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ABSTRACT

Background radiozctivity and ocecanograpnic conditions in
the Pacific Proving Ground are of significance; In evaluating
the cont¢minating effects of REDWING esvente, in the understand»
ing of the fallout rroblen at sea and extrapolation T0 land
fallout patternz. Thus, as & part of Project 2.€2, a menthe
long study has been made cf radioactivity in water, crganisms,
and bottom sediments, and of currents and physical character of
the vwater over a 1LO 000 scuare mile zrez zround EBikini Atoll.

The waters are slightly radioactive, with velves of 150 to

150C gzoma counts psr minute per 1itsr (epw/l), wherseas the
-
woturel radicactive backgrouwnd. due to po otzssiun-4C, is about

o4 cpm/l.t A field of waximum activity (8CC te 1500 c¢pm/1)

at 800 to 1200 meters depth at locuilcns to the west of

Bikini Atoll, within 150 miles of 1i%t, and between 104 and
0

J A T B - - . $ )~ -y oy 2o o % e & ~
N. Radiosctivity is associszted with particulzis natter
h

is mostly in sclution., Organisms collected from the upper uy-
ers and Geasp sea faune captured in a trawl as decr as 2

meters dcrpeh are ebout equally ra&ioactive; the level ol azcil-
vity iﬁ these narine creatures is about 3¢ to 5C iimss as much
per unit weilght as that in eguivalent weight of voter. Lagoon
waters and surface waters in the open sea around the lagoons
are slightly more radioactive than other aress (1100 to 2100

cepm/l).,

- we em W Mw mr W Sh e e R G A We W e G SR W s @ am AT MR A o e e @ e -

rays emitted per milnute.
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1. A1l values of radiozctivity given in this repbrt are gemnmz ;Eg
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Tr.e highest smevat of radlcectivity in the aie:s riudlea

% lagoon :
is on the oceanyfloor in the reglon of CaETLE jalleuv. The

top of cne deep sea core taken 10 miles ncrthwest of Zikini
Lagoon tested 29,500 cpm/gr szdiment fromw the nortiwest end
of the lagoon emiﬁte& 45,000 cpa/g. Presumably both vere frin
BRLVD event at CASTIE. Elsaswhere in the lagoon, the wottom
sediment genzrally emitted from 1500 to HOCC erw/z coupsred
with a usual 1000 to 3000 cym/fz in the fzllout urea oz
the lagcon.

Sampling of bo

the highes®t activity a2nd this was outstandingly concenix ated
in the livers and kidneys (52,000 to 8%,000 gamma «pm/gl.

M - o < - a3 ™ el ol all ThAY o . - - . -
the gencral clreulztion obtained at CRCSSROSUS and by Japanesc
2 « -
P R ’ . - e S S W e —e LA Vv~
crulses, wut merc expllceit Infercalion was cbialne2.  Mesnncsr-

3 - -2 - KA JETRp | iy de o ..~ % L. - w3 L QU S N T - AR V
ings ang eddies doninate the flow in the Istitude ol Diaind:

the main flow westward is lcczied at ths north sidse 20 the FIG
AT e - - -~ - 5 S Yo [a X T R L L P
A large, counterclockwise-revolving eddy at Zikind is found SOVl

to depths of at least 500 nmetesrs. The current at thz surlace
attains 0.6 to 0.7 ot speed and averages 0.3 to C.% knots
thénce it Gecrezses to z maximuw of O.3 knot and sverage of
C.1% knot at 500 meters depth.

The thickness of the wind stirred lszyer above the
viiere temperature decrezses raplidiy, varies from W0 mciers nesr
Bikinl to 170 meters in the ncrihwestern part of the rea. The

L
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vaters ure most siratified (i.z., density gredients ere greav-
est) at depths of 50 te 175 metcrs, being shoalest in ghe scuth-
castern part of the ares, deeps:zt in the northwestern pereiocny

LY

and of intermediate depth at Dikinl. Water masses in the arca
are primarily Equatorizl Pacific, Forth Faciflc Intermediate,
nd Wost North Pzeifie Cemiral.
Underwatcr sound propagatica cenditicns at depthc ebove
t{ha thermocline are good, bui will become less favoreble s
H ?
summer progresses. Fropagetion 1n the deep water ic botiom

Y -

limited where édeptns are less thap 106U I'athoms. Tho oris oy
1.5 times as deep as off the U. £. West Ccast). »
The physicsl nydrography of Bilini lsgoon is sirilar o
that obtained at CROSGIOALS. Surfzes waters move Hemwind,
anG deer waters Fiow in ihe opposite dlrsction te comulave o
cellular cireculetion. At the urwind ernd the decn vuisls &ie

Pl
‘

diverted both rorth anl south into twe seronlary

lagcon 2long the windwzrd reelfs and flows oul througn Zny
shanacl and et the leseoward resfs and cnammels. Uitn souiianly
and sontheasterly winds most ol the inflow cocurs Shrougn vy

chiannel.

