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Preface

T. V. Crawford, presently associated with E. I.
du Pont de Nemours & Co., Inc., at the Savannah River
Laboratory, set up the’basic framework of the continuous-
point-source code before‘leaVing the Lawrence Livermore
Laboratory.

L. A. Lawson initially programmed the code and has
made numerous programming changes to arrive at its
present form.

K. R. Peterson has extensively modified the code and
has intrgduced a number of improvements to extend its

versatility and usefulness.

“Reference to a company or product
name does not imply approval or
recommendation of the product by
the University of California or the U.S.
Energy Research & Development
Administration to the exclusion of
others that may be suitable.”
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CPS: A CONTINUOUS-POINT-SOURCE

COMPUTER CODE FOR PLUME DISPERSION
AND DEPOSITION CALCULATIONS

Abstract

The continuous-point-source com-
puter cod¢ calculates concentrations
and surface deposition at distances
from 0.1 to 100 km, assuming a Gauss-
ian plume. The basic input is atmos-
pheric stability category and wind
speed, but a number of refinements

are included:

1. Wind speed as a function of
height.

2. Enhanced dilution from build-
ing wakes close to the source.

3. Calculation of plume-center
trajéctory as a function of effluent
heat flux and wind speed.

L. Physical stack height.

5. Topography as a function of
distance from the source.

6. Dry deposition resulting from
turbulent processes.’ v

7. Wet deposition resulting from

precipitation.

8. Radioactive decay.

9. Nonzero background for the
particular effluent involved.

10. Whether a release is routine

or accidental.

Two kinds of output can be obtained:

}. The concentration as a function
of distance, calculated from one set
of meteorological data.

2. Contour plots of concentrations
as a function of azimuth and distance,
at different probability levels, cal-
culated from many stored meteorologi-

cal data sets.

This report describes the code in
detail. It presents the equations
used as well as input/output variables
and format, internal variables, a code
flowchart, a FORTRAN listing, three
séhplé problems, and user-level in-

structions.

‘Introduction

The continuous-point-source (CPS)

code uses the commonly accepted meth-

ods discussed at length by Slade

et al. in Meteorology and Atomic

Energy,‘l968] to calculate the

Ip. H. Slade, Ed., Meteorology and
Atomic Energy, 1968 (U.S. Atomic
Energy Commission, '1968).




concentrations in a continuously
emitted plume. Calculations are made
for distances of 0.1 to 100 km down-
wind. The Gaussian plume-diffusion
equation is used; the vertical and
horizontal standard deviations of the
distributions are functions of the
distance downwind and of the atmos-
pheric stability category. These
functions are a part of the code, but
the user must input the Pasquill-
Gifford stability category.

Wind speed is input for the above-
gfound height of the anemometer but
is adjusted to the height of the plume
centerline by the use of a stability-
dependent power-law profile equation.

v The code will handle topography as
a function of distance from the source
by changing the vertical distance be-
twéen the plume centerline and the
ground.

The continuous point source can be
located at any height between the
ground surface and the top of a stack.
If a significant heat flux is associat-
ed with the emitted effluent, the code
calculates the trajectory of the buoy-
ant plume, using the heat flux rate
and the mean wind speed between the
physical stack top and the elevation
above the ground of the plume (the
code calculates this average wind
speed and final plume height in an
iterative procedure) as a function of

distance downwind.

For near-surface sources the ef-

fects of cavity dilution resulting
from building-wake effects can be in- <;;2
cluded

must provide the cross-sectional area

in the calculation. The user
of the building normal to the wind
direction.

The mass of emitted material in the
plume flowing past a particular point
downwind can be depleted by turbulent
dry deposition (a deposition velocity
is specified) or precipitation (a
washout/rainout coefficient is speci-
fied).

appropriately reduced, and the cumula-

Airborne concentrations aré

tive amount deposited on the ground is
calculated as a function bf distance
downwind. Similarly, if the emitted
material is radioactive, a half-life
can be specified and radioactive decay
will be included in the calculations.
There are two types of output.
With one meteorological data set
(wind speed, stability category,
wind direction, and occurrence of
precipi;ation) plume-centerline
concentrations, ground-level under-
plume-concentration, and ground- -
level sector-averaged airborne
concentration are output as a func-
tion of distance. Also the sector-
averaged deposition on the ground
(via dry and wet processes) and the
value of the vertical integral

through the plume centerline are

output as a function of distance..

With a large amount of meteoro- C;;D

logical input--say hourly data for a
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year--the code calculates concentra-
tions and depoSition as a function of
azimuth and distance. Running sums
are stored. At the end of the data
set, contours of concentrations (plume
centerline, ground-level under-cloud
centerline, and sector-averaged at
ground level) for different probabil-
ity levels are prepared. By assuming a
log-normal distribution of concentra-
tions at points downwind, probability-
level contours are also prepared.

These contours will be exceeded 10, 5,
1, and 0.5% of the time. Also output
are contour plots of the arithmetic and

geometric average concentrations and

~persion '"wind rose."

of the total accumu}ated deposition,
allowing for radioactive decay if

present.

For this second type of output, an
}input parameter is used to specify
whether the release is routine or
accidental. For routine emissions,
the contours resemble a type of dis-
For an acci-
dental release, the contours can be
used for planning purposes and give
concentrations that might be expected
from a release lasting tens of minutes
to days when the wind direction is

not known prior to the accident.

User-Level Instructions

INPUT

A sample input sheet for use with

definitions of the variables are given
in Table 1. When preparing the input,

the equals sign must follow immediate-

the CPS code is shown in Fig. 1. The ly after the variable name; the number
Line :
1 Title (any length up to 50 spaces)
2 Q= H= VDEP= NORM=
3 GZHT= 2SFC= UMIN= THALF=
4 1TOP= ITDI= SDZMX= CA=
5 ISTACK= SQ= |PF= PP=
6 BKG= _ INPT= S1ZE= KEPLOT=
7 TSTEP= . NPLETH=
8 PLETH=
9 DIST=
24
25 HGT=
4o
41 22222
42 DIR= USFC= 1SCAT= PRECP= 222727

Fig. 1. Input sheet for the CPS code (filename: CPSIN).

..3'-.




Table 1.

Input for the CPS code.

Definition ' o Q

Name Dimension Units
BCD 6 Title of the current problem
BKG units/m3 Background concentration of an emitted ma-
terial
CA m2 Building-wake factor
DIR degrees Direction from which the wind is blowing, o
relative to true north
DIST 10, 16 m Distance of HGT values downwind (maximum
number of distances is 10, and last value
, must be >10%; for 16 different azimuths
(22 5° sectors) starting toward the north
(N = #1) and going through east to south to
west; last entry is toward the north-
northwest
GZHT m Height of ground zero above mean sea level
H m Physical height of release above GZHT
HGT 10, 16 m Height of terrain above mean sea level at
the corresponding distances and azimuths of
DIST
INPT Determines printout; if <0, will not print
DIR and USFC input
|PF An input flag for washout; if <0, it is not
necessary to check for precipitation
|SCAT Stability categories 1 through 6, correspond-
ing to Pasquill-Gifford categories A through
F N
ISTACK If ISTACK > 0, the effective plume rise must
be calculated
17D A flag for the number of sets of meteorologi-
cal data that are to be processed; if <0
code will expect large number of data sets
and will do probability plots
I TOP If ITOP > 0, use the topographical input;
otherwise all topography is considered to
be at sea level (GZHT must also be zero if .
ITOP < 0)
"KEPLOT

viewing on the TMDS; otherwise the DD80 file

If KEPLOT > 0, the DD80 output is held for Q
is automatically sent to the plotter

-



Table 1. Input for the CPS code (continued).
< '> Name Dimension Units - Definition
- NORM Flag fdr‘fQEg of release (normal release,
<0; accidental release, >0)
: NPLETH ]l to 6 Optional entry to draw fewer than six
contours
PLETH 1 to 6 units/m3 Optional entry to draw to contours specified
instead of contours automatically selected
by the code
PP sec”| Washout coefficient; not used if IPF < 0 or
if PRECP < 0 ‘
PRECP A flag for occurrence of precipitation; if
no precipitation occurred, IPF < 0
Q units Source term
SDZMX m The maximum depth of mixed layer; if the
input is <0, the maximum value of o, is
2000
SI1ZE m Determines length of square plotting gridj
maximum is 2 x 10”2 m
SQ cal/sec Stack heat flux
THALF sec Half-1ife of radionuclide; if THALF < 0, the
decay option is skipped
TSTEP sec Time interval between meteorological
observations
UMIN m/sec Minimum wind speed allowed
USFC m/sec Wind speed at height ZSFC
VDEP m/sec Deposition velocity
ZSFC m Height of surface wind-measuring system

aboveground

for a given variable may go any plaée

after the equals sign. However,

there must be no spaces in the number

(e.g., 4.3E03, not 4.3E 03).
bers are read into the computer in
the format specified on the input

sheet. If a decimal point is used,

the number . will be read as a floating-

.point number; otherwise the number

The_numf

~will be read as a fixed-point humber.

Any variable whose name starts with
the letters | through N should be en-
tered as a fixed-point variable. All

others are floating-point variables.

_5_"




NPLETH and PLETH are optional entries.
‘ Spec{al attention should'be paid

to the variables DIST and HGT. These
are two-dimensional arrays that may
have up to 10 distances or heights for
each set of meteorological data. If
there is more than one set, éach set
must have exactly 10 entries. The
first line corresponds to topography
toward the north (for a wind from the
south), the second set to the north-
northeast, the third set to the north-
east,'through'the sixteenth, which is
to the north-northwést. If there ére
less than 10 real values, an appro-
priate number of zeros must be put in
to make 10 entries before starting
with the next set. The last real
value of DIST in any azimuth must
have a value greater than 10° m. A
space must be put in between each
variable in an array; commas are not
used. »

The first line of the input form
has been left blank. For the code to
run, the title of the problem must be
entered on this line. Between the
title (first line) and DIST entries,
the variables may be entered in any
order, with several entries on each
line, ‘as long as the input does not

go past column 72.
oUTPUT

Two different sets of output are

‘available, depending on input. If

ITDI > 0, the output is provided for
each set of meteorological data that
is input. If 1TDI = 0, the code makes
calculations for many sets of meteor-
6]ogica1 data and then produces a set
of average and probability outputs.
The variables that are printed out
when using one set of data at a time

are the following:

XDIST Distance from the originating
source, m
XCP  Plume-center line concentra-
tion, _units/m3 -

XSFC  Ground-surface concentration
under the plume centerline;
units/m3

X1 Sector-averaged concentra-

tion at ground, units/m?
Vi Vertical integral through the
plume centerline, units/m2

DEP Wet and dry deposition on
ground, units/m2

GHT Ground height at distances
described by XDIST, m

U Wind speed at cloud-center

altitude for each XDIST value,
m/sec

UA  Average wind speed out to

XDIST, m/sec..

Two plots accompany this printed
output. The first shows concentration
in units per cubic metre versus dis-A
tance downwind in metres; three'éurves
are plotted: plume-centerline concen-
tration, ground-level concentration on
centerline, and sector-averaged ground-

level concentration. The second plot



is the vertical integral through the
plume centerline and total deposition,
both in units per square metre, versus
distance downwind in metres.

When the probability option is run,
three types of output are presented.
The first and second types are the
arithmetic and geometric averages.

The third fybe is for four levels of
10, 5,

The calculations for each of

percentage probability: 1, and
0.5%.
these percentages represent the values
that will be exceeded that percentage
in the

of the time. Variable names

printout are

Distance downwind from the

DIST
originating source, m
CP Plume-center concentration,
units/m3
SFC Ground-Tevel concentration
under the plume center,
units/m3
X1 Sector-averaged concentration
at ground level, units/m3
TDEP  Total deposition (this is not

an average, but the total wet
and dry deposition for the
whole time; if radioactive
decay is present, the plot
gives the amount remaining at
the end of the total time,

units/mz)

A contour plot is provided for each
of the three types of concentration at
each of the four percentage levels.

Following these probability plots are

three concentration plots for the
arithmetic average and three for the
geometric average. The scale for all
plots is determined by SIZE; for each
plot, the smallest contour is selected
that will most nearly fill the grid
without having two adjacent points off

the grid. The plots are always square.

Provision is made in the code to
prepare countour plots for normal or
accidental releases. The variable

name NORM identifies the type of re-
lease. While the code is running,
each of the concentrations is accu-

mulated. For a normal release, these
accumulated values are divided by the
total number of observations, while
for an accidental release the values
within each sector are divided by the
number of observations within that

sector.
ERROR HALTS
in the

Two error halts are included

code. Both are caused by illegal input
data and cause the code to terminate.
If DIR exceeds 360° or if 1SCAT exceeds
6 (stability category F), a ﬁessage is
sent to the teletype and the printout
file.

terminate.

In both instances the code will
The card in error will be
the last one printed on the printout

file if INPT > 0.

the program, the input must be cor-

In order to restart

rected.




AVAILABILITY

The CPS code has..been written for,
and run on, a CDC 7600 computer. An
-abbreviated version (without topogra-‘
phy) has been programmed for a pro-

grammable desk calculator and plbtter.

This latter program cannot -handle more

than one case . at a time. -

SAMPLE PROBLEMS

Sample problems for both modes of
operation have been prepared and are

included in Appendix B.

Theory

BASIC EQUATIONS

The theory used in the CPS code is

taken lérgely from Meteorology and

Atomic Energy, 1968. The basic plume

diffusion equation used is

y2
X = . exp |- —=—
Zﬁ[oyoz + (cA/7)]u 202
Y
" N
x{exp|- iE_i_Dl__
20
z N
_ 5]
+ exp| - (z Z h) ) (1)
Zoz
| i
where
¥ = concentration, units/m3
- Q = source strength, units/sec
Oy = horizontal standard deviation
(SGY) in cross-wind direction,
m
o, = vertical standard deviation

(sGZ), m

wind speed (UA), m/sec

u =
h = height of plume centerline

above ground (SMH), m

cA = cavity dilLtfon term, where
c is between 0.5 and 1 and'A
is the cross-sectibﬁal area
of the building, m2

y = cross-wind distance, m

vertical distance, m

(1)

to calculate concentrations along the

The code uses variations of Eq.

axis of the plume centerline (y = 0
and z = h), at the ground under the
plume centerline (y = 0 and z = 0),
and sector-averaged (over a 22.5° sec-
tor) at ground level. The equations

for these three concentrations are

i} 0
XCP = 215,0, + (cA/mu
2
x|l + exp|-2 ik
g
z

@
-



: _ Q
XSFC = mloyoz + (cA/T) Ju
h2
x exp|-0.5 —5—|, (3)
[e)
2
and
3 8¢
; 2y Oy
Xl = XSFC (E> ~ (%)

Equation (4) for the sector-averaged
concentration can be made equivalent
to the equation in Ref. 1 by substi-

(3).

