

to stabilization. The resulting exposure rates are not presently ade-

quately modeled by DELFIC nor by any other fallout model. For the reasons

18
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given above, the exposure rates near ground zero are separately modeled

as a smooth extension to the upwind boundary of the results obtained

from the cloud deposition.

Once the hotlines for each boundary of the pattern have been

established (usually from the bottommost and topmost cloud layers), the

edge regions are defined to a distance of rd from these hotlines by us-

ing Equation 12. The largest particle size group, landing closest to

ground zero, is then used to define the shoulder of the pattern on each

side, by rotating the radius rd to the upwind direction. The upwind

portion of the pattern is then smoothly fitted between these two upwind

radii. Details of this computation can be obtained by inspecting compu-

ter subroutines GRNDZ, EGDOSE, and SHLDR, described below.

3. Computer Implementation

This section is the formal documentation of the SEER If com-

puter program. The reader is assumed to possess a knowledge of the

FORTRAN computer programming language aud an understanding of general

computer terminologies. The subsection on the preparation of input data

and run procedures, however, is directed toward the users of the SEER II

program, and is written so that users and analysts can prepare input

data and use the program without the assistance of a professional com-

puter programmer. The source statements for all routines in the SEER II

program are listed in Appendix A.

a. Program Storage Requirements

The SEER II computer program is written in FORTRAN IV for

the Control Data 6000 Series Computer Systems. The program is developed

in such a way that, with minimal modifications .it can be implemented on

any computer system with a FORTRAN compiler and 40K available central
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memory storage. Except for normal card-data input and printed output,

the program requires neither peripheral storage nor peripheral equipment.

b. Computer Running Time

The program is composed of two distinct segments, both

controlled by the SEER II Main Program. The first segment computes all

the values of key parameters of the fallout pattern and prints these

values in tabular form. The computer running time of this segment varies

from approximately 1.3 seconds for a one kiloton weapon to approximately

6 seconds for a ten megaton weapon. This segment of the program is

called only once for each weapon and wind specification.

The second segment performs the mapping functions of the

program. This segment utilizes the results of the first segment to com-

pute exposure rates for all grid points as specified by the user. The

user specifies the range of the values and the scale for each axis. The

computer running time of this segment depends on the number of 6rid-point

values that must be computed. For a 1200-grid-point map in which the

specified scale is sufficiently laege so that the output map includes

the I r/hr contour line, the running time is about I or 2 seconds; how-

ever, for the same size map but with a smaller scale, the mapping segment

may require up to 5 seconds of computer time. The second segment of the
.

SEER II program is called once for each map requested by the user.

c. SEER II Main Program

The SEER II computer program consists of a Main Program

and twelve subroutines. The Main Program performs the following functions:

S~*
It should be noted that maps, per se, will be of little interest in a
damage assessment system.
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(1) reads the input data deck; (2) assigns default values where the user

has not specified any value; (3) calls the computational subroutines to

compute values for various key parameters of the fallout pattern; (4)

prints the computed values in tabular form; and (C) calls the mapping

control subroutine, TMAP, to generate the maps requested by the user.

The flowchart for the SEER II Main Program is shown in Figure 8.

d. The Computational Subroutines

There are five computational subroutiL-es in the SEER II

program. They are ?EATUR, PARTLP, INTENS, LFTRT, and EDGE. These

routines are all called from the SEER II Main Program arid their primary

functions are to compute values for key parameters of the model:

Subroutine FEATUR. This subroutine computes values for

the following parameters: (1) altitudes of the cloud top

and cloud base at stabilization time; (2) time of cloud

formation or stabilization; (3) time of termination of

radial expansion of the cloud; (4) time of change in ra-

dial expansion rate of the cloud; (5) the minimum and

maximum cloud radius; and (6) the rates of cloud radial

expansion immediately after stabilization and at later

times. The equations for these parameterq are presented

in Appendix B, and were empirically derived from DELFIC

print-outs. Subroutine FEATUR is quite straightforward

and no flowchart is necessary to show the computational

processes.

Subroutine PARTLP. This subroutine divides the nuclear

,• I cloud into various layers and then computes the landing

points, the horizontal distances traversed, and the times
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of fall for up to 25 particle groups falling from each

altitude layer to the ground. This procedure traces

the path of the hotline for each cloud layer. A pre-

calculated table of falling times for the particle

groups for 80 altitudes is stored within the subroutine.

The calculation for this table follows that of subroutine

I FALRAT in DELFIC. Subroutine PARTLP takes irto account

the wind specified by the user and the falling rates of

each particle group at various altitudes to determine

the landing point as well as the horizontal distances

traversed during the descent to the surface. The routine

also calculates the 1 r/hr expouure rate radii at the

particlc group landing points. The flowchart c0 this sub-

routine is shown in Figure 9.

Subroutine INTENS. The primary function of Subroutine INTENS

is to determine the exposure rates at various internally

established key points. The locations of these key points are

selected so that an appropriate network of exposure-rate values

would be available for the mapping routines. The routine first
computes the fallout intensities along the hotline for each

cloud layer at the particle-group landing points. Then, after

establishing the radial distances from ground zero to the key

positions on each hotline, the routine calculates the exposure

rates at each key point, taking into account contributions

from all cloud layers. Upon return from this routine, array

DRAY contains the intensities at the radial points; arrays

XRAY and YRAY contain the x and y coordinates of the radial

points; array GDRAY r-nntains the horizontal distances traversed

23
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by particles descending from the cloud to the radial points;

array FTRAY contains the corresponding falling times; array

RDRAY contains the effective radii of the particle groups;

S!1 and array DRATSA contains the ratios of the hotline exposure-

rate values to the average rates at the established radial

distances. The flowchart for Subroutine INTENS is shovn in

Figure 10.

Subroutine LFTRT. This routine determines which cloud layer

lands on the leftmost side of the fallout pattern and which

lands on the rightmost side. The results of this routine are

used by Subroutines EDGE and EDGED. For runs in which the

wind is constant, the first cloud layer deposited will be both

the leftmost and the rightmost sides, since all layers land

on a line. The routine is straightforward so that no flow-

chart is needed to show the computational process.

Subroutine EDGE. This routine determines the :ocations of

pivotal points along the left and right edges of the fallout

pattern. For each of the radial points on the left and right

crests of the pattern, the routine calculates the location of

a corresponding point a distance of 1.1 times the effective

radius away. The two sets of points thus calculated define

the left and right edges of the pattern. A multiplier of 1.1

is used because it corrects the very sharp dropoff of the

DELFIC patterns. The flowchart for Subroutine EDGE is shown

in Figure 11.
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e. The Mapping Subroutines

There are seven subroutines in the mapping segment of

the SEER II program. They are TMAP, EDGED, INTERP) GRNDZ, EGDOSE, QUAD,

and SHLDR:

Subroutine TMAP. This routine is the driver for the mapping

segment of the program. It is the only one of the seven

routines in this segment that is called directly from the

SEER II Main Program. TMAP performs the following functi6ns:

(l) determines the number of strips of map output for the

current map request; (2) clears the map storage areas; (3)

sets up the range of x values for each strip of map; (4) sets

up the values of the coordinates for the x and y axes; (5)

calls Subroutines EDGED, INTERP, and GRNDZ to compute the ex-

posure rates for all map points; (6) examines the computed

values at each map point and converts the values to the output

mode specified by the user; and (7) prints the output map in

the format specified. Subroutine TMAP is called once for each

map requested. The flowchart for this subroutine is shown

in Figure 12.

Subroutine EDGED. This routine sets up the sequential seg-

ments of the left and right edges of the pattern fcr mapping.

This subroutine performs no computations, but merely sets up

the segments and then calls subroutine EGDOSE to perform the

computations related to the mapping within each segment. The

routine is quite simple and no flowchart is needed to show

the procedure.
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Subroutine INTERP. This routine computes the exposure rates

for all map points in the downwind section of the fallout

pattern. The routine divides the downwind section into seg-

ments bounded by two pairs of adjacent radial points from two

adjacent cloud layer hotlines. The routine then checks each

segment to determine the map points that fall within its

boundaries. Exposure rates at those points are computed

using the weighted values of exposure rates at the four ra-

dial points. The flowchart for Subroutine INTERP is presented

in Figure 13.

Subroutine GRNDZ. This routine sets up various parameters in

COMMON block /QUADRB/ for the computations of exposure rates

around the ground zero area. The routine then calls Sub-

routine SHLDR to perform the mapping for the left and right

shoulders of the fallout pattern, and calls Subroutine EGDOSE

o perform the mapping in the upwind section of the pattern.

The flowchart for the routine is shown in Figure 14. Sub-

routine GRNDZ is called by TMAP anO is called once for each

map requested.

Subroutine EGDOSE. This routine computes exposure rates for

all map po-ints on the loft and right edges of the pattern, or

on the upwind section of the pattern. For a rtm in which the

user has not specified the use of fewer than 25 particle groups,

"the routine will be called fifty times by Subroutine EDGED and

once by Subroutine GRNDZ. The flowchart for Subroutine EGDOSE

is shown in Figure 15.
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Subroutine QUAD. This routine determines the orientation of

a quadrangle and orders the four corners of the quadrangle so

that subsequent mapping of the area can be done in an orderly

way. The mapping processes in Subroutines INTERP, EGDOSE,

and SHLDR require the leftmost point of the quadrangle to be

stored in (AX, AY) of COMMON block /QUADRA/; the point diag-

onally opposite it must be stored in (DX, DY) and the point

with the greater slope from (AX, AY) must be stored in (BX, BY);

the fourth point is stored in (CX, CY). The routine also cal-

culates the slopes of the lines connecting the four points.

Subroutine QUAD is a simple routine 4nd no flowchart is needed

to show the computational process.

Subroutine SHLDR. This routine computes the exposure rates

for all points on the left and right shoulders of the fallout

pattern. Each shoulder is defined as the area enclosed by

four points: the vertex point, the edge point, the upwind

point, and the bisector point. On the left shoulder. the

vertex is the first radial point on the leftmost side of the

pattern. The edge point is the first point of the left edge

of the pattern. The upwind point is a mnt located a distance

of 1.1 times the effective radius away -rom the vertex on a

line perpendicular to the line connecting the left and right

vertices. The bisector point is located on the bisector of

the angle formed by the edge point, the vertex, and the upwind

point. The point is located a distance of 1.2 times the ef-

fective radius away from the vertex. The right shoulder is

defined in a similar way. The flowchart for the routine is

shown in Figure 16.
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4. Users Instructions

The input data for the SEER II computer program are specified

on five logical cards. These logical cards are problem identification,

problem specification, wind data specification, map identification, and

map specification cards. The program is designed so that any number of

problems can be -un in one computer run. If more than one problem is

to be executed in one computer run, the wind data need not be respecified

for the second or subsequent problems unless the wind data are to be

changed.

a. Problem Identification Card

The problem identification card is used to provide a title

or heading for the output data. The user may enter any comment in columns

1 to 80 of this card. There are no column restrictions except that the

comment or title must be on one card only. There must be a problem

identification card for each problem. A blank car may be used if no

comment is desired for a particular problem.

b. Problem Specification Card

A problem specification card must be used for each problem.

This card contains the following data:

(*

A logical card may consist of any number of physical cards needed to

contain the data to be specified by that logical card. For example, wind

data speciZication may require from 1 to 14 cards, depending on the

amount of data to be specified. The other four logic input cards,

however, require only one physical card each.
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Mnemonic Columns Format Restrictions

W 1-10 F10.0 Value must be between 1. and 30000.

TLIMIT 11-20 FlO.0 None.

NWIND 24-25 12 If entered, value must be between 0 and 40.

KDAT 30 Ii If entered, value must be between 0 and 4.

NMAP 31-35 15 None.

NLVL 39-40 12 If entered, value must be between 0 and 23.

KPAR 45 I1 If entered, value must be between 0 and 3.

W is the weapon yield in kilotons. This value must be specified.

TLIMIT is the transport time limit in seconds. If no value is entered,

a default value of 200000 seconds will be assigned.

NWIND is the number of input wind levels. Leave blank or enter zero

if wind conditions of the previous problem are to be used. (See

4-c, Wind Data Specification, for maximum value of NWIND).

KDAT is the wind data format code. If the entry is blank or zero, a

default value of one is assigned. (See 4-c, Wind Data Specifica-

tion, for an explanation of the wind data formats.)

NMAP is the number of output maps requested for this problem.

NLVL is the number of cloud subdivisions to use in the current problem.

If a blank or zero is entered, the program will compute an ap-

propriate value based upon the weapon yield. Values larger than

15 may result in excessive computer time. Generally, it would

be better to allow the program to compute this value.

KPAR is the particle gradient code. If a blank or zero is entered,

the program will assign a value of one. A 1 requests the pro-

gram to trace the fallout pattern with 25 particle groups. A 2

requests the program to trace the pattern with 13 groups. A 3

. 37
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requests the program to use only 9 groups. The latter value

should be used only if computer running time is an important

factor.

c. Wind Data Specification

Wind data may be specified in one of four formats. The

KDAT entry in Column 30 of the problem specification card indicates the

format that is used. If KDAT is a blank or zero, Format 1 is used. When

Format 1, 3, or 4 is used, the maximum number of wind levels (NWIND) is

40; when Format 2 is used, the maximum number is 15. The wind data

specified for the last wind level is considered constant for altitudes

above that level. For Format i, the wind components are in the direc-

tion that the wind blows. For the remaining formats, the direction

shown is that from which the wind blows.

Wind Format 1--Wind data are specified by altitude and by x

and y components. The data for three altitude levels are en-

tered on one card. Use as many cards as needed to specify all

data:

Columns Format Data

1-8 F8.0 Altitude level in meters.

9-16 F8.0 x component of wind in meters/second.

17-24 F8.0 y component of wind in meters/second.

25-48 3F8.0 Data for next altitude level.

49-72 3F8.0 Data for next altitude level.
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Wind Format 2--This format is used by the U.S. Weather Bureau;

in it the wind data, at specific atmospheric levels, are

specified by compass direction codes and speeds in meters per

second. The compass direction codes are:

01 = NNE 10 = SW

02 = NE 1 = WSW

03 = ENE 12 = W

04 = E 13 = WNW

05 = ESE 14 = NW

06 = SE 15 = NNW

07 = SSE 16 = N

08 = S 20 = calm

09 = SSW

The data are for 15 atmospheric levels:

(1) 950 millibars or 500 meters (9) 150 mb or 14000 m

(2) 850 mb or 1500 m (10) 100 mb or 16000 m

(3) 700 mb or 3000 m (11) 80 mb or 18000 m

(4) 500 mb or 5000 m (12) 50 mb or 20000 m

(5) 400 mb or 7000 m (13) 30 mb or 24000 -

(6) 300 mb or 9000 m (14) 20 mb or 26000 m

(7) 250 mb or 10000 m (15) 10 mb or 31000 m

(8) 200 mb or 12000 m
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The data are entered on two cards with the following format:

Columns Format Data

1-7 7x Identification (not read by program).

8-9 F2.0 Direction code for Level 1.

10-12 F3.0 Speed in meters/second for Level 1.

13-17 F2.0,F3.0 Direction-and speed for Level 2.

68-72 F2.0,F3.0 Direction and speed for Level 13.

The second card has the same format; data for Level 14 are

entered in columns 8-12; Level 15 in columns 13-17.

Wind Format 3--Wind data are specified by altitude, speed, and

direction. Data for three altitude levels are entered on one

card. Use as many cards as needed to specify all data:

Columns Format Data

1-8 F8.0 Altitude level in feet.

9-16 F8.0 Speed in feet/second.

17-24 F8.0 Direction in degrees clockwise from North.

25-48 3F8.0 Data for next altitude level.

49-72 3F8.0 Data for next altitude level.

Wind Format 4--Wind data are specified in a second format used

by the U.S. Weather Bureau. Data Lre given by direction and

speed at specific altitude levels. The altitude levels are:

surface, 150 meters. 300, 500) 1000, 1500, 2000, 2500P 3000,...

increments of 1000.... 34,000 meters. Eleven sets of data are

entered on one card. A maximum of four cards may be used to

enter the data:
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Columns Format Data

S1-14 14X Identification (not read by program).

15-17 F3.0 Direction in degrees from North (surface).

18-20 F3.0 Speed in meters/seconds (surface).

21-26 2F3.0 Direction and speed (150 meters altitude).

75-80 2F3.0 Direction and speed (5,000 meters altitude).

Secovd card--data for altitudes 6,000 to 16,000 meters.

Third card--data for altitudes 17,000 to 27,000 meters.

Fourth card--data for altitudes 28,000 to 34,000 meters.

d. Map Identification Card

The map identification card is used to provide an identi-

fying title for each map requested. The user may enter any comment in

Columns 1 to 80 of this card. There are no column restrictions except

that the comment or title must be on one card only. There must be one

map identification card for each map requested. A blank card may be

used if no comment is desired for a particular map output.

e. Map Specification Card

The map specification card is used to define the area and

the size of the output map. The user specifies the x and y ranges, the

incremental values of the grid coordinates, and the format of the output

map. If the user wants the map grid coordinates to have the same linear

scales in the x and y directions, he must specify the incremental values

in the same ratio as indicated in the format description below. For

example, the ratio for Format 4 is 6 to 5; therefore, if the x increment
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has been specified as 6000 meters, the y increment must be specified as

5000 meters if the user wants the scales to be equal. The grid points

in the x (East-West) direction are 0.6 inch apart. The grid points in

the y (North-South) direction are 0.333 inch apart for Formats 1 and 3,

and 0.5 inch apart for Formats 2 and 4. One map specification card must

be used for each map requested:

Columns Format Data

1-10 F1O.O Minimum grid value on the x axis.

11-20 F]O.0 Maximum grid value on the x axis.

21-30 F10.O Witnimum grid value on the y axis.

31-40 F1O.0 Maximum grid value on the y axis.

41-50 F10.O x increment, in meters.

51-60 F1O.0 y inc'rement, in meters.

65 Il Map output format code. If specified, the value

must be between 0 and 4. If a blank or zero is

entered, Format 4 will be used.

Map Format 1--Double-space between grid points in the y direction.

Map values are in decimal format. Values below 1 are not printed,

while values of 100,000 or above are indicated by 99999. The

x and y ratio is 9 to 5.

Map Format 2--Triple space, decimal. format, 6 to 5 ratio.

Map Format 3--Double space, exponential format. Map values

must be multipled by the power of ten indicated above each
3

value. For example, 3.565 means 3,565. The x to y ratio is

9 to 5.

Map Format 4--Triple space, exponential format, 6 to 5 ratio.
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f. Data Deck Setup

The following is the order of the input data deck for a

SEER II run:

(First problem) RUN IDENTIFICATION

RUN SPECIFICATION

WIND SPECIFICATION (1 to. 14 cards)

MAP 7DENTIFICATION

MAP SPECIFICATION

(Repeat map identification and map specifi-
cation cards NMAP times.)

(Subsequent Problems) RUN IDENTIFICATION

RUN SPECIFICATION

WIND SPECIFICATION (Omit if wind data are
the same as the previous problem; i.e.,
NWIND = 0.)

MAP IDENTIFICATION

MAP SPECIFICA 'N

(Repeat last 2 cards NMAP times.)

BLANK CARD (Follows last problem set to
indicate end of the input data deck.)
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III MODEL VALIDATION

A. Technical Aspects of the Model

The SEER II model is designed to simulate DELFIC-produced fallout

patterns at greatly reduced computer computation times. The outputs of

the SEER II model are print-out maps and tabularizad data which provide

the following information:

(1) Map coordinates

(2) Normalized H + 1 exposure rates

(3) Fallout arrival times

(4) Cloud base at cloud stabilization time

(5) Cloud top at cloud stabilization time

(6) Minimum cloud radius

(7) Maximum cloud radius

(8) Cloud formation or stabilization time

(9) Radial expansion termination time.

*

The computer computation time for weapon yields in the 10-megaton

range is approximately 6 seconds per 1200 grid point run and approximately

3 seconds for weapon yields in the low kiloton range. The computer time

could also be further reduced by decreasing the number of integration

operations, e.g., by increasing the incremental particle size ranges, by

increasing the incremental cloud layer thicknesses, or both. The results

of these changes are point values of less accuracy.

CDC 6400.
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In its present state of development the model is limited in appli-

cation to 100-percent-fission surface bursts for weapon yields between

1 kiloton and 30 megatons. (An adjustment factor for less than 100 per-

cent fission could readily be inserted.) The model is also limited to a

static wind structure; that is, the model cannot handle wind inputs that

include wind vector changes with time or horizontal displacement. The

wind inputs are therefore restricted to wind vectors at various altitudes.

B. Comparison of ResultE

A criterion for the SEER II model is that it simulate DELFIC fallout

patterns. Good simulation requires the SEIR II fallout pattern exposure

rate contours to be similar to those of DELFIC in shape, size and orien-

tation. Since DELFIC produces irregular exposure rate contours with

highly diverse wind structures, it is necessary that SEER II also pro-

duce exposure rate contours that are similarly irregular with the same

input winds. With a diverse wind structure input, the DELFIC fallout

pattern no longer -xhibits a hotline as a prominent pattern feature;

* consequently the usual hotline comparisons, e.g., hotline direction and

hotline exposure rates vs. distance from ground zero are omitted.

The first pattern comparison is for a yield of 10 megatons and for

a 40-knot uniform wind. As can be expected for a -niform wind, (same

velocity and direction at all altitudes) the fallout pattern is long

and narrow; the pattern is symmetrical, and a readily distinguishable

hotline exists through the axis of the pattern. The fallout patterns

for this constant wind case are shown in Figure 17. The length to width

ratios of these exposure rate contours are so large that it was neces-

sary to foreshorten the patterns in order to display them, by applying

one scale for the length and another scale for the width. As can be

seen, the lengths and widths of the exposure rate contours and the areas

within the exposure contours agree reasonably well. The difference in
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shape is obvious. However, if the DELFIC pattern were smoothed of its

apparent large-increment square-wafer effects, the shapes would also be

reasonably similar.

The fallout patterns that follow will be generated with wind struc-

tures that are variable in velocity and direction with altitude. Conse-

quently, they will not be symmetrical about an axis. In the fallout

patterns that follow, t'Ke important features of comparison are: exposure

rate contour area size; exposure rat? contour configuration; and pattern

orientation (i.e., the exposure rate contour area should not only be

similar in size, but the ground coordinate. covered by the exposure rate

contour areas should be similar).

The second and third comparisons oi f,.-Iout p6tterns are for ;

severely sheared wind for a 2-megaton and a 30'-iz~ox b,'rA., rEpsctVbly.

These fallout pattern comparisons are shown in Figures 18 and i9. _i-

cluded in each figure are the input winds. As can be seen in both com-

parisons, the fallout patterns are considerably wider than in the uniform

wind case. The exposure rate contour area sizes and configurations and

the pattern orientation are remarkably similar.

The fourth comparison is for a 2-megaton burst using a typical Fort

Worth summer wind. 4 The fallout patterns for this case are shown in

Figure 20. As can be seen, the fallout deposited in both easterly and

westerly directions and the patterns are not -at all typical of those

normally presented in fallout research literature. Nevertheless, the

SEER II exposure rate contours are remarkably similar to those of DELFIC

in size, configuration, and orientation.

The final comparison includes a DELFIC, a SEER II, and a WSEG5 fall-

out pattern. The weapon yield is 1 megaton and the wind structure is as

listed on page 7 of Seery and Polan. 6 These fallout patterns are shown

in Figure 21. The WSEG model pattern in this figure is an approximation
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P7A 1 -l -,..