Speed cf the surface current was measured to de zLou

siderably less speed than thzt obtalned during previzus inve oo
gatiens As *he trace winds rzteri:lly cecrease, tue surioec
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cux;r_ent essentially stops immediately, tut the deep flow con-
tinves £OF tome time.

It is calculated that vhen the east northeacst trades zre
prevailing, water in the lazoon is coupletely exch

average every WO days. At times of light socutherly or scuth--

o
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©
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easterly winds an estimated €0 to 10C cays ere ra
conditions were observed during the Field worl in wihich VEry

rerid flushing of the lagoon occurred.

COFIED/DGE \@
LARL RC ~~
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1, iNTRCDUCTICN
The several purposes of studying the raGiocactlvity back-
ground and oceanogriphic conditions of the Pacific Proving
Ground are:

(1) Tc svaluate effects of REDWING events on the
radiocactivity confent in water, marine organisus, &l hotiom
scdiments.

(2) To lfscilitate accurate recoenstrueticn »f tho
equiVﬂlent lznd fellcut patierrn from mcasurenents by ships and
aircraft and enable future fallout surveys to be nate wiih
less effort.

(3) To understznd the fallout probleam ot se

&, oI
ge, and to provide ccearorvarhic zssistence to the Task Force.
b :

Lrevicus ocecnogranalc detz in the PPG are primerily fron
(4] £ F

coliections made during the period Karch to August, 2946, in

conneciicn with CRO3SELOADS gnvi from Japanese hydrographle

investigations during 1933-1t%1. These are mostly nessure-

menls of density and thermal :tructure znd of soms cheoicel
constituents. Although the ¢i1ta are many, they are neliter

closely

ci
i g
N
e
®
wn
o0
‘3
o
3
<
o
(1]
n
0
[
nl
[
H
toe
%)
oy
o)
s
[
P
2
#
cr
0

sPe
ings in_ the area Wil
rrocors information i gupport. of a claim of damszze to their
tuna fishery.
In analyzing the CASTLE :2llout résults, the nesd was
evident for wore explicit dztz on currents, rates of ver
penctration and .aorizoutal nixing to properly interpret fallout

measurements In the cpe: sea.
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Studles of thesc physieal aspects, as well a5 meagure~

ﬁents of the background of radioactiviiy, were conduveted

aboard the Scripps vessel M. V. HORIZOW during D April -~ 3

May 1956 in a recténgular area reaching 100 miles to the sohth,

200 miles to the west and nortn, and 250 miles to the east of

Bikini Atoll (Fig. 14).2 Particular attention ves givenr to

background radioactiviiy and currents neer Pikinl end the most

probahle fallout aveas (Fig., 1B), backzround im snd rate of
eflux of water from Bikini lagcon, end fallout psriicles on
the deep ocean botton from the CASTLE events. Teclhground

rediosectivity vss studied in 4ilinginaa Lezoon.

As useé in this report, radiocactiviiy bachgrevald is ihe
total zmouvnt due to the combisstleon of maturally ceoeurclog
radicactive elewcnis and the radiozctivity remairing from
previous nuelear wveapons tests.
8 epoft was prepared in the field during and immedd -
ately following thc data collecticns; it is for uso by Program
Yorce In geaersl. Wind produced

o)
waves end tides have bech: excluded from the discrsslon tecauvse

Oceznographer,

- e MB WP G e YE Ge WP P s em TS Y Sr ws Se WA AR W SR PN @ W WR B v s W o e

-

2. 411 figures zre &t the end of the report,
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2e RADIDACTIVITY BACKGROUWD IN THE OFEN SEA ARD
LACOCNS OF THE PACIFIC PROVING GROUEDS ARLL
by

