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ABSTRACT

Background radiocctivity and ocecanographic congitions in
the Pacific Proving Ground are of significance; in evaluating
the contaminatihg effects of REDWING events, in the uncerstand-
ing of the fallout rroblen at sea and extrapolation to land
fallout patterns. Thus, as 2 part of Froject 2.€2, a monthe
long study has bzen made of radiozctivity in water, crganisms,
and bottom sediments, and of currents and physicsl character ot
the vwater over a 1k0,000 scuare mile zrez zround Bikini Atoll.

The waters afe slightly radioactive, with velves of 150 o

or 1iter (epw/l), wherzas the

150C geoona counts psr minute

Bam2

(o

neturel radicactive background. due to potassium-kC, is about

O% cpm/l.t A field of wazimum sctivity (8CC tc 1502 ¢pm/1)
exists at 300 to 1200 meters depth at locuiicns to the west of
Bikini Aioll, vithin 150 miles of it, and betwesn 103C and
133° N. Radiosciivity is essoceisted with pzriicuiztis nmatier
Tace only; at all other depths (¢
is mostly in selution, Organisms collectes P
ers and deep sea faune captured in a trawl as decp as 2500
meters depth are about equally ra&ioactive; the level of getl-
vity iﬁ these nearine creatures is about 3IC {0 5C 1inss as muen
per unit welght as that in eguivalent weight of voter. Lagcoon
waters and surface waters in the opesn sea around the lagoons
are slizhitly more radioactive than othef aress (1100 toc 2100

cpm/1),

- we M W Mw G W ST G e P G A S W R G ER W e an Gn G MR A e e A ar em e

rays emitted per milnute.

<3/DOE | 3
["?\LU’D <
LA RG @

1. All values of rediozctivity given in this report are garmnz ;Eg
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\cve.l o )
Tre highest emevat of racdlcezctivity in the aie: siudied
& lagoon
is on the oceangfloor in the region of CASTLE ¥ lluﬂfn The

top of cne deep sea core taken 10 miles ncrthwest of Bikinl
Lagoon tested 29,500 cpm/gr.; sediment fron the no“rn:cat end

of the lagoon emitted 45,000 cpa/g. Presumably both vere frea

]

BRLVD event at CASTIE. Elsasvwhere in the lagoon, the Lottom
sediment gensrally emitted froz 1500 to WCCC eru/z coupsred
with a usual 1000 to 3000 cyr/fz in the fz2llout urea cutclde
the lagcon.

Sampling of bottom living crzgsnisms outside tho legocn is,

thhe highes® activity 2nd this wase ouitstandingly concentraeied

in the livers and kidneys (52,000 to 84,000 gamma cpn/g).

In the cpen sea area, ressaremense of currents wa2rified
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the main flow westward is lccaied at the norih sidcs 20 the FUE
AT - - % - ] g B D2 .3 d < o ey A -
A iarge, countercliocswise-revolving eddy at Bikind is foend dovn

attains 0.6 to 0.7 luiot speed and everages G.3 to C.k Knots
thence it cecreases to a maximur of C.3 knot and sverage of
C.1% knot at 500 meters depth.

The thickness of the wind stirred lzyer above the thermoiing,
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Bikinl to 170 meters in the ncrthwestern part of the ziea. The
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velers ure most siratified (i.z., density gradients zre great- .
est) a2t depths of 50 te 175 ﬁetars, being shealest Zn the scuti-
eastern part of the ares, deepeszt in the northwestern perelio
and of intermediate depth at Diklni. Water masses in the arcs
are primarily Eguatorizl Fracific, Horth Facific Intermediate,
nd West Nerth Paecifie Ceniral. |

Underwatcr sounrd propagaticn conditions ot depths ebove

the thermoclinz are good, brt will tecome less {sorehle oS

: ?
sunmer progresses. Frovagation in the deep watesr iz bottom
linited where deptas zre less than 100U f'zthoms. e aris of
the deep sounsd charmnel 1s

1.5 times as deep as off the U, &, West Ccast). »

S I S Fad Al e ¥ . 3 B
Ryeiesl nydrogravhy of Bilind lsgoon is sinillar oo

LR

g 3 " dn 4 = 1 [l oY [ s " . S e e a gy

tnat ohiained at CROBLA0ALE. Surfzee wvoters move dowmrwind,
) - - . - K230 . R 2% ~ & b, . - = e e} e -~

andg deep waters Ifiiow in Lhe ormosite dlreaction te comulate o

3 - P ] A~ A 3 s ame ooy .y . -
celluler cireculetion. &t the urwind ernd the decn vuisrs aue

diverted otk north anl south into twe sercalarv hotizontal

lageon za2laong the windwzrd reefs aznd Flows out througn Inya
chanacl aﬁg-at the lz2warc reafs end cpamwmels. Uitn szonllaaly
and sountheasterly winds mest of the inflow cccurs Throvgh noau
chiannel.

Speed cof the surface current was measured to be zbout
1.6% of tre wind speed instesd of 3% as previcusiy found. The

siderably less speed than thzt obitalned during previzus invesii-
gaticrs ag the irade windg rzateri:lly cCecrease, the surlices
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current essentially stops immediately, bnt the decp flow con.
tinves £OF some time.

It is calculated that vhen the ezst northe

o
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prevailing, water in the lazoon is completely exc
averaze évery 40 days. 4t times of light scutherly or scuth.
easterly winds an cstinated €0 to 10C deys are raguired. &o
condlitions viere ohserved during the leld worl in wiich very

dmn

rapid flushing of the lagoon occurred.

COFIED/DOE
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1, iNTRCDUCTICN
The several purposes of studying the radicactivity back-
ground and oceanogriphic corditions of the Pacific Preoving
Ground are:
(1) Tc evaluate effects of REDWING events on the
radioactivity confent in wzter, marine organisus, zad hotiom
scdiments.

(2

A
ac)
(o)
—
)
[¢]
=

litate accurate reconstructicn »f tho
equivalent land fellout patiern from mcasurenents hy ships and
aireraft and enable future fallout surveys to be nade with
less effort.
(3) To unde’stznd the fallout problem ot see

‘ge, and to provide ccearoyvarhic zesistance to the Task Force.

Previous ocecnegrapaic deta in the PP are primerily f£rom
coliections made during the veriod Kerch to August, 1856, in

connecilcon with CROGSPOADS gnd {from Japanese hydrographic

t

investigations during 1933-1%1. Thcse are mostly measure
renls of density and thermal :truclture and of soms chemice

constituents. Althoush the drta are many, they are nefiier

closely spaced nor gynoptle. The Javanhese madce several CroLse
ings in the area with a reseavch vessel during June 195% to

2o

procurs information in support of a claim of damzze to their
tuna fishery.

In analyzing the CASTLE :allout results, the nesd was
evident for wmore expiicit dzte on currents, rates of verticel
penciration and aorizoutal nmixlng to properly interpret fallout
measurements in the cpe: sea. |

.