DELFIC

WINND HODOGRAPH AT GROUND ZERO

ALTITUDE X COMPONENT V COMPONENW
rS2ER 11 (meters) (mlsec) (m/sec)

10000.00 -5.13 0.00

20000.00 -5.82 0.00
20000.10 14.55 14.55

28000.00 14.55 14.55
28000.10 14.55 -14.r.5

50000.00 14.55 -14.55

5000

SCALE: 1" 285 km

FIGURE 19 FALLOUT PATTERNS FOR 30 MT-SHEARED WINDS 11
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of that shown in Figure 3.5 on page 25 of Seery and Polan.8 The simi-

larities and differences in the three fallout patterns are obvious. In

this case, although the SEER II and DELFIC patterns were similar in or-

ientation, the areas within the 100 r/hr and the 50 r/hr contours are

significantly differentas are their conf4igurations.

In general, the comparison of other SEER II fallout patterns with

DELFIC fallout patterns, as well as those shown here, indicate that the

SEER II fallout patterns will simulate DELFIC fallout patterns reasonably

well for ieapon yields between I kiloton and 30 megatons for any common

wind structure.
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of that shown in Figure 3.5 on page 25 of Seery and Polan. 6 The simi-

larities and differences in the three fallout patterns are obvious. In

this case, although the SEER II and DELFIC patterns were similar in or-

ientation, the areas within the 100 r/hr and the 50 r/hr contours are

significantly differentas are their configurations.

In general, the comps son of other SEER II fallout patterns with

DELFIC fallout patterns, as well as those shown here, indicate that the

SEER II fallout patterns will simulate DELFIC fallout patterns reasonably

well for weapon yields between 1 kiloton and 30 megatons for any common

wind structure.
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SI IV STATISTICAL WIND VARIATIONS VS. FALLOUT PATTERN VARIATIONS

A. PurRose

Predictions of fallout from nuclear detonations are sensitive to at

least two inputs: the fallout model used and the meteorological condi-

tions postulated. The possible errors introduced into the prediction by

a faulty fallout model, even when information on winds is perfect, have

already been discussed. But it is also well known that the most detailed

fallout model in use (DELFIC) will fail to yield good fallout predictions

if it is given inaccurate or incomplete wind predictions.

There are two essentially different problems in wind predictions.

One type applies when it is known that a nuclear detonation is going to

occur at or near a specified time, as in weapon tests or in simulating

4 actual nuclear warfare. In this situation, it is important to be able

to predict winds for a few hours or days in the future given meteorologi-

cal data now and in the immediate past. The essential questions concern

meteorological theory and observations about persistence and change of

wind fields. The other type of problem is peculiar to damage assessment

studies of the kind that SEER is designed for. Here, one in general does

not know the most likely time of detonation (although it is sometimes

postulated). For a given set of detonations and targets, the damage

assessor is most interested in what is the most likely fallout pattern and

what degree of variation from this mean condition is possible. The

answers to these questions possibly can be found by examining the sta-

tistics of wind data for the geographical locations of interest. The

purpose of this section is to investigate how the variability of winds
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affects the variability of fallout patterns, and whether relatively

simple rules can be generated for reiating the two kinds of statistics.

B. Discussion of Procedure

Winds vary in direction and speed at different altitudes, geographi-

cal locations, and time. Because the winds at any time and at any loca-

tion can vary significantly with altitude, the number of distinctive sets

of wind structures is so large as to make the available wind frequency

data difficult to interpret. The variations in fallout patterns, on the

other hand, can be described by the distribution of activity deposited

within the pattern, by pattern size, by pattern shape, and by the loca-

tion of the pattern. Both the size and shape of the fallout pattern

and the fallout deposition within the pattern can be described by speci-

fying the sizes and the shapes of the areas within normalizad exposure

rate contours.

If the manifold ways in which a wind structure can vary could be

converted to only a few parameters to which fallout deposition is sensi-

tive, then the problem of relating statistical wind variations to sta-

tistical fallout pattern variations would become manageable. By this

means, wind variations that do not significantly affect the fallout

deposition pattern need not be evaluated statistically.

The primary wind characteristics that affect the size, shape, and

location of various fallout exposure rate contours can be reduced to

three parameters: the maximum effective wind speed; the effective wind
.

angular displacement; and the direction of the maximum effective wind

vector. These parameters are illustrated in Figure 22 and defined in

the next paragraph. However, variations in fallout patterns will occur

even among winds defined by the same maximum effective wind speed and

effective wind angular displacement.

This parameter is related to what is often termed wind shear.
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FIGURE 22 WIND PARAMETERS FOR STATISTICAL ANALYSoS
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Although many fallout models use an effective wind speed as a model-

ing parameter, our studies indicate that fallout pattern characteristics

correlate best with the maximum effective wind velocity. The effective

wind velocity vector is commonly defined as the vector sum of the wind

vector velocities at each altitude.layer divided by the number of alti-

tude layers from the weapon cloud altitude, e.g., cloud center altitude,

to the ground surface. The maximum effective wind velocity is defined

as the maximum effective velocity vector that is obtained from any al-

titude within the weapon cloud base and weapon cloud top to the ground

surface. The effective wind angular displacement is defined as the maxi-

mum nngle between any two effective wind vectors for altitudes within

the weapon cloud. It is equivalent to the enclosed angle within which

would land all falling particles originating from any point vertically

above ground zero within the weapen cloud. These parameters obviously

depend on the postulated weapon yield.

The fallout pattern response to an increase in the maximum effec-

tive wind speed is an increase in pattern length, and the fallout pat-

tern response to an increase in the wind's angular displacement is an

increase in pattern width. Increases in both speed and angular displace-

ment are reflected in a decrease of the areas within the higher exposure

rate contours together with an increase of the areas within the lower

exposure rate contours.

The number of descriptive shapes ascribable to fallout patterns

is limited only by imagination. One quantitative measure of pattern

shape that can usually be easily defined, however, is the width to

length ratio. Our primary measure of shape shall therefore be the ratio

of width to length. Other descriptive indicators of shape, such as

elongated ellipse, a fan shape, or a teardrop, could also be included

if useful. The maximum effective wind vector direction is the general

indicator of the direction of the fallout cloud movement from ground
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I
zero. The maximum effective wind vector is also near the bisector of

the fallout mass, even though it may not geometrically bisect all of

the expojure rate contour areas. For these reasons, exposure rate con-

tour lengths are measured parallel to the direction of the maximum ef-

fective wind vector, and widths are measured perpendicular to this vec-

tor. The length is defined as the distance between the extreme upwind

and extreme downwind extents of the contour, whereas the width is de-

fined as the maximum of the crosswind distances between the contour

edges (see Figure 23). The width to length ratio is expected to de-

crease with increasing maximum effective wind speed or decreasing wind

angular displacement.

For a specif•c weapon yield, each wind structure--as defined by a

range of maximum e ective speeds and a range of effective angular dis-

placements--will produce a fallout pattern with a range of exposure rate

contour areas and a range of width to length ratios. The application

of statistics to maximum effective wind speeds and effective angular

displacements, both o! which incorporate variations with altitude, will

supply the statistics on exposure rate contour area sizes and exposure

rare contour width to length ratios. Additional statistical breakdowns

by descriptive shapes could also be made if useful. If the statistical

distribution of exposure rate contour sizes and shapes is known, wind

direction frequency can then be used to determine the frequency of fall-

out patterns by direction.

It is acknowledgeo -hat only the effects of static wind structures

at fixed times and geographical locations are included in the general

analytical procedure suggested above, and that the effects of variations

of dynami- wind changes as a function of time and space are not included.

There s a several reasons for excluding the latter type of analysis.

Perhaps the most important is that data are rarely collected in such a

way that they describe the varying winds seen by a moving fallout cloud
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Even if this type of data were available, however, its resolution into

quantitative relationships between wind variability and pattern varia-

bility would require a sophisticated model to handle this data and ex-

tensive analysis.

C. Procedure

The following steps appear to constitute a reasonable procedure

for investigating the relationship of wind variability and fallout pattern

variability:

& (I) Obtain wind data for a location (meteorological station).

The data are in the form of wind speeds and wind

directions, at various altitudes at various times

of measurement.

t (2) Convert the data to effective speeds and effective

directions as functions of altitude. The altitudes of

interest depend on the weapon yields of interest. For

example, if the pattern variability for a 1 megaton

weapon is desired, the altitudes of interest are between

o0 and 20 kilometers. The primary converted data of

this effort are the maximum effective speed, the

effective direction, and the effective angular dis-

placement for each set of wind data. Supplementary

data from this effort could include the following:

(a) Sum of clockwise directional changes

(b) Sum of counterclockwise directional changes

(c) Total directional change

(d) Net directional change

(e) Maximum -ite of directional change and corresponding

altitude
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(f) Maximum speed and corresponding altitude and

direction

(g) Minimum speed and corresponding altitude and

direction

(h) Sum of velocities

Ui) Average effective speed

(j) Minimum effective speed and corresponding altitude.

Variability in the supplementary data could create vari-

ability in fallout patterns. The supplementary data are

for determining the significance of this variability.

(3) Group the winds according to:

(a) Effective angular displacement (degrees)

a-I 0-10

a-2 10-25

a-3 25-50

a-4 50-90

a-5 > 90

(b) Maximum effective -speed (meters/second)

b-1 0-8

b-2 8-16

b-3 16-24

b-4 24-32

b-5 > 32

(c) Combination of (a) and (b) above (i.e., 25 subgroups

where a-l, b-! and a-l, b-2 are two subgroups.

(d) Supplementary groupings
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d-l Sum of clockwise directional changes (degrees)

d-l-l 0-10

d-l-2 10-25.

d-l-3 25-50 (etc.)

d-2 Sum of counterclockwise directional changes

d-3 Average effective speed (m/s)

d-3-1 0- 8

d-3-2 8-16

d-3-3 16-24 (etc.)

(4) Find frequency distributions in Groups a, b, a and b in

combination, and a, b, and d in combination.

(5) Select wind structures that are most closely approximated

by Table 1.

(6) Run SEER II for all selected basic wind structures

(maximum of 25 runs). Additional runs can be made for

winds that fit the same subgroup but nevertheless are

significantly different--e.g., Subgroups (a-3, b-3, d-l-l)

and (a-3, b-3, d-1-3) are both in Subgroup (a-3, b-3)--

to ascertain the effects of these differences.

(7) Measure, from the SEER II computer run printouts, area

sizes and width to length ratios of a set of exposure

rate contours, e.g., 5000 r/hr, 1000 r/hr, 500 r/hr,

100 r/hr, and 50 r/hr. Record supplementary comparative

shape descriptions.
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Table 1

MATRIX SHELL FOR COMPUTER RUNS OF MAXIMUM EFFECTIVE SPEEDS
FOR SELECTED ANGULAR DISPLACEMENTS

For a Maximum For an Effective Angular Displacement of
Effective Speed of 50 170 370 700 1300

5 meters/second

12 meters/second

20 meters/second

28 meters/st zond

36 meters/second

(8) Apply the wind frequency in each subgroup as a weight

for the area sizes and width to length ratios.

(9) Determine the following for each exposure rate contour:

(a) Mean area size

(b) Area size range for p ± 0.5a*

(c) Area size range for p ± 10*

(d) Area size range for p ± 2a

(e) Mean width to length ratio

(f) Width to length ratio range for p ± 0.5a

(g) Width to length ratio range for p ± l.*

(h) Width to length ratio range for p ± 2.a*

(10) Determine corresponding ranges of wind variability for

the ranges of fallout pattern variability.

"(ii) Using supplementary data on Subgroupings d-l, and d-2,

provide pertinent supplementary statistical breakdowns.

• *
p = meati, o = standard deviation.

64



(12) Using supplementary data from Step (2a), determine

directional frequency distribution.

(13) Formulate 's"pirical relationships equating wind

variations to fallout pattern variations.

Wind Statistics:

(1) Frequency vs. effective speed

(2) Frequency vs. effective angular change

(3) Frequency vs. direction

(4) Mean effective speed

(5) Mean effective angular change

(6) Mean direction

(7) Frequency between speed and angular change

ranges

(8) Frequency of speed in directional range

(9) Frequency of angular change in directional range

(10) Frequency in speed and angular change ranges

in directional range

Pattern Statistics:

(1) Exposure contour size distributions

(2) Exposure contour width to length ratio distributions

(3) Pattern direction distribution

(4) Mean contour sizes

(5) Mean width to length ratios
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(6) Mean pattern direction

(7) Frequency of contour sizes and width to length

ratio combinations

(8) Frequency of con't sizes in directional range

(9) Frequency of width to length ratios in directional

range

(10) Frequency in size and width to length ranges in

directional range.

D. Procedure Test

1. Conditions

The above suggested procedure for relating wind variations to

fallout pattern variations was tested with the wind data obtained for

Peoria, I3linois and a 1 megaton surface burst. The test was limited

to the foilowing wind calculations and pattern measurements:

Wind

(1) Maximum effective speeds

(2) Directions of maximum effective velocity vectors

(3) Effective angular displacements

Pattern

(1) Exposure rate contour areas

(a) 100 r/hr cona)urs

(b) 100 r/hr contours

(2) Width to length ratios

(3) Directions.
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The available Peoria wind data consisted of wind speeds and

directions at various altitudes tal-en at 6-hour intervals over a period

of 6 years. It was therefore possible to examine fallout pattern varia-

tions statistically for time of day and seasonal wind variations. However,

Fince specification of the time and season are not always done in damage

assessment, the following analysis was performed only for the overall

annual statistics.

2. Results

Shown in Figure 24 are the daily wind variations over Peoria

in 1962 in terms of direction, effective angular displacement and maximum

effective speed. On most days, four observations were made 6 hours

apart; however, the number of observations on any day could range from

none (no mark indicated in the figure) to four. The wind direction was

separated into sixteen sectors, and thus the shortest lines indicate

one-day direction variations of only 22.5 degrees. The ranges of effec-

tive angular displacement and maximum effective speed on any day are

as indicated. In most cases a single value (a dot) indicates only one

observation on that day rather than no variation within that day.

Table 2 gives the wind frequencies within the maximum effective

speed--effective angular displacement ranges indicated for 6 years

of data. Figure 25 shows the directional frequencies. The mean wind

direction is very nearly west-to-east (2750), and the standard deviation

is 440. The speed-angular displacement relationship is shown in

Figure 26. As can be seen (and as can be expected) winds with small

angular displacements occur more often with high speed and winds

with large angular displacements occur more often with low speeds.

The exposure rate contour areas of SEER II fallout patterns for

a 1 megaton surface burst and for selected winds--ones that closely

approximate the mid-value of the parameters in Table 1--are shown in
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Table 2

OVERALL WIND FREQUENCIES

For an Effective Angular Displacement of

Maximum Effective All

Speed 0-100 10-250 25-50' 50-90' 90' Angles

0-8 meters/second
Frequency 85 143 154 102 44 528
Percent 1.31% 2,217o 2.387o 1.57% 0.687o 8.147.

8-16 meters/second
Frequency 789 859 281 36 11 1976

Percent 12.17 13.25 4.33 0.56 0.17 30.48

16-24 meters/second
Frequency 1358 703 81 2 0 2144

Percent 20.95 10.84 1.25 0.03 0 33.07

24-32 meters/second

Frequency 1455 287 2 0 0 1744

Percent 22.44 4.43 0.03 0 0 26.90

> 32 meters/second
Frequency 81 9 0 1 0 91

Percent 1.25 0.14 0 0.015 0 1.40

All speeds

Frequency 3768 2001 518 141 55 6483

Percent 58.12 30.87 7.99 2,17 0.85 100%

Table 3. The ratios of the 1000 r/hr contour areas to the 100 r/hr con-

tour areas are shown in Table 4. The contour lengths, widths, and width

to length ratios for the 1000 r/hr contours are shown in Table 5, and

contour lengths, widths, and width to length ratios for the 100 r/hr

contours are shown in Table 6.

The trend in area changes is stronger with maximum effective

speed changes than with effective angular displacement changes. The

former relationship is shown in Figure 27. Conversely, length, width,

and width to length ratios of the 1000 r/hr contour and the 100 r/hr
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Table 3

EXPOSURE RATE CONTOUR AREAS
(square kilometers)

Maximum Effective For an Effective Angular Displacement of
Speed 0-100 110-25 25-50° 50-900 > 9go

0-8 meters/second
Exposure rate 1000 r/hr 2,000 1,150 1,250 1 200 1,200
Exposure rate 100 r/hr 12, 500 8, 930 8, 370 7.460 9,120

8-16 meters/second
Exposure rate 1000 r/hr 1,907 990 790 3

Exposure rate 100 r/hr 9,940 9,770 11,200 13,000

16-24 meters/second
Exposure rate 1000 r/hr 1,400 1,150 690
Exposure rate 100 r/hr 13,400 11,300 11,900

24-32 meters/second
Exposure rate 1000 r/hr 1,250 720
Exposure rate 100 r/hr 12,800 1800

> 32 meters/second
Exposure rate IC90 r/hr 1,080

Exposure rate l0G r/hr 13,600

Table 4

RATIO OF 1000 r/hr CONTOUR AREA TO 100 r/hr CONTOUR AREA

Maximum Effective F. an Effective Angular Displacement of
Speed 0-100 10-250  25_50° 50_90° > 900

0-8 meters/second '.1. 0.1288 0.1493 0.1609 0.1316

8-16 meters/second 0.191, 0.1013 0.0705 0.0723

16-24 meters/second 0.1045 0.1018 0.0580

24-32 meters/second 0.0977 0.0610

> 32 meters/second 0.0794
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Table 5

1000 r/hr CONTOUR AREA LENGTHS AND WIDTHS

(k! lometers)

Maximum Effective For Effective Angular Displacements of
Speed O-tO0  10-250 25-500 50-900 > 900

0-8 meters/second

Length 188.3 69.2 61.5 44.0 25.5
Width 20.7 22.2 26.4 38.0 77.7

Width/Length 0.11 0.32 0.43 0.86 3.05

8-16 meters/second

Length 190.4 116.0 58.0 50.0
Width 20.0 17.5 18.0 38.0

Width/Length 0.11 0.15 0.31 0.76

16-24 meters/second

Length 116.0 82.0 47.2
Width 14.6 17.2 19.2
Width/Length 0.13 0.21 0.41

24-32 meters/second

Length 123.0 69.6

Width 11.6 12.1

Width/Length 0.094 0.22

> 32 meters/secona

iength 116.0

Width to0

Width/Te~agth 0.086

contour are more readily related to the effective angular displacement

parameter. These relationships are shown in Figures 28, 29, and 30.

The statistics of fallout pattern characteristics can be determinea by

weighting the pattern features from Tables 3-6 by the wind statistics

from Table 2. The contour pattern statistics are shown in Table 7.

The wind statistics in Table 2 also lead to th6 following wind

statistics:
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Table 6

100 r/hr CONTOUR AREA LENGTHS AND WIDTHS

(kilometers)

Maximum Effective For Effective Angular Dt.splacements of
Speed 0-107 I0-5C 25-500 50-90' > 90 0

0-8 meters/second

Length 649.4 196.6 200.0 106.0 96.2

Width 37.4 68.6 84.9 106.0 190.0

Width/Length 0.058 0.35 0.42 1.00 1.98

8-16 meters/second
Length 571.1 492.0 260.0 142.0

Width 36.0 48.8 82.0 148.0

Width/Length 0.063 0.099 0.32 1.04

16-24 meters/seconu

Length 700.0 300.0 194.0
Width 34.0 55.0 114.0

Width/Length 0.049 0.18 0.57

24-32 meters/second
Length 532.0 360.5
Width 37.0 62.3

Width/Length 0.070 0.17

> 32 meters/second

Length 837.0

Width 47.4

Width/Length 0.057

Standard

Wind Parameter Mean Deviation

Maximum effective speed, meters/second 18.75 7.21

Effective angular displacement, degrees 14.09 16.30

Effective direction, degrees 275 44

By the definitions used in this analysis, the effective direction of the

fallout pattern is identical to the effective wind direction, so that the
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Table 7

FALLOLT PATTFXrAN STATISTICS

Standard
Parameter Units Mean Deviation

1000 r/hr area km 1267 318

1000 r/hr length km 114 38

1000 r/hr width km 16.8 6.9

1000 r/hr W/L ratio -- 0.193 0.267

100 r/hr area km2 11,590 1631

100 r/hr length km 496 168

100 r/hr width km 48.6 22.7

100 r/hr W/L ratio -- 0.150 0.224

1000 r/hr area 0.112 0.035
100 r/hr area

statistics of the pattern direction coincide with those of the wind di-

rection. Thus, the mean pattern direction is the same as the mean wind

direction, and the distribution of directions is the same.

It is interesting to see whether the same argument applies to

the other fallout pattern characteristics. The values shown above were

used to generate a fallout pattern for the mean wind and for given ex-

treme winds. (Although a specific wind could have been selected to re-

produce these parameters, the pattern features were instead obtained by

interpolation in Tables 3-6.) The results are shown in Table 8.

Comparison of Tables 7 and 8 shows that the fallout pattern

derived from the mean wind field closely approximates the mean fallout

pattern. Furthermore, the deviations predicted from deviations in the

winds are often good approximations to the observed fallout pattern de-

vistions. The only exceptions are in the pattern widths and width to
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Table 8

FALLOUT PATTERN FEATURES OF SELECTED WINDS

Parameter Units Mean Deviation*

2
1000 r/hr area km 1200 325

1000 r/hr length km 98 37.

1000 r/hr width km 17 2.3

1000 r/hr W/L ratio -- .18 .08
2

100 r/hr area km 11,500 1560

100 r'hr length km 420 215

100 c/hr width km 48 20

100 r/hr W/L ratio -- .13 .14

1000 r/hr area .105 .028

100 r/hr area

Root mean square of deviations obtained from
using mean wind speed with plus and minus

I a angular displacements and mean angular dis-

placement with plus and minus 1 a wind speeds.

length ratios, particularly for the 1000 r/hr contour. Finally, it was

determined that much more of the variability in pattern features was

accounted for by variability in the effective singular displacement than

by variability in the maximum effective speed.

3. Discussion of Results

The results of the test of the procedure to relate wind vari-.

ability to fallout pattern variability show that the procedure appears

to be effective. Even though the test was only exploratory by nature

(in that it lacked the detail and refinement of a complete test), it did

reveal the more prominent relationships between wind vari ability and

fallout pattern variability. These relationships were previously shown
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P in Figures 27-30, and in Tables 7 and 8. A more complete test will

undoubtedly reveal other more subtle correlations as well as the rela-

tionships for the entire fallout pattern.

To date, wind speed has been generally used as the predomi-

nant variable in modeling fallout. It is therefore a revelation that

the effective angular displacement has a greater effect on fallout depo-

sitioni patterns than speed. On the other hand, if the winds do not

exhibit significant variations in effective angular displacement, then

the effects of this relationship would be suppressed. Table 2 indicates

that about 60 percent of the winds over Peoria, Illinois have effective

angular displacements, with reference to a 1 megaton surface burst,

within the 0 to 10 degree range. Whereas most of the winds of Peoria

"will produce long narrow patterns, i.e., 1000 r/hr contour width to

length ratios of about 0.1 and 100 r/hr contour width to length ratios

of about 0.06, the percentage of Peoria winds that will produce wider

and shorter exposure rate contour patterns are not insignificant. Be-

cause fallout, especially for the lower exposure rate contours, takes

many hours to descend, it is also necessary to consider the stability or

persistence of the wind structure with time. By scanning the daily wind

direction variations in conjunction with the variations in the daily

effective angular displacement variations in Figure 24, it can be con-

cluded that where the time elemenl is included, the occurrence of small

effective angular displacement winds over Peoria would be signific.ntly

reduced. The relationship of the variability of the wind's effctive

angular displacement to fallout pattern variability is therefore of

major importance.

E. Conclusions and Recommendations

The limited test of the procedure for relaLing pattern variability

to wind variability appears to be successful.

