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A co._sideration of the proSscie elTact. of I.ssion oroducts
as such, or those resulting from an &%o>ziz Jomd exnlosion upon the pop~
uletion in an aree such as the Smn ‘rezziszo ocay region leais one %o
examine the data collacted during anz after the daker ourst at 3ikini,
Jecause of similarities in physicsl size setween San rrancisco day and
3ikini lagoon, & creat many fects resultin; from the .Jaker studies ocan
be aralied to that area as well as other areas near large vodies of

water.

The dnta collected at -ikini relaveant to the fission produot
ocontent of the las;oon water is of especial interest. Jurin; the time
of the test very little of the coutaerins<ea water left the lajooa. This
is susstantiated Dy aate presented in r=slz I in which the total beta
activit from the fiscion proaucts ras sean salculated. Iu addition,
the active water diffused away fro~ the explosion rather slowly. For
the abovo reasons, the radiation levals aczniaved at olkini represent
what msy bDe oonsidered as the maximum tc o6 expectod if a bomo of the same
size as that used in tes% daker were exrloaed below the surface in an area
such as the San rrancisco bay. an est:-mtion of the geophysical charao=
teristics of such an exnlosion as well as tae radiation in roeatgens
which misht be expected are offered ic i1able II, Tne radiation levels
presented are calculated from the fissicn product activity in the water
itself and not rediation resulting froz surrouniing objects contaminated
from the intensely radiocactive spray from the oomdo, dowever, the rad-
iation levels to be expectod from such & soray-contaminftod structure
are given in Table II es well. As an exarcle, LCI=3:2 is used. This
ship was equipned with a telemeter d<«vice for measurin, the radlation
in r per day. ICI=3Z2 was placedi anproxicately 1.2 miles from the ourst,
Some ships suoh as the LCT=874 were f.rtaer sway from the blest (l.4 mi.)
but wers even more ective, The distrios.tion of fission products in spray
ocan be rather ocapricious, The activity z2ezosited in any one area is
subjvot to chance as well as ths prevailiz, meteorolo;ical caonditiona.

An examination of Taola [I s=ows that the initial patoh of
oontaminatet water from ocaker covered ar area of anout 16 square miles
with a mean niameter of aoout 5 miles, <his slowly iroreased until at
the 8th day after the bvlast, the active srea was 160 square miles with
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a virtual diameter of 14 mileg, Ths arount of surfsce radiation is szall
owin-: to the incorporaticn of <22 {Iission troaucts proauced oy the bomd

in such s large volume c¢i wassr,

The r per 2ay waluss ®sre obtained at 3ikial lazoon 5y direct
measuyrement of the contaminavae: s.rface. Tnese were correlated with the
absolute quantity of fissicn zrecz.2ts present in tne same wator., The
date is presented in Table IV. <=2 value o2-ained was that 1 microcurie
of fission product sctivity per liter woula result in s radiation level
of .022 r per dey. The maxizz= rasliation rate ia r per dar from the water
4 hours after Beker is therefore calc.lated to be 37 r per day. Owing
to decay and dilution this wes rez.ced to 1.8 r per day 38 hours after
the exnlosion. The radiatioz= levsl dropped to accepted tolerance levels

130 hours after the boms bursi.

The me n rela*ive rates of raiiation intensities to be ene
countered are also presente: in Jacle IZ., It oun De seen that these are
not impressive. In sumnary, ciziaxization of sater areas by fission
products with the intent of t;aw: up snippiag or trensport facilities in
& bay would not be succesaful Iro= an atomic somd explosion of this type.
However, the peophysical cnarazteristi:s of azy one area should be ocone
sidered before a final concl.siom relative to that area 1is reached,.

In case an atomisz o=y wers exvloded in a vay, some fission
products would be deposited uocz tne cottom of the bay in addition to
the activity in the water. 7The fate of this material might well ve sim=
ilar to that which is now remiz:z upon the bottom of 3ikini lagoon.
Althouch the amount of activizy in tnic case appears to Je large, the
residus, after several thoussr: zcirs of decay, offers no real hazard when
viewed upon a geophysical scale., The story of the activity on the bottom
of the bikini lagoon is offere: a: e reference point. This information
is included as an Appeondix to &=is communication.

