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AMIRCDUCTION

Atmospheric concentrations of gaseous effluent radio-
activity genarxated by the Ford Nuclesar Reactor (FNR), and
dischérgeé to the atmosphere through a 17 meter stack on top
of the Phoenix Memorial Laboratorxy (PML), were studied as
paxt of the preparation of a proposal for operating the FNR
at 2 megawatts. This report calculates the atmospheric
dilutién xpacted at locations in the vicinity of the reactor
building during various meteorological conditions. It
concludes that a dilution factor of 16 is a consexvative

factoxr to use in calculating the atmospheric concentrations

of gaseous eifluent.

SOURCE AND CONCENTRATION OF RADIOACTIVE DISCHARGE
Investigations during operation at l'megawatt indicate
that the principal source of gaseous activity released through
the stacks is Argon-41, resulting from neutrxon activation of
the argon in aix. Alr ig used in opexation of the pneumatic
rabbit system and it may also be used for cooling experiments
in the beam tubes. <Calculations indicate that at 2 megawatts
the genexation rate of Axgon-4l is 1.25 microcuries pexr second
in the pnzumatic xabbit system and 1L0.4 microcurxies per second
par beam tube. Because of the larxge coantribution from the
eam tubes, they will not be air cooled duxing 2 megawatt -

opsration. If ailr cooling of rxeactor beam tubes is not



permitied, the Argon-41 released comes from the air used in

operating the pneumatic rabbit syvstem. The calculated Argon~4 1

activity in the stack discharge from this source with the reactor
%

operating at 2 megawatts is 1.25 microcuries per second. The

discharge rate expected on the basis of blower specifications

is 5.08 x 106 cubic centimeters per second. Thus, the calculated

. s . . . - 7 . . . s
activity concentrxation is 2.5 x 10 microcuries pex cc {uc/ec).

For continuous Z megawatt operation, with no dilution factor,
the calculated concentration is six times the non~occupational

- &
maximun permissible concentration (MPC) of 4 x 10 8 ucfccgq*)

Thus, a dilution factor is reguired for continuous operation.

The calculations which follow indicate that a dilution Factor

of 16 is conservative for the existing exhaust system.

GASECUS EFFLUENT SYSTEM

The Ford Nucleax Reactor is located in a building separate
Exom but attach@d to the Phoeniz Memorial Iaborxatory. There are
four stecks on the roof of the laboratory immediately adjacent
o the reactor building (See photograph, page 3). Stack No. 1
discharges the effluent from the fume hoods oun ithe first Sloor
of the laboratory. 8Stack No. 2 sexrvices the hot cell ares of
the fixst flooxr of the laboratory and the gaseous effluent system

in the reactor building. Stack No. 3 services the fume hoods

»('..-

See Appasndix
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on the third floox of the zab@xatary; Stack No. 4 ig not used
and is capped. Stack No. 2 is the oaly stack sexrving the reactor.
There is no routine discharge of radioactive gases fxah any

other stack. Further discussion in this report will assume
discharge of radicactive gas only through Stack No. 2.

The top of the stack is 17 méters above finished grade at
the entrance to the laboratory, 9 meters above the roof of the
lzboratory and 3 metexs above the reactor building roof. The
stack has a diameter of 0.81 meters and is operated with a
dischaxge rate of 5.08 x 10° cubic centimeters per second. The
stack effluent is at anbient temperature. Before reaching the
stack, the effluent passes through a fiberglas prefilter and
an absolute filter (Flanders GA-10-3A) which removes 99.97 per cent

of all particles with a diameter greater than 0.3 micron.