81



7177 1 - ý

A result of major importance is that statistical features of fallout

patterns (means and standard deviations of area, length, and so on) can

be predicted reasonably well from the patterns produced by the mean and

standard deviation wind parameters. This feature suggests that statis-

tical measures of fallout pattern variability can be produced for any

geographical location by using the wind statistics with SEER II or other

fallout models, rather than by applying the model repeatedly to the ob-

served winds 4o produce the statistics.

Another important result is that variability of angular displacement

in the wind (wind shear) appears to be responsible for the greater part

of variability in the pattern, whereas variability in wind speed ib

less effective.

It is recognized that these results are based on wind statistics

for only one meteorological station and are valid for only one weapon

yield. Although it is currently believed that the conclusions will be

strengthened with a greater variety of test cases, it is recommended

that the test be extended to several other geographical locations ard

severrl other yields bafore great reliance is put on these conclusions.

It is also recommended that the effect of the other possible variations

mentioned in Part B be tested for significance.

Wind data for hundreds of other U.S. and foreign locations are avail-

able from the USAF ETAC; of these, the data have already been converted

into the coirect format for analysis for six other U.S. locations.
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V SUMMARY

The originally developed SEER simplified fallout computation model

provided symmetrical fallout patterns that simulated DELFIC fallout

patterns for moderately sheared winds. For highly sheared winds, howJ

aver, DELFIC produced irregular patterns that could not be adequately

simulated by the original SEER model. Because of this inadequacy, a new

model, SEER II, was developed that would simulate DELFIC fallout patterns

for any wind structure.

SEER II and DELFIC fallout patterns for various yields and wind

structures were compared1 and it was found that in general the SEER II

exposure rate contours simulated the DELFIC exposure rate contours in

size, shape, and orientation reasonably well. SEER II requires about 3

seconds of CDC 6400 computer execution time per 1200-grid-point run for

weapon yields in the low kiloton range increasing to 6 seconds of computer

time for weapons in the 10 megaton range. These computer execution times

can be compared to about 2.5 seconds for the original SEER model and a

few hundred seconds for DELFIC.

A procedure to relate wind yariability statistically to fallout

pattern variability was developed and tested. From the limited test

conducted, the developed procedure appeared to be successful. A result

of major importance is that statistical features of fallout patterns can

be predicted reasonably well from patterns produced by the mean and

standard deviation wind parameters. Another important result is that

variability of angular displacement in tfe wind (wind shear) appears to

be responsible for the greater part of variability in the pattern, whereas

variability in %Ind speed is less effective.
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Table A-i

SEER II MAIN PROGRAM

vu"Ah SEE rPACE COC 6600 FTN V3.0-P261 OPTAu 05/09/72 15.13.21.

*14UU*40 StEA (IIPU.l OUTPUT)

btw, 11 MU L-REVINE) 51MPLIFIEV LSTImATION OF EXP3S, -E TO
RADIATION MODEL

TL4 ýEL Cd•ENT 04ULE4 ,'ENTIFICATIONS, wE.P0 YIELD (KI), THIS VALUE MUST BE SIECIFIEU,
C TLI%41T TRANSPORT TIME L141T (SECO4DS). IF NO VALUE IS

C SPECI/IECe AEFAULT EAL'JE OF 2001000 SECONDS WILL BE
in ( ASS164EU.

C V'.) NUMBER OF INPUT 140 LEVELS. ENTER RLEQES OR S (ZERO)
L IF WIND UATE OF PLEVELUS PROBLEN ARE TO E USED A
L KuA' IwoU NINO OAT. FORMAT CONTROL INTEGER.

C L I AJ O' DATA ARE ENTERES OT ALTITUDE IEATERS) AIL X AND Y

is L CARPONENrS (V/EEC).
Sa E*ND DATA ARE ENTERED IA WEATHER BUREAU rO1NAT--CYE PLSS

f 11EXCE.IVE CODPUER ANDSPE. (N GERALT LPETII TELEVOGAT14

C CJATA ARE ENTERED BY ALTITUDE (FEET) SPEED (FT/SEC)
C AND DIRECTION (DEGREES CLOCKWISE FROM N04t4)

2o C a P DATA ARE ENTERED IN SECOND WEATHER EUREAJ FOR.AT-
C DIRECTION IN DLGTEES CLOCKWISE FROU N0RT E AND SPEEI

O IN Z/SEC A S S ELCIFIC ELEVATIONS
L NMP NJ48ER OF OUTPJT MAP REQUESTS
L '4LVL NimbER OF CLOUD LEVELS TO JSE IN CURRENT DR09-t4, IF A

2 5 dLANK 0O4 0 IZERO| IS ENTERED$ PROGRAM OILL C04PVTE AN

C AP.ROLRIAIL VALUE. IF NLVL IS SPEcIFIEAS SALJ MUST 3E
C W-•EEN 3 AND 23. VALUES jARGEA THAN 15 MAY RESULT I'J

C EXCESSIVE COTPUTER TIME. IN GENERALt LET THE PROGRAM
f CJPUTE TICS VALUES

J( C KP'r L PARTICLE S ASOTIE T CODER

C TITL TRACUQE HOTLINES ITE OR PARTIFCLE TIUPS H4 LN

OC t (ZEkO) HAS N EEN SPECIFiEOt A OEFAJLT ALJE OAP

C YIL E ASSIUNEDO
C x 2 USE IJ PARTICLE GROUPS FOR THE TRACE
3• C A 3 JSE 9 PARTICLE GROUPS F04 rHE TRACE. USE THIS VALUE
. LLY IS SHORT CONPUTER TIME IS IMPORTANT
C TITLE CDURELT SAP TITLE OR IDENTIFICATIO. I
C AMINxqA4X SPEC|FIE') RANGt OF X VALUES FOR CURRENT MAP

C YmIN9YMIX SPECIFIED RANEI OF Y VFLATE T FOR CURRENT OAP
4r C. JELXIUE• SPEClrIEO DISTANCES BETWEEN GRID POINTS ALONG THE x A40

CY AXES FJR THE CURRENT -40 REQUEST
( L46P MAP FORMAT CONTRO)L INTE3,:
C . I DOUBLE SPACEo OECIMAL FORMATe 9 TO 5 RATIO ON AX•S,
C . ? t4IPLE SPACE# DECIMAL FORMATt 6 To 5 RATIO Oq AXES.

C s 3 )DJRLE bOACEt .XPUNENTIAL FORMAT, 4 TO 2 RATI1 ON AXES.
C a 4 TRIPLE SPACE, LX.OOLNTIAL FORQAt, 6 TO 5 RATIO ON AXFS,

G00'104 /INOAT/ m9AL11vTITLE (R), TLIMIt
I /AOAfY/ • AY(2623),RAY(26,23)tYRAY(Ib623)tGt4AY)26I 23)t

t) FFQAt(2b6,J),RUAY(2bZ)1,ORATSA(26,23).

S 6VL.DISMAAOJSNINKDARKAKIANRAR
/EOORAT/ ALN(26f2)vYLRft692)9ILR(2692)

5 /ONUATA/ ALT{401t UX(W0)o DY(A3)t NWI1O, KOAT
b /CLUAIA/ ACUvACTRMINRMAA, ISRTR1AXRATIOTQARATA

5 r /MAP/ AlINAMAXYMINTYMAXAELXOELYtLMAPTTMINTXlAX,
d• YAXIS bUO),XAAIS(20'

)IE.14
T
LAffL(I()

UATA AWTAR / ;,.t 4 0 * 0 /

f IC 1 READ 9309 (TLASEL(I)t 1010)
V*) FORMAT (BAIA)

READ 40,e ow TLIITs NNINU9 KOAT, .vMAPo NLVL, KPAR(
9)'0 FORMA T (2'F10. 14151

IF (. *EQ. 9.) CALL E).UT
b5 IF (TLIIT .E2. 0.) TLWMIT . eU0003.

IF (KOAT *El. G) KOAT J 1
It (KPAR .Lt. i) KPAR I $ IF !KPA2 .Gt. 3) PAR 3
KA . a S KB 2- S NFAH a 21

IF (KPAk E'J. 1) GO To 12
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Table A-1 (Concluded)
M.4O~A.4 EL" 4ACECOC 6600FI V3.0-)f OPT' 0S/ti9/72 13.13.21.

70 *A 3. 7~ O'

IF IKPAQ !Ej. 2?)*A .fo 12

IA i K Q Z$ S NPA.4'. 0
12 IF 7OLYL *E,4. v,' NLVL s ALOtI~a? # *

IF INL. *LT- 3) NLOL a 3 S IF (NLVL .6T. 23) 4ý.VL 23

isIF (401'.0 .EJ. 0)) (10 T0 30

C ..LArInE4 'IU'.cAJ FR
ac 15 EA 41'.(s~ l )TlII~ Jl.NOdINO) s GO TO 4.)

01 FORM4AT /X, 13(Fe.S, F3.0))
C
C ALTIIVOE Ala A. 1 i...34PONENfS 01$ ALITUDE, SPEED, 440 DIRECTIO4

23 REAO4?1 (2. A,,T(II? OA(I?, 0111) l19194IND! 3 Go To *IJ
115929 Fj$?.qAT (9FI.Vt BA)

C SEC0O.J *EATm'i iJRLAu FOR14AT
PS $.kA0 4259 W('JIl? JfII)s 181#NWINO? s 00 TOf 40

4'S Fu--4Ar (1
4
1A. 22r

3
.Jii

~JCALL TEA TU$ s CALL PA'(
T
LP

PRINT 95J. .1SIA4,ASlA4,ASTARASTARITLAUELt1)Iu),W),AtTLIMIT,
IACd, ACT'I'J-bT$491AgoTS99,TR 4AXASTARv ASTAR

-1) .. ) (4es *.* 4 6. 43)t KOAT
92 d 0414r ylut IA...1?), 3ZI)q OY(Ill Is1.NwO) S 30 TO 48

43 WAINF 47b. (ALT(I)i 41AM9) OY(11. 131,NiU) S 00 ILI 1
44' R141 '11"t (AL.TII) J(Il), JY'?) Ii1eNWD) 5 30 13 '.8

*b ooMIN~ir (1j ALMII? UXMII ).YII)t I-I.NWO)
.A .A6L 1'41ENS

003 53 IA = .NLVL

I FrQAY1IIA),ROWAY(IIIAi,,OAtSfi~iti~l, ImI.NPAI?)

CU 4 1 114JE

Ju 64 IA - 1. 1440
4EA) 030t, ?TITLeIl) 181981)
4
L4.) 913,, 441'JA4AIi.IINIMAAO)ELXO)ELYCLMAP

'A..L r'iaP
ii ?-44kP .-LJ. 1 LMIP -

6) Z~f'3
.0 TJ to

115 4-. iJ4-4AT (1.41 // W14. 24111 3d~s *SI-4PLIFIEO ESTIMATION OF EAPOSURE

I TO 4.%JIATI)'4 4SELRI MOJEL * // b7A, PAIO f//// 19XP 'NUN IDENTIFIC
eAT1)~-4- 'AIQ // JIA. toEA?'ON YIED' ITi?. F10.19 * KILOTONSO //

1 31149 *T-IA4S-'JOlt rt1IE LI'411- 177, F11.19 0 SECONDS* // 39A# *CLOUD
4 uAis,= r7f, rs).1, 0 '4ETE.4S9 // 39X, *CLOUD TOP* TY1. F116.10 0 MET

Id) ,c.Ni* // 34%9, OM41HO1*. CLOUD AAUIus* rTI? F10.1, * S4ETERSO // 39X#
t OAA'Xl4O4 CLUJO 4AuIUS* TIT. VIa.1, * 04L

T
ERSO .-/ .39X, *CLOUD, FOOMA

Mom0 TIM4E Me? rIG.?, SECJNDS9/' Ii X 391. OICAL E4P£NSIJN IE.RMII4
dATIO)4 TIME*' TI7. F1).&, *SECONOSO /// 49X# A10. 001.40 NDL'ORAPH A

41 '3-4UJ-A ZEN-) to Al.) MI
12S 95D TNNmAt(//114 - IA' T119, 01* T1. *EAPOSURE RATE* T35. 9X METERS'

I bu, IFY -'ErEIIS* 16, *I.RUU'dD D1St' Tf9. *FALL TINIE. T97# 4FRADIUS:
2 T1109 -004C RArTI0 // (216. IP7EIS.4.))

4S.) I$)$.,4Ar (foil)
911 rou.4A (*$A. *AL.TIiuUE A COMPON~ENT Y COMPONENT. / '.5X,

-111 *.,'EIE.4b? ('/SEC? IM/SECI' // (37A, VT16.2?)
4f, qINMAT iT49. *ALTITUI~t0, 18.., *COMPkSS'. T7#19 *SPEED* / 1*9,

I *(IA.$?S1* T63, 0DIRLCII??N' T77, '('4/SEC)# // lANA, Fib.2*
2 t1d.0 t1.0))
F0RKTU,4;31(.f"X.3 'ALTITUDE SPEED DIREC710ON I' *9x, "IfEE1)

135 1 IFt/SLC) IDEGREES)* // ?'.uX. F16.0# F13.0# F11.01)
)76 FORA94.1 IT'"), GALTITtIJUE', T6.l,'OIRECTION'. T78, 'SPELDO I T414,

I 0v4EtERS?', T63. -IDEGREES?', I7T. *IM/SEC)0 (40IA.' F16.49
2 F1d.',, F13.0))
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Table A-2

SUBROUTINE FEATUR

buhROor1NE EAluk TRACE COC 6600 FTN. V3.0-P261 OPINO 05,09/72 15.13.21.

SUt~kOUTINE FE&TiJR

C SUt,..UUIANE TO C04PJIE VARIOUS FEATURES OF THE CLOUD
C

5 COMPUN /CLI)ArAI ACtiACTRmINR,4AXTSR#TRMAX,RATIO, TRA,RATA
I /INDAT/ as ALw# TliLEC1)), TL141!

C CO~PPuE ALT1IJDES JF CLOJLI TOP AND CLOUD BOTTO4
AL- .U'O*

10IF (: GO. 00)6 TO 101~ 10 '.ct a 3500. * w**0.271 - (I..5s28 GO To 35

I F .. 3.1.1) 0TOACI - 4000. * W900.2362 - .133.-W1901.3 S GO TO 35
2j F to *DT. loco.) 3u TO 31

1s ACT A 4200. * 100*.-25
35 A~e a 1700.0*.e..2634 - 3J3.O*a**(-6.5) S GO TO 100
3
v IF (it .ST. 21100.) G00 TO 40

ACC V 1350. * W090.ZV01 5 60 TO 45
4*, IF* to .0.010000.) (so TO 3t

20 ~~AC15 - 180 * .0*0.2525
45 ACT a 5400. 0 W**O.

1
759 1 GO TO 100

3a ACT o 3ioD. * ***4.2439
A * I 1330. * *421

25C C0JIPuTE CLOUD FDR'441104 TIME, EXPANSION TEIIIINATIO4 TImE, AND
C t.XPANSION-RATE CIIANSE TIME

ItjO TSA 8 20.3 * 0 .'.@AWw*.7
)IIffAx a 200..0*0060.554
IF (A .5E.. I0.) 30 TO 110

iT IrQ;AX a -1444,044j TRlMAX S GO to 130
It. 0~ to *LE. 103. 0 GoT 1143

IF 1* *GT. 1000.) GO TO 115
1I.IAA - (l.eb5..333*ALwI~h#MAA It J0 TO 131

;I F ~*T: 13000U.) 00 TO 120
J5 1.4MA 1 4..S..00

3
3.AL.) 0 TAMARK S GO TO 13)

)b, WmAA A .7% * T4AaX
130 IRA A CT-1'4AX-IS.4.1000.) / 3.J

C CL'-puTt~ 43f.lq.- &NO M4AX10MUM CLOUD RAOII
4C. .p~lk 350.0&090.564 - (350.J-100.SAL.O*2.4)101.0.AL.'I

Iý (w .L.E. 10.* .3Q. v .GE. 10000.) 60 TO ISO
IF (. IL.E. 100.) GoU To 14)

,jII * .YN.OU2)5*ALw*03) A W141% 1 0O TO ISO

It,) NMI'- - CI.0066-.00046*41 * 4I
*5 ~)Sit ,MAX 8 t!0.0*.*0.Jdl4 4*I-).1

IF (a .GE. 1000.) 00 T? IN~
0I CU t.E. 10.1 30 TO 60C
P04AX A (.t~i

2
35.OZ020SALWfAL., 0 R14AK 00 TO 1?0

if,,, RMAX a C.S`8?-.1?45ALO) *0 MX

C LOWPUI~E OATES CiT RAUTA6 EXPANSION
Ili .ATIU A AI1M., / TRbAX-TSQ)

,.ATA 0 .1 * RMI4 JTAIR

L40)
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Table A-3

SUBROUTINE PARThP

SI)II091IiT I PE PAQTLP 700Cr CDC AA00 FYN V3.ft-P26I OPTvO 05/10'72 17.36.24.

qUl44nvTtPJF 
0 41

'TLP

C SIIIqRRtlT1.E TO C014PIITF LA40OI.G POINTS (IRAyYRAY). H ORIZON"AL

~. Ir I)1%TAIICF.S TOAVERSED (GO9AYI, RADII (RDRAY), T114ES OF FALL
r (FTMjAYI OF PARTICLt C.Q(UPf. CESC'ENOItNo FROM VARIOUS CLOIUD LEVELS

.2?0A; O (00.,2 3 0 0 0 .2 4 0 0 0..5 0 0 ., 6 0f
/"700". T ,26oo 329nco .160.3 .1 Y1 000 ,37000.330003400.,

DAAITMEt I FTQ 1,(0l / tRR~f93?.. 63.. 9~o3.. 12.

1;1. 179,. 207., 733.. 209,K~o .. 75* 30.

is IIA 6A /.1.. 62%, .4c, 64. 6., A2 9.
OAT F~rV/ SP99 150. 300: 00: 7000. 764,.0 7700.,

46 20190.. 2027., 8300.,
I 4 2. 40P. 100A.9 16 00 3..9. 97. 0

.. ql., 9~.. 1600 ., 4110..400.o 1110., 914oo., 1.

DAT 91../ `19 so.. 300.9 9A04.9 1907, 50, 91 0.. 9740..
2n I 307m.. v~mo. . So1g. 96.0.9 900.9, 009910.000.

DATA (FTIMEII, 1)* 18100) / 4.. 93., 130.. 132..

31 3?5 77.. 3 -), 40.. 347, 42).. 4425
4"49i.. 5345:, S23:: 8fiP, 615.,: 667., 596.,bq70. 75,.c 796(, 614. A41A A60, 0893.

I If%?.. I?,).# 1109., 1176.s 7154., 176.. 1774.,
I 1)3.0 7293.. 072.9 1237.. 190.4 8264.. 1277..0

4%I )R49. 1301.. 45&1.t 114., 13AO.. 147S.. 61317,
R?36.. 4137.. qIA. 19.. 140596.. 914.s 9192..

1 l41'.0 1439., 1436.o 9145.. 914., 149., 1476.,
9143. S?0. 496h., 1503.9 06. 150. 715.. 1522..

5"DATA IFTImFII, 3)t ISIlfIAl 4.0~ 113.. 1741.9 1230.
I '8.. 3&7.. 39,, 3439.. 3409, 537., 462..

I 6)R., 676,, 720A., 73,.0 441.. 046,, 8935..
1 924., 9462., 99S.. 1935.9 1070., 1103.0 1013.,

1 fl69.. loot).. 1229., 125.0. 114?., 1315., 1317.,

P09 36.0 1390,1 41.. Il%* 1240.. 13463., 1465., 1350..
I 13&7.t .47?.. 1-480,.0 15659.. 14fl4., 1411.. 1639.,
I 66, 1672., 146.0. 1703., 171?,. 1733., 1747.,
I 71,,R3 7., 1 700., 1401.. IS39 I1.91. 1925., 1937.,

601 19p3,, !93.. )999., 103S.. 1961., 1970,, 1978,.
1 1103., 11995., 12003., 201.. 2019., 23127,, 1 .

so;137.t 09.. 41.. 44.# 46.o 4.s..192.

IS??.* 154?.. 1560j.9 1105.4 ___________1421__t_1439_o



Table A-3 (Continued)

ctljnflluI NF PAPILP TOACE (~C660) FT-j V3.0.PP61 041.0 05/10/7? 17.36.';.

UA
T
A (FIr'F(Ie 4)0 1s1.ln) / 73.* 144.0 213., 2111.

I 4.,: 413.. 4760. SM. 599.' 659.. 717.-
774., A30:: RA4:: 937:: 19AS:: 1039.0 10,31.#

1 1439., 1474, 11g, 255?,, 1%A7,, 162P,, 1655.,
lfA~t 171.. 175). 170. MI.. 1036,, 1864.,

2890.. 1915.. 1940., 1965., 19A8., 2011., 2033.,
?5ss.. 2076.. 2097.: 2117., 2136.o ?155., 2174,

?0 ?192.0 2210., ?227., 2744., 2241., 2277., 2293.,t
1 30R., P323., 2333., 735P., 2367., 2340., 2394.,
1 ?4G7., 2420., 2433., 7446., 24s4., 2470., 2492..
1 ?493.. P504., 2SI6., P526.0 2S47., 2548./

DATA (0TIME fI. S) # 1: 91, 0 / Aq.. 173., .5?., 339..
7- 1 41.0. 497.. 574.. O49., 723,, 795,, 865..

2 934., 200o., 1067., 1131., 1194,. I1255, 131S.,
2 1373., 1430.. 1486., 1540.. 1593., 1644., 1694.,

? 174•.. 1740., 1036., 1 A41. 19s5., 1967.. 200.,.
I 24p., 20173. 212S.9 P162., 2197., 2232., 2266..

An 1 P299.. 2331., 236.,. ?392., 24?2., 2450., ?2?4.,
1 6., ?533.. 2559., 2584.9 26.9., 2633., 2657.,
1 7690.9 7703., 272S., 27747., 276B,, 2?79., ?Ro2.*
I 2k?'.o p249., 1464., 2,87.4 2905., 2923., 2941.,

?1%A.. 207?5. ?992., 3000., 3024., 3040., 305S.,
R. 3(,?I., 305., 3100., 3114,. 31P2., 3142,/

PATA (FTTUF(l, 62, 1s:2RO} / 103., ?23.. 372., 398.t

44i2.o 545.. 675,. 764.0 HS51.0 9364, 1019..
1)10.. 1140.. 1254.. 1334.. 1408•. 14RI., 1552.1
W161., 1640., 2754., 1419.. 142,, 1943,. 2002..

Qn M060.. 2117.. 217Z.9 2725., 2277., 2324., 2377..
Z425.9 2472.. 2517., 2562., 265.o 2647., 26A4.,
1 727., 2766., ?O404, 7241.0 2477., 2912., 2946.,

1 794M., 1012., 3045,, 3076.. 310.,, 3136., 3166,,
1 3194., 3223., 3?SO., 3277,, 33o3., 3329., 335S.,

9c 43qn.. ,404., 34R4., 51S,, 3474., 3497,9 3519.,
1 3541., 562.,$ 3581., W'04.0 3624,, 3644., 3664.,

10.3, 370?,. 3720,, -739.. 37S7.9 3774,/
DATA I F .141(, 7). (1,40211 / 1?1., 2344, 3514..# 467,,
1 579.t 497. 79?94.f 94.. 1001.0 1101.. 1199.,

i0nn 1 229%,, 1349. 1481., 1571. 16S9,. 1745.0 1•8•.
1911,, 1991.. 2069., 2145,, 22?0.. 2292., 2361,,
P43;,. p4q%., 256.•t 262•9. 2641, P751.,9 2810.9

1 7R6q., 2924.. 297R., 3032.. 30A3., 3134., 3103.,
1 3231., 3V78., 3324.t 3369., 3413,, 35S., 3497,,

1- I 353h.,, 357R., 3617., 3656., 3693., 3730.. 3766.,
1 14pp.. 3A)6., 317A., 3904., 39%6., 3964., 4000..
1 4(31.. 4061., 4091.t 4120., 4144., 4177,, 4205,,
1 0?32., 4259., '29S,, '322,, 4337., 4362,, 4346,,
I 4411-s 4434., 4457.. 4484., 45O3., 4525.,

11• UATA (FT1M5(1, 4}, I112,4) / 142,, ?R20, 414., S49.
413A.. 4P0.. 934.. Ins?.$ 1178., 1296., 1412,.