Decay factors of fiszicn proiunts vroduced at the Baker test
are also available for about 13,000 hours after the ourst. These were
compiled from several sources suzn as data received from the ILCI-332, froam
sea water colleocted by the drone soets in operfation on saxer day, and
from active bottom samples collectsa betwesn 3aker plus 7 and 16 days. The
rate of decay of all of these =stericls ic similar. OJecay factors as well
as r per hour from LCT-322 ere zresanted up to 2400 hours after tne burst
in Table 1II, A person enteri-_ such & blast area in an uncontaminated
vessel four hovrs after the blest aculd receive less than 20 r during
the first day. This wculi Z2rc=< %5 relatively negli;ible amounts of rad-
fation on the succeedin; days. Taslse Ill snows that after 100 days, the
initial radioactivity has seen rezucel oy a factor of about 50,000.
Similarly, the expvosure to narsoznel 4 hours after & blast on ocontaminated
objects between 1 anl 2 ziles froa tas oenter of the esplosion would not
oes excessiva, The followin: 24 Zours of exposure on the LCI-332, after
3aker plus 4 hours, would have Leen less than 40 r per day.

The relaticn gl (.- ree-* -ans per day to 1 microourie of
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fission products is elso a us=fal valus in the coansideration of the

possibilities of ccnterinstiz> = large lanc area. Ome such example

would be the city of San Fransisco which mi;ht be the oLject of radio=~
active warfare. 71his area co.ili o049 contanineateq sither by a reflected
water dourst from an atomic 20=p or tne disuribution of fission prode
uets in grein eize evezly ¢7sr tne arca. Clalculations nave ceen made
which indicate tnat ZZ nillic.iries ol fission products per sgiare meter
of a plane ares woula result iz enouzn jamma aotivity to deliver 10 r
per day to occupants of trat area. _1e doasis ol these calculations is
the 1 microcurie per liter ratio %o 0.03 r per day measurod at 3ikini as
on saker plus 6 snd presente: in Iable IV. In tnese calculations sach
liter of sea water was coansiiered to occupy & plane area of 100 square
centimeters teu cextizesers in depth. Since ianclusion of fission prod-
uots into the materials presentin; the area.by a city are variable, &
oertuin percentage of %nem are zoing %o oe aosorbed to some depth of

material or otnerwise shxielied.

The value of 32 eillicuries of fission products per square
meter beins equivalen: te 10 r per day agrees well with those for rsdium.
In this case, it was calcuisted that 50 millicrams of radium ~ould be
necessary on an infialte plane surface to deliver 10 r per day.

However, Af the activity were delivered to & olty by the
atomic bomb svray methoi, it would be suoject to rather rapid decay,
Tne initial radiatioz rate wull bs aocut 15,00C r ane hour after a bomb
explosion if all of the fission product activity from an atomi¢ bomb were
delivered to an &res t1hs sgize of Sun rrancisco by the spray method,
The total gamma activity of the fission products produced have besn es=~
timated to be 6 x 10¥ curies one hour after tne olast., Caloulations
have beer. made of the racietion rate in r in such an area up to 100 days
after suoh a blast from the decay data availaole., Those are presented
in Table V along with the calculated radistion rates for the inclusion
of the ssme activity in an area 1/30th as small as Sun Francisco or 1
szuare mile. Since it «ouli be 4iffiecult indeed to deliver all of the
aotivity from an atomi: oom2 burst wmifcrmly over a city, the data obe-
tainod from LUT=874 is presenitesd as indicative of the radiation levels
which mizh%t be achieved were such a thinj; attempted, It is fairly ob=-
vious from an examine%icn of this aata that lathal or near lethal levels
of radiation are approached durin: wne first ten hours of an area cone
taminated to the ssme exter: as tnat of LC1=-074. .owever, the contam=
inution may well uvo primarils of a surtace nature rathsr than internal,
hather than attemptinz a mass exoaus of the zeneral population from such
an aroa via oonturirasec streets, it woul. prooavly ve much safer for
& population to seek areas aznich could be used as shelters from the
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garma rays for sbout 25 n-:rs. At this point, the fission oroiucts
wouald have decaved to mus=s lc.sr intensities of raiiation. Displese-
rent of & population eo:1: .e astewpted onw or two days afteras blast
much more safely then ic—aeiiezaly followiig such an incicent. doasever,
ir order to ex:cute suc~ & tl*n, almost eacn individual wculd Hmwe to
hevae sveileble for himsel? s~ze renid means of estimating nis radistion
rate in some particular sree. The s.mnlsst thing waich occurred to

me would be the emrlovmez= c¢f selfedeveloping strip film supplied with
stendards of darkenin; iz crier to estimate r alon; sith & shielded
case 4o prevent the filz frc= seing exposed before tne ncasurement.