REACTOR SITE

The reactor is located approximately in the center of the
860 acre North Campus of The University of Michigan. The
University controls all the land within 457 meters of the reactorxr

site except for a small portion of highway right-of-way to the

or non-university installation in the area is the

Veterang Administration Hospital, 457 metexrs south of the reactor
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There are presently ten buiidings on the Horth Campus in
addition to the Phosnix Memorial Laboxatéry and the adjoining
reactor building. These are: +the Mortimer E. Cooley Building,
123 meters to the southeast of the reactor: the Automotive
Engineering Laboratory, 92 meters to the northeast: a library
storage building and bindexry, 183 metérg to the southeast; a
printing shop building, 274 meters to the southeast; the
Aerconautical Research Laboratories, 366 meters to the north-
east; the Fluids Engineerxring Laboratoxy, 213 meters to the
north; and the Cyclotron Building, 457 meters to the northeast.
In addition, the Institute of Science and Technology Building
iz under construction 159 metexs to the south of the reactor. \
This building complex will have a six story structure 183 metexs
£rom the reactor. All others aéé either two or three stoxies.

Tha Northwood Sﬁudent Apartments, operated by the University,
are 457 metexrs ﬁo the noxth of the reactor site. The centeyr
of this housing area is about 760 metexs away from and approxi-
mately 17 metexs above the reactor site.

The following distances and locations f£rom the North Campus

area are of particular interest to this analysis because each

P

igs the nearest inhabited building of a particular type.

P



TABLE I

s —

Distance from Stack to Various North Campus Areas

Distance
. (meters) Location
32 ~ Automotive Engineering Laboratory
Aixr Intake
183 institute of Science and Technology
Building
457 Noxrthwood Student Apartments

Mearest Reactor Site

The 92 meter distance is the nearest air intake of another
building. The 183 meter distance is the distance to the top
of the Institute of Science and Technology Building, the tallest
building in the area. The 457 meter location represents those
Northwood Student Apaxtménts which are nearest the reactor site

and the point of highest elevation.

METEOROLOGICAL CONSIDERATIONS

The calculation of the atmospheric concentrations of
effluent gaseous radloactivity at various locations around the

PHML stack arxe based on methods described in an unpublished

i
(B

poxrt by . W. Bierly, E. W. Hewson and G. C. Gill of the

Meteorologlical Laboratories, Department of Engineering Mechanics,
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The University of Michigan.® J in this report, the following
phenomena are considered:

1) Plume Fumigation - Solar heating causes mixing to cccur

as the nocturnal surface inversion is destroyed, thus
bringing part of the plume to the ground. This condition
lasts for a short time and occurs only at sunrise.

2) Plume Looping - This condition occuxs during daylight
hours when a strong lapse rate prevailsAand thermal
eddy currents cause part of the plume to be carxied
to the ground.

3) Aerodynamic Downwash - Large eddies formed in the lee

of a building during high winds will cause part of
the plume to be carried to the ground.

4) Plume Trapping - When an inversion base occurs above

a stack, the vertical diffusion of a plume is markedly
‘2uppressed and the plume is confined between the

inversion base and the ground.

METECROLOGICAL CALCULATIONS

In the calculations reported herein, it was agsumed that
the effective height of the stack was equal to the actual
physical height. This assumption, appropriate to the low stack
dischaxge velogcity of the PMIL stack, made the calculations

indepandent of the volume and velocity of the effluent.
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of the various meteorological conditions since this type of
£requency data for the FNR site iz not presently available.

It was assumed that each meteorological condition exists

100 per cent of the time. Therefore, the calculations will
vield conservative estimatss of the atmospheric concentrations
and dilutions.

In general the lower the wind speed, the higher the
resulting concentiaticnso A wind speed of 2 meters per second
is considered a probable lower limit for steady state conditions.
Balow this speed, the wind direction fluctuates greatlykand
steady state conditions cease to exist. The average wind spesed
in the Ann Arbor area is 5 meters per second. Calculated con-—
centrations are plotted foxr each condition as a Ffunction oOf
radial distance f£rom the stack.