1525., 1537.. "745.. 1452., 1946., 2057. 21S7.,
22U4., P349., e442. 2532., 2621., 2707., 2791,,
1 073., 2954,. 3032., 3108,. 3122,. 3255., 3325.,

1ie 3394,, 1461., 3S27., 3r,9i, 3613.t 3714,, 3774,,
%A3429., 19349. 3944.. 3999,, 402,. 4104,, 415S,

1 42p5., 42S4,, 4102.9 , 449.. 439S., 4440., 4444,,
I 4524., 4S5I., '613,4 4654., 4694.. 4734., 4773..
1 4A12,, 4449., 4487., 4923,, 4959.0 4994.0 5029,..

12" W043. C.096.9 5129., 5161., 5193.a 525., 52S6.,
t,5207., 5318.o 534A,, 5374. S4A7.. 5636,/

"~ 1 93
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Table A-3 (Continued)

SLIQOIIIlT-Ir PAOTLP TPACE CDC 6600 r714 V3.0-P261 007.0 OS/10/1` 17.36.24.

DATA IFIIOrII, q3, 1m.3Mn) / 165,,9 326.o 485., 640.,
I ?.. 943., 3040., 1231.@ 1373.. 1511.. 164?..

1 1779.. 1909., 2036.. P361.. P242.4 240?,. ?f.
175 1 POP.,, P7431. 74?A,,. P959,, Sn43.. 3164., 3263.,

1 3360.t. 1 '454.. 1546., 1 636,, 37?04.. 3410,, 3493. ,

I 3915S 405S.. 413p., 4201.0, 4243.. 4355,, 4426.,,
1 495.. .5)3., 463n.. 4695,, 4759,, 4q422,, 4661,,
1 4943,, son?.. 50tu., 5117., 5373., 5fl4., 5261..

13', 1 5314., %386., 5417.. V5444., S517.9 5466., 5633,,
I "an.$l, 5726., 5177p, SHIA., # 4Q, 59. 03., 5946,,
1 5988., 6.030., ;i071,. 4113., 615;3.s 6194., 6233%..
I 6M7.9 06313.t 6349,. 618?., 64.4,, 6461./
('674 311IME(1,18I, 81941,0 / 3.93 141, 557.# 744.,

13Q 27.9 1102.. 1274., 1442.. 1648,, 1'7709 1929.,
I 014: 2237., 218?.. 2533., 2676,, 24317., 29S4.,

3aI 39, 122.. 3344, 14474., 359?., 3716.. 3434.,
1 3944, 4060., 4169.. 4276,, 4340,, 44R2,, 45810.t
1 4679,, 4773, 4666,, 4956., 504S., SF012.. 5217.,4 14" 1 !1011.. 53ft7, 546?., 5543., 561., 5691., 576?,,

I 544".. %93p.l 59AP,, 605S1., 6119,, 6146., 62?p.,
3 13114::, 6360,, 644?.. 65004,: 6,564., 601.21, 4668?..
I 6739, 6?96, 6651. 6909. 6 ; "4.. 7019., 7073.,
1 7127.' 7380., 7231.. 7245,, 7316.. 7347., 7437,,

144, 1 744 7535, 7M1, 7611. 7678. 7774,/
('ATA Ir' (rT,11I t.,AIO / 226., 4408,. 666,. 8F00,
I Ifr-91.' 3297,. 1500.' 1696,' 1494,. 2o85,, 2273,,

I 244?.$ 2637.t 2534.1 2687,, 3157,, 3323,, 3486.,
1S 3645,, 1401,, 3Qs-1,9 4102,. 42A.8, 4390,, 4530.,,

IAI 4"q,., 4799., 4429., 5'J5?,, 51*1., 5103,, 5422,,
1 46%34,, 4652., 5761,, 44A7p,, 5979,, 640S3,, 6186,,.
1 624t6,, f.34.. 6481,.. 6577,, 6670., 676?,.9 6653.,
1 694?., T029f., 7135,, 7199.. 72A2,, 7164., 7444..

I Ip521. 71%51,. T67lt. 7153., 78P9,. 7994.. 7978,.
sr. 1 8051. 911'4 A R)9~., MPh?.,q 33?,, ? 4407,, 8476,,

I R4544, 4613., A67?,, 4743,, IM.;8n4,, .847, 936.,
I M$9Q6,t 0860,, 921,p. Z)OPP 9242,, 9m./,

DATA IrI-III .381 2653.0 2. 780,, 1031,,
I 27ft. 1%20., 1754., 1913.. 22?)., 2445., 2667,,

16n 1 21MR3, 1fl5,, 311 1507,, 37o,, 3903,. '095.,
1 42R3, '467, 4647, 4823., 4996,, '$164., 5329,.
I 4;490. 4;644. 5AC7p, 5154.. 61'!., 6?46,, 638A.,
I h 626., 6,66? isr., 67%, '92S,, 704fm,, 7177.s 7301,,
1 74I. 7540,. 765'.., 7771., 1.'. 995.. 4104,..

Ik. 1 .21. 431?., 842' A,2., 1323, 8>4,, 0 724,, R4?3..
?1*73, 03, 91, 9211.. ffInS, 9399., 9492,,

¶ 9444, Q675., Q?6q,, 9851,, 9941,, 10624,, 10114.,,

I1Inane', 162A4,. 3036?,, 304'50., 10511,, 10612,, 10692,.
1I nl. 1077 9 14Q.. 30927,, 11003., 11079., 1113,1

37n PATA (VT1'l6:3,13), 1.1,80) / 311.o 619., 92P., 1218..
I Sn.* j707,, 2079,, P353., 2627,, 2493., 3156..

1 1412,, 1665,, 3911,, 4154., 4391.. 4625,, 465,,9
I o?, 507f f26,.# 551),, 5720,, 5926,, 6127,, 6324,,
1 6516. 6706,, 6-49q,, 7072,. 7249,, 7423., 7592,,

- 7?5 1 774"9.. 7922., 4082,, R?39,, 8393,, 8544., 8693.,
1 94840, 49114., 9325,, 9265,, 94A2,, 9536., 9669.,
1 9403.,. 9931.. 10061,, 10149., 10317,, 10443,.t 10568.,

1 3869Q2,, t66lS., 309365., 11057,, 11176,, 311794.9 31410,,I1 33?., 11641., 31751., 11465., 19?77,, 12087., 32196,,
In.4 1 1210',. l?411,, 12517,, 12622,, 12726,, 12429,, 12931,,

' 11 133032., 1313?.t 13236., 13328., 13424., 13510./
(DA74 I mfTItME,1) T11,00 / 173,, 719., 1100., 1454.,

1 3 14C.o 7145.. 2483,, 2411,, 3119,, 3454., 3773.,

94
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Tabl A-3 (Continued)

S'IRQ00ITfNE P'nTLP TRACF COC 6.600 PýTN V3.0-P261 OPT90 05/10/72 17.36.?4.

1 O4n..) 4341.. 4670., 4970.v 52%5., 5536., 5610*,
185 1 1.080,, 03'.. 6602.. 6454.. 7162.. 7344., 75.42.

1 7'115:: 8041., 8267., A4146.9 8701., 912.93, 9115.,

1 9321. 9 519.. 97)4., 990S.9 10093.. 1027R., 10460.o
1 10630., 10814.t 10980.. 11161.. 11312.. 11503., 11671..
I 111439.9 12005.. 12111,. 17313., 12494.# 12654,, 12413.,

1i1 12949., 112. 327Q.9 13432.. 13543., 13733.. 13881..
1 14029., 14175., 1432P'.9 14463., 14604.s 14747., 14866..
I 152?, I65.. 15301., 15437., 15571., 15704., 15835.,

IIATA 4FTIMEII,)5)# 1.1,80) / 4411.o @A2., 1313., 1736..
195 i 51', 76., 26. 363.9 3754,, 4136., 4513..

4807.. 5245.. 56%01., 91, 69. 6631., 6960.v
1 7295.. 7682., 7914., 8211., 851%., 6409., 9096.,

3 10. 9654.. 9924., 10190., 10450., 10701.o 10957.,
I 112"'.. 11444.9 1168n~.9 11911., 12140.@ 12366.o 12591.,

011 1281'-., 11037.t 132'?., 13471J.9 13692.o 13907.. 14120.,
1 4331.: 14539:, 177, 34952., 151-45.. 15157,, 15557.,

II "5756 3952.. 1614A., 1634P., 16514., 16725., 16915.,
1 1710'., 17291.. 1747S., 176'ý.). 178464, 18025i., 1820.,

! 83:4:, 341 . 1471::IR37.. 1-911.. 19043., 19754,, 19422.,
PAS S 159. 175'. 39917. 20077,. M021.. 20191.1

*)4TA (Frrm1U?114i, 1.1.80) / 534., 1047,, IS090., 21n:3.,
1 611l.. 310n7., 3597., 6n74,.: 4552.. 5A17.. 5475..

1 5924.. 637. 4400. 7P27, 7644., R456.0 8.58..
1 0454.. 9241., 9622., 9999.t 10361,, 10714., 11070.,

1'1 11415., 11754,, 12084., 12409,, 12777., 13041., 13350.,
1 1365h.. 11946,, 14254., 14540J., 14841:: S1530.* 15410.t
1 15702., 1A49S5, 16765., 16543., 16819, 17092,, 17363.,
1 17632.s 17899,, 18164., 18427,. 18f486,, 18944., 19206.,
1 1946P., 19717., 199'0., 20221,, 20471., 20720., 20967.,

351 Z1212., 21456., 2169A.. 21939., 22177., 22414., 22649.,
1 22847., P3113., 233'1.t 235,64,, P3792.0 24014., 24233..

? 4451., 24661., 74871., 75,040,, 25285.. 75485./
P1ATA ,VT1&'Ju ),, 3.3,80) / 66P., 1313.. 1957,, 2589..
1 3114., 14?8.. 4431.. 5027,. 5613.. 6)67.. 6754..

;)2." 1 7309.. 7457., R194g. 8923., 9440., 9948., 10444.s
1 In12.'07 114)0,, ))44n.t 12341., 12745., 13,139.t 13678.t
I 1411n.. 14518.. 1496n.9 15177., 54. 1619q., 16595,,
I 141191., 17379.. M764.9 18344., 18570,, 14891., 19263.,
1 1943A.. 19995.. 20154%., 2871'.. 21073,, 21429,, 23782.t

?7I 22113.. 27483., 22429., 71)74., 23517.. 23459., Z4199.,
1 24517.t ?4874., 75209., 75542., 7587T3,, 26P03,, 26531.,

I ?&ASA., P77)40, 277%01., 27719. ?48136,, 28450., 24761.,
1 29049.. 79375., :29477.. 29976., 10273,, 30443., 30450..
1 111135.t 31414.# 316R9.9 11959,, 32275., 3248r,./

71' ATA IFTI'4E(1,18)o 1.1,80) / 82,,# 1610.t 7.26., 3207.,
1 3Q74:: 4716.0 5484.. 6239., 69~46t 7660.. 8367..
1 0 Sj., 19?47:, 104241.. 31084. 11743., 12190., 3 3026.
I 13653. 0747, 3447, 3S47, 160o,3, 16639, 172.19.,

I 17769.t 14124, ISlQ. 19409., 19940,, 20465,, 20983.,
P35 1 21491,, 21993. 2249., 22980,, 23467., 2395).. 2443?.,

1 4), 546., ?5459.t 26331., 26800,, 27?261.. 27733..
1 P4197., 20659.. ?911.9. ;09577.# 10014., 30469., 30941.,

n p392:: 1)941:, 327087., 32731., 13173,, 33633., 34050..
I1 148444 349)4, 3534?. 35766.. 36)87., 16604., 17037..

?4m 1 1747?5 ., 3779 9., 3822A ., 30623.o 3901.. 39396., 39773..
'I *0144.. 405)1,. 40471., 412"?.9 41567., 41904./

1) ATA IFTP4F(I19). 1.1.40t) / 1054., 2096,, 3131., 4153.,
1 5166.., 6I14.s 7151.# 4123. 9044., 10029., 1094P4..

1 1144P.. 32790.. 114AI.9 34564.. 15410., 16765., 17126.,,

95
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Table A-3 (Continued)

,ijpiSmpTT'JF PANTLP TRACE rqL 6600 rTN V3.n-O?01 OPT0 O 05/10/72 17,36.74.

14q 1795.. Ia?66., 19S67., 2A353.. p 1102,, 21087,, 22637.,
I 23375.. 24100., 24826., P5537., P62183., 26932., 27615.,

0 p029?., 29S99.s ?'9#20., 30?74.9 309P5., 31573.. 32219.,
1 2j)103., 01458.. 14140,, 34789.t 35013.9 36059., 36693.,

.1F3735., 3795. . 38S10., 19210., 13415., 40456., 41076.,

2@;' 0 .1693.# 42307., 42917., 4?529.9 44119.. 44730,, 4S3?6.,.•). kf••4P•.4•4• 4826., 48OAO0* 493600.

1 491P.9 S045A.# $09YS.i S152M9 5204?.t SPO1,, 53065.o
1 9361.. S4046.9 54S2?*9 %4987.9 S5443.9 55846./

IAfk (FT1FI•T'I V)8 , T.1, / 1430.9 2843., 4P44., 568..
1 6999., q349.. 9684.0 10997.0 12297., 13574.9 14638.,
I 16O., 17308., 18S5S., 19707., 208?9., ?2237,, 23174,,

24297., 20399., ?64bl.9 275%6., 28411.o 29644., 30566.,
1 31671.: 32673., 33059., 34637., 35604., 36557., 37501.,
1 30437,. 39361. 40779., 41009. 42097., 43002., 43907.,

1'I 44010., 45712., 46610., 47514., 40413., 49311., 50206.,
5111n., 51990.t -51%79.t S3764.9 54647., SS526,, 56402..

0 b7?77., rA119.. 59000., 5s0A5., 60707,, 01S52., 623899.
1 63220., S4041., 64850,, 6;660., 66467., 67242,, 68018,.
I R702?., 69S16.. 70216., 71006., 71710., 72424., 73110.#

t 1 71745., 7444P.9 75'16., '?5712.o 76324., 76914./
NATA (FT!ME(1921)0, I1sO) / 1973., 3923.3. 5M60., 7775.,

1 '673., 10643.. 1339%., 05218.. 17013.* 10801. 20559.,
I 2?Q20.. 240oo*.. 256A0., 77155.o 20094., 30416., 32211.,
1 3371.,. 3t337. 36869., 1R37*5., 0901., 413?22, 42766.,

2A 1 4419*., 49612., 47014., 40405s, 49701., 51146., 52497.,
1 53A37., Sli6?,, 56647q., # 779.s S9045., 00401., 61706.,
1 63011.9 64316., 6562n.. 66921., 0A225.. 69525., 7082?.,
O 7216h., 7340S., 74691., 75972., 771&8,, 70517.. 79781.,
1 10., 82424., 03S?2., 847%P., 45971., 87181., 408377..

$? I 6562.. 90711. 94148,, 93029,, 941r66, 95263., '6356.,

O 97426., 94492., 499514., 100530.o 1015S20., 102493., 103439.,
1 114360., IP%2265.; 100144., 11)69981., 00015.,s 108626./
flATa (•ItMFI.22l) 191,00) / PSO, 5675., 0402., 11263.,
1 143?3.' 1&746.. 19441.* 2103.' 247318. 27336., 29909..

VA 32441., 3493.. 37427., 397i5., 422A7.# 44673,. 47022.,
1 49347., 51636., S3098. 50123., 58313., 60485., 62627.,

6474,. 66053.. 60939., '1011., 73002. 75100.. 77116.,
It 79119., 01100., 40Pn7., 015031., 86990,, A6947,.# 90904,,
1 92802., 948]9., 96774.. 9719., 100601., 102629., 104571.,

061 116504.. 0100416., 1003158., 120. 114111., 116060., 117938,,
I 11000. 021650., 123401., 125797.. 127002•, 120870., 130623.,
1 1323S4*, 134063., 13574?., 117401.9 139031., 1400M7., 142199.,
S 4174M3., 14621, 146700., 14q10o.. 1495648. IS091A., S1244.,
I 5354%*, 164791., 156011., 157106,, 0583?9,, 159426.1

29A tAII (FT0Mr(13to. M .I 1 )00 / 4417,, 7 880,, 13161., 17491.,
! 21789., 260)3.. 30240•. 34493., 30RS9,, 42570,, 46594.,
S 5053., 5449S, 50317?,, 67112., 6S997., 69745., 73437.,
I 77091:. 00690., R4A25., 8775,.9 912"1., 9462A., 9OOOS.9
I U,1350.* 1)4616., 107971,, 11124S., 11440.6 117710., 1?0900,,

0q6 0 124009., IP7204., 130323., 133425.9 136S22., 139018., 142714.,
1 04O607., 10409q., 131997,, 15070., IS 58146., 161?14., 164267.,
1 167309.. 170332. 173340.. 176326. 179294., 182234,e I10I154,
1 14039.9, 190900,, 191722., 19617.,t 199209,, 2090A9., 204601.,

O n?2Q8,,q 209879., 212421., 214900,, 217152., 219732., 222070,,
300 1 24340.. ;.20564.t 22871q0, 23OR27,t 2128f2.9 P-31408. 236761.,

I 238624., 240401., 242152,, 243817., 245413,, 246976.,
14AA IFTI (|1 ,4 . 121,80) / 7167. ISOA4., 22567., 30000.

1 37306-, 44680,, 5090., $9CS9., 66142.. 73134.,* 0065.*
1 8691.* 33677.t 100368.t 106982.9 113510.. 119975., 12634S5.

100 1 132652., )18@64,, 145014., 156IS ., 157045,, 162927,, 168758,,
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Table A-3 (Continu'ed)

SURQOUT14C r'ARTLP 'qACE CDC 6600 Fy14 V3.0-P261 OPTwC 03/10/72 17.36i.?4.

1 17453f., l80279. 195970.o 1916P9.9 1972P3,, 202184.. 206280),,
1 P)13?St% .±19161.9 224536.t 229478.. 235268.. 240S33, 20"17,,

Z 51154., 256452., 261731., 267000., 272243., 277463. 2269.
1 287605., 297914., 297996., 303010., 307949., 312903t., 317773..

31m 1 322564.. 327303.. 311957., 336353,, 34105S.. 345492., 349827.,
1 354091., 330242., J62317., 36f8278,. 370134,. 373910., 377381..
1 3A1126., 364SiS., 347915., 391158.. 394270., 197?94., 400149.,
1 40299R., 443677., 40827P., 411741.o 413126.. 4IS395.1
DATA gFTIMEiI,75)q IvII1O) / 14SSS.. 29019.. 43421.. 37730..

31S 1 71952., 8600 0. 9993P.9 113691.t 1?7334., 140$02.o 134132..
1 161322. 100372., 193?47,. 206001.9 216S73i3 231o~22, 2432488.
I 2534369. !S73q5., -916.9 290854., 312361., 113669:, 324R75,.:1 333973., 346'099.t 357917.. 360)761., 379487.. 190135.v 400664..
1 411110., 421426.. 43;6?3.9 441440.. 45,1970., 462065., 472133..
I 4821506., 492143., 502060.. 311947., 321747., S31483.. 341111..1 550660., 3460013., 369414., 578959,, 3876A61, 396397,. 603393S,
1 614006., 622487.. 630767., 63R907*, 646830., 63S4603, 6621435
1 A669327.. 676664.9 0,3634%.. 690358., 696912., 703210., 709337.,

1 715206.9 72090S., 12615C.9 731628., 736632., 741313.o 746132.,
32'; 1 754593.9 734620.. 75889.., ?62747., 766433S., 769954./

CO')PC s (ACT-ACS) / F'LOAT(4LVL-1)
CLO.4

T % ACR
00 19h 14 % I, NLVL

33n ALTA a 0.4 9 FOX a 0.0 $ '.Of a 0.0
G0 TO (20# 40, 1R09 100), KO&)T

C
C WINDODAT& WR GIVEN By ALTITUDE (METERS) ANn X AND Y (METERS/SE(.1

r COMPONENTS
335 20 CXA - DX1I) % DYA a 1)Y1))

00 IC 10 a It NOINI)
ALTO a ALTII) S DX.0 v OXIIRI S 1)Y8 DY0($10)
IF (CLDHT .LT. ALTW O) TO 140
XOX a XOX * *0(ALTR-4LTA)*IDxA&flxO)

34A 707 8 YDY .* *O4LTR-4LTA)*!OYA.DY8)
ALTA a ALTR S OXA a DX' S 076.078

.10 C04TINUE
3O TO) 150

341C WIND DATA ARE GIVEN 14 WEATH4ER BUREAU FC(1MAT..CONAPASS nIRECTION
r (OX) AND SPEF') (DY IN m/src) AT SPECIFIC ELEVAT10NS

60 nxA a 0.0 S DVA a 0.9
IF (01(1) *EQ. 20.1 (10 To In
TANG RAO &4 (PX(1)..01

30OXA SIWITA43G * 07111 I 0YA s COS(TANG) * 07(1)
70 DO 90 10 It1 NUIND

ALTII) *ELEV(4))
ALTA x ELEVIIO) S DXII v 0.0 s Oyq a *
If (Ox'II) *E0. ?A.) 00 TO A00
TANG P AO 0 (DX(I9).0.0)
0X)H S114'6I0) * nyfI8) S "Y5 a CnSIT&NjI a DY-11)

AO IF ICLOMT ,LT. ALTR) 00 TO 140
XOX a XOX - .130(4LT19-ALTA)*tDXA.OXR)
YOY? YD 70 S*.3(ALTF1-ALT0)*(DYAOYR1

36n ALTA x ALTIN SOXA - DX: S DY:. aE~ INN/E CY)

C

C SPECIFIC E.LEVATIONS
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Table A-3 (Concluded)

StIRRoti'TI'iE P4hPTL* IRACE COC 6600 FTN V#3.0.P261 OPTsC 051'10/72 76.4

104 ALM() 9 00' 1 RON 0f.074533 * OM 1)tO,(A
OXA a SINMW~J * OVEI S OYA aCOSCRON) 0 OYM1
00 110 19 m 2, NdPJL)

37nl ALT(R) 9 FLEWI(R) S A1.73 a ELEV21til)
ROlN x n0)?4533 * (OX(1S).IAn.)

DqaSINCRON) * yjIHD $ ')Y4 a COs(RON) * Y(JR)

I F ICLI)4T *LT. ALTO)I Go T0 140
.0; : XO)X # 0.%*(ALTR-ALTA)#(OX4.OXR)

175 Yfl YqY - O.S0(ALTR-ALTA)61DYAOYUII
ALTA - ALT4 % DXA 0 OXR S OVA a *

lift CONJTINUE
Go Tn 19.0

C
IAC W140 OATA ARE 31VEN AT ALT!M ru (FEEThs SPEED IFT/SEC). AND

C OTWECTIO'J (DEGREES CLOCKWTgE FROM NORTH)* I120 W4 v.0743 * tnOY()o1$4.)