At relatively hi h readissics levels (about «1 r per minute) darkeniag
could oe mosorplished in & w=ry short time aud the answer could pe ob=-
teined almost irrmediete.:’. & rrocedure such as this lends itself to
mass production on an enzrmeus scale readily. It offers no servioce
problem such as that prese=zei ny lar;e numoers of slectronic devices
used in the detecticn of rsiistion.

In azditica o5 tne contamination of -n area directly
with an atomic bomd, %the _.3® cf fission prooucts fror the pile as a
radiocactive embarrassmert =z 83 urban populetion is undoubtedly being
acnsidered in several quarserc. sor this reason, the data awvailable
from 3ikini have been u:ze= i. order to calculecte how much fissiom
product activity wcula oe zeedied to subject &n area as large as Sem
Francisco to & rediation lnvel of 10 r per day. Since the pleme area
of San Francisco is st lezz: 1.2 x 108 square meters ani the deposi-
tion of 2T millicuries cf “es‘on product actxvzty woulcd produce 10 r .
per day, it is calculeted “-s~ about 4 x 106 ouries of activity would /
have to be uriformly distri.uted over such an area, If the fissioa /’
products were about 100 cays olc, the radiation laevels woulc be of &
rather parmanent nature uciess successful methods of decontamination
were avuilable.

An examiraticz of Table V shows that the aotivit: pro-
duced from one stomic bo~z, <acayed for 100 4ays, would produce & rel-
etively permanent radieticz lz:vel of abcut 10 r per day per square mile,
From our oaloulations of =22 oso=b efficiency, & 108 & vile couli pro=
duce enough lon ~lived fissi-<z =rosucts eech day to conteairnate comne
square mile to a 10 r par <2y level makin; it an untenable area to

ooocupy.

However, %he rather dreary prospect of having rather large
and useful ereas contemizs=<e< for luny periods of time need aot be &
for;one conolusion. w~urisz i ust ecc Ceptember after the sikini tests,
solutions which had been .zei 1n this leoorator; for decontazinating
purposes for seversl ysars, sere tested with respect to their ability
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to remove fission produsts from saips' structures. During these tests,
new solutions were developed waicn were anle to rerove fission product
activity 60 to 100 days 12 from such contaminated materiuls as copper
nickle pipe, steel pipe., encrusted with marine scale, end other odd
items which are necessary to a ship. At least 99.9;. of the fission
product activity was removed in four hours of treatmont in controlled
laboratory testa. The solutions used were co~posed of orzanic complex>
ing agents such as citric acid in combination with varyin, amcunts of
dilute mineral aocids. They are easily mede and inexpensive. They are
non=toxic and could be easily apolied to urban aress by expanding the
facilitiss of the average fire department. Jucceasful use of such
decontaminatinz agents would rescue for any zroup a war potential
otherwise lost. Since the conteminated waste solutions used must have
some place to go in order to finally remove the offending: activity,

it may well be that the capecity &nd coipleteness of a waste disposal
system of' & oity would remain the last feotor in the successful de-
contamination of a vital area. For this reason, the succesgsful parte
ioipant in radiocactive warfare pmay insome measure ose that success to
an adequate publiec works system bezun many years earlier.

In oonclusion, it wculd appear to me that the use of
fission products to tie up water areas permanently has rather poor
prospeots. On the other hand, the capacity of a 105 K. pile ocould be
used effoctively to immobilize for limited periods of time in & humare
manner larze areas. 1he permanence of such «n act need not be related
to the radioactive deecay of the materials used out more to successful
decontaminating methods.
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TASLE 1

’ A CALCTLATICY. OF TZ: TOTaL AI'OUXT OF FISSICH PHODICT

' ACTIVITY PRESENT I SIKLNI LAGOON AFTLR TEST BAKER
Correotions idave 3een i.de for Deca - The Active
ity i'easured is Frimarily 3eta Activity.®

Total ~adiomctivity in La oon hater
Decay Corrected to 4 Hours !