(4/'}/
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Studies of these physical aspects, as well as mezsure~
ments of the background of radloactivitly, were conivetved
aboard the Scripps vessel M. V. HORIZON duvring 5 Apnril -~ 3
May 1956 in a rectangular area reaching 100 miles to ths sohth,
200 miles to the west and north, and 250 miles to the easti of
Bikini Atoll (Fig. 14).2 Particular attention was given to
background radiozctivivy and currents neer Bilinl end the most
probahle fallout areas (Fig. 1B), backzround in and rate of
eflux of water from Bikini lagcon, znd fallout periicles on
the deep ocean botion {rom the CASTLE events. Dok
radiozetivity was studied in Ailinginas Lezoon.

As used in this report, readioactivity baclkgrevald is ihe
total auncuvnt due to the combiznsticn of naturally ceoeursing
radicactive elerecnis and the rajdiosctivity romzirning f»om
eport was prepared in the field during and immedi -

s
ately folleowring the data collecticnsy iV is for uso by Prograwm

2 specificzlly and the Task Force Ip geaszal. Wind produced
waves and tides hiave bech: excluded from the 2iscusslion hecavse
such information is veing providsd by ihe J-3, Ha., JIF--3LUZM

Cceznographer,

- W B WP e M e @ M EP s AR B OB S s SR W AR W SR PN @ e WE B ar s m N -

2. A1l figures zre et the end of the repcrt.
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e RADIOACTIVITY BACKGROUND IN TEE OFEN SEA LHD
LAGOONS OF TiE PACIFIC PROVING GROUEDS 2ArLi

by

DeCourcey lartin, Jr. and Rooert L. Wisner

-

The M, V. HORIZON is equipped with a smali radiochemical

3

iaboratory, radiation detection and esszy squipment, and

ninstion

!\!

ampling devices. Ascay of the redioactive cont
in the Pacliic Feoving Griound Arca was done in conju
with the preliminsry oceancgreyhic studies.
A study vas made of the redioactivity of the watere in
thé oper: ocezn. Samples of the lsgocne and coean Iloor weare
2
obfained wlith a coring dovice snd Giedge., Planliton sampliss
mrc tuken 1o the onen cceun and phytopliaritton and woelloldal
*ﬂtm er were filiteved from lagoon waters. GCGther Doring OvE:ao
isms were ovteinezd
Seberal scmples were teken of the zir ovar the ses suriace.

'a.l ASSAY EQUIPHINL

(W] P PR 4 P -y S ~ % ~eragw
ation., dh08¢ szmples woleh vere suwificlanilyr acitivse vareg

rJ

~ S N 3 o oo - R Jeog .t v A e, e Tt
anzlyzed to determine the isetopes nrodusing ithe raliztion

An end-window Geliger-Mullier tube, with = mica vin
The counting tube was shielded by tuo inches of leud to
reduce the backzgrouni of cosmic and externsl instrument

- - o « /3

l/; T .\’—'
o pE
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radiation_to 25 cpm.  The cample plenchetl was mountel in a
plastic and sluminum shield to reduce seattering and
bremsstrahlung. .

Gaumria redlation was detected and counted with a lead shield-
ed RCA 5819 photomultipiier tube and a 1 inch diameter scdium
iodide scintillation crystal. Both beta and gamme counters
wvere connected to s decade scaler. Garma energy spectrunm
studies were made witn a well type scintillation ccunter, single
channel pulse height znalyzer, and z decads scaler.

2.2 SAMPLE PREPARATION AND CCUNTING

The samples to be counted for radicactivity were weighed,
dessicated, dried at 110°C, in soue csses ashed, and counied
on gluminum planchzts. The self-abscyption ver

differences in wass cndé depsity of thes varicus tynzs of ssuplies

Q

caused some difficui’y in couparing thalr abSOlHoC beta activi~
gnificantly affectad by self
sbsorpticon 1n gamples of thesc thficknesses, gomaa radictlca is
uszd in this veport asg &«p indicatien of the zucunt of rzdioe-

zetive elements present. Yhe ratic of zomma rays o btz pari-

leles heas not bzen aceurstely detevnined

roughly 101,

The activity of the scwplss wes compared with the éctiviﬁy
of czlibrated standard sourceg. "he ingtrumunt backeground was
subtracted and the counts correctied to agree with the standerd
source. The values are reported as gamma reys emitied per

oY - .
minvte per unit mass ef volume cf sample abbreviated, cpm/g or

- ¢pm/R. The probesble error in éach'ccunting rate was difficult

fe\‘

_\3“

Q\“\)v

to meintein-at a constant lex vel. In the case cf the water end
)Y
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plankton observations wnere the counting rate was vory small,
the probable error was usually greater then 83, often as much
ag 50%‘;55 occasionally over 100%.
2.3 HADIOACTIVITY IN OCEAN WATER

Samples of sea water token at variocus deptns at ten of
the hydrographlc stztions vere used in this studr. 4 150 mi.
volume of the water from each sample was cvazaraiel te Gry-
ness and the resulting selt sacared for racioo cc;v;;y. Table

1-A showes the gaume rzdiocnciivity, corracied (o L liter, z

B

o.'
“'
o
-y
(8]
L
)

o>
)
C/w
¢

o}

'3

cach station, Ths salinlty velves sre listed op

variations in activity with the slight variation thzt exists
in salinivy.

Surface sauples of the uwater at several stavion: vere
filtered through a 0.7 micron millipore filter in cridsy to

<2 3 [ S . R e s e, emay 4}
diszolvaed subzizpnezs 02 o8 pP.-¢CLNLYC MELOET EPeatviy unan

- ¥ ~ - -3 -~ ey -t ) e -
the dissclvzd pacse., For exampls, al slation 1%, 2t © meters,
- - . - - . :
thie water ewitted 45 cmp/ifC mi., or GOC cpm/2 titers. The

Pt

the surfece particulate matter is largely ccuposed of iiving
ko'



TABLE 1<A

RADIOACTIVITY OF PPG OPEN SEA ANEA WATERS

Gexma- Rays Emitted per Minute per Liter_{evn/1) of_

Sea _¥Water

Staticns Selinity for
Approx Depth | 6 7 8 9 { 32 | b | 25 1 27 6129 |S%2. 29 (%0)
in meters
Surfece 0 413 | 47u | 267 210) 263 | 300 | 350 | 60 | 180 | 460 | 34.55 PBo
50 260 o 3 3550 ‘4 : 260 180 34,58
100 135 | =451 <407 130 | 110 | 120 | £0 | 120 | 35.01
125 £0 3525
150 3he y70 1 35.12
200 340 { 210 300 | LOO £0 | K10} 3L.58
- 250 250 £0 350 1 34.43
300 37 3ihl
400 90| 392 | 2¢0 399 4101  34.00
500 340 350 314 | £0| 34.58
600 490 340 34.59
800 855 | 740 | &i. | 220 470 500 835 .58,
1,000 1580 | 870 | LhO 90 650 370 | 520 34-59
1,200 1240 410 39| 3450
1,400 535 | 580 120 90 535 | 535 1500 | 5201 34.63
2,000 230 | 580 | 120
3.000 Lo ! 314 | 300
1,000 330 | 375
Bopgmegggth 3560}1\300 469C | 5200 | 5200 | 5100 | 4300 | 3400 14800 | 1440
TABLE 1-~D
RADIOAGTIVITY OF LASODN S/TERS
3taticn Dguth cpi/l_Probeble Trrer
Bikini Atoll, Epyu Island Surfece 1,150 27 %
s " Nezm . Surface 1,620 20 &
n " Karma R Near shore. miépcint
‘ ) of imeter depth 2,130 i5 %
Bikini Atecll, Mid-lzgoon Suxface 1.220 23 %
Ailinginae Surflece 1,070 30 %
Surface 40C Le %

Znivetok Atoll, Perry lslsard

#Note: The abovs values have been correciel to account for & 127 efficiency

and a 41% geomeiry of the scintillaticn counter.
to ncise and cosmic rays hes beea subtires

hes caused the necative and zero values,
94 epn/1 has nct becén subtracted end is included in the above figures.