1) Plume Fumigation

A form of Hewson's equation(3> for the calculation of
ground level concentration, X, applicable to both long and

shozrt distances £rom the source, is

Q
y = = c/m>

ey . a o
uH Ac%y F a4 H tan ;5 }
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where X = ground level concentxation in microcuries
per cubic meter,

Q = souxce strength in microcuries per sec,
u = average wind speed in meters per secg,
He = effective stack height in meters,
X = horizontal distance downwind fxbm the source

in meters, and

d = stack diameter

The concentrations calculated by this eguation as a
function of distance for a §eneralized source strength of one
microcurie per second are shown in Figure 1. Effective stack
height, Hep for this and all subseguent figures was taken as
17 metexs and the stack diameter, d, is 0.81 meters.

2) and 3) Plume looping and Aerodvaamic Downwash

The eguation for'looping derived by HQlland(é) has
been extended by Hewson, Gill and Bierly(5> to cover dpoth
looping and downwash. Looping conditions occur for wind
speeds less than 10 meters per second and downwash occurs at
wind speeds greater than 10 metexs per second. The ground
level concentration fox both looping and downwash may there~
foxe be calculated from the equation

20




GROU[ )LEVEL CONCENTRATION IN 4 c/cc
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whexe €, = bhorizontal crosswind diffusion coefficient,

CZ = vyartical diffusion coefficient,

n = dimengioniess cosfficient whose value lies
between 0 and 1, depending upon atmospheric
stabiiity,

® = distance from top of stack to point of interest

at ground level in metexrs.

All other guantities arxe as defined previously.

The concentrations as a function of distance determined by
this eguation, with a = 0.20, CY = (.44 and CZ = (.36 as speci~
fied in refexence (2) are shown in Figure 2. A wind speed of
'one meter per second was selected for looping conditions té
ksimplify the presentation in Pigure 2. This wind speed pr@vides

a more conservative estimate for the atmospheric concentrations.

4) Plume Trapping

The egquation for plume trapping conditions as developed

by Hewsongﬁ) is
: 2 2 2-n - N _ - 2
0 exp{-vy /Cy % )‘jf - ~(z He + thib)
X = ‘ 5on 5 &%P| 2 2on
W Gyczm a2 { Cz b4 é
)
-{z + H - 2Nh )2'
e ib

S

% exp i C 2 2-n
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GROUND LEVEL CONCENTRATION IN pc/cc
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i:} where

vy = norizontal distance creosswind from source in
metars,
g = vertical distance in meters,
N = §, #1, +2, 3, ..., and
hib = height of the inversion basge in meters.

All othex qguantities are as previously defined.

N refers to the number of reflections of the plume between
the gxéund and inversion base. For one reflection (N = 0, 1),
and points of interest at ground level (z = y = 0), the above

equation reduces to

20 - 2 ~(2h,, - 8}
- * _wcyczu ann ex? ngxg;h T e Gzaxzan
) ) -(~2h;, - B ¢
+ exp ng =

Using the above equation with n = 0.25, ¢, = 0.15, and
Cz = (.12, the concentration as a'function cf distance from
the stack at ground level and at an altitude of 17 meters
‘ware calculated for inversion bases at 25 and 50 meters. A

plot of these data is shown in Figuxe 3.
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APPLICATION OF FICURES 1, 2 AND 3

Figures 1 and 2 give the activity concentration in the
gaseous discharge from the laboratory stack in we/cc as a
function of radial distance from the base of the stack for
rlume fumigation, plﬁme looping and downwash conditions.
Figure 3 gives the concentration in the gaseous discharge in
ne/ce as a function of radial distance from the stack for
plume trapping. Cuxves are shown on Figure 3 for a 25 meter
and 'a 50 meter inversion base with concentrations at ground
level (Z = 0) and at an altitude equal to the stack height
{(Z = 17m) . ALl figures are based on a unit source strength
of 1 pc/sec from the stack. The calculated source strength,
{g), is 1.25 uc/sec of Argon-41 when the reactor is oparating
at 2 MW with the pneumatic tube system in use. Environmental
concentxations external to the reactor operating at 2 MW are
calculatéd by reading the concentration at the appropriate

distance from the Figures and multiplyving by 1.25

CONCLUSIONS

The Automotive Engineering Laboratory, a two story building
and the nearest occupied building from the reactor site, has
an airv intake 92 meters fxom the base of the stack. An application
of Figures 1, 2 and 3 shows that the highest concentration at

this location for the four types of meteorological conditions
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considered occurs during plume fumigation. With a source of
1.25 pe/sec, plume fumigation produces a concentration of

2.6 x 107° pe/cc at the Automotive Laboratory air intake.
This represents a dilution factor of 96. Anyv ground location
farther away will exhibit lower concentrations so that the
minimum dilution factor at any populated building at ground
level is 96.