DeCourcey lartin, Jr. and Roovert L. Wisner

-

The M. V. HORIZON is equipped with a sm=2ll radlochenical
ilaboratory, radiation detection and esscy squipment, &nd

ampling devices. Asca

- l

in the Pacific Froving sund Arca was deong in cenjunctleon
with the preliminsry oceancgreprhic studies.
A study wvas mede of the redioazctivity of ihe waters in

thée open ocesan. arnnles of the lzgoocng and ccoan L1007 were
) _

2
obtained wilth a corins dovice and daiedge. Planliton samplies

vere taken 1o the onan ocoun and phytopiaritton and wolloical
*ﬂtm er were filtered from lagoon waters., OCther maring Orgeao
isms were obteimsd by trawling, lins fisping and szin-diving.

Seberal scmples were taken of the air ovaer the ses suriave.

'a.l ASSAY EQUIPHIHY

in end-window Geiger-fullier tube,; with & mica vin
1.4 mg/cm@ thickness, was used to count the beta particles.
The counting tube was shiclded by tuo inches of leud to

reduce the background of cosmic and extsrnsl instrument

/3



to weintein-at a constant level. In the case of the water and
| Q\@‘ L
Q\& Q‘l .

DR[‘ T SEIrE———
radiation_to 25 cpm. The eample plenchet was meunted Iin a
plastic and sluminum shield to reduce scattering &nd
bremsstrahlung. )

Gamra rsdiation was detected and counted with & lead shield
ed RCA 5819 photomultiplier tube and a 1% inch diameter scdium
jodide scintillation crystal. Both beta and gamme counters
were connected to s decade scaler. Gavma energy spectrum
studies were made wits a well type scintillation ccunter, single
channel pulse height znalyzer, and sz decads scaler.

2.2 SAMPLE PREPARATION AND COUATIDu

The samples to be counted for radiocactivity were weig
dosslcated, dried av 110°C, in soue csses ashed, and counied
on gluminum planchats. Toe self-abscrption verlation due to
differences in rass and density of the varlcus tyrzes of szuples

caused somz difficuliy in couparing thalr &bs oi 1te beta activi~

(x4

s - < n . s o PRI ~ e o . -
ies., &ince gemma rays sre not signiflcantly affecteg By gelf

)

sbsorpticn 1n gamples of thesc thicknesses, gamia radiation is

zetive elements present. e ratic of zomma rays o beta pari-

i¢les hes not bzen accurstiely detevnined tul apnhears to be

roughly 1 to 1,

The activity of the samples wes compared with the éctivity
of calibrated standard sources. The ingtrumunt backeground was
subtracted and the counts corrected to agree with the standerd
source. The values ave reported as gamma reys emitied per

oY -
minute per unit mass ef volume cof sample abbreviated, epm/g or

- epm/R . The prebeble error in éach'ccunting rate was difficult

.
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plarnkton observations where the counting rate was vory small,
the probable error was usually greater thon 8%, oftun as much
as 50%‘;55 occagsionally over 100%.
2,3 HRADIOACTIVITY IN OCEAN WATLER

Samples of sea water taken at variocus depths at ten of
the hydrographic stztions vere used in this study. A 150 mi.
volume of the water from each sample was cvazerated e dry-
ness and the resulting celt aaszered for raCioociivizy, Table
1-A showve the gaume rzdiosciivity, corrocted vo L litew, &
each station. Ths sulihity valves are listed citly for sismtien

R - o > - 2 ™ - o .« 7
staticne are shown in Plgeres 14, 1B,)

Surfaca sauples of the waier at several staviony vere
filtered through a 0.7 micron millipore filter in crdzsr o

33 3 [N - . ) LI R amen A ey
disaclved subgizneszs oP o8 periiculete metisr greatzr thon
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TABLE l-A