CCry
Lieni

) 5y

,.

~ug

ted {rou the reported values,
The netaral K-L0 beckground of

- 16 ~

The eversge background due

This

/6
=2
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The main neturally-ocCusYying

. 1 a as o . O I S ea
potassium-40 with a half life of 1.2:507 vr3, whicn shenid
remain constant throughout the cezan. Ons iiter of sen wate:

s 4 2+0 P oo - LR TRE . Rl li s 4% A - o eem1iq
emits S Kt gamma rays per minvts, 4oy additional gzuma
raGlztion shown in Table 1 is due {o contouinztion.

Throughout the PPG area thz ralicszctivity of th scaa
water is feirly coustant with tiig evcapticn
vater between 800 and 1270 matera found por
4toll et steticss 6, 7, S, cnd 23. This cres is o the cdge of
e larze 2ddy current found arovnd Bilind, horcivzficr welernoed
to g ths "Bilini eddy’ syetar (Fimives &3-C1),
.
) & : /\‘\
bl \\‘
™
Py
".;f
= L o
3 . x"-. .‘."-/
& R
.:;':t.\ ‘;’; o
Q\‘A_ ’{?_.'2,
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2.4 RADIOBIOLOGICAL ASSAY OF NEAR-SURFACE &ND DEEP SEAL FAUNA

In general, the following 1s bzsed on samples of Z00-

L

plankton -taken during the M, V, HORISON's cruise. Trese
sanples wvere collected with e standard one mater dlamster
plankton-net towing obliguely from 280 meters depth to the
surface in 15 minutes time while the vessel proceeded at sbout
2 knots. The net mesh is'of nylon "Nitex" cloth, &0 mashes to
the inch. Its cod-end is of the same material, %O meshes per
inch, The net is designed to‘sample all feorns larges the
phytoplainkton and crustacean larvae.

Sémples vere ascayed for radlocactlvity without zcrting
into like lkinds of organisms. in most cases the bulk of the
"sample" wzs small crustaceana, layge, individual anirzls
wvere removed for individusl essay. Table 2 lisis the resulits
of the radioclogleal asszy. Statlon positicns are giﬁen in

Figs. 14, 1B.

) - -

ie significan?t that ihe greater actlvity is to Le found withldn

the influence of the eddy system arcouvmd Bikini, Ailinginae

and Rongeslsr 4tolls (Figs. 64 to 6B). It is probable that

vithin this area the supply of radicactivity in the ceean 1s

being constantly renewed by tidal fiow from Eikinl and neighbers
ing atclls to the east. Swept into the eddy where it dces aot
escape for soume extended periocd of time crop after crop of the

short lived plankton become conlaainated. &s wiil be shown

18

/¥
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TABLE 2

RADIOACTIVITY ASSAY OF PLANKTON
SAMPLES FROM THE PPG AREA

Wet
Weight Gamra rays Emitted
Station (grams) per rin/eram

5 6 o

7 9 99

9 8.7 50
11 10.2 16
iz g.C 17.8
13 5 G
14 11 77
15 10.2 0
16 G.1 2866
19 & 36.3
21 Z2:1 22.2
2 7.8 0
25 13 27.3
20 11 LN
28 3.2 11,1
29 a3 15.0
50 1) 1.9

19

/7
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later in the report the lagoons of Bikini and Ailinginae are
sti1l markedly contsminated. No situdics were mzde of other
atolls., ~— ~ |

Three samples of the deep-sea faunza were obtalred in the
area, using the 10 ft. Isaacs~Kidd Midwster Trawl as ths
sampling device. The depths sampled ranged from 730 to 2550
meters. But cnly one sampley that from the shzllowest epth,
has so far been stuvdied in detail. The aetivity levels were,
in most instances, quite similar to those of the zooplaakton
from the upper water lcvels. Fishes and planktonic fsrms from

the remaining twc depths, 1300 and 2560 moters, wer: very

-
~

similar in levels of activlity to those of the 730 uster depth.
.

the resulis froa the 730 wmeter deptih only azre listed,

5
=

nereirorsg

b
Table 3. Beczuse the trawl continves to fish constantly durirg
the two hours requivad for lowering and retrievinz, it is aot
possitle to state wiith certainly at vhat depth any individusl

form was captured. Yowever, ass the trawl remzined at the

)

eter Jevel for more than 9 hours it is rezzcngble L2 gssure

the majority cf the uample was vaken ai tnat dzoih,

20
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TABLE 3

RADIOACTIVITY ANALYSIS OF SO!L DEEP-SEL FAUNA HEAR

NEAR BIKINI ATOLL.

Sample Iteu

Hatchet fish (entire)

Angle‘mouth fish

Lantern fish (6 young)

Shrimp (Mysidae)
Colonial Tunicate
Siphonephore bracts

Portugese mon-ctvar
(small)

Jellyfish (small)
Pteropods (3 smail)
Jelly fish (large)

Cctopus and squid
{corbined)

DEPTH OF' CAPTURE O to 73C METERS

Gsmma CPH Gzmma CPi/Gram
Per Iten (Wet el )
14k 18
39.6 1.6
111 izl
266 25,4
77.6 1n.1
3.5 10.¢
1.0 3 ’
166 83.%
71 .
1,750 23k
1c3 2.6
21
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At present the activity in the lower levels dilfcrs
1ittle from that of the uprer. The resuvlting gamma scliviw
ties for the deep fishes are {herefore, very simller ¢
those for plank:ton of the upper laycrs. + should be noted
that the foregoing study vwss made within the influence of
the Bilkini Eddy CSystem and mzy he representative of thai arsa
only.
2.5 RADICACTIVITY BACKGRCURD OF THE CLEAN FLOCK
A series of 16 szmples of the ocezd floor were telken

around Bikini Atoll. These vere obtzined with & coving device

(-\l

-

and = bottom dredge. They comslsted of small bits of ceral,
 baselt, mongenese nodules, cosrse ccral sand and Tire
globigerine core (fossils of minute organlisme of ths order
Fovaminifera). Porticans of such materiel were veighel, dried

et 1300 C. in =zlusinum planchets, 2rd counted for gauma radio-

[0}
ot
(v}
<r
ey
*
=%
"]
™
ey
o
'
fale
cr
3

activity. OSeveral of the cores uwere lozt du:
1

to peuetrate, ani the core-ceicier to ra~

wae &l30 counted gnd was found Lo be considerablv more estive
than trhe vater., The top layer of each core, aud poriions of

the dredge samples were assayed. 1he results are stowm in

Jgure 2. in which the activity of the gamna radiaticn

'

er
greu of ccecan flcor surface 1s vlotied at locations scmpled.