Date Sample Collected After Explosion - ..
z£3
Daker ¢ 1 4.8 x 108 Curies £33
9 -3
Daker « 2 3.0 x 10 Curies E -e
-
Baker + $ 2.1 x 109 Curies T2
stz
- R
aker + 4 1.3 2109  curles =2
9 &3

Baker + § 1.7 x 10 Curies

L4
Baker + 8 1.7 x 107 Curies

* The Geiger-Xiiller tubes used on these studies had e geonestry
for fission product jeta rays of 10,, for Gamma rays ~~2e.
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TABLE II

A CONFARISON OF THr, ' AGUITUDE OF TH:S CO"TAI.IVATED Artd
OF TEE WATEx 3UxST AFTZR 3A-Ek A'D THi hELATIVE RADle
ATION IITZVSITIES FiaClh. THE COUTALINATED Y“:ATeR IT LOST
ACTIVE KRe3ICYS, Tiz iEAN helaflVs ACIIVITY, AND THAT
FROX OYE STRICTURE ELFOLED TO MADICLCTIVE SPRAY

[Timo After burst |Contaminated| Virtusl Diam« laximum r/ !r/Dny From| Lean Relative
Days Hours | Ares Square| eter Contam=- | Day Fost | LCT=332 r/Day over
Kiles inated Ares | Active Area ‘ Telemeter | cntire Area
1l 4 16.6 4.6 7.2 70.0 . .
'1-2 38 18.4 4.8 1.8 3-1 108
2=3 62 48.6 7.9 0.54 1.5 0.19
S=4 86 61.8 8.9 0.48 1.0 i 009
4=6 100 | 70.6 9.5 0.18 0.82 0.0¢
5=6 130 ¢ 107.0 11.7 0.08 0.65 0.026
8=-9 200 i 160.0 14.3 { 0.0004 0.1 i 040004
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TaBLE IiI

DECAY FACTCRS OS8TAIYRD *kOl* DECAY DATa AFT.F 3aKik SURST.
DATA FFO: TeLo3TTIr CF LCT=332, SEA '.aTix COLL-CTED 3Y
DROYNE 50ATS, CORsS COLLLCT:D FaQM BOTTOL OF 3IKINI LAGOON
Y2AR CRNT.R OF 3%.uST

-

Hours After Astivity Reduced r/Hour LCT=332
3urst by a Factor of 1.3 miles from Tero
1 0 450.0 ET3
10 22.5 20 zeg
20 58.6 1.7 £3%
30 100.0 4.5
80 281.0 1.6
100 563.0 0.8
500 §300,0 0.085
1000 13600.0 0.033
2400 50000,0 0.009
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TASLE IV

CO rARILO* Gr RWIAYION L:zVeLS IN AOEVTIGENS .ITd
’ FISSIO Fu I CT ACTIVITY Ik Ses WATER IN LIChCs
CUKIZS Fan LITERe. Samples Collected 6 Days After

Test daker
Position Observed -"ioroouries Per Roentzens / D‘YAMC/:JL
Bikini Grid No. hoentgens Liter of Viater . eagured from
ICPL Craft
1018 S 4.1 e . 035
1404 17 r 16.8 e .010
1508 024 r 0.316 o .076 *
1902 Jd5 r 6.4 o «023
IeT 1013 20 r 6.6 o «030
Hear Prinz Eugen 30 r 13.3  po .023
YOG 83 40 r 16.0 o <025

®
Low activities were difficult to estimate becuae of the
oontamination of the LCFL used in these meoasurements.
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TABLE V

RADIATION RATE IM FOTNTSZ'S FAR DAY FAO: TZE E'T1HB

FISSIC™ PROPCT ACTIVITY CF ONE ATC.
A SP.LAY EXFLISICY.

Curies Gempma Activity at 1 Hour.

I2 303 "3
Bomb Csloulated %o Froduce 6 x 109

4S5

Time clapsed Area Size San rrancisco Area of Observed r on
Days| Hours | Deoay 30 Square l'iles 1 sq. Mile | LCT-874 During
Faotor saker Test approx.
l.4 mi. from Slast
1 15,000. 450,000 1,200,
10 22.% 666, 19,980 §2.0
20 58.6 256, 7,680 23.0
30 100.0 150. 4,500 12.0
60 281.0 53.4 1,600 $.0
4.1S§ 100 5€3.0 26,7 800 2,6
20.8 | 500 5300.0 2.83 85,
42.0 {1000 1 3500.0 l.10 3Z.
100.0 |2400 PQ000, 0 0.20 9,0
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ArralDIX

