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Backgrmmd radioactivityand oceanographic

the Pacific Proving Ground are Gf significance;

the contaminatingeffects of I’U%DXINGEVGiltS, in

conditionsLil

In evaluating

the understam5-

Ing of the fallout problen at sea and extrapolationto land

fallout patterns. Thus, as a part of Froject2.,62$a mcfith-

Cp!rlil)o
---- -“-- ---- ---- ---- ---- ---- ----

Sz$





.



6



DRAFT

-——

TITLE PAGE

PERSONNZL

JWSTRACT

cONTENTS

LIST OF FIGURES

LIST OF TABLES

1.0 INTRODWTIOH

,

CONTENTS - Page

2.1

202

2.3

2.4

205

2.6

2,7

2.8

209”’

2.10

2011

30 0CEAN03FJYHICCONDITIOMSIllTEE PPG 03EN SEA ARE4.$
by Paul Lo Homer

3el Currents, gener&l inf%rmtion

3.2 C-@rents at various levels

31

31.

32

-7
7



DRAFT

303 Temperatureand density
3!5

3C4 ‘Kixl.ngprocessesand stability
37

48

50

63I)mmimmol?

8



DRAFT

._

IA.

lBs

2.

3.

4.

5*

6ke

6?3●

6C●

6De

6S●

7.

8.

9*

10*

11●

12*

130

14●

15.

16●

176

18.

LIST OF FIGURES
-—.

Posttionsof observations

Positionsof Observations.

Bottom sedimentsamples,gamma radio~cti~itY*

Lewis of radioactivityin a sedinentcore of the PPG.

Bikini Lagcon bcttom sampl=s,gamma ?%dioaetivity.

Surface currentsfron geomagnetic-electz’c”-kin~”ho~~graph~

Directionand speed of surfacecurrents.

Dimcttm and speed of currentsat

Directionand speed of currentsat

Directionawl speed of currentsat

Directienand speed of currentsat

Suri%ce temperatures.

~~e~~g~ s~~~~~ity LF

Inepth(1ZInetez’s)of

Observedcurrents in

Observedcurrents In

Current velocities-

the center of the lagoon.

Current velocity,30 meter drift drogues~

9



DRAFT

1A●

lB.

2.

30

4.

59

60

—

———

Radioactivity

Radlo2ctivity

Radioactivity
ppG area.

Radiozctivlty
Lagoon.

Radioactivity

of PPG open sea area watcrso

.9
53



1, iNTRCIZJCTIOl?

The several purposesof studyingthe ra-dioactivitykck--—-

grcnuxiand oceanogrti.phlcconditionsof’the PacificPrcving

Gromd are:
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plastic and dumlnwa sM.eld to reduce
—

bremsstr-g.

Ga!~4aITS.dl~tj.OKIWaS detect~dand countedwith a l.eatiskieM-

ed RCA 5819 photomulti@ier tube and a l+ inch dfa~~et.crsGMu!n

iodide scintillationcrystal. Both beta am~ game cm.mters

cpml~. The prcbableerror in eech cowvtingrate was difficult





~rOX Depth
inmeters

Surfece O
50
100
~25
150
200 ~
250
3CJ0
400
500
600
800

1,000
1,200
1,400
2COU)
3,000
[1,900
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TABLEl=A
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RADIOAC1lIVIW or Pm OPENS!34HUM WATI.3S
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~44 RADIOBIOLOGICALASSAY OF NEAR-SURFACi?AND DEEP SE:.I’lUHA

In general, the followingis based on samples of ?~O-
—

plankton-takenduring the Me V. HORISONtscruise~ These

sampleswere collectedwith e standardone meter diameter

planMon net towing obliquelyfroni280 meters depth to the

surface In 15 minutes time while the vessel proceededat about
,

2 knots. The net mesh is of’nylon lll?itexi~Clo’cll$60 neshcs to

the inch= lts cod-end ts of t]lesame Wtei’ial$ ~ meshes pcr

inch. The net is

phytoplan.lctcmand

Sampleswere

escape for some extended period of time crop aiitercrop of the

ShOI’t ki”Jd @ZMliftO13 become CGD.tEL3ine@do As will be shown

3.8

/y
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TABLE 2

RADIOACTIVITYASS4.Y.—-
SAHPLES FROM TIE

OF PLAIWTON
PM AREA

5

7

9

2.2

25

28

29

o
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Sample Item

Hatchet fish (enti~’e)

