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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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ABSTRACT
i dotahu i
The olfluent from some chemical and nuclear processes Imay be
offensive or constitute d health hazard, Propelr control regquires a
kinowledge of the s«;urcc»charactcristics, Often, measurement of the
source cannot he acc;om'[)lished by a direct technigue, By employing
a distant, circular sampling array. Suiton's 'equation can be rnodified
for the calculation of the relcase [rom any such inaccessible point
‘SOULCCe.
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lo fu-l.l_y'(;_‘\7,‘11.1.1:11,(3 tho hazard from expe rimoents and processes
inx'o.\vhi]'g"thc-: relecase of gaseous material to the atrnosphere, it is
necessary to measure the séurcc- in terms of total release. A
1'1'\‘v')r.!i.\ficuition of Sutton's :.‘r.inafi(_m. is well suited for such an analysis.
Che me thod used is 1o consider a cylinder r_;'[. infi.nité height éurrdund—-
ing the source with a radius d.eterx;.')incd by a sémpli.ng ajr‘ray, Now
prt,;\"icica the Qarnp] ers are (_‘)peratéa for a suf_ficicnt périod both befure
the (:1(;@& reaches the avray and after it has })éssed, all of. thé rnateria_l'
rglua sed Mmust Cross the boundary. V

- . . : - . o
Suiton's cquation for a continuous ground level point source 1s: )

. 2 2
2Q2 « -y . -2
e eXp T35, X e
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where:
¥ s the concentration of material at the point X, y, % in units
of material per cubic meter
Q is the release rate Ir.orn»the source in units of material per
unit Lirn‘()
..\"is {he distance from the source in downwihd di-re'ction‘

yois the hoet tzontnl (.liS'plnc‘(‘.nn:m'L {roin the x dircction

=




. l . . . :
bui fl A dt is the total release M provided Q is zerofor t<t. and t >t
‘ ' : . o . -
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7. 1s the height above ground

1w is the mean wind speed in units of meters per unit time

C , C, and n are Sution's diffusion parameters,

Y 7

The quantity of material passing any point per square meter per
anit time is given by y+u., I x is equal to the radius of the cylinder,
this gives the amount of material leav ing the cylinder per square
meter per unit tinie at that point, The total amount of material

: : o 1 :

leaving the cylinder at that point per square meter ‘is A xeu dt
where the limits are chosen so as to include the total release. Using

the fact that the integral may be taken by parts, we may take as many.

sampling periods as are convenient during the release time.

t ' S 2. ' 2 :
L ’ 1 2Q : Co-y -z '
f fyx udt = / - EXP — 55 exp — 55— dt = ' (1)
t S 2- 2 - - 2 2-
o : Lo T C C x n C x 2-n C x <" B
. y Tz vy o z

A the sampling periods arc chosen so that the meteorological parameters

may be averaged over the period we obtain:

. . > 2 /Z. t.J .
o ) - -y -7 . . . . .
x! = , exp eXp f Q dt (2)
. 2- 2 2- : 2 2 - :
Con G oC o x 7" c “x“ c “x TN T : :
Y zZ y 2, )
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Thevefore:
. - 2 2
-\{' cM exp - =Y exp -
) - 5 N 3 5 $P:N 5
mn(C C x “ C X 0 C 2 X 2-n
\ 7 v Z

The cylinder can be divided into scgments according to the
: : . . . . Jth
placement of samplers around the base, Let-the location of the K.
. . o th ;
sampler Le Yo with Vil the midpoint between the K~ sampler and

the adjacent samipler on the left, and Y the similar right midpoint
v K1

The total amount of material leaving the segment is then:

. v( O) }l..’ B .
M= f f K 't dy du
RSN |

Due to variations in the wind direction during the sampling

period, the second intcgral must be approximated, ' However, these

variations will have an averaging effect over the length L. and we could

use:

v .

“Kr - )
[ x'dv = Loy y, )
YK K

where Leis the arc l.enngi determined by Yk and Yiepe

(3)-

(5)
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Now we havoe:

. v . 2
: 2M K , -z .
M= 3 “xXp -'—-2——7—{—— L ‘/w exp —~—-2————7——)—-—;1—— dz (6)
| r G ox T C “xc7 © S C T T '
)«' A : \ V)
2 2 2-n
2M Yk C, ¥ (7)
M! = oo O Ty L P
- -1
» C C « C
y Y
At the sampling stations we have
: 2
- 2
\ 2M o YK o -z (8)
. : XD e e A . .
A . Zen P TR .2 Z2-n | -
w L C X : C X : C x
y # _ Y |z
I the sample is collected at or near ground level we have:
5 .
y -y
2 M D
T &M o ~
X . Z.n NP 2 2-n A (9)
wC C x C, ~ _ e
y 7 y :

where D is the amount of material in the sample and Ae is the effective

area of the samiple in square meters,

A may be defined as follows:
¢ v ‘

A=A 5

e g a

where: A is the geometrical arca of the sampler
- o . g
. g

v is the face velocity through the sampler, and

u is the wind specd,
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Since v = ——
114 € s A
£
wlhiere V is the volume sampling rate
|
new .
|
.
1 V \
A A A oD (11)
¢ g u A u . .
B _
(12) '
Thuse values then may be sumimed around the cylinder to find the
total release M,
A more ciaborate derivation is possible starting wit'h:Sutton‘s‘
rlevated continuous point source cequation, Using these conditions
we [ind at the samnpler: _
2
. 2 -h
<! 2M XD -y b : e D (13)
: ———— eXpP 5 eX =
- 2-n- 2 2-n 2 2-n A
xC C x ‘ C  x C x e
y oz y z
where W is the ciffective stack height,
¢ : : . A
By substitution we now have:
2 : : A
h . ' . : A
M1 = 5 .LZ : : : (14)
- -n : .
C  x :
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The wind speed can easily be measured [or the sampling period

and an average value taken, C_and n are functions of atmospheric

2

Cstability and can be measured, Since thesc parameters change

through the day the sampling periods are best chosen so as to take

advantage of periods when these parameters are fairly constant, .

“Thus any point source may be evaluated by the proper place-

iment ol air-sanipling units on the ground surrounding the source,

the measurement of two of Sutlon's parameters, and a sampling

period sufficiently long to ‘measure the total paésage of the cloud.
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