(4) is distance downwind and

tuting XSFC from Eq. The symbol
x in Eq.

is XDIST in the code.
WIND SPEED

The wind speed in the ébove equa-
tions is for the height of the plume
center and is the average wind speed
between the source and the distance
downwind for which the calculation
is being done. The wind speed at
each point downwind is calculated

from

SMH

ZSFC

XN (1SCAT)
) : (5)

U = USFC <

where USFC is the wind speed (m/sec)
measured at height ZSFC and XN(ISCAT)

is an array of exponents as a function’

of stability category. The actual.
value used in Eqs. (2) and (3) is an
average of the U values between the

source and the distance of concern

(this average U is called UA in the

code) .
STANDARD DEVIATIONS
The standard deviations (oy and

cz) were extracted from the Pasquill-

Gifford curves in Meteorology and

Atomic Energy, 1968. The vertical

standard deviations have been entered
in the code as a two-dimensional
table that uses stability category
and distance. The maximum value

allowed is 2000 m. The cross-wind

horizontal standard deviations have
been approximated by straight lines
on log-log paper. The regression

equation used is

'SGY = $1GY(I1SCAT) (xoisT)2-917  (6)

where SIGY(ISCAT) is an input array
for six stabilfty categories (I
through 6) corresponding to Pasquill-
Gifford stability categories A
through F.

PLUME HEIGHT

The height of ‘the plume centerline
above the ground (SMH) - at any dis-
tance downwind is calculated from the

difference between plume ‘centerline

‘ altitude and the altitude of the

ground; both can be functions of dis-
tance downwind. The height of re-
lease (H)

ground level

is input. This can be

(H = 0) or an elevated




source. |If the effluent has a sig-.
nificant heat flux (SQ), the trajec=
tory of the plume centerline (H + DH)
above the emission altitude is calcu-
lated with the following fprmulas,
based. on work by. Montgomery et a1.2:

For stability categories | through
b,

DH = 2.5o(x013f)°'56"F°’33(UBAR)'].
| o ' (7)

For' stability catégory 5,

pH = 3.75(xp1sT) 042 FO+33 (usar) '
(8)

For stability category 6,

DH = l3.8(XDIST)0'2§fFO'33(UBAR)-l.
(9)

The maximum values of XDIST allowed
are 4000 m in Eq. (7), 4000 m in Eq.
(8), and 2000 m in Eq. (9). Plume
rise due fo heat flux is assumed to
cease at these distances. The param-
eter F in these three equations is a

heat-flux parameter from Briggs3 and

2T. L. Montgomery, S. B. Carpenter,
W. C. Colbaugh, and F. W. Thomas,
"Results of Recent’'TVA Investigations
of Plume Rise,' paper presented at
the 64th Annual Meeting of the Air
Pollution Control Association,
Atlantic City, New Jersey, June 27-
July 2, 1971,

3G.~A. Briggs, Plume Rise (U.S.
Atomic Energy Commission, Division
of Technical Information, November

1969). . -

is equal to 3.75 x lO-SSQ, where SQ

is the heat flux‘in caloriés per sec-
ond. The wihd.speed UBAR is the aver-
age speed between the'ground and

plume center and is obtained by in-
tegrating Eq. (5) between these

This

solution for DH and UBAR is done in

limits and dividing by DH.

an iterative manner until the last
iteration changes DH by less than 10%
from thé previously calculated value
of DH. |

The stack height H is added to DH
as a function of distance downwind to
obtain the total height TH of the

plume centerline above the gréund.
DRY DEPOSITION

The depletion of mass resulting
from dry deposition is calculated for
each distance downwind by calculating
the ration R of the mass actually
passing a point downwind to the mass

that would have been passing the same

point without any depletion. This
ratio, from Ref. 1, is
(2)e
X dx m/d
R= (exp 5 7
0 o, exp (h /202)

(10)

This equation is evaluated for eagh
distance downwind using UA and an in-
put deposition velocity (vd = VDEP).

The products of R and concentration

-10-
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values without deposition yield con-
centrations that include depletion

resulting from deposition.
WET DEPOSITION

If precipitation occurs, it is
assumed to occur over the distance
from the source to 100 km. The cor-
rected concentrations at a particular

point are obtained by multiplying by

exp[- iﬂﬂlﬁé%lEIlJ,' ()

where PP is a washout coefficient.
RADIOACTIVE DECAY

If the emitted material is radio-
active, the code uses an input radio-
active half-1ife (THALF) to calculate
the decrease in concentrations at
distances downwind by en route decay.
The corrected concentrations are ob-

tained by multiplying by

[_ 0.693XD1ST ] (12)
e I TV N (79 AR i

BACKGROUND

At the completion of the calcila-
tions for XCP, XSFC, and Xl, an input
background (BKG) value is added. The
background value can be set to zero

if desired.

VERTICAL INTEGRAL

After these final values of con-
centrations are obtained, the verti-
cal integral upward through the plume
center is calculated with the follow-
ing equation that makes use of the

élready evaluated ‘values of XCP:

XCP(Zﬁ)%[c + (cA/ﬂ)%]
Vi = N B - (13)
1+ exp(—2h‘/cz)

TOTAL DEPOSITION

Total deposition (dry and wet) is

.calculated by means of the following

equation:
DEP = TSTEP[(X! - BKG) (VDEP)

+ (PP) (V1) (A)]. (14)

The sector-averaged concentration
(X1) minus background (BKG) times the
deposition velocity (VDEP), all inte-
grated over the time TSTEP, gives the
dry-deposition component. The prod-
uct of the washout coefficient (pP),
the vertical integral (Vi), the ratio
of sector-averaged to non-sector-
averaged concentrations, both minus
the background (A), and TSTEP gives

the wet-deposition component.
MODES OF OPERATION

When the input consists of only

one meteorological data set, Egqs. (1)

-11-




through (14) are used and the primary
output consists of XCP, XSFC, XI, DEP,
and VI as a function of distance down-

wind.

When a large number of meteorolog-
ical data sets are input, wind direc-
tion is used to place observations
into the 16 wind sectors. For each
data set a check
.whether the value exceeds background
at each distance downwind; if so, run-
ning sums of the concentration, the
logarithm of the concentration, and
the square of the logarithm of the
concentration'are continued. Count-
ers keep track of the number of‘times
each radial grid point is increased.
A1l previous depositions are decayed
over TSTEP, and the deposition from
this partfcular data set is added to
that already deposited along that
azimuth.

After all data sets have been proc-
essed, the arithmetic and geometric
average concentrations--as well as

the geométric mean and the standard

is made to determine

deviation during thoée times.when the
concentrations were greater than back-
ground--are calculated. The fraction
of time that a particular point (for
16 azimuths and 28 points along each
azimuth) is above background is also
available. These calculations are
used to prepare contour plots, in an
azimuth-distance sense, of arithmetic
and geometric average concentrations
and/contour plots of concentrations
that will be exceeded at specified
probability levels (10, 5, 1, and
0.5% of the time). For the ‘latter
plots, a log-normal probability dis-
tribution of concentrations is
assumed for the fraction of the time
that the concentrations exceeded
background.

Contour plots are aiso prepared
for the total deposition existing
at the end of the last meterological
data set. This is the integrated
deposition over the time period of
the meteorological data, appropri-
ately decayed if a radionuclide is

released.

Program Description

in the CPS code

are listed and defined in Table 2.

The variables used

The values that are entered as
data statements in the CPS code are
listed in Table 3.
array used to determine the vertical

standard deviation (S1GZ).

Table 4 gives the

A FORTRAN listing of the CPS code
is given in Appendix A. Insofar as

possible, variable names in the code
are consistent with those in the, text.
In addition Appendix A contains a.
computer-prepared flowchart of the

code.
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Table 2. CPS variables.

—g.'> Name Dimension Units _Definition.
3

Running sum and arithmetic average for plume
centerline concentration

AXCP 16, 28 units/m

AXI 16, 28 units/m3 Running sum and arithmetic average for
ground-level sector-averaged concentration

AXSFC 16, 28 units/m3 Running sum and arithmetic average for

' ground-level under-plume-centerline concen-
tration.

BETA Intermediate parameter used in caléulating
the effect of dry deposition between 0 and
100 m downwind :

CON 4 Standard deviation associated with the prob-
ability levels desired in a log-normal prob-
ability distribution

cP 16, 28 units/m3 Temporary storage for plume-centerline con-

" centrations at different probability levels

CS 16 The cosines of the angles formed by the 16
direction lines

DEP 28 units/m2 Wet and dry deposition

" DH m Height of plume centerline above height of
emission

EXI 16, 28 Temporary storage for ground-level sector-
averaged concentrations at different prob-
ability levels

4 3 _ -5
F m /sec Buoyancy flux parameter = 3.7 x 10 SQ
GHT 16, 28 m Ground height at distances described by
' XDIST
ITOT hours 'Total number of meteorological observations;
. the code assumes them to be at 1-hr intervals
only for purposes of writing on CRTs

NN 16 "~ Number of meteorological observations by
direction

NNN " Total number of meteorological observations

. ODH Previous value of DH
C > 0sGZ m Value of SGZ for J - 1

-13-




Table 2. CPS variables (continued).

Name Dimension Units Definition

OSMH m Value of SMH for J - 1

PPP If PRECP > 0, PPP = PP; if PRECP < O,
PPP = 0 .

R Plume depletion fraction from dry deposition

RK } Parameter used in calculating the effect of
dry deposition

SFC 16, 28 units/m3 Temporary storage for ground-level concen-
trations, under the plume centerline, at
different probability levels

SGY m Standard . deviation in cross-wind direction

‘ of the plume Gaussian distribution

.SGZ m Standard deviation in vertical direction of
the plume Gaussian distribution

SIGY 6 An array of constants used to calculate SIGY
for the six different stability categories

S1GZ 6, 28 m Vertical standard deviation as a function
of stability category

SMH m Difference between the ground height and
the plume height

SN 16 The sines of the angles formed by the 16
azimuths

SUM Used to calculate UA

SUMI Parameter used in calculating the effect of
dry deposition

SQ cal/sec Heat flux into buoyant plume

SXcP 16, 28 units/m3 Geometric average for XCP

SXCP2 16, 28 Running sum of the squares of the logarithms
and the geometric standard deviation for XCP

SXI 16, 28 Running sum of the logarithms and the geo-
metric average for Xl

SX12 16, 28 Running sum of the squares of the logarithms -
and the geometric standard deviation for Xl

SXSFC 16, 28 Running sum of the logarithms and the geo-

metric mean for XSFC

-14-
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Table 2. CPS variables (continued)
Name Dimension Units Definition
SXSFC2 16, 28 Running sum of the squares of the logarithms
' and the geometric standard deviation for .
XSFC
TDEP 16, 28 units/m2 Total deposition
TH 28 m Total plume height above the ground
U 28 m/sec Wind speed for the current interval from
XDIST(J - 1) to XDIST(J)
UA 28 m/sec Average wind speed at plume centerline
height out to XDIST(J)
UBAR m/sec Average wind speed between height of
source (H) and TH at the source
Vi 28 units/m2 Vertical integral! through plume centerline
XCP 28 units/m3 Plume-centerline concentration
XDiST 28, m Distance from source
Xl 28 units/m3 Sector-average concentration at ground
level
XN 6 Array of constants used in the power-law
wind profile as a function of stability
XSFC 28 units/m3 Ground surface concentration under plume
centerline
Table 3. Values entered as data statements in the CPS code.
Stability categorya
Parameter 1 2 3 4 5 6
XN 0.14 0.17 0.21 0.25 0.33 0.45
SIGY 0.34 thh_ 0.19 0.12 0.09 0.06
CON 0.9 0.95 0.99 0.995 '
XDISTb 1.0E2 1.3E2 1.7E2 2.2E2 2.8E2
’ 3.6E2 4.6E2 6.0E2  7.7E2
1.0E3 1.3E3 1.7E3 2.2E3 2.8€3
3.6E3 L,6E3 6.0E3 7.7E3
1.0EL . 1.3EL 1.7eL 2.2E4 2.8ehL
3.6EL L, 6EL 6.0EL 7.7EL 1.0E5

aCorresponding to Pasquill-Gifford stability categories A through F.

b

XDIST values are scaled as a geometric progression so that eight points lie
between decades.
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Table 4. Values of o, (S1GZ) used in the CPS code.®

Stability category,b ISCAT

Distance .
(km) 1 Z 3 5 5
0.10 17 10.5 7.7 5 3 1.5
0.13 21 15 10 6.3 b 2
0.17 27 18 13 7.7 5 2.6
0.22 38 23 17 9.5 6.4 3.4
0.28 56 30 21 12 8.2 k.6
0.36 83 40 28 15 10.5 5.9
0.46 150 55 34 18 13 7.5
0.60 200 71 42 22 16 9.1
0.77 360 97 52 27 19 R
1.0 740 150 66 34 23 14
1.3 1700 200 82 40 28 18
1.7 2000 320 110 50 34 20
2.2 2000 500 150 59 40 24
2.8 2000 890 180 69 47 28
3.6 2000 1700 200 80 53 31
k.6 2000 2000 260 91 60 35
6.0 2000 2000 300 110 68 39
7.7 2000 2000 380 130 77 L
10. 2000 2000 460 150 84 49
13. 2000 2000 580 170 9l 53
17. 2000 2000 700 190 100 60
22. 2000 2000 850 210 110 65
28. 2000 2000 1000 250 120 70
36. 2000 2000 1200 280 140 7k
4. 2000 2000 1500 310 160 79
60. 2000 2000 1800 360 170 84
77. 2000 2000 2000 400 175 89
100. 2000 2000 2000 450 180 94

AUnits are in metres.

bCorresponding to Pasquill-Gifford categories A through F.
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Appendix A