RADIOACTIVITY OF PFC OPEN SEA AREA WL TERS

Gezma- Rays Emitted per Minute ver Liter (cr/1) of Sea Water

Staticns Selinity for
Approx Depth | 6 7 8 9 12 | 1k 25 27_.126 29 |Ste. 29 (F0)
in meters
Surfece 0 33| u7u | 267| 20| 293 | 300 | 340 | 60 |180 460 | 34.55 %o
50 260 | | 350 4 - 280 180 | 34.58
100 435 | =45 407 130 | 110 | 120 L0 {120 35.01
125 £0 35.25
150 3he gro| 35.12
200 . 34,0 | 210§ 300 | LOO 20 | B10] 34.58
- 250 250 £0 350 | 3L.43
300 374 3441
400 90 | 392 | 220 390 40| 34.00
500 340 350 314 | £0| 3L4.55
600 430 3401 3459
800 855 | 740 | &4 | 220 470 500 5351 3455,
1,000 1180 | 870 | k6O 90 650 370 | 520 54559
1,200 1240 419 3921  34-090
1,460 535 | 580 | 120 ) 535 | 435 1500 | 520 363
2,000 230 | 580 | 120
3.000 me ! 314 | 300
1,000 330 | 375
Bcztg?eggghh 3560 1,300 | 460C | 52003 | 5200 | 5100 4300 | 3400 4800 |1440
TABLE 1-B
DIOATIVITY OF LAGOON WATERS
3teticn Dgaoth o/l Probebls Errer
Bikini A%oll, Epyu Island Surfece 1,162 27 %
s " Nezxm . Surface 1,620 20 %
n " Karma R Nesr shore. wmidpsint
of 1lmeter Gepth 2,130 i5 %
Bikini Atecll, Mid-lzgoon Suxvface 1.290 23 %
Ailinginae Surfece 1,070 30 %
40C L2 %

gnivetok Atoll, Parry Island Swrface

sNote: The abovs values have been correcied to account for & 127 efficiency

and a 41% geometry of the scintillaticnm ¢o
to noise and ecosmic rays hes teea subtrect
hes caused the nscative and zero values.

94 c¢pn/l has nct becn subtracted end is included in the sbove figures.

L/,'..-:'; VL

- ,]C

- 16 -

unter. The evarsge background due
«¢ frou the repurteéd values. 3
The netaral K-LO beckground of

This
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==



UARYL

potassium-ho with a helf 1ife of 1.2:3Q7 yrs, which shonid
remain constant throvghout the cezan. Oone Liter of see water
nits 9%.Kho gamma Tays Ler minvte. Aay additional goumn

ragiztion shown in Table 1 is due o contioinz=tiol.

g kS .1 i Yl - - ey en I -~ R I . .
Throughout the PPG area thz raldlosctivivy of tha saa

. > o . RO KRN 8 S I S Fy . v,‘ I
wvater is falrly coanstant with tis evuapticn of one larsr ol

vater betweon £00 and 1270 maters found poruing

s L . R 3 2 ~ Q -~ o B e - R . AT Y . <
st01ll et steticms &, 7, 9, cnd 29, Uhis creq s o0 UnE CAER Lo
S “- - ceum .- TNyt LB E e TV -
e lsrrs 2ddy current found sround BN, aoicibeiond releroid
R L VIO TS 18 ol PSP | - > e P = 1
to pe ths "BLlEini eddyt systow (Figaves &3-C1),
-
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2.4 RADIOBIOLOGICAL ASSAY OF NEAR~SURFACE 4ND DZEP SEA FAURA
In general, the following 1s bzsed on samples of' Z00-
plankton -teken during the M, V. HORISON's cruise. Tnese
samples were collected with e standard one metexr 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 meshes to

the inch. Its cod-end is of the same material, %0 meshes per

inch, The net is designed to sauple 211 forms largs> than

phytoplainkton and crustacean larvae.

Sémples vere assayed for radicactlvity without scrting
into like lkinds of organismis. in most cases the bulk of the
nsample" wzs small crustaceans, Layge, individual animzls
were removed for individuel assay. Table 2 lisis the results
of the radicloglesl asszy. Station positicns are given 4in
Figs. 1A, 13B.

As is shovn in Table 1 the levels of activity in the water

idiad. However, it

-

are quite low throughcut the totzl area st
ie significant thst ithe greater actlvity is to Ge found within

the influcnce of the eddy system arcund Bikini, Ailinginae

and Rongzlsr 4tolls (Figs. 64 to 6B). It i1s probzitle that

vithin this area the supply cf radioactivity in the ocean is

being constantly renewcd by tidal fiow frem Eikinl and neighbor-
ing atclls to the east. Swept into the eddy where it dces not
escape for soume extended period of time crop after crop of the
short lived planicton become coptaminated. As 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



DRAFT - SR
later in the report the lagoons of Bikini and Ailinginae are
still markedly contsminated. No studies weore mzde of other
atolls. |

