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A PROGRAM FOR EVALUATING ATMOSPHERIC
DISPERSION FROM A NUCLEAR POWER STATION

Jerrold F. Sagendorf

A computer code (SEP for Site Evaluation Program)
is described. The program uses a joint frequency dis-
tribution of winds and stability classes to evaluate
the atmospheric dispersion potential near a nuclear
power station. The code includes models for short-
term and long-term effluent releases. A description
of the input parameters is included.

1. INTRODUCTION

This report describes a computer code developed for the Directorate
of Licensing of the Atomic Energy Commission to evaluate atmospheric dis-
persion characteristics of potential sites for nuclear power stations.

To do this, concentrations of effluents normalized by the source strength
of the power plant are calculated. These atmospheric dilution factors
are calculated for hourly and annual periods using data describing the

power plant site and meteorology of the area.

2.  INPUT DATA

A complete description of the input data necessary to run the pro-
gram is given in appendix A. These data include a joint frequency dis-
tribution of wind speed and stability classes for each directional sec-
tor, the distances to the site boundary in each sector, the minimum
distance to a site boundary, the distance to the nearest population cen-
ter, and the cross section and height of the reactor building. If the
site has a stack, the exit velocity of the effluent, the height and
diameter of the stack, and the distances and elevations of significant

terrain features for each sector must also be provided.



3. MACHINE REQUIREMENTS

The program is written in FORTRAN IV and uses 250 K memory on an
IBM 360/75 computer. Computing time varies depending on the options
used and the size of the joint frequency distribution. A typical run
using all the options and calculating both the surface and the stack
effluent releases takes less than 1 min of computing time.

Plotting is done on an FR-80 microfilm system. The plotting rou-
tines are separate from the calculating routines, so that the program
can be run where an FR-80 is not available. In this case, core require

ments would also be reduced.

4. DESIGN BASIS ACCIDENT MODEL

To evaluate the potential severity of an accident, atmospheric di-
lution factors are calculated for each hour in a year of "typical” wea-
ther conditions. One can then see the value of x/Q (effluent concentra
tion/source strength) that could be exceeded any given percent of the

time. The calculations use the following equations:

x/Q = [U(iIKTyaz + CA)]“1l (1a)
x/Q = (3UTrCTyaz)-1 (Ib)
X/IQ = expf-~(he/az)2] (U7rayaz) 1 2)

X = effluent concentration (Nr3)

Q = source strength (sec-1)

U = upper limit of the wind speed class (m sec-1)

Oy = horizontal standard deviation of material in the plume (m)
a2 = vertical standard deviation of material in the plume (m)
he = effective stack height (m)

C = building wake constant (C = 0.5)

A = cross section of the reactor building (mz)



For a ground-level release, the results of (lIa) and (Ib) are compared and
the larger value is used. Equation (Ib) represents the limit allowed
for building wake dilution. Values of x/Q are calculated for all com-
binations of wind speed and stability classes using distances obtained
in three different ways: (1) the distance to the nearest site boundary,
(2) the distance to the nearest population center, and (3) the actual
distance to the site boundary in each sector. In each case, the values
of X/Q are ordered from greatest to least, and the cumulative frequency
is obtained from the joint frequency distribution. Finally a curve is
fit to the x/Q versus cumulative frequency data points, and the data
points and curves are plotted on log-normal plots.

If a stack release is considered, (2) is used and the same proce-
dures followed as for a ground release. In this case, however, the max-
imum value of x/Q may occur at some distance beyond the considered dis-
tance. Because of this, calculations are made for a number of distances,

and the maximum value of x/Q at or beyond the considered distance is the

one used.