In generzl, the most radicactive samples consisted of glohi ;-

-

Zira ooze (Fig. Z.cors (-2, C., C-104i). Hanganesz nodules ;5?2;1

22
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veighing from 0.0% to 30 gos., which contained no iocse mud

or sand on the surface, alsc showed considerable activity

(C~1, C~8, C-10}. Small corzl bits were only slightly radio~
active (C~1, C-6, C-7, C=9, £-12). Tre most activa sample con=
sisted of fine sand and globigserina ccze found at 1480 meters
depth at core C-104. The coarscr sand was found tc =zmit

8,200 ¢pm/g whereas the ooze enitited 29,500 gaumma rays per

minute per grem. A gamma epergy specirum cshowed itne presence

of Zinc-6% and one othsr gamms-enitting isotope which has not

been identified. This sample vizs found in the ares whsre the
1 5

sea vater at 1000 mceters showed a high weak of radloactivity.

A cross section of core C-% i3 1illustrated in Figurs 3.
thusly removed as well as the Tiltered vwatsr wes ccunted. The
coze ané fine ceral szand was frozen a&nd slicesd into 2mw

TR [A N «d o . —2 - FRN - . . - .
secticne., The cuter perifyphery of the core was cul avay and

dlscarded to rad

£

c¢e contaminaticn which may have been trans-

"ferred from giice to siice by the harrel of (he core es it

penetirated the bottom. The siices were assayed, glvwing the

de o

results shown on the core slices in Figure 3., Thz setivity
of the core is highest in the Top 3mm layer, =and then decrezses
to the 18mm depth where a sharp increass occurs, This peek
then diminishes at a rate similar to the surface pesk. At

the bottom of this 4€ cm core only a 3.3 epn/g trace of

activity is found, which closely agrees with the values

23

; Z



Nt
B

i

DRAFT
calculated from the councentration of redium in sellancnis es
(Svercrup, Johnson, srd Fleming, 19%2,

ity

given in The Oceans

194 1035).
vhich drcpped off with depth but did nct exhleL arny

0
-;
:

iv

’-<‘

A sirilar core, C-2, chowed high surface
pesik bzlo:
the surface,

2.6 RADIOBIOLOGICAL ASSAY COF CERTAIN FAUHA OF BIKINT AND
AILINGINAE LAGOGNS

iron both

Collentions of wolluses and £fich T

a
o]

analrzed for gomma radlation activiti. 4s was erpeuicz

-~

taninaction was found in the Bik 2izo & vt

AT e

difference exiats vetweer: coilections

ct
O

pronounced in the liver whi moricadliy mere

support of

frequently called "Killer" ciam, and

end kidney of which respectlvely furnichcd the

o,

ccunits of the area. Thne

rl
’

Tridacna llver wzs o

2h
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TLBLE 4

Radioactivity Levels cf Certain Faunz from Bikini ILzeoon

-—- ~Southeastern Area-
Sample Item Gamma CPM Gomma CPH/Granm
per ltem Wet weight)

Tridachna Clam
Liver - 1,510,000
Gills (both sides)
1/8 of stomach
1/8 of mantle
1/2 adductor muscle

o
(V8]
"
(8]
QQ

(-
At O3

W
DO
o
4]

O

bt
OO
OS6

W IR
LY IEEN B RV Y
O

Ot Ny
&

ori=t )

Gazstropod Smail

Liver 1.530 1:3%0
1% of foot muscle 2,550 &50
Gills (both sides) 29,000 13,500
Ficney (entire) 66,000 K2.260
Stomach R sl 55500
Cpercuiar valve G ————
Sirhon 120 N s
Small Bivalve Clam .
Entire body 11,100 L W0
1/2 of shell 1.k<o 7o
Folychaete vicrus 0
Larval Tish 1,755 1.75%
3 %iny sea urchins 4,683 2 340
Horihwastern Avee ¢f Dikini Lagoon
 &ilras 8,Lon 1.300
Termit crat (small,entirve 19,700 10,050
Jellyfish (sw2ll) 2,200 1,768
Couwrie shelil {empty) 2,630 icte3s
“ed cerel (dead) L8, 700 . 7hE
Calcarctz secaweed 118,00¢ 1IN, 7E0
rish (Plactropomiis sp.)
Flesi L 720 280
Teil fin, uvnscraped ik, 50 7.25C
Gills (one side) 3,210 1,8C0
1/8 of epidermis Y4900 4,210
1/% stomach contents 8,100 2,480
1/5 of vertebrae 160,000 15,000

RN, -
) lfefof . 25
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- TABLE 5

. RADIOACTIVITY LEVELS OF CERTAIN FAUNA
FROM AILINGINAE LAGOON-WESTERK SECTION

Sample Item Gamma cpm Gamma cph/gram
per Organ (vet welght)

Tridscna Clams

Liver of 4 in. clam k., 300 2,200
Liver of 8 in. clam 57,600 54050
1 of adductor muscle 2,690 200
Portion of connective tissue 355 20
Portion of mantle 55 10
Liver of 8§ in. clam #2 36,440 5,200
Bear=Clew Clam (Hinpopus)
.
Stomach contents and wall - 155 4o
$ adductor muscle 155 50
Liver 11,380 3,70
Fisheg
Mullet viscere (I fish) 670
Mullet, % in. (in toto) 6,140
Perrot fish '
gllls from right side 755 270
liver 9,800 3,270
kidney 1,580 1,050
testes 1,320 450
¥+ stomach contents 2,090 290
Tail fin, uascraped 3,600 1,800
' Snapper
+ gills 670 -
Liver 12,700 1,060
1/9 steomach and contents 2.870 320
1/10 of vertebrae 690 60
Flesh, portion of. 600 %0
Spleen 220 2,200
Gall bladder 70 Lko
Kidney 176G 100
Tail fin, unseraped 1,070 200
Sample of scales . S0 60
Pcortion of clam from
fish's stomach L0 70
4, ), ‘
I 25&/ 27
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OCne bottom sample wﬁich vas obtained from Ailinginee legeocn
gave & count of 904 cpm/g which is about one-half the activity
found in the east end on Bikini lagoon.
2,9 LAGOON PHYTOPLANKTON SAMPLES

Several phytoplankton nst hauls were taken in Bikini and
Ailinginze lagoons wifh a standard #20 phytoplanliton n2t. The
amounts captured were very semall., Ne identificeticn ¢f the cca-
tents was attemnpted and ne means were avallable tco seperate
incrganie debris frem 2iving crganisms. The dilutad sanple wezg
filtered through a millipore filter, which was ccunied for garma
and beta activity. The samples from Allinginae showed a count of
21 gamwa cpm and 26 beta cpn for the entire haul, whereas a sample
taken frem the open csean af staticn #& showed unc detectable
activity. Oune very smell sample at the east end of Bixini lagoon
gave 398 cpm gamma and 429 cpm bets while the greate:zt actiyity
was found in the neorthvest area cof Fikini with 8,500 gamza cpnm in

& very small sacple.