CPS Code Listing
and

Computer-Prepared Flowchart
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CPS Code Listing
*1D  16BGAR CPSF KEN BEXW75000001
»x CONTROLLEE (O, CPS)
X DUMP (6CT, DEC)
x XEQ CPS
X EARDS DBUG ~
X
x LD 70000;
* PRINT ¢
* LIS
x FORTRAN _ CPSF
¢ DATE AND NATURE OF LAST CHANGE
¢ 10/17/73 ADDED PRINT OUTS ©F GEGMETRIC MEAN VALUES
¢ 871/73 CORRECTIONS MADE TGO BOUNDARY OF CONTOUR PLO
¢ 2/20/76 PROVISIGN MADE FUR NERMAL VS, AcCID. RELEASE (NGRM)
x PROGRAM CPS (HSP, TAP
COMMON /A/ XDIST(ZB) SN(17) 05(17) S1ZE, TNLG PLETH(6), PLSET,NPLETH .
DIMENSIGN CON(4) 162(e,28), siey(e), U(2
1 DIST(10,16), HG#(10,16), A(za), sDz(28)
DIMENSIGN NN(16), TDEP(16,28), SX12(16,28), SXCP(16,28),AXI(16,28)
1, AXSFC(16,28), SXSFC(16,28),
2,5X1(16,28),XN(6), GHT(16,28), BCD(6)
bBIMENSIBN cP(17,28), SFC(16,28), EX1(16,28), PRNT(4),
1 XNXCP(16,28), XNSFC(16,28), XNXI(16,28)
DIMENSIBN’ TH(28), XCP(28), XSFC(28), Xl(28), DEP(28), V1(28),
1AXCP(16,28), SXCP2(16,28), SXSFC2(16,28)
DIMENSIGN HM(3), CM(3), CMA(3), XB(5), YB(S5)
DATA (XN = .14, .17, .21, .25, .33, .45)
DATA (PRNT= 10., 5., 1., .5)
DATA (CGN= .9, .95, .99, .985)
DATA (SiGz = 17.,10.5,7.7,5.,3.,1.5,21.,15.,10.,6.3,4.,2.,27.,18.,
1°1s.,7.7.5.,2.6,38,.,253.,17,,8.5,6.4,3.4,56.,30.,21.,12.,8.2,4.6,
2 83.40.'28,15.,10.5,5.9,150.,55.,384,,18.,18.,7.5,2E2,7].,42.,
5 25.'16..9.1.860.,87,,52,,27.,19,,11,,740.,150.,66.,34.,23.,14.,
2 1 9E3,2t2.82,,40",28° 18, ,2E3,320.,110,,50,,34.,20,,2E3,5€2, 150, ,
5 s8.,40 .24, ,2E3,880.,180.,69.,47.,28.,2E3,1.7E3 '2E2.80..53..31.)
DATA’ (Si62(1,16) = -
6 2(2E3),260,.91.,60.,35.,2(2E3),3E2,110,,68.,39.,2(2E3) 3ao ,130.,
2 527,44 ,2(2E3) 460, ,150,,84.,48., (2E3).580°,170.,94.,53.
DATA’ (8i62(1,21) = 2(2E3)
8 752,190.,152,60.,2(2E3),éso 210 110.,65.,2(2E3), 1E3, 250.,120.,
9 70..2(2E3), 1200.,280,,140, 2{%e3).1500",310,,160.
DATA’ (8162(1,26) = 2(2£3) 1éoo ,ss ,1%0.,34.,3(2&3) abo. ,175.,
1 89,,3(2E3),450.,180.,94. )
DATA’ (S1GY = .34, .24, .19, .12, .09 )
DATA (XDI1ST=1.0E2,1.3E2,1.7E2,2.262,2.8 6E2, 4. 6E2 6.0E2,7.7E2,
1°1.0E3, 1.8E3.1.7E3,2,2E3,2,8E3,3,6E3 sés _0E3 7Ea 1.0E4,
2 1.3E4.1.7EA4,2. 2E4,2.8E4,3.6E4 4. 6E4 é OE4, # E4, i S)
NAMELIST /B/'TPF, &, CA, VBEP, PP, H, NORM, SQ UMIN 7SFC HGT,
JVPHACF. BKkG. sDzhx,'Dist, ozHt, 1fep, 17DI, TSTEP, KEPLOT, ISTACK
2 , TRAGE, sizE, PLETH, NPLETH, INPT
NAMEL1ST /D7 USFC, ISCAT PRECP DIR
CALL ASSIGN (2, 0, SRCPSIN,
Pl = 3.141592654
NPLETH = ©
TNLG = LBGF(10.)
TOFl = 6,283185307
CALL ASSIGN (3,15)
RIT .2, Wi3, (BCD(I), I = 1, 6)
WOT 3. Wi3, (BCD(I), I = 1, &)
INPUT DATA.B, 2, 3
IF CINPT) Ao}, AoT,
INPT= 8
A01 INPUT DATA D, 2, INPT
CALL KEEP80 (3RDHXD)
IF (PLETH(1)) A02, A02,
PLSET = 1.
A02 LF (? -1 , AO3, AO3
AO3 PPP = O,
IF (PRECP) A0S, AOS,
PPP = PP
A0S | = 1
IF (SDZMX) -, , AO7
SDZMX = 2000.
C CONVERT INPUT HEIGHT ©F GROUND (HGT) AT THE VARIABLE DISTANCES (GHT)
¢ T6 GROUND HEIGHTS (BHT) AT FIXED DISTANCE INTERVALS(XDIST)
AQ7 IF (1TOP) . A20
De A10, J = 1, 448
A10 GHT(J) = O,
86 TO A51
A20 DO AS0, I = 1, 16
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DO ASD, J

1, 28
A25 éF (EISTgK [) - XDIST(J)) ; , A30
GO TO A25
A30 IF (K = 1) 5 , A40
ggT%é X% = (HGT(K,1)-BGZHT) / DISTI(K,1) x XDIST(J)
A40 GHT(I B HGT(K-1,1) + (HGT(K,I - HGT(K=1,13)) / (DIST(K,I) -
1 T(K 1,1)) x (XDIST(J) - DIST(K-1,1)) =~ GZHT
ASO ClNTIN
AS1 IF (USFC - UMIN) , AB2, AS52
USFC = UMIN
AS2 | =1
DO AS3, J 28
SDZ(J) = .465 % SDZMX
AS3 TH(J) = H
IF _(ITDI) ’ 70
C COMPUTE | WHICH Is THE [NDEX OF THE DIRECTION DIR. THIS IS GNLY USED
C WHEN SUMMARIZING THE RESULTS ©OF MANY OBSERVATIONS.
IF_(DIR - 360.) A58, A58,
WOT 3, WR14
WOT 59, WR14
CALL EXIT
AS8 IF (DIR - 168,75) , ABO, A60
DIR = DIR + 360. )
A60 | = ((DIR -~ 168,75) 7/ 22.5) + 1,
A70 IF (ISCAT - 6) A8BC, AS8OC,
WOT 3, WRI1S5
WOT 59, WR15
CALL EXIT
WR14 FORMAT (23HDIR EXCEEDS 360 DEGREES)
WR1S5 FORMAT (15HISCAT EXCEEDS 6)
A80 IF (ISTACK) B10O, 00,
¢ COMPUTE THE RISE OF THE PLUME AS IT TRAVELS DOWNWIND,
F @ 3,752-5 » sQ
UBAR B USFC x (H / ZSFC)xxXN(ISCAT)
IF (18CAT -5) , B20, B30
A = 2.5 x 4000.%%.56 % Fxx(1,/3.)
2 = 2,5

.56
X ANCISCAT)
GO TO B40

B20 A B 3.75 % 4000, %%,49 x Fxx(1,/3.)
B = 38.75
C = .49
X = XN(ISCAT)
GO TO B40

B30 é = 13.8 ¥ 2000, xx,26 x Fxx(1,/3.)
C = 26

X @ XN(ISCAT)

B40 ODH = A / UBAR
DH = ODH

BSO UBAR = USFC / (ZSFCxxX % (X+1) % DH) % ((DH+HI*®x(X+1) - Hxx(X*+1))
DH 8 A / UBAR

IF (ABSF(SDH-DH) / GDH - .1) B&O,
ODH_= DH
GO T® BEO
B&6O0 DY B70, J = 1, 13
TH(J) B8 H + B x XDIST(J)*xxC x Fxx(1,/3.) / UBAR
IF (TH(J) - SDZMX) B65, BES, -
IF_(TH(J) - 1,7 % _SDZMX) B&3,
SDZ(J) = TH(J) - SDZMX S
63 T8 B70
B63 TH(J) = SDZMX
B6S SDZ(J) = .465 % SDZMX A
B70 CONTINUE
IF (ISCAT - 5) BBO, |
B8O DO BYO J = 11, 28
TH(J) 8 H + DH L
IF (TH(J) - SDZMX) B8&7, B87,
IF_(TH(J) - 1.7 x _sDzMX) B85,
SDZ(J) = TH(J) - SDZMX - :
GO T6 B9O - (
B85 TH(J) = SDZMX ‘
B87 SDZ(J) = 465 x SDZMX
B90O CONTINUE

c FGMDU(E CENTER CONCENTRATIGN GRIJUND LEVEL CGNCENTRAT[@N INTEGRATED
C_GROUND LEVEL CONCENTRATIGN AND VERTICAL [NTEGRAL

B100O U(T)) = 8%7? * CCTH(1) - GHT(I,1)) / ZSFCIxxXN(ISCAT)
SUM B U(1) x XDIST(1)
SUM1 = 0,
Do ¢cs0, J = 1, 28
SMH = TH(J) - GHT(1,J)
[F (SMH) s

SMH = 1,
CO05 SGZ = SIGZ(ISCAT,J)
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[F_ (882 - sDZ(J)) C10, C10,
SGZ = SDZ(J)
C10o SGY = SIGY(lSCATé x XDIST(J)*xx,917

IF (J - 1) C15, C15,
UtJ) = USFC x (SMH / ZSFC)**XN(ISCAT)
= SUM + ( U(J) + UWJ~-1)) / 2, % (XDIST(J) - XDIST(J-1))
UA(J)= SUM / XDIST(J)
C15 CONST = Q@ / (TOPI % (SGY x SBZ + CA/PIl) x UA(J))
CONA = EXPF(-.5%x (SMH / SGZ)xx2)
CONAA -= EXPF(-2, % (SMH / SBZ)*x2)
XCP(J) = CONST x (1, + CONAA)
XSFC(J) = CONST x 2, x CONA
I1£ (VDEP) C30, o,
DEPOSITION OPTION
RK = - SQRTF(2. / Pl) * VDEP / UA(J)
E; EﬁSMH1{ $G2) s , C2%
BETA = 2. x XbIST(J) / (SGZ x EXPF( SMHxx2/(2,% SGZ*x2)))
GO TO C25
c20 IF (GSMH / ©SGZ - 37.) o , C2 . _
SUM1= SUM1+ (XDIST(J) XDlST(J-l) x 2. /(0S6Z_x EXPF(USMHxx2 /
1 (2. % OSGZxx2)) + SGZ x EXPF(SMHxx2 / (2., x SGZxx2)))

C25 Zz = SUM1_+ BETA
IF (2 - 740.) C27, C27,

-z = 740,
€27 R = EXPF(Z)*xRK
GSMH = SMH
6SGZ = SGZ
XCP(J) = XCP(J) * R
XSFC(J) = XSFC(J) * R
c30 1F (1PF) €40, C40,
IF (PRECP) C40, C40,
PRECIPITATION GPTIiON
CONB = EXPF(- PP * XDIST(J) / UA(J))
XCP(J) = XCP(J) x CONB )
XSFC(J) = XSFC(J) * CONB
c40 IF (THALF) C50, CS50,
DECAY OPTION
CONC = EXPF((-.693 x XDIST(J) JUA(J)) / (3600. x THALF))
XCP(J) 8 XCP(J) * CONC
XSFC(J) = XSFC(J) x CONC
ADD IN BACKGROUND NOISE
€50 XCP(J) @ XCP(J) + BKG
XT(J) = (XSFC(J) % SQRTF(2, 7/ PI) *x 8, x SGY / XDIST(J)) + BKG
XSFC(J) = XSFC(J) + BKG :
VI(I) = XCP(J) x SQRTF(TOP1) x (SGZ + SQARTF(CA/PI)) / (1. + COGNAA)
AF (éSFC(J) - BKG) , C53
Go TS €56
C53 A = (XI1(J) - BKB) / (XSFC(J) - BKG
€56 DEP(J) = TSTEP % ((XI(J) -BKG) x VDEP +PPP x VI(J) * A)
IF (TRACE) C60, C60,
WOT 3, WT, SMH, SGZ, SGY, CONST, CONA, COBNB, CONC, RK, SUMI
€60 CONTINUE
WT FORMAT (10510 s)
IF (LTDI) E1
THE FIRST PLETS ARE e# CENTER COGNCENTRATION, GROUND LEVEL CUNCENTRATION,
ANDYﬁggTOROAVERAGED GROUND LEVEL COGNCENTRATI®N,
DB D10, J = 1, 28
IF (XCP(J) - YMAX) D10, D10,
MAX = XCP(J)

Y

D10 CONTINUE
YMIN = YMAX *x 1.E-6
CALL MAPGLL (1.E2

1.E5, YMIN, YMAX)
CALL SETCUR§40 5,1 0)

) ) ) 3

WweT 100,

CALL SETCH (3 ., 1D

WOT 100, WR2, (Bcb( L=, 8)
CQ%L SETCH 31., o., f, 0,0, 1, o)

WR
CALL ss?cH (90., 64., 1, 0, 0, 0, O)
WeT 100,

WR4
CALL SETCH (go., 63., 1)
WET 100, WRS
CALL SE?CH (90., 62., 1)
WET 100, WR6
CALL TRACEP (XDIST, XCP, 28)
CALL TRACEP (XDIST. XSFC 28)
CALL TRACEP (XDIST, X 8)
CALL SETLCH (XDIST(13)! XcP(18), 1, 0, 0, O, 0)

I 1
12 = 2
3
NOT 100,WR?7, 11
CALL SETLCH (XD[ST(13) XSFC(13), 1)
WoT 100 12
CALL SE+LCH (XDIST(13) Xra1s)y, 1
WwoT 100,WR7, I3
CALL FRAME

