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This report  was preps red as an accourlt of Governmer.1 8 pomred  work.  Ne j Lher the  Un 1 ted

/.
Swtaa, nor the Comde ton. nor any person acttng On behalf of the Commisalon:

A.  Makes nay warranty or representation, expressed or im/Ued,/th respect Ao the accu.
racy, compl c teness,  or use fulness  of the  Informiuon contrined  to  thi,  repor:.or  that  the  us e
of any· I ofor ula Uon. a ppar o lu 8, Lnethod, or proc els diactoaed in this re port may not j n tringe
privately 0-oed .Ights; OrB.   Assumes any  liabilities  /th  real>ect  to  Ule  use of,  or  for  dimsges  result]ng   from  the
use   of  any   informal on,   appara ta.   method,  or  proc m  cits: 10 sect   i n   this  report.

As  used  in  the  above,  "perwn acting on  behalf of  the  Commission"  include,  any  em-
ployee or  contractor 01 eli Commls/lon,  or employee of such contractor,  to the exlent thnt *.
such employee or contractor of the Comilseton, or employee of such contractor prepares.
djaseminstaa. or providee accel l.  nny Information pursuant to Wo employmentor contract
wl tb the Com Iltiolon. or ble employment with such contractor.
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*Work done under the auspices of the U. S. Atomic Energy Commission.
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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

The i'[fluent f.roni *,ow cheni.ica.l and nuclear processes rnay be

offi,iisive or coi,st.itute· a Ilcalll) ha.zard. Proper control requires a

ki-,c,wledge of tlic source characteristics.  Often, measurement of the

soiirc·e can,iot 1)c accomplished by a direct technique.  By employing

a distant,  c'il cular sal- 11,ling.a.rray, Suttonts equation can be modified

for t.lie t:alculation of tlie release froin ariy such inaccessible point
I
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1'0   fully   evwil. .tate  thi.  liazard  froii:i  experirii,.1nts   and  pi-oc.esses

in\-Lilviiig the retctise of gaseous materia.1 to t},c ainlosphere, it is

ne:essary   to  n'yrasure   Ihe   source   in   terms   of trital release.     A

nioclification of Suttotils rqiiatioli is well suited foi- such an analysis.

t'lie    ine l.liod   used   .is   Ni   cunsidel·   a   cylinddr   of  inf i.1,ile height surround-

i.,lg the Sc),11'i:e"'with a rac'|Lits deterillined by a sampling array.  Now

prl.:rided the Sh,-np]Crs UrL· operated for a sufficient period both before

t.lie cloud reaches tlie arrily and after it has passed, a.ll of the material
..

3                                   releasect  17,1,41.  Eross   the   boundary.                          i
(1)

Sit.!.tr,n's  eqizatic,n  for  a  c.c,ntinuous groizild.level point source  i·s:

2 2
2Q -Y

-Z

\- : exi exp
L-n C 2 x

2-n       2  z-n

 C. C 1.1 X
C  X

Y Z    
Y    y

where:

X is the 'ionipntrati.,111 of inaterial al. the point x,  y,  z in units

of  nialerial  i.,e r cubic meter

Q is l.lie release·rate froni the source in units ·of material per

uiiil lirric..

x is 1.1, i: clist,itice froin the source in downwind direction                        , '

: v  iR  thi:  hi: r i z.(.,111.-11  cli Spln re 1 1 teni  ]r £)17  th,·  x  clirc.c:ti >71
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7 is tile height al)ovt: ground

11 is tile ntean w hid speed in units of i'nete'rs per unit tin7e

C,C, and n are Sutton's diffusion pararneters.Y   Z

1.'1 e quantity of tii.at.erial passing any point per square meter per

ailit tilli,3 is given by X  u.   If x is equal to tlic radius·of the cylinder,

ilii,9 gives t}'ic ai-nciui}t of niaterial leaviiig the cylinder per square

ineter per unit linie at: 1.hrit point. 7'he total aniount of material

leaving  tlia  cylitider  al  that  point per square rrieter  is     j| 
1

x..u dt                   '
0                                 ·-

w]ic· i- :  the  li,nits ai·e  Chosen SO as to include f:he total release. Using

the fact tliat tlie integral rriay be taken by parts. we rnay take as many.                  ...

san'VABW  perzods  .,s  are  convenient  durbig  t}ie  release  tini.e.

rt                    ..t                                               2                          2
1 2Q -Y -Z.J,1 Xud,= J, 2-n exp   7  9  · exp .