Shrimp (Wsidae)

Pteropod.s(3 small)
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to the lbn depth where a sharp increase

then dtmlnishesat a rate similar to thg

the bottom of tlnis46 criicore only a 3.3

4E3

23
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Radioactlvl’~yLevels d CertainFauna from 13Ski~lLsglen—
——— -SoutheasternArea-

Sample Item (larma CPM
ptw tterc
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FLM?IOACTIVITXLEWEM OF CERTAIN FAUNA

FROM AILINGINAELAGOOE--\W=TEMS13CTION

Sample Item

Liver of 4 In. clam
Liver of 8 ino clsm
~ of adductor muscle
Pmtim of connectivetfssue
Pm%im of mantle
Liver of 8 in. clam #2

snapper

+ gms
Liver
1/5 ~~~l~~~hand COdX3~tS

1!10 of vertebrae
Flesh$ portiOn OfO

Spleen
Gall bladder
Kidney
Tail fin, umcraped
Sanple of scales
l%rtion of clam from
fish~s s@macAl

,, - -.. .

Gmrm cpn!grau
(wetweight)

2,,200
>9050
900

270
3,270
1,050l+fj~

2,200
4%0
100
200
60

70

27
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One b&toI!I samplewhich was obtainedfrom Ailinglnae lagocn

gave a count of 904 cp!x#gwhich Is aboa~ one-halfthe activitiy

found in the east end cm Bikini lagoon.

209 LAGOON PHYTO%ANKTW SAMPLES

Several phytoplanktonnet hauls were taken in Iltkii~iand

Atolle The meat of three green coconutsfron NAN aswxqed s.46

27

e



30







ImAm

—

from 0.0 to

tine eddy is

.as it is at

almost non-existentat tlit~ dept~.

At 2.~0Meters Denth~ The two ud.n streamsentering

area on the So-utheastand nortfieastcornersmm.nderuore

this depth (Fig-6C) than at levels above it. Magnitude

the

at

of

notion is very’similar to that at 75 meters depth. The Bikini

eddy is more elongatedin north-southdirectionsthan at shcaleg

levels$ and it is Iar.ger, possiblydue to broadeningof the

atoll groups with depth. No eddies or meanders exist nsar

Eniweteka Because the eddy-likefeature there is rather supsr-

ficia13 it is probably temporary.

33
/ +2,

. -: +,/..f,
.7 ,.\

“a -b;.\

33
—

$!$3



what in direction, In the east and southeast,th~ cjrcI?~2ti02

has becGri?eweak EU?dmeandering. Currc12tspeeds rmge fron 0.0
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:)2.ApI

waters neand che surfaceswhero currents

be swept out of the area in 2 years time,

would not have been renewed because of the feeblenessof flow

. there.‘–&so the eddy iuay be present at 8W) to 1209 meters with

water.init moving at a speed;of only a few hundredthsof one

knot; It would further delay exchangeof water in the a?ea at

cf the area stud5.edto 27.PG on

The most abrupt Change 5S at the

which mark -thescuthcrnboundary

EquatorialCurrent in the 3.rm..

and warm move very sbxd.y toward

er solar radiationreceivedat the lower latitudesin spring.

This is il?.ustrate~ by the averege temperature

35
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contaminatedw3ter moves ov(:rrelativelyclean v3,ter aridclean

water flows in above t?le lover contaminated porticn. siTLl]t~fi~:,~~-

Q, verti~al turbulence act~ to homogenize the .entfic:l1~.~cr above

the therrnoc?.ine,therebydiluting the contaminatedwater.

Z’orfallout over a small area from a nominal kiloton weapon

the primary mixing process is the Iztter effect discussedabove,

that me 100 microns in diam.ter would sink at the rate of j~ to

100 meters per hour; these wculd reach the thermocline in 2 or 3

two mont.kisafter CIiSTLEshowed mdc’ngreater cmcentraticm of
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Verticalmixing is inhibitedat the th.ermoclinedue to

the stabilityasso~iatedwith the rapid Increasein density

with depth. Verticalmixing requires the vertic:.1movement

of parcels of •~ater~ ‘Ahcreverticaldensity gradientsare

great, as,tineyare in the thermocline,these movementsinvolve

relatively

probable.