THE SECEND PLOTS ARE VERTICAL INTEGRAL THROUGH THE CLOUD
TOGTAL DEPESITION, : cL CENTER AND
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YMAX = 0,
D& D20, J = 1, 28
[F (VI(J) - YMAX) D20, D20,
YMAX = VI(J)
D20 CONTINUE
YMIN B8 YMAX % 1E-6
CALL MAPGLL (1.E2

1.E5, YMIN, YMAX)
1 0)

) ) ) ) 3

WST 100, wWR2, (BCH(

CALL SETCH (1., 3 , 0,0,71, o

woT 100,

CALL SETCH (85., 64., 1, 0, 0, 0, O)
100 )

CALL TRACEP (XDIST, VI, 28)
CALL TRACEP (XDIST, DEP, 28)
CALL SETLCH (XDIST(13), 'vI(i13), 1, 0, 0, 0O, 0)
WeT 100, WR7, 11
CALL SETLCH' (XDIST(13), DEP(13), 1)
WoT 100,WR7, 12
WEST 3, WR11
WOT 3,WR12, (XDIST(J),XCP(J),XSFC(J),XI(J),VI(J),DEP(J),GHT(1,J),
1 UGS VA, J = 1, 28)
CALL EXIT
WR1 FORMAT (21HDISTANCE DOWNWIND - M)
WR2 FORMAT (BA10)
WR3 FORMAT (26HCONCENTRATION - UNITS/Mx%3)
WR4 FORMAT (23H 1 CENTER CONCENTRATION)
WR5 FGRMAT (35H 2 GROBUND LEVEL CONC ©N CENTER LINE)
WR6 FOGRMAT (31H 3 SECTSR AVG GROGUND LEVEL CENC)
WR7 FGRMAT (12)
WR8 FORMAT (23HDEPOSITION - UNITS/MXxx2)
WR9 FORMAT (35H 1 VERTICAL INTEGRAL THROUGH CENTER)
WR10 FORMAT (35H 2 TETAL DEP (WET + DRY) OVER TSTEP)
WR11 FORMAT (4X,SHXDIST, 8X, 3HXCP, 8X, 4HXSFC, 9X, 2HXI, 10X, 2HV1 , 9X, 3HDEP,
19X, SHGHT, 10X, 1HU, 10X, 2HUA)
WR12 FORMAT (9Ei2,4)°
THIS LAST PORTIOGN OF THE CODE 1S USED ONLY WHEN RUNNING MANY GBSERVATIGNS.
E10 IF(END) , ,F15A
IF (THALF) E30, E30,
DECAY OPTIGN
D& E20, I1 = 1, 16
Dg_E20, J = 28
E20 TDEP(I1, = TDE ,J) % EXPF(-,693 x TSTEP / (3600.% THALF))
STORE THE CONCENTRATION’ AND DEPGSITION VALUES WHICH WERE COMPUTED
EARLIER, THEY ARE SAVED BY DIRECTIGN (1),
E30 NNCI) = NN(T) + 1
DO E40, J = 1, 28
IF (XCP(J) - 2,xBKG) ES3, ES33,
XNXCP(1,J) = XNXCP(I,J) % 1.
AXCP(1,J) m AXCP(I,J) + XcPi(J)
SXCP(1.,J) = SXCP(I.J) + LOGF(XCP(J))
E33 IF (XSFC(J) - 2,*BKG) EQ6, E36,
XNSFC(1,J) B XNSFC(I,J) + 1.
AXSFC(1,J) B AXSFC(I.J) + XSFC(J)
SXSFC(I1.J) = SXSFC(I,J) + LOGF(XSFC(J))
E36 [F (XI(J) - 2,xBKG) E40, EA40,
XNXIC1,J) = XNXICI,J) +'1,
AXI (I, 3) 8 AXIC(I,J) + XI(D)
SXI(1.,J) = SXI(I.J) + LEGBF(X1(J))
E40 TDEP(1,J) = TDEP(1,J) + DEP(J)
IF (TRACE) E52, ES52,
DO ES0 J = 1, 28 .
ES0 WOT 3, T2, I, J, AXCP(1,J), SXCP(1,J), AXSFC(Il,J),
1 SXSFC(L, ), "AXI(1,3), $XI1t1,J), TOEP(I,J)
READ THE INPUT IN HERE & EHECK FO&R MORE DATA SETS
E52 lg;UT gATA D, 2, INPT
1; (PREgP) ES5, ES55, , (
ES5 IF (DIR + 999.) AS1, , AB1
ES6 REWIND 2
RIT 2, W13, (BCD(II1), Il = 1, &)
INPUT DATA B, 2 '
éNPT 1 . .
COMPUTE THE ARITHMETIC & GEOMETRIC MEANS AND THE GEGOMETRIC STANDARD
DEVIATION FOR CLOUD CENTER AND SURFACE CONCENTRATIGNS AND SECTGR
AVERAGED GR?UND LEVEL CONCENTRATIGNS.
DS E60 I = 1, 16
E60 NNN = NNN + NN(I)
TTT = NNN
E65 D& F10, | B 1, 16
IF (NGRM) E70. E70,
TT= NN(D)
IF (TTT) , , E70
TTT= 1.
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Do F10, J = 1, 28

AXCP(1°J) = (AXCP(1,J) + (TTT-XNXCP(I,J)) x BKG) / TTT
IF(XNXEP(1,J)) FO3, FO03,

SXCP(1.J) = SXCP(13J) 7 XNXCP(l,J)

AXSFC(1 J) = (AXSFC(1,J) + (TTT-XNSFC(1,J)) x BKG) / TTT
IF (XNSEC(1,J)) FO5, FOS,

SXSFC(1,J) = SXSFC(1,J) 7/ XNSFC(1,J)

AXTCT,Jd3 2 (AXTCL, 3 + (TTT-XNXI(1,J)) x BKG) / TTT
IF (XNX1(1,J)) F10, F10,

SXI1(1,d) ="SKI(I,J} 7 XNXI(1,J)

CENTINUE

IF (TRACE) F14, F14,

DG FI3 I = 1, 16

DO F13 J = 1, 28

WOT 3, WR12, XNXCP(1,J), XNSFC(1,J), XNXI(I, J)

woT 3. T2, 1, J, AXCP(I,J), SXCP(1,J), AXSFC(1,J),
17 SXSFE(1, 3y, axt ¢1,J), 8xi1t1, N

66 To F15AA

WOT 3, Wi5

DO F15 1 = 1, 16

D6 F15 J = 1, 28 ,
WOT 8, T2, 1. J, XDIST(J), AXCP(1,J),AXSFC(1,J),AXI(1,J),TDEP(I,J)
INPUT DATA D, 2

G8 TG AO5

DG FISAD J = 1, 28 :

IF (XCP(J) - 2. x BKG) F15AB, F15AB,

SXCP2(1,J) = SXCP2(1,J) *+ (LOGF(XCP{J)) - SXCP(1,J))xx2
IF (XSFE(J) - 2. x BKG) F1SAC, F15AC,

SXSFC2(1,J) = SXSFC2(I,J) * (LOGF(XSFC(J)) = SXSFC(1,J))xx2
IF (X1(J} = 2. % BKG) F15AD, F1SAD

SXI12C1,J) = SXI12(1,J) + (LOSF(XI(J)) - SXI(I,J))xx2
CONT 1 NUE

INPUT DATA D, 2

PPP = O.

1F (PRECP) F15B, F158B,

PPP = PP

IF (DIR + 999.) AS1, ,A51

D& FISE | 8 1, 16

D8 F15E J = 1 28

IF (XNXCP(1,J)) Fisc, F15C,

SKCP2(1,J) & SARTF(SXCP2(i,J) / XNXCP(I,J))

IF (XNSFC(1,J)) F15D, F15D,

SXSFC2C(1,J) = SQRTF(SXSFC2{1,J) / XNSFC(1,J))

IF (XNXI1¢1,J)) F15E, F15E,

SX12(1,J) B SQRTF(SKXI12(1,J) / XNXI(1,J))

CONT I NUE

DO GOC, K = 1, 4

CPMAX = O,

SFCMAX = O.

EXIMAX = O,

Do F40, I = 1, 16

D8 F40, J = 1, 28

Al = 1. = XNXE&P(I,J) 7/ TIT

A2 = 1. - XNSFC(I,J) 7/ _TTT

A3 = 1. - XNXI(1,J) /7 TITT

IF (CON(K) - A1) F1e, F16, .

PL = (CON(K) - A1) 7 (1. = A1)

CALL ZPL(PL)

CP(T,J) = EXPF(SXCP2(1,J) % PL + SXCP(I,J))

{F (EP(1,J) - BKB) , F20

CP(1,J) = BKG

IF (CON(K) - A2) F25, F25,

PL = (CON(K) - A2) /7 (1. - a2)

CALL ZPL(PL)

SFC(1,J) = EXPF(SXSFC2(1,J) x PL + SXSFC(I,J))
IF(SFE(1,J) - BK8) , F30, F30

SFC(1,J) = BKG

IF (CON(K) - A3) F35, F35,

PL = (CON(K) - A3) /7’ (1. - A3)

CALL 2ZPL(PL)

EXTCI,J) = EXPF(SX12(1,J) % PL_+ SX1(1,J))

IF (EX1(I,J) - BKG) . 'F40, F40

EXI(I,J) = BKG

CENT I NUE

WOT 3, W16, PRNT(K)

D8 F431 ='1, 16

DG F43 J = 1, 28

WET 3, T2, 1.-J, XDIST(J), CP(1,J), SFC(I,J), EXI(1,J)
FORMAT (213, 10E11.3)

XMAX = CPMAX

P = 1

SNX = 3, x Pl 7/ 8.

D& F45, N = 2, 4

SN(N) = SINF(SNX)

CS(N) = COSF(SNX)

SNX = SNX - Pl / 8.

SN(1) = 1.

cS(1) = 0.

SN(5) = O.

cs(5) = 1,

SN(9) = -1,

cs(8) = 0,
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SN(13) = 0.
CcS(13) = -1,
SN(8) =-SN(2)
SN(10) @ -SN(2)
SN(16) = SN(2)
SN(7) =-SN(3)
SN(11) = -SN(3)
SN(15) = SN(3)
SN(B) =-SN(4)
SN(12) = -SN(4)
SN(14) 3 SN(4)
CS(8) m CS(2)
CS(10) = -CS(2)
CS(16) =-CS(2)
CS(7) = CS(3)
CS(11) ® -CS(3)
CS(15) =-CS(3)
CS(6) m CS(4)
CS(12) = -CS(4)
€S(14) m-cS(4)
€s(17) = CS(1)
SN(17) = SN(1)
F47 CALL GRSZ (CP,XMX, XMN, YMX, YMN)
CALL MAPG (XMN, XMX, YMN YMX)
F48 CALL SETCH (30., 3.. 1, o, O)
GO TG (F50, F60, F70 H20 H30 H40,
F50 W8T 100, W3
GO TO F&0
F60 WOT 100, W4
G8 Te F80

F70 WOT 100, WS
F80 CALL SETCH (30
WOT 100, W6, g

1., 1
(K
4,

[

F85 CALL SETCH (90 1,0,0,0,0)
WOT 100, W7
XX = 63.
DG F90 = 1, NPLETH

CALL SETCH (90. , XX, 1)
WoT 102 W? PLETHIN)

JY) 7/ (CP(I,J+1)

GBO?7

FOO XX B X
IF (XMX + YMX - 2,) , , GOO
CALL SETCH (30 60., 1
weT 160,

GO TO G45
GO0 DO GO2 J = 1, 28
G02 CP(17,J) = CP(1,)
DB G40 N = 1, NPLETH
D& G30 Sl 17 .
D& GO5 J = 28, 1, -1
IF (PLETH(N) * cht1,9)) 607, GO7,
GO5 CONTINUE
G8 TG G20
GO7 HE1 = XDIST(J) + (PLETH(N) - CP(I,
1 x (XDIST(J+1) - XDIST(J))
DG G100 J = 1, 28
IF (PLETH(N) - CP(1,J)) G611, G611,
G10 CENTINUE
G11 IF (J - 1) , G12
HI1_ 8 (PLETH(N) /'CP(I,J)) x XDIST(J)
GO TG G13
G12 HI1 8 XDIST(J-1) + (PLETH(N) - CP(I,J~-1))
T % (XDIST(J) - XDIST(J=-1))
G613 X1 & HO1 x CS(1)
Y1 = HB1 x SN(I)
X2 = HI1 % CS(I)
Y2 = HIT1 * SN(I)
IF (FLG) \ G15
IF (1 - 1) 6i7, 617
FIRST BOUNDARY CONDITIGN
=1 -1
GG TO GBOO
G15 CALL LINE (X3, Y3, X1, Y1)
CALL LINE (X4, Y4, X2. v2)
G17 X3 B X1i
Y3 & Y1
X4 = X2
Y4 = ¥2 -
FLG = 1.
GG TO G3
G20 IF (FLG) eao 630,
SECOND BOGUNDARY CONDITION
I =1 -1

GBOO DELT 8 (HO1 - HI1)
IF (HI1 + DELT - XDIST(1)) , ,
HM(1) = XDIST(1)
Go TO GBOS

GBO7 HM(1) 8 HI1 + DELT

GBG8 HM(2) = HI1 + 2, x DELT
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HM(8) = HI1 + 3. * DELT
Dg GB20 KK = 1, 3 ,
DG GB1O J = 1, 28
IF (XDIST(J) 1 HM(KK)) , , GB1S
GB10 CONTINUE
GB15 FACT = (HM(KK) - XDIST(J=1)) / (XDIST(J) - X
CM(KK) = CP(1,J=1) + FACT x (CP(1,J) - CP(I
CMA(KK) = CP(iI,J-1) LAFACT x ccptil, ) - cb
X = HM(KK) x CS(1)
¥ = HM(KK) x SN(I)
XA = HM(KK) % CS(I1)
YA = HM(KK) *x SN(II)
D1 = (CM(KK) - PLETH(N)) / (CM(KK) - CMA(KK))
XB(KK+1) = X + D1 % (XA - X)
GB20 YB(KK+1) = Y + D1 x (YA - Y)
XB(1) = X2
XB(5) = X1
YB(1) = Y2
YB(5) = Y1
CALL TRACEP (XB, YB, 5)
IF (FLG) 617, 617,
FLG = O.
@30 CONTINUE
G40 FLG = O,

G45 CALL FRAME
GS0 IP

660 CP(1,J) = “SF
Té F47

6870 IP = 3

G80 CP(1,J) = EX
16 Fa7

G980 ?CNTINUE

D
H10 CP(1,J) =
ge T F47

H20 WOT 100, W9
G 5

6 TS
H30 WOT 100, W
TG H55
H40 WET 100, W
TG HS55
H43 WoT_100, W
H45 WET 100, W
GO T6 H55
H47 WOT_100, W

55
H50 WET 100, W12

TcH (30
WRS,

HSS CALL SE
WoT_100

H60 IP = 5

H70 CRCLJ) B
H8O IP = &

H8S CP(],J) =

D
I
S
HSe3 ?
S
Hes |
S

x

1;

16

16

28
é(l,J)

28
ter, o

1,

(écnct

~r~P

16

3

28
AxéP(I J)

1TOT

-1

(..