OVA a*3n49 * CnIROn") nx0111
W; D 130 141 a I *1114

ALTA - .3(149 0 ALMAI) 4ý RON .65174533 * Y(OVC1).19f.1
DXR . *3fth & q5I'(RnN) 9 ')x(p3)

DVA .*304F 0 COS(RON) * 1111(I41
IF (CLDNT *LT. ALMO GO TO 140

.am xOX m XX * .S*(ALTII-ALT&)*0XA-nXfJ1
VYn - OY # S*fOALTR-At.TAl*(DYA-OYRJ

ALTA x ALTR s OXA - OXH S nYA fiR
13o CONTINjUE

GO TO ISA
)39S 146 FP&C *CLnHT-ALTA) / (ALTA-ALtA)

0143 DX 0 # FRACO(OXA-DXA) s nyq nYOA *FOCO(DO..OYAl
1';6 XDX XDX 4 S*5(CLn14T-ALTA)*(DXA4DX)X

VOl Y~y . S*f.CLONt-ALT~l0(OYA4O~Yql
KcO CLONT / S00,

40n FRAC a (CLOIHt.FLOAT(I(O)OSOCI.) / ROfO.
AOl z XDX %nCLO1T S VDY . YOY / CtDT

flO 140 7R 1, 25. KPAR
WTAY(19RIA) a 7TIME(KD,tA) - FRAC*(FTINE(l()j1.T.)VT!MF(KO.19)1
XTA y 19.tA) * 101 * FTTAV'?O.TA)

4nS VTAY)TBIA) a VOY * FTTAY(tR41A)
GODTAYIIBIA) v 52RT(XTAY(JRA.IAl*'P * YTAYt!I991AV02)
IF IFTTAY(IP.IA) 4 TSR TG. 044X) GO TO 16A
IF (FTtAV(II4,IA) OGE- TRh) rgn TO 155
OT a OPMIN * QATAOFTTAY(1Isl%)

155 AT x RMIN - RATTOOFTTAV)IR.WA
GO To 17M

160 (iT a sINAX
17ýe QDTA'rUR.IA1 at0

419 1811 CONJTINUE

CLO)IT x CLO-41 # CLOINC
KC % 25 - KPAG
ITAY(?.AIA) 4 2.00!TAW25s1A) X TAY(KCeIA)
YTtY124,TA) a .'TY~,.)-VTAY(4CCIA1

4?n GOIAy (2.1A,IA a V.ClST Yt q.A) 0OTAyEKC,fA)
FTTAYI?6#,111 FTTAY(?S*IA)
001AY126tA) aT

IOU CONTINUJE

RrTuRm
0-5 END
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Table A-4

j~. .. ~SUBROUTINE INTENS

SIIHQOUIpNF PITNS TtQa CDC 6600 FTAJ V3.fn.P2&1 OPTPS 05/10/72 1.32.

SUHIWUTINE TNTC4S

CC SUMPOUTTNE TO C04PUTE TW4E FALLOUT INTENSItTIES MPAY) AT KEY POINTS
CC A0 AQY aA

4
Y(26.73).XQAYI26923,,YRAY(269

23lGOAAYt26#23)t
I FTRAyA,2fo3),#kntAY(

2 6 .2 3IOPATSAIZ
6P?3)

3 /sCcur4 XTAY( 2
6t2

3
1,YTAY(26923).eorAY(2

6 92 3)9FTTAYC?
262)4 qnlTAY(2b,23) ,TAYI2S,23) .UDQAy(?62e,?),1; rATS8(?&*?3)9RD(:'61*OUM(5I92,

4 /fNOAr/ Wo ALW, TITLFI8), )L01
/CLnATA, ACR#ACTtQ.4tjR4IAX . "sO,?AXtOATIOPTq*.gR4TA

A /EDGOAY/ XP?9)YQ2* 100DIMNC~SION PERC.JT(26)19; DATA (PERC4JTcI)sIx19?62 / 3*.029 3*.025. 3*.039 30.fl35, 3*.041-tI b~l.*04S, 7*.01, .065 ,-

C COMPUTE FAI.LOf JT ITESITY AT VEY P01'4TS WITH All CONSIDERATIONd
C FOR OVERLAPPING, CLOUD LAYER9.24ALVI 2 1.0 / 'LOAT(NLVLI % D'41 a 1. 0 ALVLOLAYER a .0779E#09 0 0 * FLOAT(aKPAR) 0 ALVLOC0 x 000. * dtf.333333 s nSTP % DCON - TSQn IqN 0.0'E.I2 S DISmAx 0

00 50 IA. 2. ItLVL
IF (ALI GAT. 3.3) 00 TO 10
an a 00.5 - *C

3
6ALIE) * SOT4YCItA) S On TO 2n10 GO~ a C0.03..oq474640ALW) * GDTAYfI*IA1

ý0 FAC a 0.5 1 T1T4C a 0no 40 19 8 t 259 I(0AQ30l ORAT s 1.5 5 IF (IT114E AEO. 11 0O TO 30
IF (!g C(O. 25) VAC a 0.5 / rLOArTKPAR)

aAVE00S2 .OAYEOECI(4*A/RTY?*AooT~liT)0)
IF (FTTAY(194IA) *GE. OSTPI 00 TO 25
nR4T a : CN(S*~AY1s~)003
IF (0-14T kT. ;.0) nAT v 1.0 * .S*DRAT

TDOS 2 DTAY(!T.I-KPAR,1A)4*((0ASXY..1.,,)/SASXY)
44 IF(AVE110S .3r. TODM AVEO05 w TOIS

XT4 XTAY(Iq.(PAROIA) 4 ASXYQIXTAY(I0.IAI..XTAY)
1 9 -KIOAIAIA)YTE4.P 2 YTAY(Tr.;-PAR*1A) * SASXY*(YTAY(IR1R.T).YTAY(i8.KPAR.TIA)

.)IsQ v xrE~ipag?%10 # YtE4P*YtE.4P
IF (iOIS4qK *LT. 3150) OISMAX 3 015045 IF 13151"IN 0T. 1IS01 )ISmIVJ - DSO
00 TO IS

)i AVEDOS a .*5 0 ntAY(j9-KPARIA)
35 nT&YqR8.zA) a AVCDOO 4 ORAT

IF IflTAY(I0,1g
1 ) -LT. 0411 0,1 TO 1454 O~ISv XTAY1Iq*1A)fXTAY(IaivtA) - YT4Y(I0,IA)*YTAYf14#TA)17 IF (OIS'4AX #LT. D150) Oj5.4A 2 0100

IF IDIS'IIN .3r. "1100) nmT)1S41 a 3)15ISl 09I(&TS93I~1A) * IRAT I n0 a * TYJ9A
4i CONTIM'M

s5 nTAY(2691A) *~
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Table A-4 (Continued)

5.IRR'111T 1'r jTF'JTS TSQACý COC 6.600 FINJ V3.0-P2A1 OPTmO 05110/72 17.36.24.

IF (I)T4Y(P5.IA; .LT.P.1) DT1Y(4 6o.iA2 a S*DTAY(?Ss.IA)

5"1 CONTIIl'JF

C ESTABLISH W
1
)3AL OISTANCIPS

4I4A Mu SI)QT(ntS4AX) - R14AX S DIS14IN a SORT(nISWI*42

1) S4I o OIS 4A x - nISMZ'd4 s ;f(I nit a ismi~
C04 g 1.3?S41*rLnAT(K0PA4)
Do0 "c' 1. - ps %PAR
RCIMAI a 0I5q421 0 fl1SMflO.fl*(C)N*FLOATlNPAR-IAI)

65 66CNTMJ

r~ cOn'uTE VAL.JA5 FOR ALL 'PAUKAL POITNS

On ý6fl TA - Is '4LVL
IF MMD~) C.T. .33*o340)AY~l.I1w GO to To

7') LRAY(2IsAI x 2.n 0 OTAYU,104 0 Poll) O0T4Y(1l*A)
007TO All

7.' ORAYVlI*A) x (.&66 * ((.50Uflhl)-.,66642IOTAY(iIA)2#flDTAY(1ItAI)I
I OTAVII,TA)

RA' UORA(1I,TA1 * ORAY(IsIA) S POO a ROO2) / GOTAYI2,IAI
79XPAy(191A2 XTAVU.,IA) 0 PRO I ORATSAfloIll) 2 I2RATS912.IA)

V12AY(1#14) a YTAY11.IA) 0 PROn % GORAY(lIA) 11QF)(1)
POOAY(1.IA)1 a~I -~p PSJOO(Rr.TAYIIIA-RMIN)
FTOAY(I:TAj V TTAYf1#IA).* PRO

XA- X , Y( I.A) I VA a QAY(2.IA) I IT I
40) A a 1AY(1,TA) S PTA - cnRAY(2,IA) S FTA a FTRAY1l,1A2

ORTA s IDOATSAI1.IA) I OnA a 00RAYC19IA) OF ITN) v 0

D FTE0'41'JE V&LUFS AT RADIAL POINTS 2 TI4RU 26
- 1 ~00 5PS TI" - 2. W4AR
5R.; PO050 :;D(I(0 - ROC IE) s IF (TENn fGO. 1) G0 TO 190

Is XYSO s XTAY(2I7IA)*XTAY(IT9IAl - YTYI9A*TYIsA
IF (XYS') *LT. Rfl5O' r0 TO 150 S nTnR 0 nTAYtIT,?Af

tIF (JlA *EO. XTAY(tToIA)l 00 TO 13n
IF (VA *EO, YTAYCIT;IAII Go To 140

gnS a 21TAYty , A) - YA) M IAY ITtIA) - XA)
YOl . VA - S*XA S S1 a q*5 # 1.0 s % a S & Y / S,
XT v5'IQT(SY0.SYD - (fli*YO-RDOSG/S1) S X1 a SYD . XT
IF iXA .3T. ITAY(ITT.Z4) GO0 TO 110
IF (XI *LT. XA) XI - -SYo - XT 1 40 TO 12o

9s 210 IF (XI rfT. XA) XI a -SYO - XT
220 TI = O * SOXI

SASXY x SQPTU((X2-XA)t** * (Y1-YAI**2) / UXTAYfIT*IA2-XA2@**

I (YTAY(tT,IA2-YA1**P 2

100 c 02'

C LINF :S .UARALLEL to Y A'IS
1311 X1 a %A s Y3 - S0RT2ROSn2.X2*X12

IF CYA *GT. YTAV(IT,IA)2 Yl a I
SASXY - (Y2-YA) / IYTAY(TT.IA2-YA) S 00 To 160

C LI'ý 11; PRALM LLFL X AXLES
1411 Y1 9 YA I X1 V SQRT(QOSO)-YI*Y2)

IF (XA SOT. XTAY(IT#14)2 XI 8 -XI
SASXY a(Al-XA) fX(TAY(IItA)-XA) S 00 TO 16A

11.0

100



Table A-4 (Concluded)

S(UPRO I T I'. NTENS TRACE COC 6600 FTN V1.j-P2AI OPTinG 05/10/72 17,36.24.

C kAOtAL POINTj 15 FARTHER THAN CURVEN, PARTICLE POlINT. INJCREMENJT
C PARTICLE P014T AN)) UPDATE VAQIA4LES

15fl IF (if .SO. 25) 30 TO 180
XA XTAYCITIA) I YA - YTAY(IT.IA)

OTOA s 5TAY(Itla) S QTA a n ITAYIIT.JA)
DATA x flRATSdfIT,IA) S G(MA u GDTAY(IT.IA)
FTA 2 FTTAYUTItsAl I IT N IT 4 KPAR 2 anl TO 100

C Xi AND Y1 HAVE 8EEN OETERHINEn. COMPUTE OTHER PARAMETERS.
1224 1',n ORAYIIRIA) a OT1Af*(I.-SAq~y) * 0TOBO8..SA4Y)

XRAY(IRIA) - X1 % YRAYtI~sjI41 a YI
DRATSA(I.XIA) )RTA 4 SASXY*(ORATSSI(I?,IA)..ORT*)
RO-ZAY(IRI%) * TYE * SASj(Y*(RDTAY(IT#IA)-RTA)
FTRAY(IA:,IA) FTA * SASXY*(FTTAY(IT91IA)FTA)

12%GORAY 14 tAI 30A * SASXY*(GOTAY(ITTA1..OA)
UORAY114,1AP a OqAYIIR.1A1
IA xl( I YA a YI % OTOA a ORWYIBoyA,
PTA PIR4AY(IRIA) S ORTA 0 OQATSAIIBtIA)

13nGII004 G0QAYi1RIA) S FTA a FTRAYfISIA) $ GO TO psG

C PA.qTICLE POINTq EXHAUSTED, FINISH liP WITH RADIAL POINTS
14i KEN)) x I S DRAYIIBIA) . 1Ion

.IF II)RAY(Iq-1.IA) rGT. 2.01 Go TC 195
11A o4AYIRp,1A) x .5 0 RAY(1R),IA)

13% 19S IF X&~ .EQ. XTAY(25#IAI) (13 To ?pA
IF (YA .EQ. YTAY(25.141) 00 TO P30
XT s SORTISYOOSYO - (YO*Y0-RlnSO)/Sl) 3 XI a SY6 X T
IF (XA Gy?. XTAY(IT#IA)) Go ro ;soo
IF (XI *LT. XA) XI - SY~ - IT $ On TO 216

14-1 200i IF (XI *GT. XA) XI - -SYA - XT
211 Y1 z YQ * 5011 % 00 TO P40
7? Y1 x sonG"('Ds - 11011)

IF Yt -OT. YTAYIIT*TA)I YT x -Yj s 00 To 240

14; SAA GOT. xTAY(ITT.A)) X1 a -XI
(0AY(I9.141 a X1 -t YRAY(19.TIA x Yi
IRATSA(II3,IA) O QATSS(25,IA, It qORAY(1!,7*) u,:TAY(2-;A
FTRAYfIRIA) -FTTAY(25*IA) 3 IJDqAY(I.TI 9 O0(I~*

Ism GORAY(I199IA) 31RAYflR.ItA) + TEMA
25(1 C')'ITINUF

76; CO-JT INIE

C OD0IFY ')QAY 70 ACCOUNT FOW OVERLAPPING CLOUn LAYERS
I5~ 0,1 ?70 IA I . N4VL

Do P70 19 a It .J3AQ
X - XRAY(tR#14) S Y -n YRAY(IR,1IA

4 ~00 P74 IC - 1. d4.VL
Kr (IA *EQ. Ic) 30 TO 270

16A1 OIS~xhcRAY(ItIC1) X**2. CYPAY (IR.IC)-Y)4*2
OTEM a SQRTffXRAY(Ib#IC1-X)*02 * (YRAYjIqqIC)-Yj**?,
IF (OTEM *GT. ?.O*ROQAY(IR#IA)l GO TO 275
TEMA a ORATSA(15.IA) 0 DIEM / RflRAV(181141
TEH8 a 1. S IF tOTE4 *GT, AMIN) (J0 TO 76516r TE2MA % .25 0 ((RMIN.D)TE4)/041N)Oe(DRATSA(IB,IA)/

6 .0)
?h 5 ADIOSE v IMP)AY(IitIA) * (.7?aEX~f-ag443I*TEMA*TF4&1 TENS)2IRAy(1.ICISDRAY(IR.IC) # AOOOSE
?7 CON9TINUJE

PrTUI'J

17n1 ENO
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Table A-5

SUBROUTINE LFTRT

Su~ik~tlT1L'E LFI'f I.ACE CDC 6600 FTN V3.0"P261 OPTSO 05/09/72 15.13#21.

! ,UoRUL-L'INE TO i.SSZGI' C~LC2JU LEVEL supSCRIPTS FOR LEFT AN4D R1G4T
c SII)ES JF F&LLO)Jt P'ATTERN

5 ~ COAIM-N /AHMAY/ CRAY(2bt231,ARAy(26,?3),YRAY(269233,G0RAY(26923)o

A FtkAY(26,23),RORAY(26.23)OORATSACZ6@23)9
NILVLt0ISMAX,DZSM!N.KPARKAti(8tNPAR

3 /FOG'PAY/ XLR126-Z)vYLR(26#
2
)9ILR(

2
b,?)

Lu IAIa P1012P01150 3 4.?1238909 6.2831853/

c L0(LP F(,R EALH PA
4
TICLE GROUP

u)O Sp, IA I o* NPAIR
ILA: IHAR ,I

11) IMETALl a ANAY CARAY(IA91),YRAYIIAA,3))
IF (ItIETAL *LT. 0.) TPIETAL xPZPI#TMEIAL
rHETAR 9 TMErAL

c LUOD FOR EACH. CL3LJ) LEVELL
ZeDO ov Id Z# IILVL

25~~~Tl IfL GOhA TO. 30, O10

c LEITN SLOE 15 SETAEEN 0b AND 90o DEGkEES
IF (ALPHA .L1. T4HETA.E*PIZ *AN. ALPHA LGT. TIIETAIL( 00 TO 30

Jo C
C LEFT'M SIDE IS BET*EE4 270 AND 0 D EGRE EES

juIF (ALPHA I.T. 01.2) 00 TO 20
IF (ALPHlA .912 1. týT'IETAH3) 0O TO 30 5 GO To 40

2uIF 1ALPHA GLE. TmETAL) GO TO 40
35 3 ImETA'. s ALIý4A S ILA a S G O8

IF IALP1AII -0. 14Sk- LLCA4D. ALH OT IkA 0TO?
v.j TO dOLI

S. ;IE~ - ALH IA*I



Table A-6

SUBROUTINE, EDGE

SUh~uIIIINE E0i) TRACE. CoC 6600 FTN W3.C-PZE.1 OPTiG 0b/119/72 15,13.21.

!lUkjNOUTINL E03E

c 5W.hRUT).dE to DETERMINE M~E LOCATIONJS OF TNT PIVOT POINTS ON 1.47
c. LEFT AND k13Ht EMS~. OF THlE FALLULCT PATTERN

LUNDIUN /EOGOlAY/ ALRf2b.2)9YL014C2,,2)sLRC2b,2)
I /ARRAY/ JAVI2b.23)oA;AY(26,?3),VRAVC26,23).jORAVC26923C.

1! FTRAYI2S,23),ROHAYC2A,23),ORATSA(26921t)
.3 '4LVLDISMAAC)ISMINKg.ARKAIc0NPAR

Au IWULNSIO'4 ""IdC)
DATA h'4jI),W.4C2j I .Ce -Id.(-

t C

W4 2 NPIAR I

uU 130 )3 A Is NP
A " £LNC1ti1d) S IT 2 jLP4CIA*1,I,b)
AA ANAAP C )Ajt S VA a TRAYCZA,tX)

ASI u )LAY11CIA1,y) A S TO a RAYIIA#1,IY)
HDLA an RDWA(IA.IX) 1.14 S ROB R ORAVCIA~lIV) *1.1

'tAT a C. 5 YT

CHIECK. IF CURRENT LEG, IS PARALLEL TO 4AIS

IF (VA *NE. al~ 0O 10 10
Ab * AA S X? aAU 8..0 OF w 1.t

25 IF CA GT1 48) 1 ; 1.0
Yb . YA . 4UA6R,4iCS04 I Y7 x Yff # NDOOHNCIOC914F
AS1.I' a U. S AILF' 8 0 % q. To 6O

LCHEICK( IF CURRENT L-_G 15 PARALLEL TO Y AAIS
3m iý .F (A. *NE. Ad) 40 TO 20

Yb - YA Y 7 a ys S 147 a .4,

LI V IA * LT.1447*-0
..b a AA *0 (~FIICI~rF S A7 - XH . RCOSRH(1B)*RF
ASL.P v b* K SLI X I S 0O To bo

C CUIRRjIC LE'£ IS 140T IPARALLEL TO EITHER AXIS

IF (AIC L4T. AA) RIF u -1.0 S 6 O4

-. R AA : rk*RDA*RMNlb)2 S yb : VA * ASLPO~~A
A
7  

Al Rd f~ * H TIECdHId @F s V? yf #N ASL::(eCA~S,

'¾, k~oiliTL'UE
SASLP a 0. S KSLP s U IF 1 A

1 
*EQ. X?) 0O ITO 70

.~bL. a (YH-Y7C / (AN-A?) KSLP a 1
1' IF (I,; Eu. 1) 63 TO 104 IF CKSLP *EQ, 01 0O TO 80

iF CASLPA L.;. 0) 01) TO Ob j IF CASLPA .EQ. ASLP) G0O 1C 05iiAT m VT-A.AA..4SLPA..AS@AL9) / CASLPA-ASLP)
fT - YA * ..SLI'A91T-X.) s Go ro gu

"V) IF (KiLI'A h4,. 01 if) ro Idjs
AT %t 6U Y1 yT2A # 4PAOLIAnXT-AA) S on TO 9f)

*S AT A AR i YT YU * AbLPOIXTXAA
41 IF (AS EQG. XA) 30 rO 95

isIF (AS *.3T. XA *AtD. CAA .6f,. AT .OQ, XT QsT. XS)l 00( TO 106
IF" (AS, LT. AA *ANO. IRA *LT. XT O0R. XT #Lt. XS)) 00) TO 105
aa To lou

Y~ I 11` O
t 

CT. YA .AHO0. (VA Gfe. YT .014. YT 98T. YS)) 00 TO l06
IF (P3 *LT. VA *AND- (VA *LT- VT .OR* VT *LT. YS)) GO TO 11,5

10JE 149 A SQRITCC1A:-AA)0*
2 

* (YS-fiA)@in2)
AdS a AA * ROW4*IX5AA/141 S Ydt a VA * RD)10CVS-`YA)/NR
ALIM**a.1.'C - Ad S Vl."CIaA619I0 a TO
A5 8 All S Y3 A Vs S ASLPA a 0. 3 ICSLPA . U
IF (AS *EQ. AV) 3, j To 10
#$ ALO'A a C-YN-) / CR8-XB) S KSLPA s1 00 TO 12C

1)3 AL.4C1,IK) 9 X6 S YLIC1,Id91) 8 Y
194. Wfl'CAo1,IK) 2 AT s VLI'CIA.1I8,a a VT

R5 a A? s VS Y 7 S ASLPA *ASLP S KSL.PA K SLP
14 C')4T 1'UE

10 070 Co 4T I 11

IOU COWNS~UE -
*1E rU'N

103



Table A-7

SUBROUTINE TMAP

SLJRROOIJTJE TMAP TRACK CDC 4hOP FT- VI.P-P61 OPTu n/)/7

%IIRQ0UTTNE TM'AP

C

C
ICOMMO (XMAX V.41N,'J) / rWLX * 1.0LYLMP.V~-4tXA

C4 SETA UP TE M~ V Jl A m NTIAL(? OARJOE 7 FTF VALII IFr

DATA0 IRA PJ 0 WI.A I-T. TFX. IFY&YIr

r I KN IN '' . 3- i 6s. HI). A4)ft P0
15TXAtA a At-AV 100 IFWoA I Rmk rk!coPP

1% ~ ~ ~ orxA 1 AN(ID.0 * R6X hHIHv* .O.s*D E//io -4u.

KMAYl fylO 140T'J nEA 1.J 44
IF 'I aEO (NAP (AA SJ (nFL 1-

2" ~ ~ ~ ~ l *1 4 p s 19)/70s70Xv2

C
C CLEAR UP Y AVISAG4 INITAL0 rE FX Ai

00 410 IC SIt WMAY
YAI(IAIC 4 MX-FOT*AI*F.

2s41 CONTINUE

COTXALL A41NO - 14LL INEV P A CL RO
453 C 

7
NINT Na TTT..
034 TO 140 . *q It K4A)P LA

61IF tMOO E0 '. <4AP) z~ KM ) 8 E2 KNY 40 ?* TA- 6

DoIN 40 00 TO 65

4;104
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Table A-7 (Concluded)
SURRO)ITINE 794*0 TRACE CD)C 06600 FTN VI.A-PPAI OPTaO n,,l,7

74 irmTERpm a 3 x Imf`? a ISLANK 9 OM To ?A
76 tF'4ER(1 * frrx2A S IFIAEP12) a irrx2q
7m irmTQLCII a I~rLA II9ITRL(?1 a ITFLF1
40) no 114 j a I* K4AY

hnr
C CHECK VALUES AMD0 SET UP OUTPUT FORMAT

1)0 TO ;92. A2. 92. 92)s L'
4
AP

I?'O0 I U I, J"KNAW
FP (iQ),J ', 99q99.1 npltq1j) a 99999.
IF (I1R(TJ1 *LT. 1,0) 0O TO b4
iVS4TRL(1.

