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The Turteilent Diffusion of the RadioactiveProducts the

Ww. G Pemey

the purpose of this memrandm is to demonstrate thatthe
Fatiation hazards will be very considerahly mitigated by the turbulent
diffusion of the products dom into the water, The radiation hazards
fin Shot A my be anticipated mall after four hours and my even be
tolerable for short times at 2 hours, Even in Shot B, the may be
amell im 12 hours axcept possibly for ships near in, ani dom wind.

the danger from radioactivity may be divided into two classes:

3 those avisirg from the fission products
Those arising from secondary radioactive products induced
4n the material structure of the ships.

/ Evidence from the Trinity experiment, ami from measuranents in
roehiom and Nagasaki, make it practically certain that (2) will be below
e aignificant level for beth shots,

With regard to (1) in Shot A, tw possibilities must be considered,
he first is that the flame region containing fission products will ex-

Agend over at least one ship and contaminate it by actual deposition.
ere it may be stated that ships which are this close will in all

probability sink. Therefore it is wmlikely that any ship which stili
d@loats will be contaminated by primry products, The seond represents

ie only serious possibility and is that the fission products will eon-
mse on the surface of the see directly, or be condensed on droplets
ch return to the surface of the sea.

With regard to (1) in Shot B, three possibilities must be con-
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. the second is eontamimtion of a ship hy wter drops containing
adioactive prodwts felling on the ship, This appears a serious
egee eee adsen wand. Some trouble may be expected

these ships, The third is the spreading of the fission products crer
ee eecededett the volume of the vee within about 1500 fest
af the explosion center

y , , .

‘ co We my suppose that in this shet the prodwte are initially
spread uniformly ever a certain area, estimated roughly at 1000 fest
radinue. Xf the produwts did act move, the radiation density above the
water surface in this area wuld be given by the accepted formila,
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whore P is the fraction ef the fission produste actually deposited,

is the energy of the explosion in kilotons, and m square miles is the
area over which theproducts are spread. -

, “Gust what the true wilue af P will be is to some extent a
matter of speculation, However, the writer believes with som
eonfidense that P will met exceed 0.001, ‘this value is about one-.
tenth that fount at Trinity. Having regard to the very different |
heights ef burat (600 fest or more as against 100 fect) the value 0,001
is considered a very safe maxim value to assume, Tae

“Mperbow) =5 '
~

where fT is in hours. this formila may well overestimate 3 by &
factor 10,

Clearly, if the products remained fixed on the mirface, it
would not be safe to venture into the central area eve for a few
mimstes until tw or three days after the explosion have passed,

There are, however, at least tw further factors that will
considerably reduce the radiation hazards, The first is the turbulent
diffusion ef the fission praixsts dom into the water, where their
effect is much reduced, or even completely removed. The second is
the carrying away of the products by the tide. The second factor is not
altogether material, because the radiation hazard will still remin
in the water, although its center will have moved,

' ‘For simplicity, eonsider enly diffusion dowmvwards from the
surface. The density’of radioactive products at depth Yat time T
wilh be

nr) (4p any oT/aer
where R(T) is the radiation density at the surface assuming the
products have not moved, and K is the eddy soefficient of diffusion,

Let Xd be the mean free path of the -radiation in wter
(actually 1 is about 90 en), Then the radiation density above the

, Surtane af the miter ds

gemexamyt(“eh etta
Bvaluating this expression, we get(ae eet ++ (GE)

RCT
»

whe Ye Xe kAre A (x) ae /> ox

' ™ and ds the probability integral.
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_ Thus *L represerts the reduction of the radiation density above
the surface due to the dowrward @iffusion of the fission prodwts,
If AET>A”, then a god appracimstion tem, is

The largerthe value of £, the better in this approximtion,

' The question now arises as to the proper value of K, The .
jJarger K, the mre rapid the diffusion, and the less the valu: of %, .
Referring to *The Oceans*by Sverdrup, Johnson and Fl the least
value of K ever measured was in Danish Waters at depths m The
value of K ranged from 0.@ up te 0.6, ‘These waters are of great

and moderate currents, The witer is greatly stabilised by
a saline ty gradient, and the surface wmter is nearly fresh.
4 mich more comparable case for our purposes is found in the Bay

« Here the depth ef wter ms 100 meters and the values ofof Biscay
Krange from 2 to 16. It 4s therefore considered that Ke lis |
d nigntiy onthetlghskis, Swstibcting e value, amd
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Tt will be that the effect of She eddy ditfasion at ‘two
radioactivity hy a factor 10, At four hours,rf i ot Be

k

sinistic value that 0,001 of the fission -
e@ sea over 2 circle of radius 1000 fest,
en, as it moves with the tide will be ~J cr i : i
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BRASradiation hasards in this shet are ef course push more,
_ gerere Shan fn Shot A, The main factors that contro} the tim at

e central region becomes safe for entry are the tide, ani
thespacing ef ruMlonstive mater over the whips which do net hak

7 the followag are considered reasomble guesses; no evidence
_ exists on which to formate better calculations:

Initisliy, thefission predaste will be distributed uniforaly
$00 feet, going to the bottom. About

Si of the produsts willbefount tn th sate, Turbulent diffusion
doss mot help redwe the radiation above the mter, excet to a very
alight Breree WY spreading the rections This however is
negligible,

the radiation densi above the miter, allowing for the mean
free path ef the yeways miter is

Riper hour) ¢ |
Bren after 10 hours, the tion is dom only to 50 2 per

hour ever the water, The radiation in the ahips is wpredictable,
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