A calouletior of the fission products recaizia; cu the bottom
of Jikin. La oon nac seen made from samcles collectesz 7 %o 16 days
after tust Baker, 1hese calculautions indicate tnat %se erciive poierial
is now tied up primarilv in 1.5 x 102 grid squares rear the area of
the blast, tne major porceatase of %r~ activity sein; scctained in the
first 30 cm. of bottom muteriel, .ne square om tne zriz chart ls,
accordin: to the map I have, &.o% 2.5 x 10° square reters. The total
contaminaeted arca is 1.5 x 108 square meters with s £as: of l.4 x 101l
kilograms of material present in the lazoon bottom costainirg the mejor
portion of the activity frocn the mvev slast,

A oompilation of activity om the so“*~» from co-plete assays
msde upon samnles collected upon 3aker +7, +8, +9, +15, +16 days shows
a totnl activity of 2 x 10% ciries ou tuv vottom on ssisr rlus 7,

This represents a~nroxiratoly 2 x 10° curies st 3 ¢ 1 2our or & major
rart of the activity from the bomb,
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The activity remeiniag from 3 + 7 or 2 x 105 curie: .as de-
cayed after about 10,000 hours to 1/50 of 2 x 106 or 4 x 10 ocuries.
lio appreciable loss in activity was lost b tween saccles taken on
3 + 7 and those collected in wvecexber of 1946, a matzer of tan months !
later. For this reason, it does not appear likely taat the resurvey
will reveal a great deal of chanze iu depositions ia view of the
fact that this material is incorporated into about 1.4 x 1011 kilo=
grams of material, a major transfer of activit, elsemasre is unlikely,
and the deposition of this activity in this paterial is of & permanent :
nature,

Althoush <+he activity remaining appears to oe gresat, the mass
is groat also so that the r delivered per unit of rass is small, turne
ing out to be of the order of .03 r per aay on the a7sra-e. The hottest
part would hardly be greater than .3 r per day. Ths e=0.mt of radiation

:—i
jelivered to an ooject ia close proximity to one of t-ese areas would ’.,

receive less radiation naturally. 1t is estinmeted to .e between .03
and 003 r psr day for the first two centimeters of tissue .epending
upon %Yhe actual activity on the bottonm.

It would seem that althousch 2 x 10* ouries of residual aotive
ity is an impressive figure when oconsidered inmelatimm to the mass in=
volvad, the values are below toleraance levels eizhteen aonths after

4he olast. . J
M

It may be of interest for medical legal reascas to consider
the amownt of radiomotivit: existin; iz sikini lagoon ;rior to any

(L 3 - e menld -

.~ e \VJ
A~ R A e - - v ol ’,
e W SRR - A AW ]

S - — -
e e BdP s - QPR v b
B e T Ll w - . ~ advaaD
@ ema - e - - -




LN

. wa

——— P

SISO |

AR~ e P\t - o
- [ n‘-ﬁ:...aav.}o -
e A s Eed s .-
- - - -m—
-~ - - o ane
- - -
*> = - - - agre
Faze Twelve
K35=1

Tot J. 5. Hamilton
Froms Y. G. Scott

atom bomb tests so that things mizht te viewal it tneir proper perspec-
tive. The -volume of vikini lajooa has oees astizates to 29 2.8 x 1013
liters of.sea water at low tide. <(he ectivit Jrcz the natural radio=
active isotope of potassium, K40 in all potassium, oan oe oslculated as

follows.

There are abou .4 jrams of potassiunm p-r liter of any sea
watsr. It follows the that every liter cf ses water contains 48
microzrans of redio-ac ive potassium 40, since .0l2. of 2ll potassium
regzrdless Sf sonrce i. k%0, In 3ikini lazoon. theun there are l.4 x 1
crams of k% This wo: 1d result in 2.1 x 10°1 atoms. ihe mean life
of K40 is 1.8 x 1018 sesonds takinz ths value of trhe half-life for
4 x 108 years; the total disintegrations per secomd from k40 in Biking
lagoon is 1.15 x 1013 ¢ 3.1 x 104 curies of %0, ihis is an amount
of activity comparable t> the resiius of the caker blast after eighteen
months of decay. Cne lier of sea water aosorbs tne ionization from
42 disintezretions per s ccad from K40 continuously without untoward
offects upon biolozieal rechanisms present.
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