2
) 9 jrTr S an To A6

44 Dp(Ij) % 0010 % IFMTRL(II21 v w T
Rfi CONTINUE

IF IKUAX .0Q. ?Q) On0T 1101ll

00 as I a Ks 70
IFMTRL(I*PI & T9LANK

ARt CONTINUE
00 TO JAR

?R; 92 no qq11u. <mAX
NIEXPThI) 13LOA4JK S IFmTfP(I#7) 3 I'mTA
IF (OR(I.J) *LT. m.50) ,On TO 94
IF (OPtI.J *T 0* 01 93
NVZT1 Xp £LO (0(Ij)j S IFNTEP(T.2) IF'T1

an ORIXJ) n R(1,J) / bO.C00NFXPTIf)
93 IF'ITRL(T.2) v TF4Tm -9 00 TO) 99
94 ON(Isj) a O0TA S IF&MTRL(I*) a tFNrA
o,4 COnTINUf

00 KHMAX . I
010 100 1 a K. 7

IF'4TRL(T.
2
) v 196.At4K I IFUTEPCI.7) 9 IRLANK

104, CONTIMIJE

00 ~ ~~ PP1NT MAP0 I's QF0JESTFU FOR-MAT I NOC'A '

ISPRINT 955,F~ CIEXPS(I)t ImjvK'.Pi

It" RINT 9q0, fXAXIS(I1, Iu8,91992)
P T"Na IX4AX . )FLX S TXTMAX aTXWIN * I9.fta0ELv
IF (TYMAX - XMAXI 140, 1409 130

1 30 TX'4AX 1*
9A 14M C04TIlUE

RPTURN
940 FOP'4AT (6HtS1Q0t 149 Sys tPAInt SK, *MAP OIJTPLIT 1 NnCMLF1

94q FOARI4AT (6.415T910 14, Sn, RA11), SK, *OAP OUTPUT 1S IN FKPnN'NTtAI.
I105 1 FO3RMATS)

401) FORS4AT j14 0, 4X, I0r1?.PI
0%5 FORMAT (1140, lOX, 111F12.0)

105

Af



Table A-8

SUBROUTINE EDGED

Sul-.'UuIINE EIGED FOACE CDC 6600 FIN V3#0-0'261 O0too 05/09/t 15.13.21.

C SU I SET Jb0 4APP'IN Of PATTERN EDGES
C

LOOP V, I RAY12bZ3),XNA1(2,Ftl.YAAY(26,23),GDRAYt26,23),
I ..IAv12e,2J)#RDRA~YIIA23).O4TACr*2s,23I,

2 %LVLQIS MAA.i)1SMIN..CPA4.KA.K8,NPAR A
3 /ELG.RAY/ XLRgcb9

2
) ,Y1

2
0(2#)I 6

2
)

RE
uO 03 A Oa 1i , NP

IC IL)RIIA01dZ)
10 ILR( IA, Lw1

2v If (URAYL s4I *LT. 1 .0 00 TO66

uYA ypy:AVsAAIC:

UfA OQA 3~~
46 v COI Y(.A*1tU

*1d 4EUi A11#14
X Lt.G 91d

YC YLR(14106

25 b -



Table A-9

SUBROUTINE INTERP

SvgUIPUtZME tsTEIP TrACE CDC 6600 FIN V3.3-P261 OPTaG 05/09172 16.50.51.

SU4-,JTI.4r. IvrE4.)
c

C UdROJTIi4E rv PE4Ft)4f MAPPIPi OF T'4e O~WNWIND SECT134

5 UI4AY JOSE RATE AT 26 POINTS ALONG THE GROUN.3 TROAVERSAL
C. ~PATI OF UP TO) 2.1 CLOUD LEVELS

C A.4aTy1tA1 At, I LOCAIOfNS OiF THE POINTS
c '4LVL V'IiU4eR OF CLUUJ LEVELS
C OJi DOSE RATE OUTPUT NAP

13 c C)4&Xo,4D4 4U43ER OF XvY VALUE ON CURRENT STRIP OF MAP. 14AX1'4Jm

C AKI~,,AHAA INOUT VALUES OF ICINIMUIC AND MAXIMCUM X FOR OUTPUT 4AP
C Y)4I~dsYMAA 114PJT VALUES OF 141HIMU14 AND MAAI'4U.o Y FOR OUTPUT ICAP

c OELAJELY INPJT VALUES OF INCREMENiT$ IN A AND Y DIRECTIONS
15 c tA.I'i,tXAAX KtI9ZUA A40 MCAXIMUM VALUES OF X IN CU44ENT STRIP OF

C . a C- 0 U2P

C

2 'VAVIAL PUAAdI% 31 ANjKACEKT NOTLIAE

4 )O I6f IA * 1,M':A

JA /3CAVIIA...A) 6 0 a UAV(IA1,LA
25 ~ ~~X 6 /AIII0A.LN 6 K&YO * ~AICAYIIAIO~LB @LB*LP~SP~

AG 400 F0 YRACYIIAfER 6e*t ID a LU VNAEI.LSI

3* 6A a A
4
AIAKUOO S Ii 2OMA *L* . G 6

C IUEOIFOR LEACHS 44AdP2 E YC141AESO PISI AJCN

*5 ~ ~ 4 ICVA4 : 1 C4 aA

YiPNA a ANAAIXA.A) CKD j PVNA a AMAXI(yAY;,yCLy

1141'.f , AMI1(YA.d)Y, AD aXAI B

IF O"KAA *.it* 
T
N) 30 TO a jA;A4j18

0;4(AAI a QT AAXTANAK) tO TO) s3 Ft5AxL. .)60T 6

55 ~ IUV IFYNA *LE9'4. 0Id)60to1 5

EuIF JANIC .0E. THAXI' 00 TO it550 SEa3SPONaX

do CAL (UAD GE. dAAYOVUA.C PX14 6) TO JoS133 SP4N -

50 c STE44LIF" '4104CORON6TE ISIT 0ITd TIA% UAREANE
13) 1 P*A AHAA.41hi.TXNIN).OEL S 1.0 6A4I(AytY#

PY1vi a &YNA%.PYMAoIIJELYD*1)

SS If a(Y14AX .t.MINdI 60 DEL 55J

IF W41N r. MAX)GO r s4
ý,O O (4t 50 60#70),ICAS

4- CLLQUD A~Y~~t#d*~t~o~tO)s107o 3

5)CL UO1tsdXt/AtUA*C 0T 3

60 6 CAL QUD (~tY~X~t4*X@YJ#~tY) % 0 T 13



Su.4UU4EITEP PAETable A-9 (Continued)
S~o4UTIN INTRP TACECOC 6600 FYNI v3.o-P2el OPT40 05/09/02 16.60.51.

IF (VLOWAIA41.4)ELA Lt*? PX41'4-TANIMI-I&CLA) (CAt K41I 1
IF (FLOAT)'CfI)@OELY *Lt. IMAX-YAW'MA9ELY) 9(YI U syl 1

F3 IP (KAI *LT. 1) 49(1 a I
IF (r.AZ .6T. vAA) 9(42 a K14AX
IF~ (9(1 *Lt, 1) 'KYI a I
IF (9(12 .6f. 4.4AY WCi a ARAY
Uý KAI .0 42) 01 to 5bo

711 I (A'.) *I. 9(1) GO to 520

UEA a AC - XA 6 JET a YC - YA
OFA a AD - X S OFY aYD- Y8

KZa a 6 KII a U S K(2* a 0 S K9(1 0
IF (AA *AU. A3) 30 TOt4

do S1.012 2 (VYS-YA) / (Ad.AA) S K(12 4 1
11#2 IF (A& EQ. AC) 30 TO 144

SLP~iJ 8 (YC-Y1A / (AC-AA) 6 KICJ a 1
14* IF (A9 COG. £3) GO TO t*8

SP*AIU (13.1) /(At)-Xd) * K24 a I
as 146 If (AC .Ei. £3) ýRO TO 148

S U31 (10-YCI / (AG-AC) S K(34 a 1
Its CU'dTI'4je

L, 'L.4FOAM 4APP 1i0 3y1 COLU4N
9') 90 5t) IX a KAA~ 9(AZ

C SE.LECT A VALUES (APT) AND oETE.441'4E RlAWG OF Y VALUJES
AfT? A AAAIS(lA)
IF (lad .NE. 3) 30 (3 200

vs C
C A* 1$ PARlALLEL 1`3 Y AAI5

IF WX APT) 160. 1S29 Ib3
33u 12 . g1 *s.PIO*tA'T-Ia) s 00 TO 170
1,32 Z a oy 5 I to rIN

100 1%) Y.2 * *3Y *SLPICOIXPIJA
I?, IF (C' - APT) 130 1eaf doo
14* 1 fl Cy SLPCA*CXPT-CA) s 0)3 To 320
132? ViI To JT3?u

14,j Y1 C) 01 SiLP3C(AI'(xT.DA) S 00 10) 320
105 230 1i (AKA -NE- 2) 30 TO 260

1: ML 13 PA4A4LLE. T3 Y 4AIj
IF WXA ART) Aa~ Z149 210

4 1-1 Y2 0 AY* SL.AA4*(XPt-AA) S 010 To 230A
11n2( ale y a o'. S 00 TU 239 4

22. '.2 a til SCp9fl(AJt-dA)
d3j IF (JA A.3J) ?50* 242, 260
241 TI 8 O1 SLPJC*1A$'T-)3A) S 00 TO 320
242 y'.1 y 3 S G o to 3?0

1)5 eS) 11 a dY. SL?.73)*(APT.dA) S 00 TJ 320
C
CG NLItNE" 4 A' 4U4 AC IS -'ANAL.LE,. TO YAXIS

2Zij If W3 APT) 2009 212. 21c0
2?M YZ a AY - SLPASU(AIT.AA) S G0 TO M3

J ~ P7 M 12 v q1 % So To ;?40
t~d.j IF (U'..x APT) 2b1. 282, 2d5
282 123a3P # i ovC*4TO20A 1 0t29
M4 Y2 a 31 * Go3B((T-A to 290ot

Z135 Y2 8 ,jY - SCP406APT.8A)
125 Zif. it (CA X@ A W) 10 302. J00

J31 11 2 Cy # SLPCIS(APT-CA) S 00 TO 320
J32T~C SI x y j 0 o 3Zo
31o IP (U'. APT) 311s 312, 315
Z,)11 YI 0a O SLBoI(APT-DA) S 00 to 320

1](1 312 it * 31 S 0O to 320
315 TI 1 01* SLP3C*(APTOAX)
32:1 COSTIiIJE

C P'41:JR* MAPPI43 VO34 Y POINTS ALONG TI4E CURRENT A COLU44
135 00 $31 ly a KY'.19 912

% rducied frO
best availa bie copy.

108



Table A-9 (Concluded)
SUCWUUT I' I JTERP t.4ACE CDC 6600 FtN V3.0-P261 O:PT*U0-9U 65.1

C It AY P01,'IS~ £5 UTSI-)E JUADRA-4LE, PROOCEED To NaEXT 00p10
If CYPT .ot. Ya .061o YPT @Lt. Y0) 0) TO 530

IF ~ t GOTA.Y#LI?(~-A)0 TO 530

J*-v IF XAPI .EQ. A)iQTO DJU
145 33! IF ,I%.u.1)3 TO 44.0

IF (AA *EQ. XC) 30 T1) 360
IF (1.)? 44d. VA$sLPij.ixPr.AA)) '30 to 530
ýPU TJ 440

J6., IF IXOT EQ. XAI 00 TO 530
)so C

C jErEk.iINE £'I1EACEPTS OF LINE IXA#YAJ to (XC.YC) A'd04(9EOYd) T3
! A09YDI W-17 ..141 t-4PiJU04 POINT (XPTYPT)

44"1 TEA x AA * JEX0.5 IT TLY 0 YA 4 . f.
IPA a Ad * DFX..5 S IFY a H # 0F#. 6 RFAC 0.!

165 00C 41* I 1 .1 It
mFAC 8 4FA.C
IF I1EA #NE. T;,11 '30 TO 464
IF (AdS(XPT-tEX) .LT. 10.) Ga to Sa0
IF IAPT .6T. TEX) GO TO 470

i 61 U010 475
046 SLOPE * TFV-TEY) / ITFA-TEX)

f TER *tEY # SLOPEO(API-TEX)
if (AqS5(YT~q-pTPT .0I. 10.) 00 TO 500

it ISLOPE) 460. 675. 465 t
bIP Iv TEs1-v.:T A7O, Soj, 475

465 IF (ITE4-YPT) 47S. b03, 4iw
6 ?,j FAC 8S1~30('IRAC.OEA) S CiJ TO 4d4o
:15 PAC a S1GPO

1
FACOOEX)

487 TEX a TEA * F&C03EX S TEf a ?EY # FAC*OEY
IDo *F TPA * PACMPA S TFY a TFV * FACOO7Y

49, CCIrINUE

C COkP..TE EAPOSJAE RATES At INTERCEPTS
2U41 SAY U A-C.a*(AYC)9#Z

I Is IF 0~.1 10. '33 TO S
CNATI a .5 * JI)A#OC) S 6O TO 510

6.)j uwAri a JA*(I3C/0A)4*(SU)RTi(((A-TEX).*O * (YA-TEY)**'I SXY))
5143 SAY 2 (XS.AJ)9#Z 6 (Yd-YW)**2

IF (3,y -Of* 1300. 00 TO b(z

Da5 Op(AT , t? 2.j~((-F b. * (Yq-tFY)09?) / SAY))
bIlý$A ba * TEA-tFX)o.* * (Tt:Y.TFY)*0Z

If (SAYv .00. Too.) '30 TO I31
.Jki.tL a S5 & 1O4AtI.OPATZI S 00 TO 510

b1#4 Jwk7E a M4A11O3(4ATZ/r4AT1)..(gQRTI()gegEX-Pt)es 0 (TEV-YPt?0*')

14 LAYti')

C

2 C "APPI ~. IS C3'4-*.ETE3 F()4 CU3.(EW QGJAO.RA4LE, PROCEE3 TO 4Exr SET
C ;;v ~OINIS

-~ IV% CONTPA.IE

C N*6PP1Na IS CJ4PP.ETED FORl CUN'4E4dT CLaJO LEVEL
66v CON tI NUE

200 M .AON4 '0 IS C34PI.ETEO FOP? ENTIRE CLOJO

ENuO

109



Table A-10

SUBROUTINE GRNDZ

SUdM)Uf1,JE 34e4Jt rR*CE CO)C 6600 FT4 V3*0-P261 UPT80 05/09t?Z iS.13stl.

k ~bud~iUVrE O0dO?1

C su-j)urZ*JE TJ SET UP -4APPINWj AHUOI14D 340UND ZERO
C

5 COANJN4 /2UAJ44/ EAwYAOAHDADI4A.KBYB.OdR~dORgECYC,£L.YDxE.
I YE*XF*VfoKEG

i ~FtMAYt2b*iS)..aURAY(2b.21),ORATSAc2b.2i),
* dI.VLoL)ISMAA.ULSpiIN.(PAI.KAI(604PAR

C LOCATE VPWZ.4J P.JINTS FUR LEFT .&NO R1,21IT SHOULOCAS OF THlE PATTERN
LA 8 1L4(101) S IY a ILAe(192)
A^ 8 X.'4Y0t.X) i Ad 8 ARAYjIIIT

Is A a f,4AY1j*9A v Yq a YRAY1IIY)
-)A v JRAY(l1910 us x ORAVCI.If)
'4UA a 9O0lAYl1.l14 I "Od a RLJRAY(1,IY)
J4A a U)RATSAII.14) 3 O1W a ORATSA(l,JV)
AE. - AL4iCI91) * XF a ALR4I,21
Q VLRI191I S IF 0 YLR(1,Z)

4; CHECA IF L14-' (A&9YAI TO) IABvYu) IS .' IALLEL TO X AXIS

.! IF IA-X) 1,5, L

OF a .L.1

fC xYA -00*RF :1; YD a;2; YR*A8RF S G O 60 ~ l

C C-iECK ir L141.I SAALE TOYAI

YC aYA Y) Yd S AjF a 1.1
IFe0C~ (( 0T Y")4

C LI.I I -40~T 0AAALES TO EIHE AISuS

I ASP 0(AA-,J)/ I110a

TOa3ptI0(.#SP"P) 6 O .



Table A-11

SUBROUTINEx, QUAD

sO.4.1u r tde 2iJuj TRACE CD)C 6600 FT'J V3.0-I'261 OPT8O 05/119/72 15.13.21.

3U81-M)UINE *hJ&D (XAtIY1,29Y2X3.Y3*A.,6Y4)
C
C S~uAUUTINE T.) oETERI)IiJE TilE )NIENTAT101N OF A QUAORA-43LE
C

s, Zt4.I'i) /L2UAJ4&/ AtAAVGAtdYC4,CYOX,0oYSLPA0,SLPIO3.SLPi)C,5LPC40
I A1§s dD#KOCUC,'CA

C
K44 ~ 6 u )Oa, S'IC a u S '(CA 80
~r. j -(r*4 4)

AA X 1 5 Ay Y1 SI OA X 4 5 JU V6
IF JAI 9~j. 921 30 TO 10
tio4 a f;2-11) (42-011) S 'CiA -

TEd IY -Y WA-Al) S KCii .
Ib 21 IF KTA .EQ. 91 10 To) 4)1

IF ( cr1 *EQ. ol) 30) TO :W
IF frE,4A - TE4.4) 711to, bo1 1

34, IF ;NTI3 E-4. 0) 30 TO 40

21) 40l IF c1.! - Y3) Ns70. too. 4

s.i IF IrI - Y3) 710. 711, 60
04 X a *g S -31 UP lo CX 8 XJ S Cy Y 3

S&'A i a TEMA.' j 'CAl 9 'rA
SL C% x TE'ld i KCA - rCd

Y.) 93 s4 ay Y1 J S CA X 2 S CT Y2

SLI'CA a tFo4A S ICCA 8 'CiA
dou IF fix .EQ. JXiO) 30To ~'0

3,)b~o) (VY-iyf / (OA-'CA) S '.110 a
9q IF (CA .E-J. 3g) 10 TO 1111

SLPaC X (UT-CT) / WA-CA1 S KDC a I
ACeTj~tj



Table A-1.2

SUBROUTINE EGDOSE

Slidk-JUTLNE 1,jJUSi tRACE C)C 6600 FTN V3.0'P26I OPT8Q 05109/?Z .12.

S~dRUTINE M3OSE

C S£eAOUTk~e TO Co'.'UTE EPOSU4E DOSE VOI4 THE PATTERN EODGES ANO
C U0~~54NJ SECT104

CUM'4O4 /1JUA3R4/ *AAsAfvX9YvCA(YoOX#0 sSLPAi.SLPdD#SLPOCo5LPCA,

SCtCI,0RKa0,9 .EKCARc'A
10 0 )1

10 -0 YAAXI5'.5 'Z41J(AGd TO )

IF (UALT- 1O.0 AHND. J8 *T . 1.)0'O 5

ICASE a I i O'411'J XL)

10tIF (KC #GF OX#414) GOE TO Zot1P 4'AE

?J PA (A0 OEt. PX141) GO TO 30 ,

IF~m4 P'IF~*r jUA)RNL IS Ito 1 MA"ARE

IF (PY4AX *Lt. T#41N( 30 to 450
IF (OY'41N oJt. YNAX) 00 TO 450J
,,O TO 140 9 5430v 1019 phCASE

*-1 CALL ~JUA (XA,YAjXdhtydvACyCq1UYO1 S 00 TO 131
35 SO CALL QJAJ (49,yd*XAAYA*XOtYI),XC#YC) s 0O To 130

6J CALL JOAO) (AC#YC9AA#YAAO#YOA,0.Y81 S 00 TO 130
7.j CALL .JJALI (XJ'YV9At1'YJ'X'C9YCfAA'YA1

C
C CstAjiL~sS oj~to CGOOUIP4ATE L14ITS OIT'41' (UAD.(APIGLE

40 130 AXI 0 (PX141N-TXI41N)/OELX 0 1.0
It2a (PXMAA-TX4IN) / DELA * d

01I a (YNAA-0vNAX1/DELY * I.J
K* (Y4AX--2y'4tI /' -)ELY * 1,0

IF (VLOAt(KX1)*-J-LA *LT. IiXMti4TXH1d.GEf.X) KX1 2 K01 * 1
45 IF 1FL3Ar(KYtL[OOELY *LT. YMAA-PYNAX.JELY) KyS I(Y K I

141 IF (KX
1 

*LT. 1) VC1 a I
IF IKAA UOT. .C'%AXI KA4 a KMAX
IF (KYL *Lt. 1) 1YI v I
IF KY,! .Ur. K4AY) KZ n' KMAY

iO IF CMI *GT. '((2) 00 Ti 400
IF (Kf1) .0(. 4Y12 og 10 AV)

C
C PIE.1FOR4 MAPP14 JY It COLOMN

JO 440 IA 1419I XA2
is C

112



I Table A-12 (Continued)
SJ1W'1UtINL rS~ QACE COC 6600 FTN V3.0-Ml6 OPTOU O5,'09,'2 15*13o?1.

C SELE~CT A VALUES (APT) AND OE:EIMINE RANGE OF Y VALUES
APT AafftSilA

IF 411W~ -HE. 0) 30 TO 200

60 C &d 1 PIA4ALLEL rc Y Ai
IF (4A .EQ. 34 *AND* AT sCU. byl GO TO 200
IF (LA APT) 160t Ib2s 150
(Zu t2 dy1 SLP89*(APT-SX) S Go To 170

A1fl 0: GO TOS U T

Id JxCy SLPCA*IIPT-CXA) 0 T 2
142 1`1 a CY $ 33 TO 320
140 11 2 of *SLPaCOAXPt.OAI 0 GO 2

1t) 4a)~ IF ('KCA *NE. 0) 30 TO 260

1; AC IS JA4A6.Lt, t3 Y AXIS
IF WdA -APT) 220# 2129 210

21V 12 0 Ay SLPAB*(XPT-AJCJ S 0O TO 230
is 2 * YZsd s 3) To 2.10

'2-) 12 " d SLP9O*
1
APt-d)

233 IF (O3A -APT) 2iot 2.2, 2*0
2"J 1`I 0 (31 SLP0!#(XPT.DX) S 00 To 320
4*4 Y1 a Y S JU TO J

t
O

Ila 22o, YI s4 SL.'9g,*cX
0
t-JA) S 00 TO 320

C
C '6EITHE4 A4 NOR AC IS PARA%.LEt. TO Y AKIS

2bl IF WA4 - APT') 280. 27e 2?1
21.. al xY A SLOAA4*APT-AX) s Go To 290

-15 'Ple 2 adY 5 1;0 TC 29(J
2doJ If IJA - XPy) 281s 2b,; 205
Z41 Y2 8 O1 SLPDC*

1
APT-OA) $ 00 TO 240

1d. 2dYaajt S U03T0290
90l Y4~ 82 dY SLi~8O*IA0T-dX)
90 44o *F ICA . APT) 3109 3032v 300

100 Y1 & Cf SLOCA*(APT-CX) S 00 TO 39o
J02 Y1A S* c (i3 TJ 32V

10 IFWA -APT) 111. 312,31
311 1I a 0 * sLId'M')(EIT.L)) s 0O to 320

9s J12 Y1( O 3 30 T73203
I1 is 1 Of 0? SLPJC*(XPT-DA)
J21 C04TI14JE

C PENF.)9N4 4APPI40 VOR. T POINTS ALONG TMlE CURRENT A COLUMNd
l0~ (30 430 I1 a KYII (72

I" APT x 14415(1W)

If 4.7 P01.'. IS MUSIDE'UUAO9AIIGLE9 PRNOCEED to NEAT 1101,4T
IF 119t .0%. 72 .0. Ypr -LT- Y11 31) TO 430

105 60 TO (338. 322. 326, 32Si 3!2)9 KEG
J22 IF (41 *EQ. X31 30 TO 324

IF (1Y'T .EIJ. YH.(YO-TVe)#(APT-Ail)/(AO.AII))0 GOto 430
00 TO0139

32. IF (APT .EQ. Am) Go to 430 S 00 TO) 338
Ito 32ft IF 19A EQO. Wr30 TO 324
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Tsble A-12 (Concluded)IsUt4NJUTIME COjOSt TrACc CJC 6600 FT14 j3.n..'a6I OPT80 05/09/72 15,11(21.