Three samples of the deep-sea fauna were obtained in the
area, using the 10 ft. Isaacs~Kidd Midwster Trawl as the
sampling device. The depths sampled ranged from 730 to 2550
meters. But only one sample, that from the shsllowest depth,
has so far been studied in detail. The activiiy levels were,
in most instances, quite similar to those of thie zoorlankton
from the upper water levels. Fishes and planktonic forme from
the remaining tuc depths, 1300 snd 2560 moters, wer: very

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

the resvlis froa the 730 meter depih only are listel,

5

ereforg,
Table 3. Because the trawl contirwes to fish censtantly during
the two hours reguirsd for lowering and retrievinz, it is note
possible to state with certainty at uhat depth an individusl
form was captured. Heowever, as the trawl comzined at the 730

meter level for more than 9 hours it is rezsconeble ©o zssume

the majority cf the sample was taken at that dzouh.

20
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| | TABLE 3
RADIOACTIVITY ANALYSIS OF SONE DEEP~SEL FAUNA NEAR
NEAR DBIKINI ATOLL., DEPTH OF CAPTURE O to 73C MBTERS

Sample Iteun Gsmmna CPH Gzmma CPiIY/Gres
Per Iten (Wet Yel:at)
Hatchet fish (entire) 144 18
Angle-mouth fish 5.6 1.4
Lantern fish (6 young) 111 12,%'
Shrimp (Mysidae) 266 25.5
Colonial Tunicate 77.6 12,1
Siphoncphore hracts 3.5 10.C
Portugese mon-chvar 1.0 o2
(small)
Jellyfish (small) 166 v 83.%
teropods (3 smell) 71 ————
Jelly fish (large) 1,750 o3k
Cctopus and squic 1e3 2.6

{(corbined)
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' baselt, mongenese nodulez, cosrse ceral sand and fire
g

of thwe core

DRy e 3
&t present the activity in tae lower levels diflfers
1ittle from that of the upper. The resulting gamna sStivie
ties £OF the deep fishes are therefore, vory similer ¢
those for plankton of the upper laycrse. * should be noted
that the foregoing study was made within the influcenee of
the Bikini Eddy Systemland mzy be reprcsentative of that arsa
only.
2.5 RADICALCTIVITY EBACKGRCURD CF THE CLEAN ZLOOK
A series of 16 ssmples of trﬂ ocezil floor were beken

around Bikini Atoli. These vere obtained with & coving device

1L}
o
O
(3
(-.n
o
3

ana dredge. They conalsted of gmell bits of cecral,
globigsrine core (Ffosgils of minute sorg?
Foraminifera). Porticns of such material were welghel, Jdried

et 110° C. in zlusminum planchets, 2iid connted for gaims radio-

~

activity. Several of the cores uere lozt dus to the i-f:&t‘ilib“"
J
baz

Ed -~ - o~ . . Ep) *
tain the cozrss sand found in some of thess nreas. OF thesg,
only a few grzins wsre seved and ware lnsulficlent {07 zicarate

the dredse samples ware assayed.
Figure 2. in which the activity of the gamma radiaticn per

grem of cccan floor surface 1s priotied at lcocations soug

"d
k]
o
nl
L]

In generzl, the most radloasctive samples consisted of glohi o

Zirva 00ze (pe g. &

.corg C=2, C.4, C=10i). Hanganesz nodules gé? ;;



Y

. @,}

v

\
DA

. -\\ >

\

DRAFT ——
veighing from 0.0% to 30 gus., which contained no ivose wud

or sand on the surface, alsc showed considerable activity

(c-1, C~8, C-10). Small corzl bits were only slighily radio~
active (C~1, C-6; C~7, C-0, C-12). Thé most active sample con-
sisted of fine sand and globigsrina coze found at 1460 meters
depth at core C-104A., The coarser sand was found to emit

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

minute ver grem. A gamma epergy specirum snowed the presence

of Zinc-6% and one othsr g°WHMucm3tt*1g isotope wnich has not

been identified. This sample vzs fouad in the ares where the
cea water at 1000 mcoiers showed a high peek of radloactivity.