tion (deep

large amounts of energy and are thereforeless

;i~xirig,therefore3is Iessaj In the “~lG’:~A~’loPera-

underwateratomic detonationoff CalilGrnia)radio-

activity was materially concentrated in thin stratifiedlayers

of high stability These sheets of iadj.oactivewater had

horizontal dimensions mGasure~ in miles and tens cIt miles ~jith

vertical thickness of’ cnly a few meters (except e?mve the

thermocline). Contamination existed in the depth of the s

thermocline and below it at !IG’:JAXbecause it was introduced

at these levels. This is contrasted with fallout whirh is

spread on the S.Urf2CS and re~!ains nostly above the ther~oc’line~

Compl.itatiofisd stabilityhave been made for the data

taken on the HOfilZONiscruise in the PPG eree.a Fig* 11 shO1~s

the average stabilityof the west stzble 25 metcv I>yer$ and

Fig. “12rives the depth of the layer~ The stabll~~~yvalues
-..” ---- ---- ---- ---- ---- ---- ---

3* Since the downward penetrationof radioactivityin sol~~tfon
in the water is very SICW at the thermocllnetsubmarinesmaY
generally avoid water with h~gh activityby diving into the
middle of the thermoc’lineoSurfacevessels may obtain rela-
tively clean water f’ortheir’evaporatorsby pu~pingwater
from within the thermoclinedepth zone. with a depressorOn
the end of a water line the latter might be acempllshed
at normal speed. (At early tines or during fallc~ttclean
water undoubtedlyexists in a shipes wake; there.f~re~a
std.pprobablymay obtain clean water for wash-down by 3CtravelingIn a wide circle, or by followinganother vessel

c,>?,.B,,~- at sme distance. - Isaacs.)
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given are proportionalto the acceleration

would have if it were displacedvertically

a mass 9? water

a distanceof one

meter. The g“reatcststabilityin the entire area iS just sOuth-

west of Mkinl at depths of 75 to ~~~ meter~~ ~~SpGt jUSt WeSt

of Mnlwetok Atoll and another~outhwestof Taongj.i.tollhave

nearly as great rnaxtmurnstabilttyvalues- The stabilityvalues

appear nearly constant (2SOCto 3000).over the areas of the

main streams of EquatorialCurrentwater.

Shoaler on the south than on the north side of tkle area

studled$ the depth of the 25 meter Layer of highest stability

varies from 50 to 100 meters to 150 to 175 ~~~~r~~ Its depth,

at

in

at

many places$ is just below the top of the theraocline~bn~

other places$ where temperaturedecreases\;it-hdepth sldl~ly

first, it is nearar the middle of the $hermocli.neaIn the

latter case$ radioactivity may be expected

after scm~ period of ~~t~ie (probablyvitlx!.n

depth

a few

weeks).

mg. 13

layer. Time

m~terS depth

the rLorthwestccrner of the area reflect the deep tkermocl.ir~e

theree In geneyal,the ~gnitude of thj.saverage Stebility

increasesfrom north to scuth-

In the very deep water the stabilityrematns positive,but

it decrezses slowly to very near zero (Fig. 9)~

3,5 WATER MASSES IllTHE AREA

Oceanographersuse characteristicsof the water to Getine

specificwater types as the aarologist does with the atmsphere.

The natw’al mixing of -anumber of specificwater W=s res~~t~

4~c:;::”::-: 40
L,,’.,’h:.>
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in a mass of water that can be recognized~y its chaisacteris-.—

tic temperatureand salinityrelation- l!atermasses are

named af-teroceanic regionswhere they are formed or are fcurda

Further mixing between two or mere vater mzsses

By comparing the horizontalmntlnuity of water

in the area stvdied,movementof water into the

estimated,

The water masses in the Pscificwere named~ described,

(;<.,‘.‘, -. . ..
-..-

“, -,.
. . .
\



“Jaterin the wind-stirredlayer and do:mwri tc about the

middle of the thermocllnehas features rep’csentatt’~eof the

radiation,evaporatl.on,precipit.atton$etcr.)the characteristics

of this water are in between that of the PacificEquatorialuzss

and that of the ‘iesternNorth Pacific Central water~ Soutk of

the latitude of Bikini$ this water mass is present hEt*,;eenthe

surface and depths of 1~0-200metersj it appears Letijeen the

surface ard depths of 20C-265 meters elsewherein the area.

studiedtexcept on the northernboundaryw!~ereit CX%MS to

‘:20meters depth (Depthsof water masses et each locatfon

Pacific Central water ~“.ppec.rsat ncarlj~e-wry locationsampled<.

delineate their characteristics~

where sarplingwas donec on the north side Gf the area studied

it is 3Q0 to 800 meters thick end occurs at depths of MO tQ

12CG meters. It thins to about 12~ metsrs thicknessin the
.