1)

HS3,
F(SXCP(I.

H96,
XPF(SXSFC(l
XPF(SXI(I I

J))

cls) T02(050 670, G90, H60, H80, H9O, H110 H130,

1, 6)

J))

C PRINT OUT GEGMETRIC MEAN VALUES
s Js XDISTW),

H100 WCT 3, T2,

F47

H110 lP = B
DS H120 1
H120 J

I

-SXCP(1,J),8XSFC(1,

=24~

JI,SXI1(1,J)

H150, H200),
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Hi130 IP = g
DO H140 I = 1, 16
D6 H140 J = 1. 28
H140 CP(1,J) = SXI(I,J)
Ga Té F47
H150 IP = 10
D& H160, I = 1, 16
D& H160°J = 1, 28
H160 CP(1,J) = TDEP(I,J)
pe Hi70, 1 = 1, 16
H170 ITGT = {TOGT + NNCI)
GS Te F47
H200 CALL EXIT
FORMAT (41HPLUME CENTER CONCENTRATION - UNITS / Mxx3)
W4 FORMAT (54HGROUND LEVEL PLUME CENTER CONCENTRATIGN - UNITS / M%x3)
W5 FORMAT (54HGRGUND LEVEL SECTOR AVERAbED CONCENTRATIGN UNITS/Mxx3)
W6 FORMAT (16HWILL BE EXCEEDED, F5.1, 20H PERCENT 6F THE TIME)
W7 FORMAT (10H CONTGURS)
W8 FORMAT (E10.3)
W9 FORMAT (52HPLUME CENTER ARITH. AVG COGNCENTRATIEBN - UNITS / Mxx3)
Wwio FORHAT 63?¥gR9u“D %EVEL PLUME CENTER ARITHMETIC AVG COMCENTRATIGN,
X X

1 _15H -

W11 FORMAT (43HGROUND LEVEL SECTGR AVERAGED ARITHMETIC AVG,
1 _29H CONCENTRATION - UNITS / Mxx3

W12 FORMAT (33HTOTAL ACCUMULATED DFPOSITI@N CVER, 15, 6H HOURS)

W13 FORMAT (6A10)

W14 FORMAT (25HCONTOURS BELOW BACKGROUND)

W15 FORMAT (1H1,28X, 14HARITHMETIC AVG,/,6H [ J,3X,4HDIST,8X, 2HCP,
1 8X, BHSFC, 8X, 2HXI, 8X, AHTDEP)

W16 FGRMAT (1H1 7X. 16HWILL BE EXCEEDED, F5. 1, 16H PERCENT eF TIME, /,
1 3%, 4aHDIST 3HEFC, 8X,

2HCP, 8X,
W17 FORMAT("PLUME CENTER éEOMETRlC AVG CGNCENTRAT!&P : UNITS 7/ Mxx3")
w181FORMGTl%;G?GﬁNDsLEVEL PLUME CENTER GEOMETRIC AVG: _ONCENTRATION ",
- Xx3"
W19 FORMAT ("GROUND LEVEL SECTOR AVERAGED GEOMETRIC AVG ",
1 _"CONCENTRATION - UNITS x3")
w20 FGRMAT (1H1, 23X, 14HGEOMETRIC MEAN,/,6H I J,3X,4HDIST, 8X, 2HCP,
1 _8X, BHSFC, 8X, 2HXI)

SUBROUTINE ZPL
DIMENSION XX(1

(PL)

3 YY(13)
DATA (XX 0000?

1

5,.01, .05, .1, .15, .3, .5, .7, .85, .9, .95,

, -2,88, -1.64, -1.28, -1.04, -.52, 0., .52, 1.04,
64, 2.%3J 3.81)

P
)
8

-

A10 CONT
P
A20 [F (I - 1) i , ASO
UR
A30 PL GRKY(I-1) O CPL-XX(1=1)) / (XXCI)=-XXC(I-1))) % (YYCI)-YY(I-1))

SUBROUTINE GRSZ (XA, XMX, XMN, YMX, YMN)
THIS ROUTINE DETERMINES THE MAPPING FOR THE GRID AND THE VALUES
OF THE CONTOURS.
DIMENSIGON XA(17,28)
COMMON /A/ xolsf(ze) SN(17),C8(17),812ZE, TNLG,PLETH(8) ,PLSET,NPLETH

;nkG_: LOGF(10.)
XMX = XMN = YMX = YMN = O,

C IF PLSET B2 1 THEN DO NOT COMPUTE PLETH VALUES BUT USE THOSE THAT
~ WERE _INPUT. R
IF (PLSET) AC4, A04,

AQ2 CGNTINUE
DO AO03 1
IF (XAC(l)
AO3 CONTINUE

G
A04 DO A0S 1
A0S PLETH(I)

THE LINES ARE CONSIDERED IN PAIRS, THE ITH AND THE [+8TH LINES
FORM A LONGER STRAIGHT LINE. TO START WITH THE SMALLEST CONCENTRATIGN
THAT CAN BE FOUND AT BOTH ENDS 1S COMPUTED. THEN THE X AND Y DISTANCES
BETWEEN THESE POINTS ARE COMPUTED AND COGMPARED WlTH "SI1ZE", IF
EITHER THE X OR Y DIST 15 GREATER THAN "SIZE" THEN A LARGER VALUE
OF CONCENTRATION 1S USED. THIS PROCESS IS REPEATED FOR EACH PAIR
gF %éNEﬁ. THE VALUE OF THE CONCENTRATION IS OF THE FORM 1.x10%xN OR
. X XXN,

DO B130 | = 1, 8
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725 € ,
726 C FIND THE LARGEST CGNCENTRAT]ON AT THE END SF A LINE PAIR. . /
727  A10 IF (XA(I,J) - XA( LI , A20, B1O
728 XLN : XA(!+ L)
729 [c]s]
730 A20 IF_ (XA(I J)) , ., B1O
731 J |
732 IF (J) B130, B130, A10
733 B10 XLN = XA(I,J)
734 C
735 ¢ COMPUTE N IN 1.%10%xN,
736 ~ B20 LEXP = LEGGF(XLN) 7/ TNLG - 1.
737 XM = 10.*#LEXP
738 TRE = 0.
739 (xn > XLN) , B40O
740 lF (3, xxM - XLNY' -, 'B30, B3O
741 B25 XM = XM x 10,
742 Ge To B40
743 B30 XM = XM x 3,
744 TRE = 1.
745 B40 DO BS50O J = 1, -1
746 IF (XM - XA(l ') Beo, BsO,
747 BS50 CUNTINU .
748 X1 = Y1
;gg c 8o 16 B70
751 C CGMPUTE THE DIST FRON THE ORIGIN AND THEN THE X AND Y COGRDINATES,
252 ~ BBO XD1 = XDIST(J) + (XDIST(J+1) .- XDIST(J)) * ((XA(I J) - XM)Y /7
753 1 (XAC1,J) = XA(L,J+1))) '
754 X1 = cétl) x XD1
755 Y1 = SN(1) * XDi
756 B70 D& B8O J = 27, 1,
757 IF (XM - XA(I+8,J)) B90, B9O
758 B8O CONTINUE .
759 X2 = Y2 = 0,
760 Go To B100 :
761 BOO XD2 = XDIST(J) + (XDIST(J+1) - XDIST(J)) x ((XA(I+8,J) - XM) /
762 1 (XAC1+8,J) - XACI+8,J+1)))
763 X2 = cS(i+8) * XD2
764 Y2 = SN(1+8) x XD2
765 B100 I[F (X1+X2+Y1+Y2) B130,
766 IF (ABS(Y1-Y2) - SIZE) 10
767 IF (ABS(X1-X2) - SIZE) B120, B120,
768 B110 IF (TRE) B30, B30,
769 XM = XM / 3.
770 TRE = O.
;;; c GO TO B25
593 6 XM IS THE CONCENTRATION CHOOSEN FOR A LINE PA
774 AMX 1S THE LARGEST CONCENTRATION CHGGSEN FOR ALL LINE PAIRS,
775 B120 IF (XM - AMX) B130, B130,
776 AMX = XM
777 TR = TRE
778 B130 CONTINUE
779 IF (AMX) , €00
780 B140 XMX = YMX =1,
;gé c RETURN
783 C Now CGMPUTE THE MAX AND MIN X AND Y FOR THE GRID.
784 = C©OO DO C7
785 c1o J = 2# -1
786 IF MX - xact, J)) €20, ©=20,
787 C10 CCNTIN
788 x Y1 =
789 76 C70
790 C20 XD1 = XDIST(J) + (XDIST(J+1) - XDIST(J)) x ((XA(1,J) - AMX) /
791 (XA(1,J) = XAC(L,J+1)))
792 X1 = ¢c&(1) *x XD1
793 Y1'= SN(I) x XD1
794 €30 IF (XMN -"%1) c40, c4o,
795 XMN- B
796 €40 1F (xmx - X1) , C50, CB50
797 XMX = X
;gg cS0 lF (YMN1- Y1) C60, C60,
gg? c60 ¢F (YMX - Y1) , €70, C70
802 C70 CONTINUE
803 IF (XMX) , , C70A A
804 XMX = -XMN * .1
805 GO TO C70B _
806 C70A IF. (XMN) C70B , C70B
a7 XMN = - MX o1 _
808 C70B IF (YMX , ,c70C .
809 YMX = -YMN * 1
810 GO TG C70D
811 ©70C IF (YMN) C70D, , C70D
812 YMN & -YMX % .1
g}g cc7oo CONTINUE
815 C THIS IS T8 MAKE SURE THAT XMX-XMN = SI1ZE AND YMX-YMN @ SIZE.

J = 28
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Q0

1F (XMX = XMN) s , C71
XMX .5 x SI1ZE
XMN = -.5 x SIZE
G0 TO C72
C71 FACT = SIZE / (XMX - XMN)
MX = XMX x FAC
MN = XMN x FACT
€72 IF (YMX - YMN) s , C73
YMX = 5 x SIZE
YMN = -.5 x SIZE
G0 TO C
C73 FACT = SIZE / (YMX - YMN)
YMX = YMX x FACT
YMN = YMN x FACT
NOW COMPUTE THE VALUES OF THE
C74 1F (PLSET) s . 0
IF _(TR) s , C75
PLETH(2) 2 AMX x 3,
GO _TO C80
C75 PLETH(2) B AMX / 3, x 10,
C80 PLETH(1) = AMX
PLETH(3) = PLETH(1) x 10,
PLETH(S) = PLETH(3) x 10.
PLETH(4) = PLETH(2) x 10,
PLETH(6) = PLETH(4) x 10,
C90 RETURN
END

INNER CONTOUR LINES.
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Computer-Prepared Flow Chart

:C 10/17/73 ADDED PRINT OUTS OF GEOMETR

11C MEAN VALUES

‘C 8/1/73 CORRECTIONS MADE TO BOUNDARY

{0OF CONTOUR PLOTS

iC 7/5/73 ADDED CONTOUR PLOTS FOR SINGL

‘E OBSERVATIONS

:C 2/20/776 PROVISION ADDED FOR NORMAL V

'S, ACCID. RELEASE (NORM)

PROGRAMCPS
(HSP, TAPE2

NAMEL IST/B
/1PF,Q.CA,

|

NAMEL. 1ST/D
/USFC, ISCA
B

2/

.

Pl1=3. 141532654
NPLETH=6
TNLG=LOGF ¢ 10.)
TOP|=6.283185307

CALL
ASSIGN

RETURN
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WOT3 W13, ¢
BCO(I) ,I=]

< %IHPT)

~,

.

~

>

INPT=3

CALL
EEPBO

e

<
AD2 ~<JF(PLETH( 1)}

[PLsET=1.

—

AG3




PAGE e

AD3 )

[pPP=g. ]
————<<tgf___ $ IF (PRECP)
-~
>
[PPP=PP ]
A0S
(L=t ]

>
A07 1F (SDZMX)

[sbzMx=2000. ]

..............................................................

_AT THE VARIABLE DISTANCES (GHT)
iC TO GROUND HEIGHTS (GHT) AT FIXED DIST
(ANCE INTERVALS(XDIST) i
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A20

>
IFCITOP)

\\_ 1.uyg  /

F~
MO

[6KT (1 =0. ]

A30

—
/50w T\




PAGE 3

[sDz(J1=.465SDZMX___ |

B

[TH(I=H ]

> -
GHT (1 ,J)=(HGT(K,1)-6 ) A70 IFe1ion

ZHT) /DIST(K, [} *XDIST | - \\\\\\\
(J) ~.

EE.né.n.”ig.}_“giaﬁ.Téufhé.yﬁbéknéf.%gg.a.?
{IRECTION DIR. THIS IS ONLY USED :

IC  WHEN SUMMARIZING THE RESULTS OF MANY
GHT (1. J)=HGT(K-1,11+ ‘OBSERVATIONS.

(HGT(K,K)"HGT(K‘I.‘) ............................................................ H
} 7 (DISTIK, [ -DISTIK~
1,11)1*(X01ST

A4Q

ASD -

<
AS8 —<JF (DIR-360.)

~y

AS2 IF (USFC-UMIN)

- ‘ WOT3,WRI

£

{USFC=uMIN —
WOTSG, WR1Y4

AS2
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PAGE “

AGO

AB0
<
8100 [F (ISTACK)
-
1F(DIR-168.75) \\\\\F/////

iCCOMPUTE ‘THE RISE OF THE PLUME A8 1T 1
iRAVELS DOWNWIND.

