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March Lh 1947

RADIOCACTIVE PCLLUTION OF THE BARTHA'S ATMOSPHERE

F+ Reinses

INTRODUCTION ¢

Estimates are given for the number of atomic bombs which will give rise to
various radiation levels in R units at the earth's surface. These radiation
levels can be compared with the lethal dose of ~500 R to estimate their lethal
effects. Since local atmospheri¢ conditions would very likely cause considerable
fluctuation in the density of fission products and hence of the radiation levels,
all calculations are applicable only in the statistical sense. More specifie
answers canr only be obtained by meteorological investigations en a vast scale,
directed towards the detailed prediction of air mass motion over the surface of
the earth.{}} The estimates made here assume uniform distributions of activity
per gram of air Detween various levels of the atmosphere and are valid only after
sufficient time has elapsed to allow this condition to be reached. The length of
time required will clearly depend on the distribution of explosions in space and
time as well as the condition of the atmosphere during and subsequent to the ex-
plosions. No akttempt is made in this preliminary report to calculate the detailed
effects of & spread in firing time but it is probably true that a spread in firing
time of one week would have only a small effect Gv§7§ on the resultant activity
at plus sne month from the average starting time.

CALCULA TIONS «
The tots? gamma ray energy emitted from the fission products(z) from +1 hour

to cois given by‘B).
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{1} The interesting question of mixing--or rather lack of it--between the northern
and southern hemispheres should perhaps be considered by a meteorologist. Since
the present calculation is probably enly good to a factor of 10, the factor of 2
involved in the hemisphere mixing question does not significantly alter the :

estimates for one hemisphere.

() 1Induced activities in naturally present or intentionally placed surrounding
media are neglected as are Brays end. the effects of Py. These neglections
probably do not alter the results by a facfor 6f %

b

{3} LANS-507.
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For & 20% effioient Wlosion

of & uumaki—type
fo4x 10 £3esions A £ -_- :::;1 number of fissions per

¥ = volume through whish fistimf
products are spread {om®

The total radiation 4n B units at point O {See Fig. 1a}, Ry, &s given by
{2} R, =5 x10716 1 {Chiocago Handbook Chapter XI¥, Seot. A=2}

where I, iz given by

o
) 1, - Ss e A dv
4#2‘2

and A X3 x 3,04 ogn at sse level,

The %ime dependence of R is given by
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Heoause thes mean free path in air of the ¥ 's given off by the fission produsts
heve & range of ~3 x 104 om, n distance short oompered with those ir which effects
due to the earth's ourvature snter, the replacement of spherical by -plane geometry
iz ossentinlly exact and will be employed besause of the simplifications it intro=
duces into the caloulations, The ¥ source strength is caloulated by considering
the sotual spherioal geometry. We will now oalculate ¥ under these assunptionss
I for & somewhat fiotitious but simple cass, then II for & more reaiistie dbul more

complex casse

Is CONSTANT AIR DBENSITY; UNIFORM SOURCE DISTRIBUTION
per om®

wiform
sowros T .
strength

by




& I {.‘_
independent of z, and A=z coastant {5} becomes

o

For &

598 Fige 2e
1o calculate S, we take the eobivily wniformly distributed over spherical gshell
of radius R and bhickness hz-hlg

(6y o BLX6X10°

= P
R“(h =t
én_e\f?‘ hJ_)

From this, inserting f = & = 1024, By = 858 X 108 on, A= 9 X 10%, and using

Table 1 gives & summary of values of n corresponding on the above asswunptions
tn miven tobal dosagess R, end assumed velues of hy and hoe Since the atmosphere
is not of conskant density but hes a density which drops off axponentielly, only
assumptions {1} and {2} give results in reasonable accord with thoss following
from metusl density variations Assumpbions {3y, {4)s £5), (6} are salculated for

eonstant density %o show by comparison with TABLE II the effect of warying ailr

densifty. As might be expected, 3t is oonsiderables




" TABLR X
Summary of total Dosages in R upits {Constent Air Density}

i (3} (4) , (8}

{1} (2}
}"a =1000 £% h, =3000 h,=5000 ? h,=20,000 } h,=15,000 %

b, 20 hy =0 | B0 | hy=1,000 1y 25,000

30° 245x10° 2x10% 105 8x10°

10t 2¢5%10% 2x10° 10° 8x107

10° 245%10° 2x106 107 i 8x108

»

301

108 - 2,5x10° 2x10° 108 | 8x109
S | 8x1010

205x107 | 2x.0f 10°

VARTABLE AIR DRNSITY: UNIFORM SOURCE DISTRIBUTION PER GRAX OF AIR:

the density of the atmosphere is roasonably welil represented by

& j}- Jo wheres h is the altitude above sea level {om)