5. ANNUAL AVERAGE MODEL

In this model, a long-term continuous release is assumed in order

to evaluate the impact of a power plant under normal operating condi-

tions. The equations used are
\1!
12Mm" T exp 4 ) ]

ft) . (3a)
' re .
ve U(ct] + CDJ/ir)

- . T exp I\/I

= (2/j3 (3b)

rev3
ave

,E\ = annual average effluent concentration normalized by source

'‘Q'ave strength

U = average wind speed in the given wind speed class (m sec-1)
oz = vertical standard deviation of material in the plume (m)
f = joint probability of stability, wind speed, and wind direc-

tion



C = building wake constant (C = 0.5)

Dz = height of the building (m)
r = distance at which calculation is being made (m)
0 = sector width in radians.

Equation (3b) reflects the maximum allowable building wake dilution.
The results of (3a) and (3b) are compared, and the larger value is used.
Values of (X/Q)ave are calculated for the site boundary and a number of
distances out to 80 km for each sector. Each sector is divided into seg-

ments, and an average value of x/Q is determined for the segments as fol-

lows:
Mx/Q)Ri+ ri(X/Q)r + eee + rn(x/Q)rn + R2(X/Q)R2
xX/Q) . (C))
seg Ri + r2 + eee n + R2
(xX/Q)seg = average value of (x/10)ave for the segment
xX/IQ)r = (x/IQ)ave calculated at distance r
Ri, R2 = segment boundaries
ri ees r2 = selected radii between Ri and R2.

The program has the option to assume mixing occurs between adjacent

sectors. This option smoothes the values of (X/Q)seg as follows:

/Q)k = %t(X/Q)K 1 + 2(x/Q)k + (X/Q)K+1lI (5)

(Xx/Q)= the smoothed value of (X/Q)seg in the Kth sector

(X/IQ)K = (x/Q)seg in the Kth sector.

A second option that is also available averages all values of (x/Q)seg at
each radii.

Note that the program can calculate values for a ground, an elevated,
or a mixed release. For a mixed release, the origin is assumed to be at
the reactor building; values obtained from an elevated release are inter-

polated into the appropriate radii surrounding the reactor.



6. CALMS

Note that in (1a), (Ib), (2), (3a), and (3b) wind speed appears as
a factor in the denominator. This causes obvious difficulties in making
calculations for calm periods.

The procedure used in the model is to assign a "direction™ to each
calm period according to the directional distribution for the lowest
wind speed class. This is done separately for the calms in each stabil-
ity category. In the rare instance that a stability category has calms
but no occurrence of a lowest wind speed class, the calms are distri-
buted evenly among all sectors. The calms are then added to the lowest
wind speed class in the proper sector and stability category. The
program also has the option of making the calms a separate wind speed
class by assigning them some wind speed value and distributing them to

the sectors in the same manner as above.

7. EFFECTIVE STACK HEIGHT

For elevated releases for both the accident and annual average mod-

els, effective stack height is determined from
h (6)

hg = effective stack height (m)

h$

h = plume rise (m)
r

pr
ht = terrain height (m).

physical stack height (m)

The program interpolates linearly between terrain data points to ob-

tain the terrain height at any given location.
Plume rise is calculated using formulas from Briggs (1969). The pro-

gram will calculate plume rise caused by either momentum or buoyancy, de-

pending on the heat emission rate (Q”) that is put into the program as

data. Nuclear power stations generally have cold plumes, so the heat



emission rate is read in as zero, and the plume rise is calculated from

the momentum equations. For neutral or unstable conditions, we have

hpr = plume rise (m)

Wg = exit velocity (m sec-1)

X = distance (m)

U = wind speed (m sec™1)

D = internal stack diameter (m).

