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Maximm Ground Concentrations from the 7500 Stack

Res Fe Myers
Weather Bureau
Oak Ridge, Tenne

A previous evaluation of the limitations on fuel leakage from the HRE from
a2 Health Physics viewpoint has been made by Burnett of ORNL (CF-52-3-208).
The assumption wes made in that paper that the minimm diluticn of the

stack effluent at a distance of 500 meters (building 7503) was about 2000

Since that time a considerable amount of data has been evaluated by the
meteorclogical group which has indicated that the minimm dilution at the
ground may be higher than the figure of 2000 which was used in the Burnett’
estimate.

Te velocity of the stack siream is now fixed at about 1900 feet/min. and
during low wind speeds, the effective stack height is mch larger than the
actual height above ground due to the momentum of the jet.

In order to assist the operation personnel and the health-physicist to

more accurately estimate the maximum ground concentrations which would result
from an accidental release of activity, a set of graphs and a nomogram have
been prepared which give the maximum ground concentration for a unit emission
rate of 1 curie/second and the distance from the stack at which this con=-
centration is expected to occur.

The graphs and nomogram are based on the work of 0. Ge Sutton on the
diffusion of matter over level terrain. The formulae which he developed are
more fully discussed in part L of ORC-99, "A Meteorological Survey of Oak
Rige.* The system for the determination of the diffusion parameter using an
empirical relation between the rangze of direction and the standard deviation
of direction was developed by Holland and Wyers and tested for the instru-
mentation used at Cak Ridge.

Te accuracy of the estimated concentration will vary from a factorof 2 on
a windy day or night to an order of magnitude on calm nightse The concentra-
tions given represent what might be measured in a 3-15 mimte sampling period.
The distances at which the maximum counts/mimute have been found in several
case studies of increased emission rate for short periods in the continuous
stream from the 3039 stack have confirmed this type of estimate within 15-20%.

The equation used for computing the maximm ground concentration is:

Xm = 2 cz
Q yreu(h # 1.5 Vsds)® o
T
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where X, is the concentration in curies/meter3

Q is the emission rate in curies/sec.

U is the average hourly wind speed in meters/sec.

h is the height of the stack (30 meters)

Vg is the velocity of the stack effluent (9.7 meters/sec.)

de is the stack diameter in meters (0.3m)

Cy = Cy (isotopic turbulence assumed at this height above grounds
Tae ratio of Cz/cy has been found to be 1 for average and night time conditicns
and 0.6 for calm sunny days at a height of 18 feet)

The factor l.% Vsds/U which is added to the height of the stack takes into
account the plume rise due to its momentum. This expression developed by

Rupp, Beall, Bornwasser and Johnson (CE 1398) was found to best represent the
lowest 10% of the observations made on the smoke emitted from the 3018 stack,

the ORNL steam plant stack and several TVA steam plant stacks. This conservative
estimate of the rise of the plume, particularly at wind speeds under 4 mph,
introduces a safety factor into the calculations.

The distance of the maximum ground concentration is given by:
2 7] /(2m)
Xp = El # L5 Vsds/U) /C—] ' '

where X, is the distance of maximm concentration in meters

h is the stack height (30 meters)

Vg is the velocity of the stack effluent (9.7 meters/sec.)
dg is the stack diameter (0.3 meters)

U is the average hourly wind speed in meters/sece.

2 is a parameter depending om the gustiness of the wind

n is a stability parameter depending on the vertical temperature gradient.
The stability parameter may be found from the following table when the average
temperature gradient between 5 and 65 feet is known. This measurement is

contimuously recorded at building 7503.

Typical vdlues for a bright sunny day are 0.17 to 0.20, for a windy cloudy
day or night 0e25 and: for a clear calm night 035 to 0.50.

Stability parameter n

Temperature gradient (T65 - Tg) n
‘-200 017
“100, -2-0 .Z)
-O.S, '0.3 023
-0.25 '25
0 27
0.5 .30
1,2 «35
3 ’ 37
L .10

>>h 050
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Cz, the gustiness parameter can be calculated from meteorological data. The
assumption is made that the values of the vertical gustiness C, are equal to
the values of crosswind gustiness Q¥. This has been shown to not introduce

mich error when the height of the stack is more than 25 meters. One form of
Sutton's semiempirical equation for Cy2 iss

where V is the kinemetic vicosity of air l.li - 1.8 x 1075 gm/m/sec.
n is the stability parameter
U is the wind speed in meters/sec.
g& is the standard deviation of the wind direction

The standard deviation of the wind vane g has usually been computed rather
laboriously by making high speed recordings of the wind direction and reading
off values at 10 second intervals. A new approach was tried using the ratio
of extreme range of a value to its standard deviation. Comparisons were
made between the extreme range of wind direction in a 15 mimite period and
the standard deviation of the sample. It was found that the range was about
68 times the standard deviatione

A nomogram Was constructed which performs the €2 calculation if the stability
parameter, wind speed and direction range are known. As an example suppose
the 60 foot temperature gradient is #6°F, the wind speed is 10 mph and the
direction range for a 15 mimte period is 135°, For values of temperature
gradient in excess of AUF, n is taken as 0s50 (previous table)s A4 straight
edge is used to connect a wind speed of 10 mph on scale I and an n of Oe5 on
scale IT. The intersection of the straight edge and reference line Rjis
marked. The intersection of a straight edge connecting the n value of 0¢5
on scale IT and the 135° direction range on scale IIIWith reference line R,
is marked. When the points on R; and R, are connected, the ¢? value is
found from the intersection with scale 1V.

The graphs which have been drawn for the 7500 installation give the distance
of ground maximm when the c2 valine, the n value and the wind speed are
knowne Since wind speed is the least sensitive parameter individual graphs
were prepared for 1, 2, 5, 10, 15 and 30 mph.

Three examples which are typical of day, night and average conditions will
be given.

A. A leak occurs at 3:45 p when & wind is blowing from 180°(S) with an
average speed of 2 mph. The temperature gradient (60 feet) is -2.5CF,
The extreme range of the wind vane in the period 3:45 p was 220° (320° to

100°).

From the table n = Q.17

From the nomogram C< = Ce2 _

From the graphs, the maximm ground concentration will be 210
microcuries/meter’ per curie/sec. emitted occurring at a distance of 300
meters from the stack to the North.
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B. A release occurs on a windy, cloudy night with a temperature gradient
of =0.23%F, the wind is from LO° (NE) with a speed of 10 mphe The 15
mimite direction range is 140° (3L0° to 1209),

From the table n = 4,25

From the nomogram c2 = 0.03
From the graphs, the maximm ground concentration will be 5ly microcuries/

meter3 per curie/sec emitted and will be found at a distance of 2700 meters
o0 the 3SW.

C. A release occurs on a clear calm night with a temperature gradient of
#6OF., The wind is from 0650 (ENE) with an average speed of 1 mph. The 15
mimite direction trace varied from L40° to 80° giving a range of LO%.

From the table n = ,50

From the nomogram C2 = .0035

From the graphs the maximum ground concentration will be 330 microcuries/meter3
per curie/sec. emitted occurring at more than 50 km - WSW of the stack.

The last example points out that some care mst be used in predicting the
maximim ground concentration since the cloud would take over 100 hours to
reach a distance of 50 km. and hence when the sun rises and destroys the
stable layer of air near the ground by heating, the thin ribbon of effluent
wnich has remained aloft during the night would be brougih to the ground
shortlyafter sunrise and then the daytime diffusion condition will become
established.
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NOMOGRAM FOR SOLVING SUTTON'S Cy' EQUATION
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