42



4-15to 600 meters depth on t!lesouth side of the aree studied
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~.6 UNI)EK:JA’NHSOUND PRGPAGATION

At five locatiorison the 110113Z,@Ntscruise, temperature

and sal~~l.ty were measured to depths of as great as 25C0 meic~.’~

to more than MO:metersO For these stationscompl~tationsw~i%

made of the speed of underwatersound. At all locationsthe

~ound speed profilesfrom top to bottom were very similar

except in the depth range of the tnermoclinee Thus$ sound

sy~ei data are slwwn plotted only for one station as an exampl~

(Fig. 9).

At all locations the speed of underwater sound is nearly

constant above the thermoclinee In generalsccnditlczsare

now relativelygood for near-s=urfaeeprapagatioriof Ur:derwaici

C5mmencin=~= -t the top d’ the tharmccline$SO’W3 speed

decreasesrapidly with decreasingtcmpere.’awe(Mg~ ‘3). It

reaches a ninimum~ generally at 1000 to 1200 meters, except

at one location where it was least, at 800 meters. TW.s mini-

mum is the axis of.the deep SCFAR chme10 FOP comparison,off

the west coast of the United States this minimum Is ~crwd at

600 to 800 meters depth~

Eelow the minim.m the sound speed Increaseswith depth.

The increase is very S1O*Ndown to below 2000 m?ters. ThUS a~y

44
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part Gf the area less than abovt 1000 fathoms water depth is

bottom limited for deep water sound propagation~-Where depths.
-—.

are 2000 fathom or greater the deep water propagationis

fairly good. It is not as gocd, however,as off the west

coast of the Untted States where the speed near the hettom is

more nearly eqval to that et the surfacee

45



.,-.



:7. . .



— .—.,, . . -





. .

. . .

5?0





I)FW’T ~.

.

—----”:

r~_....-’;-y-
,., .”. .

\

.

~ ;“-

L .. .
-_c--- m.,.-

.

r;
>-

./

9



-$ ..;~“,-7> ‘ ..
: ,----- . . .. A

,. .:”. ., :.: ’,.’r:.
).. .’.. .,, --- .. -,

:;,...,.”:’/.. ,: :, “, i
.- ‘>,’..... .

;.’,4 .
.,

,.,. . . ,. . .
.-, ; .’:. .

,.. .,...,
.~:,..,’. . -.

l..
.- .>..

.“(.:

.. .* \>:-,., ...,.
L. . . - ,. ..”.-., ,. . ...” ,>:... -..--->. -:

. ..
,:.”

.

! ‘.

..
.6.

53

&



-,. .

“,-?; .

;, .; .?.:.. . . .. :

‘i ,- ;V-,;. ~. ..,

.~. -.... ,. .,,

‘>“ t.’:... ...
.T,-.
,., ,.



/ $?<

. .
.“..;-. .-e

<



.

new channel between the open sea and th~ Lagom.
.

Ti~al-currents,upon which will be Gcded a nst Gu’tfloufrcwi
———

tl?ewind d.riftwithin the Lagoontwill occur in the new chm.ncl~

Flood velocities of app~oximately0.3 kn.otstand ebb velocities

ranges (0-6 ft.) these currentvelocitiesmay be expected to about.
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of %olume At~will be carried into the Lagoon with the flooding

current. This will be true, partictiarlytif the tc~t occuzzs -——-

during a period of large tidal ranges. Because of the westerly

set to the currents in the lagoon along the TARE-UNCLE (EM.nman-

Enirikku} boundary, much of this contaminatedwater will be moved

westward and will not be ava.Uableto be car~ied out to sea on the

subsequentebiitide. After &? fir~t e~.ghthOUPS appr9XiEatel~

%03.uJMA’tbeing easried s“(.owlynorth-westwei-d and tl’.ea eastwardby

described8.hovefor the case Gf a shot time C1OSO to the time of

very hig’hlycontaminatedrolumewhich initiallywm.ld occur %-i”thin

the 13-NEtrade winds prevail.

Assuming th~~moderate EliE trade winds occur during and ~Or some

weeks after tbe test, it is estimatedthst 20% of the initialcon-
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