20,10 MISCELLANEQUS SURVEY

Several spct checks were msde on the plant 1ife frow "“NAKR®
(Enyu) in-Bikini Atcll and from the vestern end of Ailinginae
Atell. The meat of three green éoconuts frou N4k averamged 1k6
epn/g while the milk from the same nuts vas 184 cpw/g. A ripe
coconut ebtaipned frem Ailinginae indicated 116 epm/g. A gresn
coconut from the same area gave 62 ¢pm/g fcor the meet and 129 cpm-g

for the milk. A kernel from the pandarnus fruilt frem Ailinginae

enitted 64 cpm/g. C;yi?

29
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2.11 AIR SAMPLIRG

d'Q

Equipment has bz2en set uwp for ccllecting airbernz porticue
late matter aboard the Horizon., Ten liters of air pzy minute |
are dravn through & type LA millipore £ilier for & period of
60 minvtes. During the preliminery survey, no airboru2 rzdic-

activity vas detscied.

"
w
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3, OCLAKCORArEIC CORDITICHS IN THD PPC OPEN 3L4 ZRMA
by Puul L. liorrer

3.1 CURRENTS, GEWLRAL INFCR:IATION

The dominant feszture of ceean goography in the PFG 1s

xl"
9

the trade wind driven, westerly~flouving licrth Equ
ves *

Current., Trensporting sbout 20CC tiwes az wuch wat os the

Mississippi River, thils curreat ic mostly contalned wi

- n e ’ a T A B 2r g o e nn s cepdn -
vaner 350 meters of & h. 1ts resition 1is farilest north in
s N N BN - - 2 o KX - e ey o - S RN
suviner, €hifts southwsrd in winuzy by several degr-s of latl.

g wos g titude . s maxioun flow 1es zbinut 1.0 kool at thne surfans
i
; Tbut much of the weter within this wide, fial rivrbon wves g2y
: T speeds of mere nezvly ¢ e,

i

‘ Direction of flcw ixn the Horin Egustoricl Current veriea

Mersrnadl Ie0

- rlne Vel ma e -~

.
¢
3
L SOP
(=S
- [ -
=
v
'
W)
h

neraow

and wWildlife cruises, this feature is prouably Gue 4ic

)

east~west band ol wvecker winde or s marksd horizontel shes™ In

0
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where it egain tvrns weet and posses north of Bikind and
Enivetok Atolls at speeds of Q.5 to 0.6 knot. Another sircam
enters tﬁgﬁéoutheastern part of the area studied and uoves

past Rongerlk, Rongelayp, and Ailinginae Atolls to foru the
counterclockwise rotzting vortex zbout Bikini Atoll. Other
smaller, wmeandering, or rotating stresums of water appear in the
southwest and northwcaet parts of thela;reac Current ¢

only 0.05 to .10 knot in ihe eust ceniral part of th: area,

(X

1ot g9 St S
LN CLLT Eang e

d-
|-t

£t

na 1 s negligible at the ceinters of tre L

m

I}

reander, or eddy, ot Znlwetok. The tetal range of eprzed is 0.0

ct

o 0.6 knot; speed averages 0.3 tc 0.4% knot for the wicle area
studied.

4t 79 Meters Depth. Flow at 75 meters depth (Fig. 6B)

is very similar to that at the surface with speeds varying
from 0.0 to 0.7 knot, Directicn of flow north of Bikini within
the eddy is more toward the west-southwest than toward the west
as it 1s at the surface. The meander, or eddy, at Eniwelok is
almost non-existent at this depth.

At 250 Meters Demih. The two main streams entering the

area on the southeast and northeast corners mesander nore at

tels depth (Fig. 6C) than at levels above 1t. Magnitude of
mction ié very similar to that at 75 meters depth. Tne Bilkini
eddy is more elongated in horth~south directions than at shcecalex»
levels, and it is larger, possibly due to broadening of the
atoll groups with depth. No eddies or meanders exlst ncar

Enivetck., Because the eddy-like feature there is rather supsr-

33

ficial, it is probably temporary.

33
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At 250 . s Depth. At this depth . re is much less

total flow through the area (Fig. 6D). The eddy around bik

1s still mzintained with velocities nearly ss great g nt _hal-
lbwcr levels, The cther main features of the surface circuletion
are vaintained but are much less intense and have chernsed song-
what in direction. In the east and southeast, the circunlation
has become weak and meandering. OCurrent speeds range from 0.0

to 0.5 knot with 2 gen a1l average for the chart of 0,235 kanot.

At 9500 Meters Dspth., Little, if any, Forth Fguotorial

Current remalns at this depth. DNearly all flow is meridionzl
(north-scuth) ard sprade range from G.0 to 0.3 knot with an
average of about G.15 knet for the whole ares (Fig. €E). The

deminant feature is still the Bikial edcy. located in the sawe

position and haviug similar orientaticn as

=
t-h
pos
[
m
lv.
o
[
@
[o R
»
ct
e
4
®
s
Q
O
'—r
C‘
bt 3
e
o
<

ealed 0.03 lknet cuirent. Ac

- the peripliery of the Bikini eddy Some radiczetivity p:obably
reached these lsvels initizlly by dissolving intec tiie waler {row
12avy partlble fallout on the bottom areas that Liank the atolls

)

and seszwouutls, especiglly Bikini znd Sylvania., at these depths.
Some small amount may have been contribuied by marine organisus
during vertical migrations and by deceyesd dezd bhodies and

excratz that reach this level. VWhzrees more hesvily contaminated

Kal
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waters neares uhe surface, wherae cirrenis ave stronger, would
be swept out of the area in 2 years time, waters at these depths
would not have beasn renewed because of the Teebleness of flow
there. Also the eddy may be present at 800 to 1200 meters with
water in it moving at a speed; of only a few hundredths of one
knotj 1t would further delay exchange of water In the area at
these depths. Somne information that suggests. the presence of
the eddy in this rangelof depth is inferved froa watecr mzss
studies, discussed later in the report.
3.3 TEMPERATURE AND DENSITY

Surface water temreratures in the Bikini area zre releatively
high and uniform. They vary frox Z25.79C on the nortrwest side
of the area studied to 27.5°C on the southwsst side Fig. 74.
The most'abrupt change is at the 26.8 and 27.0°C isctherms
which mark the scuthevn boundary of the main dbranch of the Noxrth
Equatorial Current in the ares. Surface waters whilch are light
and werm move very cslowly towzrd the north side of the curreni;

.

this prouuceq a more pronounced change in tewperatura th

g
[0
i
Lo
L]

a

This crossdrift 1s so slow 1%t cennot ususliy be detected by
current measuremenis.

As tho surface watevrs move across the cguatoriszl current
vowvard 1lts right hend bovndayy they tecbme piled up, causing
warmner temperature to extend desper than at the south side.
This process 1s of sufficient importance to cvercome the great-
er solar radiation received at the lower latitudes in spring.

This is 1llustrated by the averzge temperature in the upper

-
1
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250 meters .. .h (Fig. 8). Lven though _rface walers ave
varmer on the scuth than on thc north side, the aversge for
this layer is 1 to 3°C less on the scuth,

» .

