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the Turbulent Diffusion of the Radicective Products in the
%. G. Pemey

i " Yhe purpese of this meworandm is to demonstrate that the
redistion hasards will be vexy considerably mitigated by the twrbulent
N diffurion of the predwts dom into the mater. The radiation hasards
4 £n Shot A my be anticipated small after four hours and may even be
= tolerable for short times at 2 hours, Even in Shot B, they may be
small in 12 howrs sxoept possibly for ships near ia, and dowmn wind,

The dungc from radwuvity my be divided into two classess

il; Thoss arising from the fission products
2) Those arising fiom secondary radicactive products induced
4n the mterial structure of the ships,

_ Evidencs from the Trinity experiment, and from measurements in
roshima and Nagasaki, make it prastically sertain that (2) will be below
e xignificant level for both shots,
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< ' Wth regard to (1) in Shot A, tw possibllities must be considered,
- he £irst 43 that the flame region containing fission products will ex- ,
- AQand over at lesst one ship and contanirate it by actual deposition,

% sre it may be stited that ships which are this close will in all

s Srobability sink, Therefore it is unlikaly that any ship which still

= 4ficats will be sontamimated by primary products, The second represents

- , fhe only serious possibility and is that the fission products will eon-

5 nss on the surface of the sea directly, or be condensed on droplets

5 ch return to the suxface of the sea.

‘ -

$3 , With regard to (1) in Shot B, three possibilities must be con-
33 dered, The first is direst eontanimtion of a ship by the flame

-] gne; contaxination in this way of a ship which does not sink 4s very

3' & ““d¥all. The second is eontamimtion of a ship by wter drops containing

a2 2 #adiocactive prodwts falling on the ship, This appears a serious

N ;:dw.tty for ships mear-in down wind, Some trouble may be expected
O these ships, The tkird is the spreading of the fissimn products over
‘the surface and throughout the wolms of the sea within about 1500 feet

¥ , .

T Ve may sappose that im this shot the prodwts are initially
spresd wnifornly over s sertain area, estimted roughly at 1000 feet
radine, 3If the mroduwts did not move, the radiation density above the
water surface ia this area would be given by the accepted foarmila,

provided Yy Welsskopd
e R(per hour) = P 3200 n(kilotomns)
{ TopIED700E * Thours) * n(sq wlles)
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thtthotm‘lmdrvﬂlhhtocommmtg .
mtter of speculation, Howsver, the writer believes with soms
sonfidense that P will met exseed 0.0, This value Ls about one-.
tenth that fourd at Trinity, Having regard to thev different
heights of burst (600 fest or mare as against 100 fest) the valwe 0,0
hcmawwommuuum Then

n(rraor)-_,r. .'

mrothhhun m:tomhnw'ﬂlmﬁ-tonbyn
Lactor 10,

Clearly, Af &cpodncta remined £ixed on the surface, it
wnldmtbcmotovutmuto the central area evyen for a fow
aimites until tw or three days after the explosion have passed,

‘ There are, however, at least tw further factors that will
considerably rodmo the ndhﬁm hazards, The first is the turbulent
diffusion of the fission products dom inte the water, where their
effect is much reduced, or even completely removed. The second is
the carrying awgy of the products hy the tide, The second factor is not
altogethsr materisl, because the radiation hazard will still remmin
4in the mtar, ;lthou@!.ta center wWll have mowved,

L - For dmplicity, eonsider only diffusion domnwards from the
surface, The dcmity of radicactive produsts at depth Y at time T

will be (
R(1) (4 xxyd o T/0RT

vhere R(T) is the radiation density at the surface assuming the
produsts have not moved, and X ig the eddy soefficient of diffusiomm,

Mlhﬁomtmmhotmd\mmumhum
(actually A i3 about 30 @), nnthcndhumdmdtrabontb
_surmxmumh ,

y’al(!)(ﬂl!ﬂ/"y/i £T/0 g
o 4"'.'@7 '.% Ld(fg)]
X)a X=X,
where o (X) — [0 /> dx

" ™ and 45 the muhu_{ty integral,
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: Thus "/, represerts the reduction of the radiation density above

~ the surface due to the downward fiffusion of the fission produwcts,
If KT > )\, then a good appraximstion to 7, is ,
The larger the valus of %, the better in this spproximtion,

' "~ The question mow arises as to the proper valwe of X, The .
larger K, the more repdd the diffusion, and the less the value of 7, ,
Referring to *The Oveans”® Yy Sverdrwp, Johnson and Fleming, the least
mudlmrmmhmhtountdwo-ﬁl. The
value of X ranged from 0.2 wp to 0.6, Thess waters are of grest
stability and moderste surrents, The wter is greatly stabilised by
a salins density gredimnt, and the surface mter iv nearly fresh.

A much more comparable case for our puposes is found in the Bay

of Biscsy, Here the depth of mter wmas 100 meters and the values of
x‘mmzul& It i3 therefore considered that X u 1 is

d mu&ohwtuiithtkuhiammtmmonhn.md

e 8is o the side, Swstitut values, we
2454 the foifortng varees v ah b T howre - P
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that the affest of the diffusion at 4w
radioastivity Wy a fastor 10, At four hours,

£
:
e
3
pE

sixtstic valwe that 0,0QL of the fissim -
¢ sea over a cirels of radius 1000 feet,
en, as it moves with the tide will be ~
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R thondhﬁuhuﬁahwdutmd'm:mhm
e A '_mﬁmha»tt. The main factors that contro} the time at -
'y T Wiah the central on bstomes safe for entry are the tids, and
. ﬁulﬁhsdnet thontormthe:hipcmichdonotdnk

e

- The fellnlng are consMered ressomile guesses; no evidence
_ sxists en which to formulats better caloulations:

Infitially, the ttldn {uﬁmh will be distributed unifornly
through a 500 fest, going to the bottom, About
”&th&pm&uhtiﬂhtoudhthonw. Turbulsnt diffusien
doss ot help redwe the radiation above the ntcr! axcept t0 a vexy

a1 d the This however is
.ssumwwm region, | pwever

‘mcndhumd-ul e the mter, allowing for the mean
Lroee path of the r-tmqnutch ’
R(rorm)-

\ Even after 10 hours, the tien is dom enly to 50 R per
bour ever the water, nundhﬁcnint!nahipu is wypredictable,
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