IF (fort ELQ. IA.(Yd fA)*(APT.XA)/1XtIj.AA) 00 TO 430

32k F(XA EQI. %C) 30 TO 330
IF 410f EQ1. YA.(VCVYA)*(APT-XEA)/(RC-XA)l 0GO TO 430

I1s 00 T7 326
330 IF (APT *EU. AMi 00 TO 63Y It 00 to 326

C
33 DON UPdINO SECTION

32COitIN'JE
120 IF ( AP r.EQ: XA *ANO. YPT :Ea: YA; GO TO) 430

IF (APt *EU X AN*AO. YPT .EQ Y8) 0) TO 430

IF (AA V'E. Ad OR1. IA .Ni. YO) 0O TJ 338
IF (44 .EQ9 AC) 30 TO 334
IF tIrr A.4. YA.(YC-VA)O(APT-AA)/(AC-XA)l 0O To 430

125 330 AT a AA 5 Yr a YA S cit To 40')
C
C CHECK( IF LINE IS PARALLEL TO Y AXIS

33d If (AA .NE. Ad) 30 TO 3s0
AT 7mA. S Yt YPT

130 IF (A *LT Y@) 30 to 34 1 IF (YT #OE. MA 00 TO3 400
IF (IT *LE. Yd) 30 TO 390 S 00 TO 410

J3cJ IF tYt .3E. Yd) 30 TO 390 1 IF (YT vLE# YA) 00 TO 400

135 C CHiECK It LIN! IS PARlALLEL TO X AXIS
IS0 IF IVA .14E. Y4) 30 TO 360

At aAPT S VT aYA s 00 To374
3643 SLP x (Id - VA) I (Adi - KAI

AT a (SLP*1Y0T-YA*5LI'OAA) # XPT) / (SLP*SLP#1.0) A

144 YT 8 YA # SLP*(XT.AA)
3?0 IF (XA *LT. Xd) 00 TO 380 S IF (XT .GE. KA) 03 TO .Do

IF (AT I.E. A3) 30 TO 390 6 00 TO 410
3d, IF (AT *GEs AG) 30 TO 390 S IF (AT *LE. XA) 00 TO %00

0013J410
lob 39o DXYT a0 DO S AOT a ROd It oRArto w oRs

Go To 420
40') 0KV? a OA 6 QA0T x ROA s ourmI a ORA

too TO 420
013 SAT a 3JRT1(AT-AA)0*2 * (VT-YA)902) / SAY

lfl )IAVT m OA0(OS1OA19#SAT
DRATM a UclA # SXT*IOR)-O'4AI

h 4ALIT RDBA * AbRdAVAI
420 RAUS s(A T)IIT*02 (Vt-VPT)O2

TE~d 1. 1* IF (RAOS *GT. I
5
MINOR141N) 00 to 425

155ROOT *5QRTIAADS)
TE-40 .?5 0 i((BIN-cWOT)/RMIN)OOWDRATIO/A.f)

42jý DRCIX91Y) U3R(1491Y) * aXYT#(.r3@EXD(-*54931*RAOS9
1 (DRATIO/i4AOT)*021 STJEms)

IbO 430 CONTINUE
440 CONTINUE
45, EU4'

ENO)
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Table A-1.3

SUBROUTINE SHLDR

Su.~1~dI1E I1I.N TACECOC 6600 FTN V3.0-P261 OPTsj 05/U9/72 15.13.21.

- uRIJUTI'4e S1409

1 S U.JTV)U1I'4E I) COAPUtC EXPOSURE DOSE I'OI THE LEFT AND RIGHNT
iH ,rSJF 1.4E FmLLOJI PATTERN

,;0O4,04 /JUA04d/ £AYADAMDAORAXAY0.L38,ROd,1)RI3XCYCAUOY~OXE*
I IE.AFoYFoKEG
2 /jC4Tro/D(40,ý00oKMAX.KMAY

4 4A,j/ IIIA'94AX$YMI11YMAXtOELX$flELYL~4APTXMII,*TMA0Ao
.9YAAISIo~)$AAXIb(

2
O)

5 /.JUADqA/ aAAYBAidYCA#CYOADY9SLPA0,SLP,'~iLPDCS5LOCA9

r /CL.UaA/ ACd, ACT #RHIN aRMA 9 TSR#TROAA,1AT 109 RA 9 RATA

ts C SET UP To 04A4 TIE LEFT SIIQULOER OF THE FALLOUT PATTER~N

IL x A 5 X4 a E 6 XN a XC S xASEu I

fL 8yA S Y'4 aYE S YN aYC

43:0x4O S 01 a O1* S RO aRDA

4 t LOCATE TOU4T"I PaINT O)F S.40U~oER
IF a1 1.2 S 10 (YO4 .EJ. Y,4) S30 TO 24
SL 8 tA'4-X44 / tYMYN-I
IF W04*4 LT.. 

2
.**L) RF -1.2

XK4AL # V STI0,1USSI
YK 0 YL * SLO(XKXLI 5 00 To 28

46 IF CY4 *Lt. IL) 4F a-1.2 10 XK - XL $ YK Y L * 1FOR0

C UETERKMI4 ORIENTATION OF SHO-JLUER
ed ICASE aI S PIIIIN aXL

31) IT (44 *3e. .'X)4L4) 0O TO 31 % (CASE 6 2 S PXHIN x XMI

3,j IF (V4 .3E. P4I414) GO TO 35 S ICASE a 3 S PXHIN a AN
31, If W( .0t. .-XM1'4) 01) TO 4o 5 ICASE 0 4 It PXAIlA a AN

C
06TE4'411C IF 543JLOERI IS WiITHIN 04AP AREA

45 *j PAX4A( u 414AAI (X...4H94#X1,K) S PY.4AX ANAXI (YL,YNYYI.1K)
Of442 414141 CYLYMoY1iIK)

IF ('IA
4Al *L

T
. TXMIN) .30 TO I-ju

IF IPA414 *GT. TAMAX) 0O TO 15.i
IF (.PY4AX .0. Y41N) 60 rO ISO

4.6IF (.Y41'i Of3. Y4AK) 30o to 130

OVEtE'iiE ORID SUJBSCRIPTS F'ýR SHOULDER AREA

KAU v (P.41'4-T?$IIN) / ;ELX 1.0
.112 S 0Af4AKATXP4IN) / OILA *1.0

45 %YI a (14AX - IIINAX)/ OELY 4 1.0
4Y (IYMAA-OY41.4) / nLLY * 1.0

IF (FLUkr4KJII)*OOELX *LT. PXMIN.TXKMIN*OEX) KAI a gX1 * I

IF (FLOAT(KYI)*OELY *LT. Y14AX *PYMA4*01ELY) KV- a KY1 * 1

IF tAA
1 

.LT. I) (XI 0 1 S IF (KK2 *eT, KNAX) (112 0 K14A11

50IF (K11 *LT. 11 (II 9 1 5 IF (,(Y2 -Of. K(uAY) .112 a ('4A1

IF (K141 .Cit. .142)10 TO 1~Ibo S IF (.111 .OT. .112) .30 TO 150

C
C AERA14E VERTICES Sy ORIENTATIO)N OF S'40JLDER

'~ k55 50 CALL JJ, (A.tYLAM.INAN;YN*X.1.YK) S 00 TO 40
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Table A. 1.3 (Concluded)

su~.A u rTI-E kILOR T.ACE C)C 6600 FTN V3.0-PR61 OPTai) 01/09/72 15.13.21.

b3 CALL iUaJ (X`49Y4%L.1L9XK9Y~lANyN) s G0 TO Ro
tj CALL 1,1043 ('.49Y4#XL~yL9XK9YI(,4MyM3 s g0 TO 60
102 CALL .3JAJ) tA~sY§XA,,lMA tNVL9YL)

C
60 C PER~FOR'4 4APPL'dq BY X COJLUMNS

i3j IF (41. E*EO 4.4) 30 TO "I S SLPLIM r (YL-YM) /~ (A-AM
it IF 14L .EU. 44) 30 to 82 S SLPLN 8 (YL-YNI / (AL-AM)
ja jO 1.3 IX * 4X1, KX2

65 C
C JETE4414E R4A4GE OF Y VALUES

IF (AA .EQ. IX) 3O TO AIS
IF I Or .LT. W1 00 TO) 95

',i IF (A r I.E. DX) GO To 90
70 f2 a U,~ * SL'l3C4`XI

5
T-i)X) S G0 TO WoO

#q 2 a SY * SLI'BDW(XPT-SA) S Go To l00
)$ TO a AT 0 SLOAd"'IAt"T.AA)

IJO LIF (AX eQ0 C0) 30 7%) 105
IF (XPT *OLTO CX) 00 TOJ Wi

is 1'~li (APT ILE. OX) (30 TO 110
fl a T * SL~dD*CAPT.0A) S Go to 120
YI. v1 CIO # 5LPDC"(A0T-CX) s 00 To 120

113 V1 0 Al 6 5L0C4"tXPT-AX)
C

do C )ER;:)R4 .IAPI4P'0 FOR Y POINTS ALONG TOIL CURRENT X COLUMN

'ou 130 if a KAt) K12

IF IfiJI *iI. Y2 .0)). YPT *LTO TI) 00 To 130
d IFV (xiL EQ. 4,4) 30 TO 122

IF (l.)T rE. YL*SLPL$MO(APT-XLII GO TO 130 S 030 TO 124
14!2 IF IAOT Eli. XL) (3O TM 13q
t'o IF (0l. EQJ X') GO TO 126

IF ((OfT .E. fL*SLPLr4*IXPT-L)) 00 TO) 130 S 00 TO 128
'pO H2i If (0Pt EQ. AL) GO TO 130

14d i(AOS a (AL.-XJTI*2 9 (YL.YPDSO02
TLP44 4 0. s if (R405 *OTo NMINOU44N) 90 TO 129
NIl.;T a So:MT4ADS)
TEl4, a .2Z5 # t(Q4IN-.XO'T)/RM1N)**(DI/S.0'

'112t0 JFI(Its1v1 a )q(IAIY(JUOa(.?3.E.P(-.54d31ISRAOSO(OL/RO).62) *TEMBI1

ili CONTINUOE

C
C .(ETUIA' TO '4AP TME RIGHT SHOULDER OF THE FALLOUT PATTE4

100 t~ IF ('KASE .li. 2) 0O TO 16o
ALE 48 d I X1MaF S AN 8XD S KASE 'A
fL 8 YJ S T4METV S Y4 0 YO
UO a OA S M a OQd S WO aRDA S 00OTO 20

L-0

= Rprouce'-, =40
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Appendix B

SEER II EMPIRICAL EQUATIONS

The following equations are derived from DELFIC numerical printouts,

with total yield W in KT. The cloud formation or stabilization time in

seconds:

0.27"W
(B1s) t = 20.0 - W + 6.0 log1

The cloud top altitude in meters at t
s

0.271 2.87(B.2) A = 3500 W0 - (11.0-W) 1."0 W 10
t01.0<2<1.0

(B.3) A = 4000 W0 2 3 6 2 
- (103-W)1.3 10 < 100

(B.4) A = 4200 W0 2 2 5 00 W 1000
t

(B.5) A = 5800 W0  1000 < 10,000

=3 0. 02439
(B.6) A 3100W0  10,000 <w

t

The cloud base altitude in meters at t S

(B.7) A =1700 W0.2634 -0.5
(B7 A=b 70 - 333 W 1.0 <W •1000

b

(B.8) A = 1350 W0 2 9 6  1000 < W 2000
b

119
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(B 9) Ab = 1880 W0 2 5 2 5  2000 < W • 10,000

b(B.10) At)= 1330 W091 10,000 <

The cloud radius in meters at t s

(B.11) r = r 1.0 : W < 10
min s

(B.12) mrn = (1.0086 - 0.00096W)r 10 < W • 100

3
(B.13) rn = (0.9 + 0.00156(log W) )r 100 < W r 10,000

mn10 s

(B.14) and

r = r 10,000 < W
mir s

where

0.544 2.4
(B.15) r= 35W + (350-100(log W) )(1.0 + log W)

s10 10

Curves drawn from the above empirical equations are compared with

DELFIC printout values in Figures B.1, B.2, and B.3 respectively.

The following equations are derived from Delfic printouts of fall-

out patterns. From the referenced minimum radii at t , the cloud ex-

pands radially, first at one rate and then at another rate, until the

cloud radial expansion termination time is reached.

The cloud radial expansion termination time in seconds:

(B.16) t = (1.44444 - 0.0444W)tr 1.0 : W < 10
rmax

(B.17) t = t
rmax rt 10 5 W ! 100
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where

(B.28) t = (t -t + 1000) /3.3
r rmax 5

and t is the time of deposition.
d
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(B.18) t = (1.666 - 0.333 logloW)tr 100 < W • 1000

(B.19) t = (0.418 + 0.83 loglW)trt 1000 < W < 10,000
rzuax10 r

(B.20) t = 0.75 t 10,000 < Wrmax rt

where

(B.21) t = 2000 W
rt

The cloud radius in meters at t
rmax

(B.22) r = (0.6587 + 0.1745 log W)r 1.0 ! W • 10
max 10 t

2(B.23) r = (0.81235 + 0.02085(logl W) )r 10 < W 1 1000
max 10 t

(B.24) r = r 1000 < Wmax t

where

(B.25) r= 2200 W0.301 + WI'18

The cloud radius in meters at deposition:

(B.26) rd = rmin + (td-ts)(0.1 r / (t -t ) t ! td ! td s msra r

(B.27) and rd r + (t -t )(r -1.lrn) / (t -t )
d s max min rmax 8

t <t <t
r d Maax

rd =r t t
max rmax d

41 124 I
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Appendix C

SEER II SAMPLE INPUT &ND OUTPUT

An example of an input data deck for a SEER II run is shown in

Figure C-1. The data specifies a 1 MT weapon burst with the summer wind

at Lake Charles, Louisiana. A hodograph of this wind is presented in

Figure 2 in the main text. The descriptions of the input data are dis-

cussed under "Users Instructions" in Section II-C-4. The computer out-

put for this example is presented in Table C-1.

A!

I
I
-i
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FIGURE C-1 EXAMPLE INPUT DATA DECK FOR A SEER 11 COMPUTER RUN
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+

0 avaiaLaAcoGy.

130



Table C-1

SEER Ii OUTPUT FOR EXAMPLE PROBLEM

SIMPLIFIED ESTIMATION OF EXPOSURE TO RADIATION (SEER) MODEL

RRUN IOENTIFICATIOh- 1 MT CHARLESTON SUMMER WIND

WEAPON YIELD 1000.0 KILOTONS

TRANSPORT TIME LIMIT 200000.0 SECONDS

CLOUD BASE 10476,4 METERS

CLOUD TOP 19872.4 METERS

MINIMUM CLOUD RADIUS 10166.7 METERS

MAXIMUM CLOUD RADIUS 21063.7 METERS

CLOUD FORMATION TIME 550.9 SECONDS

RADIAL EXPANSION TERMINATION TIME 61257.0 SECONDS

*O**O • •WIND HODOGRAPH AT GROUND ZERO • •

ALTITUDE X COMPONENT Y COMPONENT
(METERS) IM/SEC) (M/SEC)

500.00 .T7 1.37
15UOOO0 a11 2,06
3000.00 -1.40 .65
5900000 -1,50 -.,37
7000,00 -8s -.,57
9000.00 .27 -1.52

10000.00 .41 -.94
12000.00 1.03 -1.76
14000.00 0.00 -2.57
16000.00 o3.73 .1.74
16000.00 .7.49 .1007
20000.00 -12.35 0.000
24000000 -IS.43 0.00
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Table C-1

SEER 11 OUTPUT FOR EXAMPLE PROBLEm (Continued)

I~ (SPOSURI Rail A RIET(RY ycen WgS OU~ND DIST FALL TIME RADIUS DOSE RATIO,

IS Z.FTRC.gZ ).S M.96"8 s 89C0 .99t6 .46-3n.2I-6 434to3 .flzn-S -1364-o 4.0nto 4.1R409.Sea 34140 .86t4 .R C
a.fleacI -.oII-3 .. 2S-3 117a.3 2&40 3 191t0 l.Ss1et's*9.620[03 15361S..63ea -Sf90 

.92C1 10519 2.Sseebes7.S9I1C.44 19,ft0 1.2110 1.,9t :02 3 (.g j. 3gg 1.44190&4f I.Sosmt-ge
14 .b11209.6 *-1~s.64Ot *4.*SI4c.ol 3.RI, RiS 0, efl* Zo@n* I.i*t.igu s t i i ~ a ~ e t 5 .f l o f ~ e .O . R ~ g ~ g j .a3 3 g e l .T4:t # I I. S t I S d ( gJ64MS Y:aSWn ~ *.S60C.81 0.450r.03 1.30t4 I.ena.-C8 .0599a-ng 4s* tl. ez410 *.una.06 t.51.f1a S. AsA3#03 1.g1st4 a1 e. ..610 1.e'2690#

t3 .7431t.03 q1.1SR -t.1  -'eb09teal S.IARIIg 2:2922t.04 1:02989L.8e 1.3a 70C.19
1 .48eac.0s *.e'.63c.04 .1.08149.0t I.i'flt*. , IY194t-44j I 8elnf 4e 1.75?(.O

i s .IRR4g.Se *4.23R01.64 *9.l1te-ez 2.131Zt.4 6.1!740.64 l.15395.e 3301.619-0to 2.641C.9 -3.0
3

1151.g -Inng.Pe 2.1935lr.e 5:ao:el.~S(* zr c*
IF* 1.3324.42 -4.1091C.44 *S.09369.82 1.OIW*41.0 3 RISIt 4 1.074"4.. 1.401.1,.

38 7, .301C.01 *5.1311166. *.6,92fl.*0 9.72S4t.gt j.Rfl isf &.f@1.0 .0 ISgR4f.g

I t .786-o -. 78C.5 1446- 3 .RI9TEQR 2d f.1661 5 &. 49-C.4 £a.gz*earO

1 *3 ?. 1tTg.e3 -1.743c**n :' -0 I.tuskC.g. g.0sff*1# I:1t0flf 4 1.18cl

IS iR I31Ak-ea S1.23141fEs *SRW:3:1-8 .q2s.1 N46tt a~e *.1eo6C t.See1g6*1PI usE-v *.ag -aT.R 13l1E.sa 71C8 .9696 1?&tO I M 9 6 1 :3

ii .aamn.ea *Uf 221OCR.61 2.3131C(42 3.6*313-0 S1eS* 5ne.,4V.9at .48R2C.49 *t.S?1fl.-@*I.ASgqg 
1.41uzef-es *.126u.a. 61,SMlg.

3 s .9u"..i *4.Of$1.4t a 4eo 7.ns9.nf S.7300e(63 1.4194C.06 3.s9s0hi.3 f 01:91.05*331 i. *.Rsr.p7t 9.4791f-48 1.auz64-43 a.639".44 i.6eeg..3 a .. 1.-0 4.RS' -03 *.S4~.046gD 1.16MX -0 3.3D)5l* &.Io343f 84 .nn..

5.1891C.8 -'.4:1,3 
1.63710



Table C-i

SEER II OUTPUT FOR EXAMAPLE PROBLEM (Continued)

(4 I EXPOSURE RATE A METERS v METERS GR0UN0 Dist PALL It"[ RADIUS DOSE RATI0

4 1 2.445S1.45 *1.03070.*2 -2.1352C02e 2.37310.02 4.495st.02 1.0212E0.4 4.9282E.00
4 1 2.40900.40* -2.46#51992 *0.3706f-ft S.94911.02 1.130610*3 1.02509-04 4.20100.00
4 3 1.009606 *3.16990.01 -*4.0?14202 7.36091.02 1.36446E-03 1.02644004 4.14329-00

1:713,191:.0 -4.20990.0:
1.0132E050 -2.6461.026 210~0O 44400 .267E.3200 .63.4 2090

2131[1 .0I7C0601034000 .71,0000.0

4 1 26.344.1 -1.54419.01 4.3.1433.04 .4000 3.931-3 5792L032 2.17440.04 2.:0000.00
4 2t4 9239C.00- -2.0469-03s .4.47*60.03 47679C3.03 3.03711L0, 1.0694C.04 2.30400.00

0 It 24631E.04 -2.061469-9 -5.8060.03 6.41560E.03 3.40900.02 1.04860.04 2.699I0.00
0 ?1 1.69231.60 -3.14249..3 -. 37.9003 .49. .719.03 .6.2090300 1.09740.04 4.94421090
41 3 6.0006 -3.7002 41440 1.109SX04 2 .2E0430 1.0947C.04 1.44951.00
4 4 2 3M0.0 11 2.9 ::30 -:.1:40C:4400 1:470 .0111t400 1.0924204 .SOE04 1.416E4.04
4 is .411260.00 .. 000. 2 C3 *l 4190.o 2d4700 2.03 IF-4 42690 .702IE0Z0 1.94224000
4 72.g2290.09 -4.00640.72 -1-76,49-44 .!37.03SI. 2.20430.03 1.93124.04 1.6410.900
4 'l 7 7.21c::10 1:64t::0.0 :3:76,1,1E:: :.2.4f::30 92.30 2.0003 1.064E0.04 3.34420.00

0~ 1" 04)0 2.4208 to:"0.0 .030' 30.2E0
to 1Q 0.9100 .12 0.42091-3 -7.29708C.03 4.7490.0 4.94930.03 1.00E3.0 1:.4El0*000
to 3.82 E.640 *I .. 74::9e.63 -90403 .71.3 1.7704 1.940.4 2 00

0 1 0.780.6 *:9:60 3 91. 4 1706 4 .930C 2.43S4 11200 1.93020010
S 1 SAoSNE0.o *.07100.3 3 -. 01.04 1..43190.04 2.37640.04 12.404.1.04 1 S*3010.00
R 2 1:40339020 -4.49339-04 -2.107.642S 2,23110.04 3.990 2.to00 2.7440.0

5 4 7.130700 IS3020 I2.709L.0 3 :01104 4.117004 -. 7140104IE704.
I 27 .9000 1.6041014 -3:.753004641 4.IS02403.04 E.062*0 21.064E0.04 I .4E000.

S 29 1.33940.610 *2.201.4 :7004:.11 49 7.00S 0.4!1 I:Sl41S0 OI' 2:.o 4,EO. l.500140000O~~~~ ~~~~~~~ 2q 4.9100 *447:0e 197303 1.7000 . E~*~2140.4 l10
4 22 b.67311-11 -1.11-02.0 -13000 S060.0 T.941o .04.4 2000

t 23 .2:4:00.26 :21:0:4eE::1 :2.1000[1.02 2:7310.102 3.0949-02 2.020&E0.04 4.4,401E.00
1 24 16S 2.3902 sI4000 -3.4424.09 11E7.00 8.6300E01 1.01034C.04 1.00000.00

S 24 9:4:S.1 13.12 E:0.02 .4 :030.0 7.293 0.0 1.0132SZ0030 2.20440.4 .200.