Vorfical distribution of temperature 1s chazzclerized by
a shallow, wind=stirrad layer vsually S0 to 25 wetors deepn and
nearly constant in teumperature; below thls the teroporaiure
decreases abruptly dcwm to about 25C to 300 mestews dasuihg

thence 1t decreases ever mere »lowly to 1.5° € 2 %000 meters

temperature is the main tharmosline; here the densii) zlsc

eressss “apldiy (Fig. G). X2 general, ths (hermeeldine thick

[P
s

[
rl
=
[4))
[N
o
)
b |
:;.
t
4
h
f‘\'"
+3
[ ]

ens toward the noerth ina the sorasa stud

subnarines Iound the thermociine to he o hiznly usa2ful zirace

L]
e 45 ot 4 propuyrs - . IS B A Ll S 2 pa
ture; they were able o cseepe debecticn Ly stopping all enpinss
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thznealr snlps buwnciog oo & loper f cocl ely 2t = Lorieraturs

inversisn during dazeent,

The CLITIE resulte show thel railczelivity that s scluble
or Tinsly pasticulzte w2 zoromg tendeney o rauwain i the
upper icolnermszl lsyer., Mixing zcross the theroecliins rerwlyrss
a great deal wore energy then verlicol mixing in thic ezv-
surfece, turdulent layer. Thuc the depth to the tos of the

thermocline is, as & Jirst approximation, s measure ¢f the Jdejw

in the first few dawvs alter detonztlon.
Baced on 125 bethyrthermogrsph lowerings msde during thz
HORIVOR's erulse, g cherl was prepared of depth to the top of

the thernccline (Fleg. 10
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renges fro to 170 metzrs. It is le . in an zror to the

4

north of Bikini an¢ to the eact of Ronzelap Atolls, fov:iurc o
tonguc like distribvution. The tongue coincides wilh the acrih
boundsry” off the siream of water that enterz the svza on the

scutheast corner and noves into the Bikini eddr. HAactaer

locale of shaliow thermocline depths exists in the noril cons
tral part of the area studied. Aress of degp thermeclines

arc fovnd where water enters the northeast corisr &nd viare 34
leaves ths nortuuest corncer. £ bend of in ermediotce denibes

iy b Y & gt . I - i P . ’Xy R, S W
exiends eagi~wesT gerogss the chart on thie norih houwndery of
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ssuezzed frem below into a thinner laver as 1t wovesr wesiteer?d
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$oU cnty by horizontal bul z2liss vertical wzrlgtlion in currcnis.

t
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contaminated water moves over relztively clean water and clean
water flows in above the lowver contaminated porticn. Slmultaneous-
ly, vertical turbulence acts to homogenize the eativs layer adbove
the thermocline, thereby diluting the contaminated water.

for fallout over a small area from a nominal kiloton weapon
the primary mixing process is the lzatter effect discussed ébove,'
the wertical shear. orizontal shear in the currents cver a
smu4ll area is generzlly, although not always, rclatively small.
The horizonutazl molecular diffusion is zliso minor. Cff the

(e}

Ch

k%

)

California coast, mezsurements of herizontal disnersior
both horizontal shear and alffusicn gave an average rate of ore

foot per alnute Ior areas up to 10 miles across. In the North
*

g

Equaterial Current region where current spsods ure stronger thon

-

off Cz2lifornia, this rate woul

2

probzbly be two or thiee tinmes
as great; nevertheless, the elfect of the process would be of 2
second order. For'both small and large contaminated cesanlce
areas the rates of vertical mixirg are escontially egual.

in the falicut (c.g., coral) must

;,Mu
Q
2]

c

!l

Large, heawvy parti

_sink fairly rapldly and zccount for rediocactivity fouid con the

deep occan bottom in the PPG. sut much of the fz2llouc rsdiio-
activity is on smaller ccorel particlesy or ash matsrial and is

dissclved into the water =2bove the thermoeline. Ceral particles

that zre 100 microns in diam.ter would sink =zt the rate of 3C to

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

R S

hours time on the average and may lose much of thelr radiozctivity.

EP.

one 1o

o
[

Both the measurements mzdée at CASTLE and by the Japans
two months after CiLSTLE showed wmuch greater concentraztion of

activity above the thermocline thazn anywhere else in the water Eg%;

columne
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Vertical mixing is inhibited at the thermocline due to
the stability assoclated with the rapld increzse An density
with depth. Vertical mixing fequires the verticzl movement
of parcels of water. Where vertical density gradicnts are
greaé, as they are in the thermocline, these movements involve
relati#ely large amounts of energy and are therefore less
probable. Mixing, therefore, is less.3 In the WIGYAM opera-
tion (deep underwater atomic detonation off Califcrnia) radio-
activity was materially concentrated in thin stratified layers
of high stability. Tnese sheets of radioactive water had
horizontal dimensions measured in miles and tens cf niles with
vertical thickness of orly a few meters fexcept above the
thermocline). Contamination existed in the depth of the

introduced

.

thermocline and below it at JIG+AY because it was
at these levels. This 1is contrasted with fallout which is
spread on the surface and rewmains mostly above the thermocline;
but ~IGYAY is the best kncwn example to illustratc the degree
of stratificatlion of waters st layers‘of high stabilitye.
Computations of stability have been made for the data
taken on the FORIZON's cruise in the PPG area. #fig. 11 shows
- the average stsbility of the most stable 25 wmeter layer, and

Fig. 12 plves the depth of the layer., The stabiliiy values

& W W@ e ar W awp W W = = - e e @ W e e S G S . @ an DB W ap Ee e e

3. Since the downward penetration of radiosctivity in solution
in the water is very slow at the thermociines, submarines may
generally avoid water with high activity by di»ing into the
middle of the thermocline. Surface vessels muy obtain rela-
tlvely clean water for their evaporators by pumnring water
from within the thermocline depth zone. With a3 depressor on
the end of a water line the latter might be aceccmplished
at normal spced. (At early times or during fallcut, clean
water undoubtedly exists in a ship®s wake; thersfore, a
ship probably may cbtaln clean water for wa~q-dcvn by C.
traveling in s wide circle, or by fcllowlng znother veseefES
at some distance. - Isaacs.)
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given are proporticnal to the acceleration a mass =7 water

would have if it were displaced vertically a distance of one
meter.__The greatest stability in the entire area is just south-
west of Bikini at depths of 75 to 125 meters. 4 spot just west
of Eniwetok Atoll and another southwest of Taongi Atoll have
nearly as great maximum stability values., The stability values
appear nearly constant (250C to 3000) over the areas of the

main streams of Egquatorlal Current water.

Shoaler on the south than on the north side ¢f the area
studied, the depth of the 25 meter layer of highest stability
varies from 50 to 100 meters to 15C Yo 175 meters. Its depth,
at many places, is Jjust below‘the top of the thermocline, but
in other places, where temperature decreascs with depth slowly
at first, it is nearsr the middle of the thermocline. In the
latter case, radioactivity may be expected to recach this depth
after scme period of tiwe (probadbly within a few deys to a few
weeks )o

Flg. 13 shows the average stability for the upper 250 meter
layer. Time for penetration of dissclved radioszuiivity to 250
meters depth is a functicn of this guantitye. Smsll walues at
the northwest ccrner of the area reflect the decp {nermocline
there. In general, the magnitude of this average stzbllity
increases from north to scuth,

In the very deep water the stability remains positive, but
it decreases slowly to very near zerc (Fig. 9).

3.5 WATER MASSES IN THE AREA
' Oceanographers use characteristics of the water to define
specific water types as the aerolozist does with the atmosrhere.