[o1R=DIR+360.

ABO

AB0 F=3.75E-5+5Q
UBAR=USFC* (H/ZSFC) »+
I=((DIR-168.75})/22.5 XNUISCAT)
)+l
A70

820 B30

IF ({SCAT-6)

>
| A=2.5%4000. ¢+ .SB*F *+
) t1./3.)
WCT3,WRIS gan o
C=.56
X=XN{ [SCAT)
WOTS9,WR15

_3]_




PAGE 5 A=3,75°4000. %% . 43*F*
11,73
8=3.75
C=.49 © [TH(J) =H+B*XDIST (J) **
X=XN(]SCAT) C*F**(1./3.)/UBAR
B40
<
1F (TH(J) ~SDZMX)
830

A=13.822000.%*.26*F*
t(1./73)

B=13.8

C=.26

X=XN{I1SCAT)

IFCTHIU) -1 . 7°SDZMX)

N

UBAR=USFC/ (ZSFC®*X*(
X+1)*DH) ¢ ( (DH+H) * ¢ (X
+11-He*#(X+1))
DH=A/UBAR

[sDzZ(J1=TH(J)-SDZMX__|

{F (ABSF (0D

B60 870

2 863
[TH(J) =SDZMX |

65
[ODH=DH | SDZ(J)=.465°SDZMX - |

870
B50 (=1 |

B60

00 B70 »

J=1,13

E

_32_



PAGE 6
880 IF (1SCAT-5)
2
e ]
880
[N
\ I!.28 /
[TH(J) =H+DH ]
887
BES IF (TH(J) -1 . 7*SDZMX]

{SDZ(J)=TH(J) -SDZMX__ |

890

_33_

885

LTH(J) =5D2ZMxX ]

887

{sbziJi=_u6s5+5DZMX ]

@

LEVEL CONCENTRAT {ON,

INTEGRATED

C GROUND LEVEL CONCENTRATION AND VERTIC

AL lNTEGRAL

B100O

CAT)
VAL =UC1}

SUM1=0.

U131 =USFC* L (TH(])-GH
TCIL 1Y) /7ZSFCY#2XNUIS

SUM=U(1)*XDIST(1}

VEIETIN

N/

[SMH=TH(UI -GHT (1, 0

prd

< P
i

[ ZaN

{SMH=1.

—

cos

[s6z=si6z(1scAT. 50 ]




PAGE 7
cio IF (562-SDZ(J))
>
[s6z=sDz () 1
1o

SGY=SIGY(ISCATI*XDIS
T(J1**.917

c15 $ IFed-1)

e
~

U(J)=USFC* (SMH/2SFC)
+*XNCISCAT)
SUM=SUM+ (UL J)+U(J-1)
}/2. % (XDIST(J)-XDIST
(J-11)

UA(J) =SUM/XDIST ()

C15

CONST=Q/ (TOP|*(SGY*S
GZ+CA/TOPI3®*UA(J))
CONA=EXPF (- .5° (SMH/S
GZ)**2)
CONAA=EXPF (-2.* (SMH/
SGZ) »*2)
XCP{J)=CONST* (1 .+CON
AA)

XSFC(J)=CONST*2. *CON

<
Cc30 —<JF (VDEP)

:C. DEPOSITION OPTION,

RK=~SQRTF (2./P1)*VDE
P/UALJY

>
ca5  |2<GF (SMH/S62)-37. )
ek \

ceo

BETA=2.*XDIST(J}/(SG
Z*EXPF (SMH**2/ (2. %S0

Z#*2)))

ces

_3A_



)

PAGE 8

‘/EES

SUM!=SUML+ (XDIST(J) ~
XDIST(J-1))*2./(08GZ
*EXPF (OSMH**2/ (2. *0S
GZ**2))+SGZ*

ce7

cas

[2=5UMI+BETA

[z=740. ' ]

C40

ce7

R=EXPF (Z) ¢ *RK
OSMH=SMH
0SGZ=SGZ
XCP(J)=XCP (J) *R
XSFC(JI=XSFC(J) *R

_35_

9

C40 IF(PRECP)

iC.. PRECIPITATION oPTi

CONB=EXPF (
JI/UACS) )

XCP(J)=XCP(J) *CONB
XSFC (J)=XSFC(J})*CONB

~PP*XDIST(

EE'NééEA¥.6§}Yéﬁ..”.“.

CONC=EXPF (

ST(J)/UALJY )/ THALF)
XCP(J3}=XCP(J) *CONC
XSFC (J)=XSFC (J) *CONC

(~.693+XD!

iC. ADD IN BACKGROUND NO

Cc50

(2./P1)+8.
(J) ) +BKG

XCP (J)=XCP (J) +BKG
X1 (A =tXSFC(J) *SARTF

XSFCtJ) =XSFC(J)+BKG
VI(J)=XCP(J) *SQRTF (T
OPI)*(SGZ+SQRTF (CA/T
OP1))/(1.+CONAA)

*SGY/XDIST




PAGE 9

C53

[F (XSFC 1Y) -BKG)

C56

C60

c53

A= (X1 {J)-BKG) / (XSFC(

2
3

CS6

DEP(J)=TSTEP* (X (J)
~BKG) *VDEP+PPP*V[ (J)

*A)

IF{TRACE)

WOT3,
H,SGZ.SGY.

Cc60

-36_

'C'THE FIRST PLCTS ARE OF CENTER CONCENT
'RATION, GROUND LEVEL CONCENTRATI

C AND SECTOR AVERAGED GRCUND LEVEL CONC
(ENTRATION.

<
pio ~:<<IgiiiP(J‘-iijil/////

N

>

LYMAX=XCP (J) |

D10 A

[YMIN=YMAX "1 .E-6 ]

CALL
APGLL




PAGE

10

HWOT100,WR!

CALL
SETCH

WOT100,WR2
L BCOL) L

CALL
ETCH

WOT100,WR3

CALL
SETCH

WOT 100, WRY

CALL
SETCH

WOT100,WRS

_37_

CALL

\TRACEP

CALL

{

TRACEP

CALL
TRACEP

-

O
»
r
[an

SETLCH

Il=1
12=2
13=3

WOT100,WR7

\SETLCH

WOT100,WR7
Jde




PAGE 11

CALL
SETLCH

WOT100,WR7

A3

CALL

RAME

iC"THE SECOND PLOTS A
'L THROUGH THE CLOUD C

RE VERTICAL INTEGRA
ENTER AND

iCTOTAL DEPOSITION. . . ... ...

[yMax=0.

|

. //Paa‘“—a
\  J=l

=\
28 /

<
D20 —<IF (VI(J)-YMAX) o

"

>

yMax=vi(

D20

[YMIN=YMAX*

IE-6 ]

-38-

CALL
SETCH



.y

PAGE

12

WOT100,KWR]
0

CALL
TRACEP

TRACEP

WOT100,WR7
e

=
o
=
w
5|

HOT3,WRI2,
(XDIST (U,

_39_

:C  THIS LAST PORTION

OF THE CODE 1S USED

[ ONLY WHEN RUNNING MANY OBSERVAT

/

N .
GED —@ENO)
~

N

<
£30  F=<(F (THALF)

N

N

TOEPCILl , N
V*EXPF (~.6
HALF )

=TDEP (I, J
93*TSTEP/T




}E‘Néiﬁéﬁ'¥At”éﬁﬁtﬁﬁ¥éxfibﬁ'AN6'Béﬁééifid'f
IN VALUES WHICH WERE COMPUTED ;
'C EARLIER. THEY ARE SAVED BY DIRECTION @ 0 <
RN : .
E30
>
[NNCIY=NNCID +1 ]
/00 E )

XNXT (T, JY=XNXT (], )+

:

; J=1.28 -/ 1.
AXT L JV=AXTL] D) +X]
(W)}
SX1(1,J}=5X1(1,J1+L0
k\\\\\\\ GF (X1tJ))
E40
E33
TDEP(1,J1=TDEP( T, J)+
DEP(J)
//K
<

IF (TRACE)

XNXCP (1 ,JI=XNXCP(1,J

1+l

AXCP (1, J1=AXCP(],J)+ \\\\\

XCP (J) >

SXCP(1,J)=SXCP(1 ,J)+

LOGF (XCP(J))

(o N
<
£36 IF (XSFC(J)-2. *BKG)

XNSFC(1,J)=XNSFC(1,J C READ THE INPUT IN HERE & CHECK FOR MOR
41, ‘ 'E DATA SETS .
XSEC UL ) =AXSFC (1.4 (B DATA SEIS
)+XSFC(J)

SXSFC(1,J)=6XSFC],J
) +LOGF (XSFC (J) ) _ PPP=0. ]

£36

-40-



PAGE 14

|PPP=PP

E55

, #
{ AS51 IF(DIR+999.)

RETURN

ANS AND THE GEOMETRIC STANDARD
C DEVIATION FOR CLOUD CENTER AND SURFAC
‘E CONCENTRATIONS AND SECTOR

:C_ AVERAGED GROUND

-41-

IF (NORM)

i~

INNN=0 ]

VA
e/
)

NNN=NNN+NN( )
TTT=NNN

E70

E70

ESS'j:}

[TTT=NNCD) ]




PAGE 15

FO3

AXCP (| ,J)=(AXCP(],J)
+(TTT-XNXCP(],J))*BK
GH/TTY

[7aN

IF (XNXCP ([ ,J))

7
>

SXCP{1,4)1=8XCP(I.J1/
XNXCP (1 ,J}

Fas

FO03

AXSFCUI , Jy=(AXSFC(],
JI+(TTT-XNSFC(I,J))*

BKG)/TTT

IF(XNSFC (T ,J))

1 72N

SXSFC(],J)=8XSFC(1,J
V/XNSFCULL D)

FOS

AXT(1,J)=(AXT (], J)+(
TTT-XNX!(1,J))*BKG}/
117

-h2-

$ IFOXNXT T, J))

\1'

SXIECT, B =SXI(],J)/XN
Xie1,J)

Fly

F10

MéL<<i/////////
IF (TRACE)

~.

™~

~
>

PRI S,

WOT3, WRI2
XNXCPCI )

;

F13

Wot3,72.1,
J,AXC

T
<

.

F15AA -

<i:} |



PAGE 16

Fly

WOT3, WIS

L
L

1

J,

/oo
\_ e

F15 X
WOT3, 72,1,
J.XDIST(U)

A0S ’
FI15A
Do
1,28

IFAXCP(J1-2, *BKG)

.

F15A8

)

SXCPE((.J'=SXCP2(I.J
)+ (LOGF (XCP(J) )} -SXCP
(1, J))es2

‘ L ‘ F15AB

_43_

IF(XSFC(J) -2, *BKG)

SXSFC2(1.J)=SXSFC2(1
v+ LOGF (XSFC1U) ) -5
_XSFC(I.J))“'E

F15AC

IF(XTtur-2.+8KG)

SXI2(1,U1=Sx12(1, 1+
(LOGF (XTI (U y-SX1 1,y

))se2

- PPP-PP ]

=




PAGE 17

«AS1

¢

<
Fi15C¢ FH—JF(XNXCP(1,J))

SXCP2(1,4) =SARTF (SXC
P21, J)/XNXCPLT,J))

SXSFca2(1,J)=5QRTF (SX
SFC2t1 . JI/XNSFC(I.,J)

F15D0

A

f FI5E

IF(XNXT (L, I

\

v

sxietl,J)=SQRTF (SXI2
(1, /xNXI e, 00

Fi6

F15E

x_;j

CPMAX=0.
SFCMAX=0.
EXIMAX=0.

[E

I=1,1 /
______/

VRGN
N/

Al=1.-XNXCP(I,JV/TTT
A2=1.-XNSFC(1, N /TTT

AZ=1.-XNXI(1,J}/TTT




PAGE

18

Feo

PL=(CON(K)-A1)/(].-A
1)

CALL
PL

CPI, D) =EXPF (SXCP2( 1]
W) *PL4SXCP (L, J))

IF(CP(1,41-BKG)

{cP (i, J)=BKG ]

Fas

IF (CON(K)-A2)

PL=(CON(K)~-A2)/(1.-A
2}

SFCUL,J)=EXPF (SXSFC2
(1 JY*PL+SXSFCU],U))

[SFC(1,J1=BKG ]

F40

F320

IF(CON(K)-A3)

PL={CON(K)
3)

~A3)/(1.-A

EXICI, M =E
.oJ) *PL+SX

XPF (SX12(1
tl.Jdn




PAGE

19

[EX1(1,J)=BKG

Fu0

WOT3,W16.P
RNT(K)

i

Do—\

0o —\
1,28

U—

il

Fu3

WOT3.72,1,
STt

C
x
|8

XMAX=CPMAX
1P=1
SNX=3,*P[/8.

SN(N}=SINF (SNX}
CS (N) =COSF (5NX)

SNX=SNX-P[/8.
SN(H)=1.
CsSt1)=0.
SN(5)=0.
CS(8y=1.
SN{9)=-1,
€5(9)=0.
SN(13)=0.
CSt13)=-1.
SN(8)=-SN(2)
SN(10)=-SN(2)
SN(16)=5N(2)
SN(7)=-SN(3)
SN{(111=-SN(3)
SN(15)=5N(3)

—L§-

SN(B6/=-SN(Y4)
SN(1/~)=~SN(4)
SN 1)1 =5N(Y)
CS(8)=CS(2)

CSt10)=~CS(2)
CS(1Er=-CS(2}
CS(71=LS(3)

CS(111=-CS(3)
CS(121=-CS(3)
CS(6)=CS(Y4)

CS(12)=~CS(Y¥)
CS(14)=-CS(Y4)
CSt1Ty=CS(1)
SN(17)=5N(1)

Fy7

F60 7

1P

¥

H30 5] H40

H43 F— H45

Hy7 A 150

)

:



PAGE

20

<

Feo.

WOT 100, Wy

(I
]

F70

WOT100,W5

F80 )
CALL
SETCH

WOT100,W6,
PRNT (K)

-
@
(%3]

CALL
SETCH

WOT100,W

~J

|

[xx=63.

’
)

D 90

1 ,NPL

z
]

GO0

ETCH

7 WOT100,KW8,

\PLETHIN)
N

[xx=rx-1.