43 2 4.4300 9l3100 *1
9

8& .712 1.32470.0 1.002620E 4 1.0371.00
49 S :2.46120.0 -. 404907002 -4.0342C010 1.1671E.03 1.6031-320 1.0202E0.04 3.9224E-00

4 4 I.993.05 0*.3S420.02 *.41.210.03 9.2479.0321.042063E03 1.02440.04 4.64342.00
4 0 1.241,6 *4044002 9.14:.0 :8147.31t9 1.32003 1:.03420,.04 1:1:1,1,00

4 ~ ~ 3 4 .04.0 -,74 2 -. 2403 2.230.3 1.71:0.03 1.004.4 .020.0
4 0 fG SIT .4.16620.04 *1.S14H040 *.31666r..03 2.34420.3 3.2463 103 0470E04 2.:0410.00
5 20 3.,2730.64 :2:740.03 92.43:.0 4.74790.0 :94:SE*003 2I04930:04 2.7524.100

4 ~ ~ ~ ~ ~ ~ : 32 4.499 -37400 E02006 4.00.3 7.97.1 4.4106 2.49240.0
1 2 1.44:4f.:04 -0.223.81i03 -7.90:6t.03 .7730.3 l.92 043 1.070130.04 2.065E.00

4 3 24 3.200.3 .9.0026 -:0.32[:04 3.4I3190.0 1:64:310.64 1:.21600.4 1:.30,1000.0

2 is 1.44.3E0*3 -9.3"67703 .2.0107C0.1. 2.2311[.04 2.00420.04 1.IS 77 4 1 Z3 E 4 43340.04 1 0430.0
4 14 9.377620. -1.32320.04 .2.47416C0.04 3.10300.04 3.49140.04 1.00430,04 1.67094C00

4 7 0199.2 4.00.4 3304.4 42640 .076790.4 1.95942E.04 143004 2 2.230.62 -1.81197.04 -3.44410.4 4.719024E4-20.4 1993.4 1.0630E.00
4 1 92.700.2 -24.4394t.04 -5.16738E.04 S719.60664 0.39470.04 2.1064E064- 1.043260.00

4 29 4.0944t.02 -4.36730.44 -.730261.04 1.07702.00 1.21 0.0 5.094*0 1.50064E00
4 21 4.3322040 -0.44420.64 -4.7134E.24 2.477SE0000 .406 2.10644E04 1.3000900.0
S 21 .23290.01 -t.20900.03 -1.4432V0.01 200.9E00; 2.32220.00 2.10644.04 2.S00E0000

4 3 .29-6 -2.4106 S 2.R02t.0 2.76300.00 3.2044060 2.1064E0.0 1.00OE0000
1 4 :.2S:00.0 .3900 -3:.0470.00 14191170S0 3.43900.00 2.12064.04 2.5000E.00

51 '"20 1.309406 -76206 42431::So 0:1.0490. 3.4.01410.E. 2.10644E.64 2.500000.00
S p 9.476120-02 -4.22490460 14.0.02090*1 7.12s 3040 3.0720E.05 2.10644E.84 2.50001-00

1A I XOSRERTE A EER YMTES RU1D IT AL IM RD133OERAI

6 1 .&3.6 -.90-2 -.ZI-2 23?1~z 276E0 .lz-4 48790

-2 S.61to 6.32E0 1.1S -0 4- 1 IE



Table C-2

t SEER II OUTPUT FOR EXAMPLE PROBLEM (Continued)

T4 I EXPOSURE RATE I PETERS 7 METERS MRUNO M?5 FALL 1101 RADIUS DOSE RA'Io

I I 2705 -3.4 1.2 3431102 2.37321C.2 2.RO16I*02 1.01901.94 4.7985t1.07 401o 4 3,510 4092.7 S99o S.10461141 1.1116t-04 WOS9951.0

1 3 :.12110 l.361SE-42 -4.9141C.62 ?.306921.2 6.399&E-92 1.01222.04 4.7965C.04

s 1.43101.05 *8.51509.R2 -1.9541'arf5 1.1672t.43 1.01421163 1.02441.04 4.48600.69

236 1.701.1 *044E.0E..11oS0 -. 841.0274C.178351.056 2.42315.13 1.2041C.04 1.10001.50
7 24 4:021,.41 6200105 1:-4.95.03 1.1493E.01 wa.318010 1.41041.64 3.992711.61
17 ogl 2.7410 63811o -3 IVSE-4.o 2.642o1C.03 o.2~ 2.1990431.636-4 2.50001.00

S I ~I :21110 2.091A -2421.02 2:.37321.02 3:2.49(12 3.1 3.0 3.411:0to 3 4 9cD~o 4 .0010 *323.o S.949Eam 3.07l~ 2.02914 lot .30421,
6 31 7.924711.4 -4.14224102 -4.34611.03 7.3061.02 4.1T2,1.62 3.052t4.04 2.04216.80

. If 1.34531.04 7021o - 4.159 .ISRIF-63 6.47738.03 57.271.02 I.0220E.04 .4.7641.00
I is 4.09312E403 -G.208S1.3 -. 1.241.02 1.53371.03 1.403604*0 1.0242104 8.2224C.900
* 14 4.652411, 2.4.03 -. 94C0 .1.10005.03 1.6119E.63 1.29801.03 1.09431.04 1.9969C'900
I is 2.1417104 Z.1'03 -1. 44IE1 IS37E.03 2.02311t.14 1.9210E*03 1.20241.04 1.89579.00
1 4.5431:21[03 19310 *3.9325E.03. 2.@S315E.e 2.G39E0*04 1.03101.04 1.097C1.60

I, 1 7 A13.3, ..04 . 7.30860 .4.113 Ile::,*.0 4:.1201:03.E. 1.010.904 2.71911.00
* I3 0.12.0 -3.,93Ma .0.~.)9.Hat 119931.14:: 9.8641C.6 1.0027E.64 2.64491.00
1 19 4.7044C.01 -. 1.3471.04 *8.93INE.04 ?.033E.4 .05.04 6.67811.6 4 2.0106201 .SE00
7 2j 52.594C.031.0010 -.3.2341.04 1.031`71.64 9.4663E44 2.12064984 3.9551.00

2 1 2:1793E.03 :2.51701.04 :1:03.471. E 3::S .:3:S;:o 971.:2 S .1941.1:4E 1.1'4f 0:
0 27 4.06981.09 1.04 --2.20401.04 4241.04s6 2.71307.04s 1.10213.64 1.7907M00

7 29 4.1407C.03 -. 094.4..8041-s .91.041.6 07.49f-OS 3.037104t65 2.03199-1.0 1.S6671.00

* pi 2.0743751. -. 331.a 15lc -3.2031.09S 2.78351.01 4.813101-1 2.10041.04 2.50001.00
6 , 1.037242.91 -1.19001.oS -. 083.05ora 3.943c7.01 2.4391.05- 2.10641.04 1.58010.00

IA t EPOSURE CATE X PETERS 7 METERS 0R00ND DIST FALL T0.4E RADIUS Dose RTIO

9 1 2.4701.45 -1.3479E.02 -1.290E1.02 2.3731C.02 1,5794C.02 2.019)1.04 4.73401.00
9 2 :S6:31.5E 5.4401*l.02 69 - ::121.0 59491:1.0 3:121:010 2.0003E4 4.1340*.09~ ~~ ~~ :. 1.5 020 44 3 1. 2 -3.02 010 . 0 9 . 2 35 2 10 . 9 7 . 4 47 4 10
""a,.9410 .834210 .3.....40.02 9.16791.02 4.5701.02 1.02120E.04 4.73401.00

Is t,403.2z41.05 -973.043[1.03 -6.37955.02 1.1672C.03 56.281E02 2.02391.04 4.73401.00

9 .30.04 Z.1831.03 .891. 0 1.9893f.3 9.8910 1 041104 4:,l211O0
9 0 4.0117.4 -240.0 .. E05103 2.4421c.03 3.3333103 302,01.E04 4.0410

9 2 .2581L.04 -. 94.3 3.041.92E03 M73811.0 .3003 1 .0331604 2.512?

9 I 2.29001.0 -20410 -. 041E.03 2.1.1-1-.04 1291 1.03051E04. 3.17201.009 24 5.2010 *27 391 -3:6,41. .00.8041 3.0310 157 1.04211301.04 2.9310
127 1.3422E.04 *.1 348 C03 -.47101.104 -. 12341.'4 2.01891.04 3.35431.34 2.07012.E000
93 19 2.9*.2 -. 9.4 .3,200.03 7.8801.04 3.90031.04 1.06301.04 2.4703-010

9 20 4.23110 :963110 .4.814.04 :.0770C:05 I.3A731.64 1.:201SE04 .481.01:

99 233 E.2010 -2.5371. 4-1144105 2.7!00 4.010 2.1010 1.027100
9 4 .641.0 .411.5 25431g5 302710 107410 2.2441.00 1.50001.00

I0 19 2.5541.34E90 -4.7215 -2.2537.04 5.24988C.05 3.4513W05 2.10441.4 1.41001100
9 24 .3854-0 ,:0125041:05 629 t::49~ 1.09431405O 7.0701 -04 2.0200 -41.4 35010

1346
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Table C-1

SEER II OUTPUT FOM EXAMPLE PROBLEI (Continued)

STRIP I I HT LaK COHARLES SuoM WINDo MAP OUTPUT IS 34 1200137TIaL FORM&?
*2ooe08, -2)400,. *ttlIoo. *2Is6OO. 019160O0 .2•0460 1400 .14t -162010. .166004. *3ll06

7 5 0 90 . S * 6

70000. , , •

-O000 ,500

-10060. S53) .590 .5SS .73, .&53

019040. o S31 S5ol ,640 .1140 .630 .93S 1.064 1025S

*2010.1 ,a• .50 565 .633 *?:0 .800 .903 1.013 1.163 1.328 I0526 1.0333

-23480. * .534 S593 .656 .740 .036 .947 1.077 I1.29 1.009 1.611 1.8?5 2.122 Z.641,

-3900.0 ,5O4 ,A0 .619 .646 .703 ASO0 .965 1.1O0 1.250 1.46* 1.666 1.0133 Z.ZSZ 1.660 3.116 3.1342

.34080, . e5I7 .9?1 .631 72 .742 .78103 .979 1.100 1.2%6 1.-45 1.660 1.934 2,2S4 1.643 3.117 3.700 4.426 .5*16

-40610. *517 *72 .034 .?as .787 MTV .9106 1.109 I.Z53 1 #19 1.631 1.691 2.Z06 ?.579 3.034 3.600 4.294 5.161 6.162 7.866

049560. b0z .697 .177 .469 .975 1.090 1.239 1.405 1.596 1.2.6 2.113 2.-69 Z.900 3.439 4.079 4.604 S.993 7.177 6.011 1.115

I I-5o0000. .75 .047 .9bo 1.070 1.207 1.367 1.504 1.775 2.034 7.343 Z.721 3.412 3.810 4.544 S.467 6.606 6,064 9.926 13.237 .571

54045500. .914 !.70g 1.16ý 1.31z 1.491 1.694 1I.45 2.230 4.5)3 3,401 3.521 4.17Z 4.990 6.003 7.204 8.906 1,090 1.369 2.510 1.59¢

-60001. 1.107 ?1.246 1.13 1.605 1.037 2 US 2.4N Z.413 3.274 1.031 4.512 5.402 4.511 7.915 9.676 1.164 1.243 1.312 1.395 h.495

-'.500. 1.346 i.530 1.716 1.907 2.Z61 Z0.10 3.070 3.b37 4.136 4.8-0 5.788 6.962 0.48? 9.073 .3•77 1.075 1.133 1.202 4.277 4.53"

-7001. 1.593 1.039 2.004 2.491 2.777 3.225 30705 4.419 5.215 4.198 7.43) 0.1i9 6.469 0.00? 9.2301 9.677 1.024 3.164 4. 07 4.341

*15810. 1.91ft 2.192 Z.S26 2.917 3.403 3.97? -.660 5.S19 6.560 6.803 7.0?3 ?|57.199 ,7.75 8.196 3 .303 3 .4 T 3 .sit 3.0,85 4.0141 11 1

.80180. 2.207 Z.671 3.659 3.507 4.161 *.690 b.775 S.911 5.911 A.026 6.164 '.32•,•4556 2.83S 2.974 3.2•0 3.299 3.,90 3.706 3.947
3 2 1

-0500. 7.?36 3.171 3.69J 4.319 .0*9v 4.900 *.971 9.054 5.151 5.263 5.393 2.457 .5SZ 2.676 2.611 2.960 3.1265 3.310 3.510 3.752

.9osoo. 3.*64 J.1046 4.607 0*Q 4.177 *.t. *.305 4.3A6 4.77 -. 213 2.244 2.313 2.41C ,•3,5 •255 7.79? 2..5S 3.1)7 3.3)6 3.561

"-95i00. 3.464 3,47S 3.510 3.099 3.90i 3.654 1.720 Z7p03 2.035 z.03v 2.079 .157 Z.269 7.303 .500 7.646 19601C 7.970 3.0)7 3.311
2 1 1 3 1 2 2 1 3 1 1-l30let. 2.044 2.9•7 3.90? 3.447 3.092 3.140 1.802 1.797 1.012 1.047 1.901 1.993 2.112. 7S24 7.369 2.4s7 7.641 7.679 2.651 2.07s

I I 3 I I I I I I I I 3 I I I I-105600. 2.521 2.95*0 MY57 2.649 1.630 1.604 1,S43 12.00 1.623 1.067 1.732 1.027 i.952 2.113 2,40 2.365 2.305 7.252 eW39 2.274
'2 2 2o 3 I 2 2.12 1I1I2I3I2 2 1 1 1 1

-219060. 7.40 2.14S 1.40)3 1.442 1.413 1.3" 1.390 1.412 1.462 1.491 1.•14 1.4$6 3.70)3 I2•52 .093 1.975 1.903 1.607 1.600 1.907
3 t 1 3 1 1 1 2 2I I I o

-113500. 2.192 1.313 1.162 1.233 1.124 3.211 1.217 1.737 1.271 1.372 1.393 1.049 1.615 1.70t I.f77 1.406 2.553 I.3)2 I.560 I.579
2 2 1 2 3 2 1 2 1 1 I

-201000. 3.134 I3.95 2.07 1.041.39 109 3.040 1.65t 2.075 1.111 1.143 1.233 1.376 1.353 1.336 1.319 1.204 I,7S4 1.943 1.74 1.794

*l:25496 9.344 9.1x 7 0.9440.0 .0S2 0.20 0.075 0.23 9.272 9.644) 2.025 3.OZ 3.010 *,04 7 2.a 05 1.041 .024 1.406 9.913 1.081 13.49

*330009, 7.445 7.$37 '.15 7.424 7.436 ?7.521 ?.CA5 7.937 0.197 6.647 0.593 6.6 10.445 0.352 0.521 8.1)7 8,021 7.96 6.113 0.33S

"-135000. 6.494 6.14f 64.2I 6.190 6.20 6..22f 6.099 6.747 6.612 6.061 6.419 6.767 6.705 6.635 0.5%0 6.476 t.391 6.323 6.413 6.557

-292000. -244006. Z24961. -724009. -291046.. 392 . -2 0. -168100. -254000. -144##0.

134
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Table C-1

SEER II OUTPUT FOR EXAMPLE PROBIEM (Continued)

ST12P 1 1 "T LO9t C3"l4.LCS %•51•9 140 map3 ouTP20 r is IN EXPONiENTIAL. rOOwO?

.124600. -little. -2000. -wit. .1000. .04000 .0400. .42000. .20000. -14,080.

least. .701 Il 1•4?1 3•OO9 i6.1i 6.126 ..82l 1.4O 1.636 !1.173 1.613 .,479 ,t * •1 1.0 3 2 2

I I A I I
154. • . . 5.122 2..93 2.14 0 .IT.l 1 .3S .60 2.409 UM44 3.166 2.38 6,13 6 .164 1.104 0.32 8

I I I I I I a a

-l5as. .411 1.*4 9 3.340 I.430 ".3,0 10167 1.3611 .42 .02 3*11 1 3 o. I5 .9 29 1.011 9.92 261 1 ola

S1 2 2 2 
3

$o*A. , 1.h3l8 d.774 S.717 I.211 "..to 3.t%3 4.294 •153 .1 .31. !1479 1.192 !,116 :.gas 1.14i

0. 1.344 2.12 2,6.1 5.1 23S3 2.925 3.605 4. 80, 3 16.39 82.64 1.84 1.319 1.106 4.106 3,49 h.316

-Safe. .4%2 .141 .044 .963 1.14S 1o4b§ 4.116 0.210 1.621 1.17O 4.133 SVils 0.017 1.061 1.43S 1.03% l.9*4 t.821 9.112 2.32?

1 1 2 2 1 3 3
-14494. ,449 1.190 1.346 1.513 1.81S 3,.113 $•42S 1,1li 1o033 1.704 347l ?.41312.3 L edol 8.il 014 2 .49# 4.7#3 a .4a 1.490 9.304

22 2 2 2 3 3 3
-Isw00. 1.446 1.1F2 2.1*0 P.513 33.10 4.809 0.690 1.538 21411 4.469 6.542 9..3 I .319 1.903 2.70 6.224 S.933 2.010 2. 42S 4.220

I I I a 1 2 2 2 a 2 3 3 3 3
-.2000. P.219 2.715 3.131 4.013 5.Z33 7.30 1.2946 2.2171 1.51 51.479 .l91 2.29 1.1, r.469 13.40 a .9"? 2.13 1.6.0 12,20 3.020

2 a I I 3 2 2 2 2 2 2 3 3 3 3
-250.0. 3.291 4.1,2 5.101 4.613 4.642 3,99 1.96J 3.331 4.751 4..If 9.72l 1.346 1.739 $5800 64.49 0.3ST 1.061 1.341 .142 h .440

I I I I I 1 2 I 2 r 2 I a 3 3 3
-.3006. 4.043 6.175 7.V84 i3*99 1.42l 3.VJ2 3.n29 4,554 4,04l 1.200 9,21 2.6l0 3,633 46.39 5.919 7.411 9.064 2.092 t.264 2.290

S 1 2 1 2 1 1 2 2 2 2 2

-35010. ?1.,04 .23Z 2.141 2.9.3 2.062 J.1.2 4.734 S.770 4,644 7.769 2.116 •2.0b 3.290 4.213 5.102 6$.332 170o0 .039 9.199 9.101
I 1 I I I I 1 I a ? a 2 2 2 2 2 a a 2 2

-4¢c1o. 1.030 2,311 I..S0 Z.SS 3.503 4.052 4.643 .3 1? .1110 1.736 2.998 2.338 2.944 3.617 4.4$2 5,420 6.433 6.04S 4.999 3.444

1 2 3 2 1 1 2 2 R P 2 2 2 2 2 P 2 a 1 2
S-4$o1o. h1.44 2.07? 2.*42 2.9$9 30.54 3.1v9 1.074 2.230 1.423 1.63r 1.8.4 2.140 2.524 3.101 3.82* 4.420 5.244 S.394 S.430 2,713

2 1 2 2 2 2 2 2 2 2 2 r 2 a 2 2 2
• 0411. 1.911 ?.259 .93]a 2.74, 0.309 9.246 ..023 1.166 .,341 1.541 1.734 1.443 2.192 2.614 3.213 3.7S 4.163 4.288 2.112 2.09l

a 1 2 3 a t i 2 2 J 2 2 2 a I 2 2 2 R I
-Sso... 3.749 2.992 6.904 :.156 l.t1 8.77? V.7599 .099 ;,240 .eos i.I7l 1.7642 2.04 2.309 2.614 3.133 3.616 !.946 h.1.2 351

a ,2 3 7 2 2 2 2 2 2 2 2 2 2

-l0000. 5.00O 5.549 6.202 6.803 1.S30 .35! ,.298 :.027 1.1330 .27a 2.42-2 1.59 3.0.13 2.060 :.113 2623 .634 3.61s 1.074 .20161
I I I I ? 3 2 2 2 2 2

-6.400. 4.414 S.313 14.00 4.41, 7.Ib5 7.944 0,643 9."10 1,020 1.140 1.787 3.4S 1.650 1.017 1.l09 2.919 2,440 1.101 3.39 7,501

-10000. '..6l 1,52? 5.546 9.131 .1792 7?.54 7.93 0.411 9.308 2.03? 1.1.4 1.316 I,404 I,59 2,752 . 93109 &.It@ 21.91 4,54 5,960

I I I I 3 2 2 I I I 1 2 2 2 2 2 1 1 2 2
-T5000. 4.424 0.771 0.256 %,?do 6.226 8.71? °.264 7.079 0.5?7 9.319 2.02 1.167 1.27$ 13.390 2.54iS 1.0151.01 0.906 0,844 6.151

I I 2 I I I I 2 2 I 1 2 2 2 2 2 2 2 2 2
i00l0i. 6.723 4.542 4.916 5.264 5.469 6,13V 6,641 7,20S 71.73 0.444 9,303 1.221 3,234 2.O? 1.30512.421 ?.540 60.17 4.343 ,959

I I 2 I I I 2 I 1 2 2 2 1 1 1
-041106. 4.0111 4.239 0,020 4.9211 S.394 5.009 *.*Go 8,479 4.049 1.457 7,192 S.432 9,842 2.337 1.12C 2.224 6.140 A.969 3.231 1.990

-90009. 3.633 30791 4.i0$ 4,453 4.748 5.124 5.09o S,06 S.964 4.052 6.233 7.005 1.910 9.044 *.1.i 1.321 4.063 3.223 1,9 3" .331

3 2 I I I
-,See$, 3.103 3.312 3.060 3,74 .336 4.827 .*.?2 4.745 0.745 4.721 4*.92 S.1.9 5,697 6.170 4.152 4.210 3.o03 2.202 2.SI5 .

I 2 I I I I 3 I I I 2 2 I I I I a 2
-SO0lli. 2.T8 1.9t? J.152 3.413 3.9221 3.01 3.004 3,017 3.633 3,558 3.633 3,013 3.1S 4,631 2.740 3.255 ,221 13.83 1.003

.250000. 2.310 Z,411 2.712 3.313 3.130 3.180 i4,6% 1..13 2.610 2.404 2.464 2.30 2.77411 .1462 2.453 2.els 12.33 t.215

I I I 2 I t 2 I I I I I 2 I
Meet. 3.9e?, .130 2. .3.9 t.344 2.9152 8.544 2.321 .01 .91 2 .23.92 2.598 2.32 i. ! 1264, 9,707 1 .666 9 ,1.391 1.146

-115010. 1.644 2 .170 1.431 ,4190 1.9'4 2.05% 1.643 2.,40 1.340 3.31 9.913 9.21 0.02S 4.036 S.249 4.293 3.447 8.634 ,

-011400. 12341 2,40 12.44 1.443 .474 1.313 2.147 1.031 8.11$9 4,935 5.933 S. ? 87 554 1,017 3.02• 2.23 13.09 .1

-I2l•00. 1.81 1,10 1.142 1. 2 . 047 9.37* 0.370 7.316 S.475 4,238 3.030 3.039 1.007 1.6.4 .324 1.108 ."? ,t

3130190. 0.S30 0.I09 9.665 4.321 1.49k 6.703 6.001 8.746 3.021 2,400 2.021 1,679 444, .033 0070 .581

.-131194. 6.714 68.4V 6.402 ,I979 1.411 4.094 8,357 1,047 2.202 1.?#* 1,293 ,41S

-into00. -2220006. -200000. -990.0. -04000. -72000. -09000. -4809000 .38000, .29000,

136
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Table C-i

SEER II OUTPUT FOR EXAMPLE PRtOBLEM (Conicluded)

%T11C. I I m L4Pt Cl-8L10 SUP""g VIRD UAP OUTPUT 2S114 CXPOeUCMTIAL FOMMAT

.4600. 4494. 2*010. 30111. 41000. $1100. "see0. Tel00. W00. 19100.

Isote.. 206

3 S3
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