‘o iz the density ab sea level
JP iz the density eb height &

A= 14252 x 1076/

The density ratio Z can be reprosented by e straight 1ine 4o within an Szcuraoy

gfg of 4% in the range 0=20,000 ft,, {0=61xl
8=tk

£960
8,26x10™7

I sonsequence of {B}
{10} S{n) = g, ="
and

y & _-_.:};ﬂ o= "B o 1 (0,960-8.26x10""E}, A, v 3x10% cme
o i+ )\o

Inserbing {10} and {11} into {3) and writing out limits
- bk
roz _2

y 2
Fogldm e 2 rpp 250 ara,
Ao %o
By

=0 Y=
- 1«. Mol
& Z

S, is debermined By the requirement that S s(h)dv:a,-_-ni‘ﬁxl{)sﬂ:otal activitye
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If the eotivity is distributed in a sfhoriecs’ shell extending iive sofdus BRygrinh By
‘o ‘Rea.ri;h* hz whsre h‘l( h_g <<< Reerth
A

- A h - ARD
2 o N e 2
4“Rearbh

(15} S, 2

&

& transformetion of variebles r = (hZ‘}ﬁ JS#h,; reducss {12} %o one inbegration.
TABLE Y1 swmmaritzes the resultse
TABLE IT

Summary of Total Poseges in R Units {Expomentially Varying Air Density}

B2
%

(1}

=0 %

¢ {(2)
i ®,000
0

{3}
5,000
Y

(4}
20,000
1,000

| (5)
15,000
6,000

{6}
20,000
10,000

i

e
ico

16%
1%
10°
1o

2e5x10°
245x10%
2e5x10°
2452106

2 45x107

3e5x10°
B.5x10%
845x10°
3e5x108
3e5%10"

! 615}.0"‘t

6x10°
6x10°
6x107
6x108

2x1.0°
2x107
2x10°%
9
2x10
2x101C

3x107
3x10°
3x107
3x101C

jsxrold

1000 100

In the 1ighs of past sxperience, assumptions {5} and (6} are reasonably resiistice
The number of bombs which produce & lethel effect sver the entire world is on this
basis go largs that it amounts to desbroying the sntire world population by sllocating

~ 3 horth 4o meeh personi

YT BEHAVIOR OF ACTIVITY AT PTe U:

An 1tem of interest is the mumber of atomic

borbs whick will give the legal deily tolerance dose of Ol Rfdsy sfter one monthe
Fror (4} we find that & totel activity of R =5€ R units will give 0.1 Rféay ab & 5C
dnyse ITrenslating this total dose into mmbers of bombs on the various assumptions

for h,, b, in TANLE Il we find

2

-
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Hunber of bomby, n, whish wili éivo O g/dagr after BC Ray::

hy=0 (s} 0 1,000 5,000 10,008

i hy=1000 rqoo 5000 20,000 \15,00_0 } 20,000

% 35:105 l 1,5x106 izzm" 3x207 i 10° 1851080

Another item of interest is the mumbder of bombs whick will give & daily dose &b
¢ 30 days squel to that provided by scsmis reyss
The sosmic rgy background at see level has besn measured“go e 168 iimsfmg
per ss®ce Since
1 R/day = 2x10° sons/on® per day,
the cosmic ray background
= 7¢2 x 107 R/dey,
The value of n regquired to squel ocosmic ray ‘be.okground(s} at & 30 dayz Is Iisbesd in
TABLE €.,
TABLE IV

Number of bambe n which will give ionization equal %o CE backgrouisd
after 30 deys

i 1,000

i 5000 | 20,000
i o ;

i

H

[1,500%  |245x205

UNIFORM SURFACE DISTRIBUTION:

The simplest manner in whioh to ealculate the number of atomi: bombs required

on this assumption $o ceuse givep radiation levels is %o perform & limitsng proosss

on Equation {3},

{4) Clay and Jongen Fhysica 43245~255, 1937,
.

{5} 1Incidentaily, %t is not clear that even such a low rediation dossge ss that
represented by ocosmic reys has negligible effect orn humanse Thea Pash %21&%
cosmic rays affect the rate of muteti:r of drosophils suggests wider poseibise

biological implicetionse




The situstion hyzh,=C represents 3 wniform deposition of ackivibty on the

s’uﬁ.‘i‘&ﬁﬁ, i'@&

n{’xleﬁf’

2
L earth

SE .
5 = ané hence

83 5= 0.9 x 10% By,

TABLE IV

¥umbier of bombs to give assumed total doses for uniform surface
distribution of activity

n

10°7049 compere with

10%%0,.9 TABLES I, TI

105%0,9 entry hy=1000 &% {m3xJotem)
10%x043 e

107x049 1320

DERCTISRIONR

The sbove celeulation essumes & uniform distributior of fission products per
sram of 8ire  Such » uniform distributior bekes time %u be osteblished, During
¥his time the activity decsys somewhat indicating that the figures in the %ables
for the tobs: dose srs somewhat too high on the averege. In additiop the area
a¥froted by the direct redietion from the bomb in the act of sxplosion is far
fror neriigidble, since it sffecte ~ 2 miles® per bowb, Further, it is olear that
until %o mixding becomes uniform, es assumed here, there will undoubtediy be regione
of velstively large concentrations ceusing deparbures from the figures cited in the

$ebtleu, These depesituresz depend on the initial disposition of explosiones a more

homogsneoRs

disposition would fend to give figures like those in the %abless Sinoe
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as time goes on vhe mixing becomss .irs completa, the Tigures for the mumbers of

Ak
bombs required to give 0.1 R/day at a month are repregentative, more or less indew

pendently of the initial distribution. T —
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