£90

>
—-—<mex»mx-a. )

- -

~

CALL
ETCH

WOT100,WtY

|

[CPULT, D =CPLI, )

]




PAGE 2!

GO7

Do

/f/
<
1F (PLETH(N)=CP (1 ,J))
//
‘ -
>

\

Gll

Go7

HO1=XDIST (J) +(PLETH(
NI=CP(I,J3) 7 (CPCT,J+
=CP(I,J) ) *(XDIST(J
+11-XDIST(J)

.28

Do -—————\X
/

il

IF(PLETH(N)-CP(],J))

-L8-

Gle

G11

IFiJ-1)

I~

HIT=(PLETH(N)Y/CP(],J

1) *#XDIST(J)

Gla

HIT=XDIST(J-1)+(PLET
HINY-CP (], J-11)7(CPL
1.Jr =020, J-1)) 2 (XD
ST(J)-XDIST(

Gi3

X1=HOt*CS( 1)
Y1=HOLl*SN(I)
X2=HI1*CS(]}
Ye=HI1*SN(1)

Nl

-
prd

g

IF(FLG)

-

<



PAGE ee

£

r— G17 IFel-1)

G30 $ IFIFLG)

S
>

i€ FIRST BOUNDARY CONDITION 77

[11=1-1 ]

[fi=1-1 ]
G800 | S

GBOO

{DELT= (HOL-HI 1) /¥,
615
/eas \ » §
INE ~

— 5 IFtIoEL
r—-—< 6807 —@srun

e
CALL : \\/
L INE ‘ <

1

C... SECOND, BOUNDARY ‘CONDITTTON """

G17

X3=X1
Y3=Y1

) [RMCD =xDIST (1) ]
X4=X2 ) =

Y4=Y2
FLG=1.

6808 |

6807

s

G30

520 [RMC1y=HI1+DELT

6808

HM(2)=HI1+2.*DELT
HM(3)=HI 1+3.*DELT

-49-




PAGE e3 ‘ @ ‘

N

]

<

G17 IFFLG) .

_/
[N\ ' >
e/

Do
1.3
Do
1,2
e
~ [Flo=0. ]
>
———{oals 1F (XDIST (J)-HMIKK)) >

e e e

- - / '
/ : 640
<
- [FLG=0. ]
.l 645
G810
/ CAL

JIGBIS 1 \fRAM

FACT=(HM(KK)-XDIST(J
1))/ (XBIST(J)-XDIST

(J-11 i \\\
CM(KK) =CP (1 ,J~11+FAC 670 5 —36a0 >

-

m

T*(CP(1,H-CPLI,J-1 1P

CMA(KKI=CP ([, ,J-1)+F

ACTH(CPUIT, N -CPUIT, <H60 4 SHGO >
J-1))

X=HM(KK) *CS( 1)

Y=HM(KK) *SN( 1) 6 7 >
XA=HM(KK) *CS(11) H30 F—H!110

YA=HM(KK) *SN(L])
D1={CM(KK)-PLETH(N) )
/ (CM(KK) -CMA (KK} } (Hi30 H150

XB(KK+1)=X+D1* (XA->})

6820 ) { H200 10

llD

Lo

YB(KK+1)=Y+D1* (YA~Y)

XB(1)=X2 =50
XB(5)=X1

Y8(1)=Y2 Lip=2
YB(5)=Y]

L / DO GBO \
CALL . 1=1.16 7

TRACEP

...50-



PAGE

a4

Do

J

1,28

G60 )

}

{CPU1,J)=5F

cul,J

_

[cPai. g1=EX

e,

|

)

[1P=4

y

Gl
U

Z51-

[cPai.ur=axcP (i, u

J

Fu7

2

<2TOTIOO'N9

i

Ef;

\J

H30

WOT108,W10

v

S

H55

H40
WOT100,KW11 )
fa ———

HS5

(2]




PAGE 25

WOT100,WiB

H55

wonoo.w%

e

- [/ WOT100. Wi
LITOT

H55

; CALL

\SETCH

F85

I=1,16

[cP1,uy=axsFcl. )|

F47

H85

A

[cPt,p=ax11.J) ]

Fu47

CSET UP O PLOT GEONETRIC MEAN VALUES

HI0

[1p=7

WOT3,W20

_52_



PAGE 26

——< HS3

[ET

IF(sxcPal U

SXCP(1,J)=EXPF (SXCP!(
1,J))

~
e

HI93

[cPciur=sxcpi. )]

IF(SXSFC(1,U))

SXSFC U1, J)=EXPF (SXSF
cur.dn

HI6

IFesxior, )y

SXI(1,J)=EXPF(SX] (],
J))

-G53~

( WOT3,72,1,
\J,XOIST(J)

)

1P=8

[cPar,wi=sxsFc(i.) |

F47

\ i.28 /




PAGE

a7

HI%0 )

[CPr.oesxlcl, g |

FYy

~

H150

g

[ip=10

D

0
LD

14

16

)

N

H160

ot

[cpai,01=TDEPCL, U}

]

:
j

0

H170

J:

[1TOT=1TOT+NN(1)

F

&
~J

H200

-54-



PAGE 28

ROUTINE MAIN.
CALLS :

ASSIGN, KEEPBO, EXIT

JOBCHART

» MAPGLL, SETCH , TRACEP, SETLCH, FRAME

_55_

. ZPL

GRSZ

MAPG

. LINE




LABEL PAGE

A02 1
AO3 2
AD5 2
AQ7 2
AlO 2
A20 2
A25 2
A30 3
A40 3
AS0 3
AS1 3
AS2 3
AS3 3
AS8 4
ABO 4
A70 )
ABO u
B20 Y
B30 5
B40 5
B56 5
B8O 5
863 5
B6S 5
870 5
B8O 5
885 6
887 6
890 6
8100 &
ces 6
cio 7
Ci5 7
cao 7
ca5 8
ca7 8
€30 8
c40 8
€50 8
€53 9
c56 g
c60 9
D10 9
D20 11
€10 E
E20 12
£30 13
£33 13
£36 13

E40 13
ES0 13
£55 14
ES6 )
EBO 14
E65 )
E70 15
FO3 15

PAGES CONTAINING REFERENCES

1.
1,
2,
2.

2,
3,
2.
3.
3.
a,
3.

(S}

1%,
1%,
15,

-56-

-



FoS
Flo
FI3
Flu
Fis
FI5A
F15AB
F15AC
F15AD
F158
F 158A
FI5C
F15D
FI5E
F16
F2o
F25
F30
F35
F40
Fu3
Fus
Fu7
Fu8
F50
F60
F70
F80
F85
Fa0
600
602
605
607
G610
Gl
612
613
GI5
G17
620
6800
GBO7
6808
6810
G815
6820
630
G40
645
650
660
670
680
690
HID
H20
H30
H40

15
15
15
16
16
16
16
16
16
16
17
17
17
17
18
18
18
18
18
19
19
19
19
19
19
20
20
20
20
20
20
20
el

21

2t

2!

2l

21

22
22
ae
ae
c2
ee
23
23
a3
23
23
a3
23
a4
o4

24

a4
24
o4
24
a4

15,
15,

12,
16,
16,
16,
16,

17,
17,
17,
17,
8,
18,
18,
18,
18,

a4,

20,
25,

20,

at,

al.
21,
a1,
a1,
ea,
21,
ea,
==
aee,

.23,

a2,

a0,

23,

23,

19,
19,

20,

a3,

a2,

...57..

a5,

26,

26,

27,

27,




H43
HYS
H47
H50
H55
HB0
H70
HBO
HB85
H30
HI3
HI6
H100
HI10
H120
H130
HI40
H180
HI160
H170
H200

24
24
25
25
a5
25
25
25
25
a5
26
26
26
26
a6
26
27
27
a7
a7
27

19,
19,
19,
19,
a4,
23,

a3,
23,
a6,
26,
26,
23.
23,

23,

23,

a4,

24,

24,

-58-

25,

a5,



PAGE

!

A20

SUBROUT INE
ZPL

[a]e)

d

IF(PL-XX(1))

fo>

[PL=YyY(13)

(RETURN )

[PL=YY (1)

RETURN

-59_

AZ0

PL=YY(I-1)+ ((PL-XX(]
SIMIZ XX XX CL~1))
VR YY L) =-YY (=1

( RETURN




PAGE 2 JOBCHART

ROUTINE ZPL

-60-



LABEL PAGE PAGES CONTAINING REFERENCES

AlQ 1
A20D 1 I,
A30 ! I,




PAGE 1

SUBROUT INE
GRSZ

§E'"fﬁié"é60iYNE'bEiEéHiNEé“fHé'MAHé]Nd'?”'§
{OR THE GRID AND THE VALUES
1C. OF THE CONTOURS. . ...

TNLG=LOGF (10.)
AMX=0.
XMX=XMN=YMX=YMN=0.

YCUIE RUSET =71 THEN DO NOT COMPUTE PLET

‘H VALUES BUT USE THOSE THAT
i€ WERE INPUT.

AO4 $ [F (PLSET)
//
P
>
AMX=10, ]
[ N
1.NPLET
2
A02
<

S

AD2 IF(PLETHC(T))

[AMX=PLETH(1) |

-62-

DOI‘6

[PLETHUI} =0. ]

:C'THE LINES ARE CONSIDERED IN PAIRS. TH
'E ITH AND THE [+BTH LINES

'C FORM A LONGER STRAIGHT LINE. TO START

{ WITH THE SMALLEST CONCENTRATION

‘C THAT CAN BE FOUND AT BOTH ENDS IS COM
[PUTED. THEN THE X AND Y DISTANCE .



-

PAGE 2

IC BETWEEN THESE POINTS ARE COMPUTED AND '
© COMPARED WITH SIZE . -

EITHER THE X OR Y

IF
DIST IS GREATER THA

SIZE THEN A LARGER VALUE

S USED. THIS PROCES

IS REPEATED FOR EACH PAIR

c
‘N
‘C OF CONCENTRATION |
'S
C

OF LINES. THE VALUE OF THE CONCENTRAT

{ION IS OF THE FORM 1.

: *10%*N OR
€3 I0NN
[o
1.8 /
[J=28

iCFIND THE LARGEST ¢
: END OF A LINE PAIR.

AlD

~

A20 “XAC1+8,U)

A\

) 810

IXLN=XA (158

D ]

B0 ]

A2C

BiO

IFIXACL,J))

<{B130

B4

B1O

[XLN=XA({, ) 7]

€. COMPUTE N IN 1w T0een, T

Beo

LEXP=LOGF (XLN)/ TNLG-
i,
XM=10.+ *LEXP
TRE=Q,

7

LF OXM-XLN)




PAGE

3

2

BeS

830 TF (3. *XM-XLN)

XM=XM*10. J

P

XM=XM*3. .
TRE=1.

870

¢ COMPUTE THE DIST FRON THE ORIGIN AND
{THEM THE X AND Y COORDINATES. . . . . .

-6l

860

i
XD1=XDIST(JI+{XDIST(
J+11-XDIST(J)) * (XAl
[, J)=XM) /7 (XALL,JI-XA
(l,J+1) )
X1=CS(1)*XD!
Y1=SN(])*XDl

B70 ),
[a]e]

27,1.-1
/////};\\

<
~——-< B90 *AIF\(XM-XA( 1+8,J))

>

\/

88

[xe=va=0. ]

{8130

XD2=XDIST (J)+(XDIST(
J+11=-XDIST(J)) * L (XAL
[+8,J1-XM) /7 (XA(148,J
)-XA([+8,J+]
X2=CS(1+8)*XD2
Y2=SN([+8)*XD2

8100 P

—

[F(X1+X2+Y1+Y2)

-



PAGE

Y
T
<<é110
% <
——< 8lao
B30 <

§ LINE PAIR.

IF(ABS(Y1-Y2)-S1ZE)

IF (ABS(X1-X2)-SIZE)

1F (TRE) =
//
>
XM=XxM/3.
TRE=0.
825

€ AMX IS THE LARGEST CONCENTRATION CHOO
(SEN FOR ALL LINE PAIRS.

AMX=XM
TR=TRE

B130

-

I

Coo IF (AMX)

[ XMX=YMX=1 .




PAGE

5

CTF (AMX=XA L], J))

clo

[x1=v1-0. ]

C40

cao0

XD1=XDIST(J)+(XDISTI
JH11=XDIST(J) ) » L IXAL
[.JI-AMX) 7 IXAC] ,J)-X
Al 0+l )
X1=CS(1])*XDl
Y1=SN(])eXDl

C50
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[xMx=x1

2
< C70  —<JFYMX=Y1)

~

S~

| e
\\\ //
<
{yMx=v1 - ]
B
N
— ~
-

[ XMX=-XMN> . |

lC708 !

iC70A 1



PAGE

&

€708

Coee 2
c70C

XMN=-XMX*", | ]
c708
1F (YMO)
-
YMX=-YMNe . | 1

[YMN=-YMX» |

c700 )

iCTHIS 1S T MAKE SURE THAT XMX-XMN =

5

[1ZE AND YMX-YMN = S1ZE.

XMX=.5+S|ZE
XMN=-_.5+5[ 2

D

FACT=S1ZE/ (XMX~
XMX=XMX*EACT
XMN=XMN*FACT

XMN)

E%%;;i\\\\

>
c73 '——~<I;T:FX-YMN)

it

-~

. [ymx=15es12¢
“YMN=-.5°512E




PAGE 7 FACT=S[ZE/ (YMX-YMN)
YMX=YMX*FACT
YMN=YMN*FACT

1C NOW COMPUTE THE VALUES OF THE INNER C
TONTOUR LINES. ... 5

k.

cao 1F (PLSET) >

7

—<¢75 > IF (TR) ///::::>

PLETH(2) =AMX*3. ]

[ce0
[c7s >
_____/I

[PLETH(2)=AMX/3.*10.

cso

PLETH(1)=AMX

PLETH{3)=PLETH(1) *i0
PLETH(5)=PLETH(3) *10
PLETH(4) =PLETH(2) *10
PLETH(6)=PLETH(4) *10
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Appendix B

Sample CPS Problems

PROBLEM 1

The first sample problem is for
the one-~data-set mode. A source of
2500 units/sec is released at ambient
temperature from a 60-m stack. The
effiuent half-life is 1.5 hr. As in-
dicated by the DIST and HGT input, the
terrain downwind rises slowly out to
3 km and then descends to sea level at

15 km. The terrain rises again at 30

km and continues to rise out to 110 km.

