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Caleulations for the Atmospheric Diffusion
of Btack Effluents at Mowmd Laboratory

It is anticipated that the cersmics program will, of necessity,
cawse larger ¢guantities of radiosctive materisls to be exhsusted through
the Moumd Laboratory stacks. The purpose of these calculations is to
correlate stack effluent comcentration and meximm ground comcentrations
with existing metecrologicel data. Two cases will be covered - 1) Maximom
ground concentration from a continmuwous source such as is found in normsl
day-to-dsy operations; and 2) Maximm total integrated exposure to off-site
persomne] if an accidsntal release of lurge quantities of tritium should
oceur (instantanecus source).
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Teble I gives a list of the

in succeeding cslculations.
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TABLE I

Sysbols, Dimensions, and Units

Definition

Concentration

Baisgion rate

Dimensions

Hean horiszontal wind speed

Time

Biwensioniess stability parameter
Generalized diffusion coefficient

Effective gtack height
Distance downwind from source
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Units
c/m3

c/eec
m/sec
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Subject: Calculations for the Atmospheric Diffusion
of Stack Effluents at Mound Laboratory - Comt'd. h/5/54

The height of rise of a stack gss plume depends upon several para-
meters. The primsry metecrological effect, however, is 2 decresse of plume
beight with inereasing wind speed. An empiricel formuls obtained by RBupp,
Beall, Bornwnsser, snd Johnson (ref. ﬁ)mmmnetmmlemﬂ
ments gives o simple, inverse relstionship between £ h and u but takes into
account only the momentum effect. In the specilic case at Mound Labaratory,
however, the use of this formula will introduce very littls error since the
buoyaney effect is quite amall compared to the effect of the Jet itself.

This relatiomship is:

Bsoh = 1.5 v
vhere A b 1s the height, messured above the stack, at which the plume
levels off.
v 1is the stack gas exit velocity
4 is the dismeler of the stack orifice.

o For the Nound steck,
v = 15.1 nm/fsec.
4 = 2.4 n.
height of orifice = 61 m.

s = 1.5x15.1x 2.4 = 55.3

u h: 4

R = 61 + Ah

Table II gives values of h for wind speeds ranging from 0.1 to
10 miles per bour.




Sublect: Calenlations for the Atmospheric Diffusion

of Stack Effluents at Mound Laboratory - Comt'd. 4/5/54
TABLE II
0.1 1,298
0.3 k73
0.5 308
1.0 185
2.0 123
3.0 102
k.o g2
5.0 86
6.0 82
T.0 T9
8.0 T6
9.0 ™

10.0 T3




Bubject: Caleulations for the Atmospheric Diffusion
of Stack Effluents at Mound Leboratory - Cont'd. U/5/5k

Continuous Point Source

1. For normal operations resulting in a comtinuous discharge
of tritium from the atack, Sutton's general formula for ground concentra-
tion im:

2. The maximmm ground concentration and distance of maximum
downwind from such a continuous elevated source (8et 2 ¥/ 2x = o)

;{/mx.m 2 @ (2)

TMe u n®
2§ X
X max. = ( h 2 wp (3)
“ﬁ- c2 E

Figure I shows a graph of ground concentrations versus wind
speed if a constent emission rate of 100 millicuries per second is
maintained.




Instantanecus Point Source

1. An sccidental relesse of large guantities of tritium may
be considered as an ipstantaneous point source. Sutton's equation for
ground c;mmtmtwm under these conditions is:

-2 o
— -(8) n
A (as) = 2] e 2 (1)

aﬁ% c3 (‘ﬁt)?’“‘g?ﬂ

2. Vor maximum ground conceatration and dlsteance of maximam
downwind from the instantenecus elevated source (Set ) X/ /2t = o)

/2er s v
) 1
. 2-n
X max, = ;M 2 B° (6)
362 | |

3. To find the total integrated dosage TID) st a point om the
ground dovnwind of an imstentanecus elevated source, integrste () with
respect to x/u from - SO to oo , hold it constamt.

P he

R 2%'9: 2-n © o® ) (7)
11 e° u (Bt)




k. To obtain maximm total integrated dose and distance downwind

sel -
PN 4 A (m) = o
A%
3
PID max. = 2Q curie-sec./m (8)
Tre n°
-t
h2 2-n
x max. = — (9)

Note: Im (8) Q is total curies relesased, mot emission rate.