The Institute of Science and Technology Building, a six
story building currently under construction, will be 183 meters
£rom the laboratory stack. Its roof will be at the same level
as the laboratory stack (2 = 17m). The highest calculated
concentration at roof level at this location occurs under the
condition of plume trapping. Under this condition a concen~
tration of 1.4 x 10™° ue/cc of A~41 is produced. Thus at
this distance a dilution factor of 170 is the minimum predicted.
An inversion base of 25 metexs was assumed.

The nearest units of the Northwood Student Apartments are
457 metexs away from the reactor on flat ground at the top of
a hill whose elevation is approximately the same as the 17
metex 1aboxatcry stack. Here plume fumigation is the meteor-
ological condition which produces maximum concentration. To
account for the elevation of the apartment unitg, the calculation
assumed an effective stack height of 1 metexr. The calculated

8

congentration of A~41 is 1.5 x 10 pe/ec. This corresponds

-

o a dilution factor of 16.



Table IX is a listing of the highest calculated concen-~
tration at each of the locations listed in Table T together
with the neteorological conéition which produces it. Of all
the locations and meteorological conditions considered, the
Northwood Aparxrtment location, 457 meters north of the reactor,
under the condition of plume fumigation, produces the maximum
concentration. The calculated dilution factor for this case
is 1l6. This consexvative estimate of the dilution factor
ignoxes the fact that plume fumigation conditions only occur
at sunrise, plus the fact that only gas released between the
hours of 2400 and 0800 will be carxried to the ground when the
invexsion breaks up at sunrise. It has been estimated that
funigation conditions occur aboﬁt 7 days per year.

It is concluded that a dilution factor of 16 may be
applied to the concentration of gases discharged from the
laboratory stack. The use of such a dilution factor predicts
that occupied areas arxound the reactor site will not be
subiected to an Argon-41 concentxation exceeding the non-
occupational maximum permissible concentration even with

the reactor operating continuously at 2 MW and the pneumatic

tube system in continuous use.
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APPENDIX

Calculation of Argon-41 Discharge

Concentration at 2 My

The four pneumatic tube terminal stations at the reactor
core have active lengths of 10 inches and inside diameters
Oof 1.25 inches. The collective air volume of 804 cubic
centimeters (cec) contains 7.6 cc of Argon-40 which would be
exposed to a neutron f£flux of 4 x 1012 neutrons per square
centimeter per second (n/cmz/sec).

The number of Argon-4l1 atoms generated per second, R,

is given by

R=VoNo

whexe V is the volume, ¢ is the microscopic cross section,

N is the number of atoms per cc, and ¢ is the neutron flux.

23

=24 1
7.6(0.53 x 107°%) (6.02 x 10°%) (4 x 10™%) atoms

4
2.24 x lO'_ sec.

R = 4.32 x 108 Argon—41Aatoms generated per second.
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The decay rate per second is given by

0.693 g disintegrations. per second
) (4.32 x 10%) . o

second

AR ={

()]

6.48 x 10

ft

4
AR = 4.62 x 10~ dps/sec = 1.25 microcuries/second.
The pneumatic tubes therefore produce an Argon-41 source
strength at the rate of 1.25 uc/sec.
Since the laboratory stack air discharge rate is 5.08 % 106

cc/sec, the stack discharge concentration due to Argon=41 at

a power level of 2 MW would be

i.25

z ue/cc

>
il

5.08 x 10

x = 2.5 x 10”7 pefec.