The natural mixing of 2 nunber of specific water types results

cll - ' 40 [\
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in a mass of water that can be recognized by its characteris-
tic temperature and salinity rclation. Water masses are

named after oceanic regions where they are formed or are fourd.
Further mixing between two or mcre vater mzsses may OCCUI,

3y comparing the horlzontal continulty of water masscs present
in the area stuvdied, movement of watex into the arez wmay be
estimated,

The water masses in the Pscific were nazmed, described,
and loczted on the basis of the relativsly sperse data tsken
in this ccean before about 1940, lience, the descriptions and
boundaries are somewhat arbitrary, and the characteristics of™
a water mass are accepled as varying within oinly mcderately
well defined limits. The boundary regions contain wzters of
interwedizte typesa.

The water masses to be dealt with here are gliven belowe
Except for the last one listed, ther zre found in the wpper
layers, vwithin the gaographical limlte specified,

(1) Pacific Eguatorial Water, extending from about
2° 5 tc 8° N in these longitudes.

{2) Western North Pazcific Central Water, from 16CC
W to the western beundary of the ocezn, and from about 8° N to
LgO N,

(3) North Pacific Intermediate Water, occurring at

deptlis frouw 400 to 1200 meters over most of the North Pacific.

L

sy
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Jater in the wind-stirred layer and downuard tc zbout the
middle of the thermocline has features feprc entative of the
local arca. Due to the action of surféce mechanisms (sclar
radiation, evaporation, precipitation, etc.) the characteristics
of this water are in between that of the Pacific Equatorial wmass
and that of the Western North Pacific Central water. Soutl: of
the latitude of Bikinl, this water mass is prasent between the
surface and depths of 150-200 nmeters;y it aprears tetueen the
surface 2nd depths of 20C-265 meters elszvhiere in ihe ares
studied, except on the northern boundary where 1% exteads to
%20 meters depth (Depths of water masses gt each location
sampled are shown in Fig. 1b).

Benezth the upprer water mass a lzyer of heste,h North
Pacific Central water &ppears zt nearly every locaticon sampled.
This layer is only 10 to 0 meters thick and oceurs at,155 to
245 meters depth near Bikinit and south of Bikini's latitude.
From there it suvmerges with norchward travel to derpths of

2585.4C0 meters and becomes €0 to 150 meters thick. This is

[ﬁ

conslstent with the faetl that the lighter, sznd uvsuslly warmer,

% o

-~ . e
!

surfsce waters move to the right of the current, il

g..\.

ng up
on the north side of the argz they czuse a dovmward displace-

-

ment of -water alrezdy present as revezled by lines ihat
delineate their characteristics.,

North Pacific Intermedizte water is fourd at every position
vhere sarpling was done. On the north side of the aree siudled
it is 300 to 800 meters thick and occurs at depths of LOO to

12C0 meters. It thins to abcut 129 meters thickness in the

: hf‘?.(_q" ’ .
oG f;ig
.‘Lv--". Iéz
.' U
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latitude of Blkinl and appears at 220 to WO meters depth,

On the scuth side of the arces studled, the layexr becomes about
300 meters thick and is found between 165 and 60C mzicrs deptia
Eddying and meandering of the current at these depths in the
latitude of Bikini (Ref. Figs, 6D and bE) apparently cavses
water to be welled upward from within this layer, ‘hus the

layer becomes thinner there than {'srther south.

Below the widespread North Facific Interwedicte water thers
¥
are spotty appearances of vWestern Nexth rzeifie Central water
interzpersed batwsen lgyers of Pacificjiguatorlial wveaiter.

Locations where Western lorth Pacifice Lerntrel water was found

are north of Likiep fLtoll, north of Rengerik Atoll. and 90 tc

S . ] s
13C miles northwest of Bildini Atoll. 41t wmey sprear &t other

fmmrene

locztlions at greater dejpth than was sampied). ALl Lhnres ave
3

in a northwest-southeast line end apparently repressnt a former

a
)
r
f
@
e
)
X
5
¥}
A
>

influx of nerthwest central Faeliflice This
tongue appears piuchzsd to the north of Allinginze Aftoll by
inflow of the Pecific Fouaterial water masg of na?ticulerly
high salinity fren scuth of Rengelap Atoll to zbout 128 niles
north of Ailinginze Atoll, Thie latlter flow 1s withii. the sast-
ern part of the Bikini eddy as shown in Fig., 6E.

Pacific Equatorial water 1t also found at all other
locations where samples were taken, It sppesrs at ell depths
below azbout 350 %o L0OO meters in the latlitude of EBikini; below
415 to 600 meters derth on the scuth side of the arce studied
and below 7C0 to 1200 reters deopih on the north bcocundary of the
area, By contimuity, it is shoalest 4n thn latitvde of Bikini
where it moves upward to replece Korth Pacific Intermediate ig

wvater that wells toward the surface within the grsat, hori-

zontal, slowly reveclving eddy there. ‘
43 =
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6 UNDERWATER SOUND PROPAGATION

At five locations on the NORIZ0N's cruise, temperature
and salipity were measured to depthe of as great as 25C0 meiz:=
to more than 4OO: meters. For these stations computations wsre
made of the speed of underwater sound. At all locations the
sound speed profiles from top to bottom were very similar
except Iin the depth range of the thermocline. Thus, sound
ree data are shown plotted only for one station 85 an exanpls
(Fige 9)o

At all locations the speed cof underwater sound is nearly

w
ey

G

constant above the thermocline., In general, ccnditlions are

now relatively good for near-surface propagation of underwatici
sound in the PPG, As suzmer progresses and the trade wind ™
wezkens the surface will be warmed. Then scund spced will be
greater near the surface than elsewhere below it and more soun?
energy will relract downward and be lost frem the laver above
the thermocline., Thus, scund propagation conditions in upper
waters will become less lavorable.
Commencing at the top of the thermcocline; souni speed

decreases rapldly with decreasing tempereture {(Fige ¢). It

et

reaches a minimum, generally at 1000 to 120C meters, excep
at one location where it was least, at 800 meters. This nini-
mum is the axis of the deep SCFAR channel, For comparison, off
- the west coast of the United States this miniwum is found at
600 to 800 meters depthe.

Below the minimum the sound speed increases with depth.