5. Values of u and h where the least dilution of the stack effluent
13 cbtained may be found by differentiating and maximising (8). This con-
dition occurs when h equals two stack heights (at Mound - 122 meters) and

u o= i.5véd s or at Mound,
stack height
6w = 2.0 wph .
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Subject: Caleculations for the Atmospheric Diffusion
of Stack Effluents at Mound Laboratory -~ Comt'd.  h/5/54

DISCUBSIOR
Contipuous Source

Adequate precautions are being taken in the design of facilitiles
for the Ceramics Program to insure safe concentrations of tritium in off-
site uig under these copditions. These concentrations may not exceed
2 x 100 ame/ec for a long-term average fwf.6); nor 20 times this level
sveraged over a 2i-hour period; nor 100 times this level as a peak con-
centration averaged over one liter of volume (ref.T).

The provision of closed glove-box ventilating systems, automatic
dampers in room exhaust ducts, air-tight containers and equipment, stack
monitors, and other safety devices should undoubtedly be sufficient to
meet the above reguirements.

It is, however, of interest to establish the maximm emission rate

of tritium from our steack which will maintain zafe off-gsite concentrations
at ground level. This is found from equation (2):

X- 29
Wauh‘?

where u = 2.0 miles per hour

h = 122 meters, and

Q under these conditions will egqual:

Q = XTfenha
2

Xz 2 x 10° Mefee =  2uec/w

@ = 2Tfe x 0.80h x (122)°
.2

Q = 115,638 uc/sec or 0.116 c/sec.




Subject: Calculations for the Atmospheric Diffusion
of Stéck Effluents at Mound Lsboratory - Cont’d. L/5/54

Instantanecus Source

There is, however, another factor to be given serious comsideration
in this progrem. The probability of a major aceident releasing large
quantities of tritium to the stack exhaust is somewhat greater than has
been the case in polonium or actinium operations. Here we have no filter
banks or other ailr-cleaning system 0 remove tritium from the stack effluent.

Although all possible safety devices will be engineered into the
process equipment, it was felt that caleulations should be made to determine
the maximum nusber of curies of tritium which, if asccildentally relessed,
would present no serious exposure problem to persons living or working
in aress near Mound Laborstory.

For the purposes of these calculstions, the following statements
were used:

1. The total mmber of curies released would be vented from the
stack in a short period of time.

2. The max total intake of tritium by any person would not
exceed 10%Ue, the sently sccepted maximm permissible
body burden (ref. 6).

3. It was sassumed that all of the tritium released is in the
form of vapor and not gas when it reaches the breathing zone
of exposed individuals.

k. Only 50 per cent of the total intake will be via inhalatiom,
the remainder being absorbed through the skin.

Using these criteria and equation (8)

TID max. = 24Q curie - gec ,
TTe n hE 'm3

PID max. = bk cwrie - sec
03

u = 2.0 mph
h = 122 m

& = 832,599 curies or
86.0 grams of 7.




Subject: Caleculations for the Atmospheric Diffusion
of Stack Effluents st Mound Leboratory - Comt'd. 4/5/5h4

Caleulations msde 4o determine off-site ground comcentrations of
tritiws in the air show:

1. An emission rate of 116 millicuries per second or less will
not cause unduly high concentrations of tritium in off-gite
air. These calculations, hovever, do not take into account
possihle build-up of contamination in ground water. This,
because of the long physical half-life of tritium, may be
considerable. Adequate sampling and monitoring measures will
be employed to determine the ammount and extent of this contami-
oation. In any event, it is felt that normal emission rates
from the stack will be far below 116 millicuries per second.

2. In case of s major accident or disaster, loss of 86 grams
of tritiuvm may result in the intake of microcuries by
people located in the maximum exposure zone.

3. The location of meximum concentrations is dependent upon
meteorological conditions at the time of emission from the
stack.

The author sincerely appreciates the advice and assistance given
by R. Myers and D. Purdy of the U. 5. Weather Buresu at Osk Ridge. They
supplied chsfts, data, methods, and other valuable information used in the
preceding calculations.
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3 - R. 4. Staniforth
b - D. 8. Anthony
5 - J. R. Wiesler
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