Note in the printout (Table B-1) that
NORM, NPLETH, PLETH, and SIZE are not
entered since these variable names are
only encountered in the many-data-set
mode. The distances DIST may be in
mixed format with a sufficient num-
ber of zeros following 1.1 x 105 m to
make up 10 entries.

In the first plot, Fig. B-1, the
slightly curved line from upper right
to lower left represents the plume-
The effect

of topography is evident, but not too

centerline concentration.
prominent. The other two curves are
surface concentrations (both with and
without sector averaging) under the

The effect of the

terrain falloff to sea level and the

plume centerline.

subsequent rise in topography are

_7]_

clearly evident. Figure B-2 shows
the vertical integral through the
plume center and dry surface deposi-
tion; the latter curve is for a I-hr
(TSTEP = 3600 sec) period of deposi-
tion at a deposition velocity VDEP of

0.01 m/sec.

PROBLEM 2

The second sample problem is for a
3-month normal operating release
(NORM = 0) of 1 unit/sec.

put variables and data sets are for a

These in-

portion of the data used in preparing
a Safety Analysis Report for the LLL
Livermore Pool Type Reactor (LPTR).
About 3300 data sets, representing 30-
min averages obtained from strip
charts, were used in the calculation.
To conserve space only one page
of meteorology printout is shown in
this report. The remainder of the
printout consists of concentration
versus distance, arranged in 16 sec-
tors. | =1 is for a wind from the
south. Again, to conserve space,
only the first page of each type of
concentration is shown (the arith-
metic average, concentrations that

will be exceeded 10, 5, i, and 0.5%




of the time, and the geometric aver-
" age).

In the printout, CP, SFC, and XI
are the plume center, surface, and
sector-averaged concentrations,
respectively; TDEP is the total depo-
sition over the data period (approxi-
mately 3300 x 0.5 = 1650 hr).

VDEP = 0, all TDEP values are zero.

Since

Arithmetic and geometric average and
probability contour plots are pre-
pared for CP, SFC, and XI cdncentra-
tions. In this appendix only plots
for the 5% probability of being ex-
~ceeded and the arithmetic and geo-
metric averages are shown. (A
deposition plot is prepared, but is
blank in this case since VDEP = 0.)
The plots for the normal operating
case are ‘'shown in Figs. B-3 through
B-11.

top value in the list of contours

In each of these plots,Ethe
represents the outer contour. Unless
otherwise specified, six contour

values are listed, but are not drawn

-72-

when they do not exist. Those plots
that do not fill or overfill the page
can be regenerated by using a differ-
ent vélue for SI1ZE and rerunning the
code. Reference to the initial
printout is helpful in selecting the
Note that if

the contour for two or more adjacent

correct value for SIZE.

sectors lies outside the grid, the
contour will not be drawn; the code
will select the next smallest con-

tour instead.

PROBLEM 3

The third sample problem is iden-
tical with the second, except that
NORM = 1, representing an accidental
release. The printout for this prob-
lem is omitted. Figures B-12 through
B-20 show contours for the accident
case and are arranged in the same or-
der as Figs. B-3 through B-11 for the

normal release.
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CPS EXAMPLE - ONE DATA SET
Q=2500. H=60. VDEP=.01 TSTEP=3600.

GZHT=400. ZSFC=10. UMIN=.5 THALF=5400.

1TOP=1 [TDIl=1 SDZMX=1500. CA=0.
ISTACK=0 SQ=0. IPF=0 PP=0.

BKG=0. INPT=1 KEPLOT=l

DIST= 2000. 3000. 5000. !.E4 !.BE4 3.E4
HGT= 450. 600. 500. 300. 0. 0. =200

2727227

DIR=310. USFC=5.0 1ISCAT=4 PRECP=0. Z

_ XDIST XCcpP XSFC
1.0000E+02 1.2531E+00 4.8008E-29 @2
1.3000€E+02 7.8180E-01 3.7511E-18 !
1.7000E+02 5.0043E-01 4.l42lE-12 2
2.2000E+02 3.2058E-01 4.5747E~08 @2
2.8000E+02 2.038Bl1E-01 2.3680E-05
3.6000E+02 «1.2985F-01 8.0214E-04 3
4.6000E+02 8.6752E-02 4.600BE-03 @2
6.0000E+02 5.5948£-02 1.38B10E-02 &
7.7000E+02 3.B868BE-02 2.3362E-02 |
1.0000E+GC3 2.5739E-02. 2.7056E-02 |
1.3000E+03 2.1555E-02 2.4512E-02 |
1.7000E+03 1.7644E-02 1.8618E-02 7
2.2000E+03 1.4123E-02 1.4125E-02 S
2.8000E+03 1.0582E-02 . 1.0583E~02 4
3.6000E+03 7.7308BE-03 7.7314£-03 3
4.6000E+03 5.6054E-D3 5.6057E-03 2
6.0000E+03 3.B272E-03 3.6274E-03 |
7.7000E+03 1.7078E-03 1.8871E-03 B
1.000CE+04 B6.5743E-04 6.7506E-04 2
1.3000E+04 3.3828E-04 9.1531£-05 3
1.700CE+04 1.96176-04 2.0834E-05 7
2.2000E+04 1.2000E-04 2.1790£E-05 7
2.8000E+04 7.0813E-05 2.6087E-05 8
3.600CE+04 4.B241£-05 4.2043E-05 |
4.6000E+04 2.7753E-05 1.8236E-05 5
6.0000E+04% 1.5991E-05 1.3618E-05% &
7.7000E+04 9.B6139E-06 8.2675E-06 @2
1.0000E+05 5.4123E-06 5.7128E-06 |

Table B-1

4.E4 1.1E4 0. O.

. 300. 0.

2z7Z 1500 030176

X1 Vi

.5091E-28 1.5706E+0!
.Q183E-18 1.234BE+01
.0716E-12 9.6588E+00
.2395E-08 7.6341E+00
.1363E~-05 ©6.1307E+00
.7696E-04 4.8823E+00
.1184E-03 3.8142E+00
.2204E-032 3.0846E+00
.0307E-02 2.4B6382E+00
.1681E-02 1.958B4E+00
.0355E-02 1.5%64E£+00
.6817E-03 1.2404E£+00
.7118E-03 1.044B6E+00
.1848E-03 9.1531£-0!
.0012E-03 7.7525E-01
.1322E-D3 6.3938E-01
.3496E£-03 5.0011£-01
.8774E-04 3.5254E-01
.H4074E-04  2.2416E-01
.1838E-05  1.4410E-01
.1440E-06 9.3429E-02
.2786E-06 6.3161E-02
.B34BE-06  4.4387E-02
.34B1E-05 3.083%9E-02
.7297E-068 2.1305E-02
.1853E-06 1.3300E~02
.7899E-06 S.0003E-03
.6829E-06 5.4328E-03

D =MW FWNNNMVN—DODVF I~ =NV WEIFNRLVI—-FDODIDO

DEP

.0328E-28
.90%8E-17
L4577E-11
.06R23E~-07
. D90BE -0
.3570£-02
.E2B4E-02
.2395C-01
.710B6E-01
.2050E-01
.7e76E-01
. 7690E-01!
.0563E-0!
.5101E-01
. 0804E-01
.6760E-02
.8587E-02
.%758€E-02
.B668E-03
. 1488BE-03
.5718E-04
.6203E - 04
.0725E-04
.8533E-04
.0627E-04
.5067E-04
. 0044E~Ou
.0585E-~05

D W EFWNU—~——O-JNF WM

GHT

.5000E+00
.2500E+00
.2500E+00
.5000€£+00
.0000€E+00
.0000E+Q0
. 1500E+01
.5000E+01
.8250E+01
.5000E+01
.2500E+01
.2500E+01
.0000E+0!
.7000E+02
.7000€E+02
.2000E+02
.0000E+0!
.0000E+G0
.0000E+02
.8000E+02
.0000E+C2
.0000E+02
.0000E+02
.8000E+02
.0000E+02
.0000E+02
.0000E+02
.0000&E+02

e e et s it s e e e e O U MUV TU U UT O )~ wd = wd ~d ~d =)~ ]

U

.7426E+00
.7172E+00
.6830£+00
.6396E+00
.5865E+00
.5138E+00
.4200E+00
.2824E+00
. 1040E+Q0
.8388E+00
.4388E£+00
.7503E+00
.8117£+00
.8117E+00
.8117£+00
.8117E+00
.8117€+00
.B742E+00
.0000€E+01
.2074E+01
.3021E+01
.3021E+01
.3021E+01
.2074E+01
.3021E+01
.3021E+0!
.3021E£+01
.3021E+01

el ke 16 J o ¢ 10 I IR s i ol = 2 B 1 B«  HE 0 SRS BEG RES SRR RS (ENL IS RS BN |

UA

.7T426E+00
.7387E+00

7304E+00

.T14TE+00
.6929E+00
.6612E+00
.61839E+00
.5565E+00
L4TB3E+00
. 3602E+00
. 1937E+00
.9351E+00
.3320E+00
.5776E+00
.9630E+00
.4953E+00
. 1025E+00
.3984E+00
.4653E+00
.7510E+00
.1149E+00
.2301E+00
.0042E+01
.0598E+01
.1023E+01
. 1489E+01
. 1827E+01
.2102E+01
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DIFFUSION ESTIMATES - DEC, TO FEB, =~ LLL REACTOR
Q=1, H=18, VDEP=0, NORM=0
GZHT=189, SFC=10., UMIN=,5 THALF 0.
[TOP=1 lTDl=0 SDZMX=0, CA‘
ISTACK=0 $SQ=0. IPF=0 P
BKG=0, INPT=1 S8I1ZE=1.ES KEPLOT=1
TSTEP=1800.
DIST; 6?00 7000. 11000. 12000. 15000, 16000. 192000, 20000. 26000,
10000 .
4000, 5000, 6000, 7000, 800Q. 9000, 10000, 12000. 13000. 100001,
3000, 4000. 5000. 6000, 7000, 8000. 9000, 10000, 16000, 100001,
2000. 5000, 7000, 8000, 9000, 10000. 12000. 15000. 18000. 100001,
4000. 7000. 10000, 14000. 16000. 18000, 20000, 24000, 29000. 100001,
4000. 7000, 8000, 9000, 10000, 10500, 15000. 18000, 20000. 100001
5000, 8000, 11000, 15000. 18000. 23000. 26000. 100001, O,
4000. 5000. 9000, 10000, 11000. 14000, 17000, 18000, 26000, 100001,
3000. 9000, 11000, 14000. 17000. 20000. 21000. 22000, 26000. 100001.
6000. 38000. 10000, 12000, 15000. 16000, 18000. 18000, 24000. 100001.
6000, 3000, 9000, 15000, 18000. 12000, 22000, 23000,. 24000. 100001,
12000. 13000, 14000. 15000. 17000. 20000. 23000, 24000 26000 100001,
10000. 18000, 21000. 22000. 23000. 25000. 100001,
9000. 10000, 11000. 12000. 14000. 15000, 21000. 26000 100001. 0.
5000. 11000, 15000Q0. 16000. 17000. 12000, 21000, 22000. 23000. 100001,
7000, 10000. 11000, 13000, 15000. 16000, 18000, 20000, 23000. 100001
HGT= 366, 488, 274. 335. 244. 274. 61. 122, 380. 0.
274, 183, 366, 244, 305, 274. 305. 152, 274.
244, 398, 305. 386, 244, 274. 152. 183. 30.
213. 427. 335. 183. 213. 183. 122. 61. 30, O,
305. 483, 386, 244, 274, 183, 91, 61. 30. 0.
305, 610. 488, 579, 335, 487, 213. 700, 305, O,
305, 513, 671, "732, 752. 914, 853. 0. 0. O,
244. 365. 549, 366, 488. 975, 792. 618, 818, 0.
213, 366. 244. 701, 1097. 1097. 914, 610. 814, O,
305, 213. 457, 244, 610. 366. 732. 610, 213. 0.
244, 152, 244. 122, 274. 122. 366, 244. 366. 0.
244, 305. 244, 122, 122, 488. 122. 244. 122. 0.
122, 244. 244, 3€6, 244, 366. 0, 0. 0. O,
182, 274. 500, 274, 244, 152. 183. 152. 0. O,
182, 244. 244. 3085, 244, 244. 427. 366. 488. 0.
2222335 427, 488, 427. 618, 549. 549, 701. O.
USFC=2,5 PRECP=0, ISCAT=1 DIR=030. 222Z2Z 1
USFC=3.5 PRECP=0. [SCAT=2 DIR=100. 22222 1
USFC=3.0 PRECP=0, ISCAT=2 DIR=270. 22222 1
USFC=1.0 PRECP=0, [SCAT=1 DIR=340. 22222 1
USFC=1.5 PRECP=0, ISCAT=3 D} R=338. ZZZzZZ2 1
USFC=1.0 PRECP=0. ISCAT=1 DIR=04S, 22222 1
USFC=1.5 PRECP=0. I1SCAT=1 DIR=100. 22222 1
USFC=2.5 PRECP=0.- ISCAT=5 DIR=180. 2Z2z2z2Z 1
USFC=3.0 PRECP=0, I1SCAT=5 DIR=170. 222ZZ 1
USFC=4.0 PRECP=0, ISCAT=1 DIR=13S. Zz2z2Z 1
USFC=2.0 PRECP=0, ISCAT=1 DIR=24S. 22222 1
USFC=2.0 PRECP=0. ISCAT=3 DIR=090. Z22ZZ 1
USFC=1.5 PRECP=0. 18CAT=4 DIR=100. 2222z 1
USFC=2.,0 PRECP=0Q, ISCAT=5 DIR=140. 22Z2zZ 1
USFC=2.5 PRECP=0. ISCAT=5 DIR=170, 22222 1
USFC=2.0 PRECP=0. ISCAT=4 DIR=180. 2222Z 1
USFC=5.0 PRECP=0, ISCAT=5 DIR=100. 22222 1
USFC=6.0 PRECP=0, ISCAT=6 DIR=095. 222ZZ 1
USFC=6.0 PRECP=0. I[SCAT=5 DIR=100, 222ZZ 1
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