The increase 1s very slow down to below 2000 meters. Thus any

. 4
S
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part of the area less than abovt 1000 fathowms water depth 1s
bottom 1imited for deep water sound propagation, -Where depthe
are 2000—;;;homs or greater the deep water propagation 1s
fairly good. It is not as gocd, however, as off the west

coast of the United States vhere the speed near the bottom is

more nearly equal to that at the surface,
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With eoutherly and coutheaszierly winds most ¢f thi intlow

occurs thrcugh Enyu Chanmnel-«~the inflow acress the winlward meefln
beeoﬁing,negligibleo The rete of rensval of Lagécn veier in this
case will depend cn the wind velcoity, end will bz liolis:

amount of wzter which can escape across the northern

tern re«fs. for southern

ves The exchange timz

is estinzted st betuzen &0 axd 1C0

=~ P | '~ o = o - * H LT - - - b Rod
Jor novmal trads wind son:iticns hoomejor Indlwe zns ovillcw ol
& A -, o - . - ~ ~ -Ye -~ " o A3 oy - LY
raters into and ot of the Lagoosn tzlics pliec thrcuzh the south and
o de P VG v iy D - Tt be N 4.3 PR S T S s mTaT e B
seuthvasvern L&RSESES avn channzisg., Hoewswey, Chiz &0 owr as QAR 1103 ON I
2 z - - A -y P .. - oy . Py
tidal in natuire, ond The miurity of now ces vwstar rzsried LnUo ihg
T - A, e - ~ Y P L S i S Y- P I ...,,:-‘ -~
~agenn thurougn these vasrig and channeils oo tie DXioody e wize i3
;4. 2, R 4 . et PP | - -
withdrawm fyrecw the Legoon on tho suvecceding evh ficw. As & saqult,
2 . g 4 - Y - £ 'l Fo I
the pajor source ¢f nsv watsr fov the fluching of thue Lazoon iz the

flov acrozs the vinidvor~d reefs,
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new channel between the open sea and the Lagoon.

Tidal-currents, upon whichk will be added a net oculfloy fron
the vind—a;ift within the Lagoon, will occur in the new channcl.
Flood velocities of approximetely 0.3 knots, and ebb velocities
of about 0.6 knot will result. During periods of large tidal
ranges (0-6 ft.) these current veloclties may be ezpecied to about
double in rmugnivtvde. The 1nflcv00ﬂ of tae tidal currents ghculd
be Telt for a dlstance of about 3000 yarcs inzlds The Lagoon.
Within this distance tho predeminant westeriy current, which {lovs
parallel to the reofs aleng TARE and URCLE, will be howed In and
cut by ficod end etb of the tide. The ebb eurrent will set tewnrd
the S¥, and the flood current voward the N, -

It is ascumed that the Z4uNI test will preduce hignly redic-

o

active contaminesied weter in &8 large segment of the South-eentral
perticn ef the Lagcon~ Here the probeble 4rift sné spreed of thne
very nighly contaninated water confteined initially withian a one mile

radius cf polntl zero ig ccngidered. For convenlencs ve will designe

The érift cf this ness of conteminated weter will cepeind to 2
1srge oxtent ¢ the stage of the tide at the time of the shot.
the shot ocveurs delween high tide znd high tide plus thres hcﬁrs,
the prevailing Southwest cuvrents will carwy out of the Lagooa shoutv
80% of “volume A%,

With the turn of the tide to flood jJust after low tide cccurs,
the rem2ining contaminated msess of water willl be carriec¢ inte the

lagocn. Very little of the radicactive contarination vhich escuped
L” ‘ .
[ .
SO s
Lkl RS
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from the Lagoon on the ébbing'tide will return on the succeedinzm
flood. -

The 20% of tha original highly conteninated uass viich re-
nained in the Lagoon will be swept WEW along the Southera side of
~the Legoon at a speed of sbout 0.2 knot, arriving in the vicinity
of Rukoji ehannsl in approximately 16 hours. Here zhout 90% of
this remaining szgument of "volume AY will be swept oni of the

Lzgoon through Bultojl chanunel by the preveiling ebhd Tlow. Toaos

0
o
8
"
r
t.\.
o
3
e

orly 107 of "volume 4¥ remains in the lag
seqguent to shot time.

T, 2 - S o —~ o o e e | - -l q T, 5T e 3
This rzmaining ssgzent will be caryicd aorthyard end then

eastwvard in the subsurface roturn fleov. The vertissl wixings
coupled with the vertical shear in the horizoaial curvents, will

proportional o the first pover of time, and a consoguent Gecresse
ia coucentration inversely proposrciocnnl to the {irst rover of tine.
This relationshin will o Zongey heold when the siza of the coa-
czmunctzsd arce Locomes & gignilicant fraection of the size of the

s > - o . ~ 3 T el ] o~ ey T s e Yoo e T -, 3 e S n gy
lagoon, since the lateral boundaries wilil tuen becowe imnortant.
PR .} B L B B R T - [T DL, Y [ B
ezgt will carvy the xowalning contaminstion of Yvoluwz 47 €o the

yegici of vpwelllng elcong the HEW-HZE section of tie =ustern recfe

in about ten days. After this time the contamimodion will be

ide, the majority of the ccoutarinated weter

57
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of "volume A" will be carried into the Lagoon with the flooding
current. This will be true, particularly, if the test occurs
during a period of large tidal ranges. Because of the westerly
set to the currents in the lagoon along the TARE-UNCLE (Eininmane
Enirikku) boundary, much of this contaminated water will be moved
westward and will not be avallable to be carried out to sea on the
subsazquent ebb tide. After t%e first eight bhours approximately
€5% of the initial "voiume I¥ will be within the Lagoon. About
LOE of this remaining segment of “"volume A% will bte aischarged
from the Lagoon at Rukoll chamnel, the remaining 3¢% ¢f the original
"yolumz A" being carried siowly northwestuerd and then eastward by
the subsurface current. Subscguent mcvéments would psrellel Those
dsseribed above for the ease of a shot time elose te the time of
high tide.

This c¢iscussion has Yeen concerned with the movemant of the
very hignly contaninated volume which initially would occur within
& one mile radius of poinl zero. 4 much larger aree in the soutn-
central section of the lspjoon will de highly contsminated. Becsuse
of the location of the sihot the initial {lushiag rates associzted
with the removal of this conlamination from the Lagoon will be mact
higher than indicated bty the renewal timeé for the lagoon, provided
the ERE trade winds prevail.

Assuming the moderate ElE trade winds occur during and [or some
weeks after the test, it is estimated that 20% of the initial con-
tamineted waters in the lagoon will be flushed from the lzgoon in

the first 24 hours. Durinp the next full day 20f of the remaining
58 ‘ fs 8_
S - EE'



DRAFT b — )
contaminaticn will be discharged frcm the Lagoon, end 7or the
foilowing three days it is estimated the filusghing rate would be
10% per day. From the sixth tc the 10th day after the test
approximately 5% per day of the remcining contemination will be
flushed from the Lagoon, and subsequent to the tenth day the
flushing rate 1= estimated at 24% per day.

Under these conditicns 50% of the imitial coatrriastion
cerried ty the waters in the Lageen will be flushed ~ut of the
Legoon by the fifth day follovirg the dblagt. By thoe tonth doy

only 305 of the conteminntion will still e in the tagcon vaters

These fipuree suvolve oply the nzreral flushlmg of the contami-
. - e Y- Py - . - e b PR et SR ~ -
neted vatesrs. Rudloaciive decay raies nsve not baern incivded

RETE .

£hould the prevaliing windg gust 2fter ths shet bz fron the
SE, the flushing of .the contaminzied water from
be at 2 much slower réce then Irdicctod shove . The macimm oone
centrationg of weapcl: dashvis
(Bayu) ansherage cryee woeld ogeur abouil Jive to aovey tiys alier
the shot, and be an c¢rdar of megnitude highe? Yhan vovlc praval

ader RS trado wind condit

of FOK (Romuvikloe), 1s not condursive to repié fiushing of the

water born radlozciive contaminatica. The currents in the surfauve

layers wiil require &bcoui three dsys

vater from the viecinity of the blast te the ieeward recfs end
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