A cross section of core C-b i3 illustrated in TFigure 3«
The water trappaed cver theton surfece of the core wag filterad
through a 0.5 wicron Millipore filter. The suspendad sediment
thusly removed as well as the Tiltered water wes counted. The
core which consisted essentiglly of czlcareous globigerina
coze ané fine ceral sand was frozen and gliced into 2mm

sections. The outer perifphery of the core was cul avey and

Fﬂ
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e
[$)
3
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Y
id
M)
eA
<
153
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)
[0
[
o
a3
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ct
)
N
‘_,
n
H

discarded to Tadu

~

“ferred from slice to siice by the barrel of the core es it

he slices werz assazyed., giving the
rezults shown on the core slices in Flgure 3. The activity

of the core is highest in the Top 3mm layer, =and then decreazses
to the 18mm depth where a sharp increase occurs, This peel
then diminishes at a rate similar to the surface peck. A&l

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

activity is found, which closely agrees with the values

23
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calculated from the coucentration of redium in sedlmuenis es

given in The Oceans (Sverdrup, Johnson, arnd Fleming, 1oz,

23 1035Y. ~ A similar core, C-2, showed high surfece zctivity

’-<‘

which drcpped off with depth but 4id nct exhleL any pezk bzlo
the surface.
2.6 RADICBIOLGGICAL ASSAY OF CERTAIN FAUHA OF BIRIWI ANID
AILINGINAE LAGOONS
Collentions of wolluscs and fich Iron beth lageins vers

1 SR ’ PR -~
analrzed for gamza radistion activity. A4s was enpeustzd, con-

tanination was fouad in the Bikiri swvecircens. Aiso & vzther
marked difference exists reitweern coilections from “le twe
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at "Baker" (Bokenzjiein) Isiand. Tabie & Jists the zobiviiy
levzls Tound for sreziuens f1om th ares
0f the various spccirens collastad the mollusces puroved to

2ty wzg found to T2 wosi
pronounced in the iiver whieh was norlkedly mere actlive their

cther pocrtiocns of thz wody (Tabls b).

¥ - 3 W, 3 A W S S 1 s e, e onemy .
There ig anpnle indiczilon that the welcr pirtion o

partic mlste matter on the lagoon fleor, Fig. k). Zvidenve in
support of this is found in the glant clam, genus Iridscna.
freguently called "Killer® clam, and a large snail, the liver

«

end kidney of which respectlvely furnished the highest gamnas

counits of the area. Tne princi
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Radioactivity Levels cf Certain Fauna

-—- -Southeastern Area-

Sample Item

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

Gastropod Snail
ilver
1/ of foot muscle
Gills (both sides)
Kicney (entire)
Stomach
Cpercuiar valve
Sirhon

Small Bivalve Clam
Entire body
1/2 of shell

Folychaete Vvicrus
rval Tish
3 %*iny sea urchins

TLBLE 4

Gamma CPM
per item

1,510,060

$b
W 4 O
w2 ap N A

) g
QOO
OO0 0O

ori=t )

£7OWO (O
“ WP 3 7 ~v
D) Ol

z«m\$$3Cnm\n
OOO0O00

{TONO

»-.
-4

IS ANT R
Oy,

 ilrae 8,505
Hermit crab (smalil,entlire ;19,700
Jellyfish (sw2ll) 2,200
Cowrie sheil (empiy) 2,630
“ed coral (dead) L3, 700

Calcarctz seaweed 118,00C
Fish (Plactropomis Sp.)

Flesh 20

Tzil fin, vnscraped
Giils (one side)

1/8 of epidermis

1/% stomach contents
1/5 of vertebrae
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from Bilkinl Loeoon

Gumuma CPH/Gran
(Wet weignt)
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- TABLE 5

 RADIOACTIVITY LEVELS OF CERTAIN FAUNA
FROM AILINGINAE LAGOON-WESTERK SECTION

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

Tridaena Clams

Liver of 4 in. clam L, 300 2,200
Liver of 8 in. clam 57,800 54050
1 of adductor muscle 2,690 200
Portion of connective tissue 355 20
Portion of mantle 5% 10
Liver of 8 in. clam #2 36,440 54200
Beap-Claw Clam (Hippopus)

LARS .
Stomach contents and wall - 155 4o
$ adductor muscle 155 50
Liver 11,380 3,700
Figheg
Mullet viscera (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 1,320 460
1 stowach ccatents 2,090 290
Tail fin, uwascraped 3,600 1,800
»  Snapper

+ gills 670 -
Liver 12,700 1,060
1/5 stomach and contents 2.870 320
1710 of vertebrae 690 60
Flesh, portion of. 600 %0
Spleen 220 2,200
Gall bladder 70 L40
Kidney 17C "~ 100
Tail fin, unscraped 1,070 200
Sample of scales . S0 60
Pcrtion of clam from

fish's stomach L0 70

(4/1,/(~0 27
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One bottom sample wﬁich vas obtained from Ailinginze legocn
gave a count of 904 cpm/g which 1is about one-half the activity
found in the east end on Bikini lagoon.