When the exit velocity is less than 1.5 times the wind speed, a correc-
tion (Briggs, 1973; private communication) for downwash is subtracted
from (7)

c=315 - ——-o0D (8)

where C is the value to be subtracted, and the other terms are defined

as in (7). The result from (7), corrected by (8) if necessary, is com-

pared with

hpr = 3 ("™r) D

and the more conservative value is used.
For stable conditions, the results from (7) or (9) are compared with

the results from the following two equations

pr (10)

h

pr (D
and the smallest value of hpr is used. In (10) and (11), Fm is the



momentum flux parameter and S is a stability parameter. They are defined

as

(12)

5°F & (3)

g acceleration of gravity (m sec-2)

T

30/az = vertical potential temperature gradient (deg K m-1).

ambient air temperature (deg K)

For the purposes of the program, S was defined as 8.7 x 10-4 for E sta
bility, 1.75 x 10-3 for F stability, and 2.45 x 10"3 for G stability.
If plume rise is to be calculated for a buoyant plume, the value

of Qh (in cal sec-1) is read in as data. Plume rise to distances less

than some distance X* is given by

h = 1.6F1/3 U-1 X2/3 (14)
pr
F = 43 x 10-3 [|JO&88i]1Oh. (15)
For neutral and unstable conditions,
X* = 0.5 F2/5 hs3/5 (h$<1000 ft) (16)
X* = 33 F2/5 (hs>1000 ft)

where hg is the stack height. At distances beyond X*, plume rise under

unstable and neutral conditions is calculated by

{.)m!

U (1+57%)



At X = 5X* the plume is assumed to reach its maximum height. In stable

conditions, (14) holds to a distance X = 24US 2 after which the plume

rise is given by

hpr = 2.9(F/US)1/3 (18)

where S is given by (13) and the same values are used as for momentum.

One other option available is simply to ignore plume rise.

8. OUTPUT

The output includes a printout of the maximum wind speed in each
class and the frequency of occurrence of the wind speed class. Also
printed out are the values of wind speed occurring at any desired incre-
ment of frequency, as determined by fitting a curve to the wind speed
and cumulative frequency data point. A plot of the data points and the
curve is also optionally available.

Similar tables and plots are included for the accident x/Q calcu-
lations, and for the stack releases the plots and tables of the expo-
nential term are included as well. For the annual average model, tables
of annual average x/Q versus distance and average values of x/Q for each
segment are printed out. If the site has a stack, the average effective
stack height for each segment is printed out. Also included are the
values of (X/Q)ave at the site boundaries and the average wind speed in
each sector. Plots of (X/Q)ave versus distance for each sector and
contour maps of (X/Q)ave tor an 80 km radius around the site are option-

ally available.

9. REFERENCE
Briggs, G. A. (1969): Plume Rise, USAEC Report TID-15075. Available
from Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U. S. Dept, of Commerce, Springfield,
Virginia 22151.



Input Data for Program

Appendix A:
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Input Data for Program - Continued

Appendix A:
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The loop to read these values cycles
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on wind speed class,



Input Data for Program - Continued

Appendix A:
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If no mixed release calculations are made,

1.
f kopT(4) = 0.

f kopT(4)

Card type 6 (TITLE) is read in only |
may be included as a blank card.

t

Card types 14 and 15 (DIST and HT) are skipped |

Note:



ANNUAL
CHIQ
CONV

DATPLT
CORECT
GAUSS

INVERS
ISOLIN
LOGPLT
LSTSQR
MAIN
ORDER
OUTPUT
POLYN
RISE
REVORD
SHIFT

SPCOUT

Appendix B: List of Subroutines

Annual average model
Design basis accident model

Used in transforming data points to the log-probability
graphs

Plots the log-probability plots
Used if the wind speeds must be adjusted

Integrates by Gaussian method to determine area under
a normal curve

Matrix inversion routine used in least-square curve fitting
Plots contour maps of annual average x/Q

Plots x/Q distance on a log-log graph

Fits curves by least-squares method

Reads input data

Orders data from greatest to least

Handles output for design basis accident case

Computes ay and az

Calculates plume rise

Orders data from least to greatest

Interpolates annual average x/Q values from the stack to
radii around the reactor

Handles output for wind speed vs cumulative frequency for
cases where the wind speeds must be adjusted.
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