2-n    dt  =  X'      (1).      E-n                 ' 20 0  Tr C (J x C X C   X
y   z               y                 z

IC thc= s:,ti-ti,ling peI'iocls arc c]losen so that the Tneteorological parameters

tiiar bc avi31'ageel over the period we obtain:

2                   22 -Y -Z                                                                                                                      'XI r..
2-n

exp 2  2-n exp .  ti   Q dt               (2)2  2-n JA C C X C X C x  t.
y  z.          y             z         o

1
· rt

lbitt. jf   Q dt is Llie total ri:]easc M provided Q is zero for t< t. .and t > tl.0
C)
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1hcre f , 1-e:

2 Ad
2                    2

Xt=l
-y - 2,

.' exp exp                           (3)6 -]1 2  2-n        2  2-nTr ( C X C X C  X
y  z           v            z

1hr cylincirr cati bi· clivided int<, sc:giTients according to the

thplac:en·ielit (,f sainplers a.rouild the base. Let·.the location of the K

thsaii,pler be y , wit:h y 1.he·midpoint between the K sarnpler andK Kl

t:he adjacelit salnpler on the left,  and y}<r the 'similar right midpoint.

'Ihe: total al-no11111. 011-Ilateria.l leaving lLC segrrient is then:

ra)  y

M' = J " iK' x 'dy  d z
(4)

K 1

Due to va.riations in the wind direction during the sampling

peric'id, the secotid bit.egral must be approximated. However, these

variations will. }la\'C  :.in ave:i'agirig effect over the length  L  a.nd we could

1.1 Se:

 v K r          x  'd y    =    .L   x  ' (Y K)
(5)Y iii

if,]i·ere  L'is  tlie  arc'  length  deterinined  by y andy.
1 Ki Kr'

.-5
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N ow   we   have:

2

2 M -yic
AT'  = ·

e, A p                                                   L     j         e x p               2  -Z 2- n              d z                      (6)2-n C.2x 2-n
C x.TT (;. C  X

VE    y       z

2         2  2-n
2M -YK z

C X A
MI = ., exp 2 . L           (7)2- 11 6-n         2l i C CA C  XYZ    Y

At. 1.lic sa,-lip].ing stat.i.ons we have

2                                                                                                                   ..
2M -v                2.K -Z

cip        .    exp                                 (8)2-11
C 2x 2-11 2  2-nT r C C Y                        C   ,-..

y  z           y            z

lf the saniple is coll.ected at or near ground level we·have:
2

2 M -YK        DV'  2                                           exp         .        -          r
4                                         2 -· n 2         2-n                 A.                                                                                                     (9)w  C'   C    x                     C      k                       ey z    y

where D is the anioutit of material in the sarnple and A  is the effective
e

area of the saniple hi square meters.

A      nia y   bc,   defined   a s   follows:
(.

V
S.A   = A  --

C    g U (10)

wlic.re: A  is the. geonictrical area of the samplerg

v  is tlie face \'eic,c·ity through tlie sampler, andS

u  is  the  w Hid  specd.

Cp
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V
S i n c-e   v.     =·     --

s A
g

wlicre V is the voluijie sa.inpling rate

11 (  ,"\'

tv V           (11)A  = A  -- --- c: --
e                                     gu

A U
g                                                                                '

By substituting (11 ) anrl (9) into (7) we have:                                                     1

   GZA 2- n
TT

1 7 (12)' bill  =  10  1  1-, 2

1.                .1.' li: Se values tlien may be sun-irned aroui.id the cylinder to find the

total.release M.

A n"tore cial,orate.derivation is possible starting with.Sutton ' s

1 ,-·le\,at,id continuozis point source equation. Using these .conditicills

wa [ind al. the sari'ip] cr:
1

'

2
2                          -h D2 M -Y               e

211 exp   2  2-n exp
2      2 -n -A

(13)

A C C X C X C x   e
'.                                Y                              Z

1.                                                                               3
7, ,

w'liere h  is the effc·(:t.ive stack heiglit.
C

: Bv siibstitut.ion we now have:

l 2 2-n    2
'<; X · Tr    17

(14)Ai '   =   l)   11.    I, -  1 xI)                 .-V         2            2  2-nC  X
Z
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I'lie whid speed can easily be measured for the sampling period

aiid an average: val. .te taken.  C  and n are functions of atniospheric   :
Z

stability an,l can lic., ilieasured. Since these pararneters change

throligh the clay the sampling periods are best chosen. so as to Lake

advantage of periods when these parameters are f·a.irly constant.

'1']lils 'ally point source may be evaluated by the proper place-

117¢lit of air saniplitig units on the ground surrounding the source,

Ac ineasurenwnt c,f two of Sutlon's p.ararneters,  and a sarnpliiig

1,eried sufficieiitly long to·measure the total passage of the cloud.
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