2.9 LAGOON PHYTOPLANKTON SAMPLES

Several phytoplankton nst hauls ware taken in Bikini and
Ailinginze lagoons wiﬁh a standard #20 phytoplanlton n2t. The
amounts captured were very small. Ne identificeticn ¢f the ccn-
tents was attsupted and no means wer2 avallable o seperate
incrganie debris frem living crganisms. The dilut;d ganple weag
filtered through a millipore filter, which was ccunted for garma
and beta activity. The samples from Ailinginae showed a count of
21 gampa cpm and 26 beta epx for the entire haul, whereas & ssuple
takxen frcm the open ccean 2% steticn £ shoved e detectable
activity. Oue very smell sample at the east end of Bixini lagocn
gave 398 cpm gamma and 429 ¢pm bets while the greatezt actiyity
was found in the northwest area of Eikini with 8,500 gamza c¢pnm in

& very small sacple.

2,10 MISCZLLANEQUS SURVEY

Several spct checks were made on the plant i1ife fromw “NARY

(Enyu) in-Bikini Atcll and from the vestern end of Ailinginae
Atell. The meat of three green coconuts from NAK averaged 146
cpm/g while the milk from the same nuts vas 184 cpuw/g. A ripe
coconut obtained frem Allinginae indicated 116 epm/g. A gresn
coconut from the same area gave 62 c¢pm/g for the meet and 129 CpEg

for the milk. A kernel from the pandanus frult frem Ailinginae

emitted 64 cpm/g. C;yi?

29
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2.11 AIR SAMPLING

Equipment has bzen set up for cclliectin

3
113
‘-
"
(W)
[v]
I
]
[0
e ]
g
~]
.l
l;-l-
Q
5]
1

jate matter aboard the Horizon. Ten liters of air psy miaute
are drawvn through &z type AA millipore filver for & pericd of
60 minutas. During the preliminery survay, 1o airborus oEAlo-

activity vas detscied.
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arez on the southeast and
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where it egain turns west and posses morth of Bikind and
Another

Enivetok Atolls at speeds of C.5 to 0.6 knot. strcam

enters tﬁ£~;outheastern part of the area studied and uoves
past Rongerik, Rongelayp, and Ailinginae Atolls %o forw the
counterclockwise rotzting vortex azbout Bikini Atoll. Othen

smaller, meandering, or rotating stresus of water appear in the

is

o d

southwest and northwecst parts of the area. Current ¢

NEes

s

only 0.05 to 0.10 knot in ihe eust ceniral part of th: area

£
[T
-

R

L

oy T
-

[N
cr

G

m

=2t the canters of the Dikini cg:l:

d-
|-t

nad 1

m

toh
L

s negligible

The tetzl range of srzed is 0.0

I}

eander, or eddy, at Zniwetok.
to 0.6 knot; speedraverages 0.3 to 0.4% knot for the whicle area
studied.

6B)

4%t 75 Meters Depth. Flow at 75 meters depth (Fig.

1s very similar to that at the surface with speeds varyin

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 Eniwetok is

almost non-existent at thls depth.

At 150 Meters Denth. The two main streams entering the

northeast corners meander nore at

this depth (Fig. 6C) than at levels above 1t. HMagnitude of

motlon is very similar to that at 75 meters depth. Tne Biliini

eddy is more elongated in horth-south directions than at shocalex
levels, and it is larger, possibly due to broadening of the
atoll groups with depth. No eddies or meanders exist near
Enivetok. Because the eddy-like feature there 1s rather super-
ficial, it is probably temporary.
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At 250 . .ss Depth. At this depth . .re is much less

total flow through the area (Fig. 6D). The eddy arowsd Bixini
1s still mzintained with velocities nearly zs grea® g bt _hal-

.on

(% 1

lover 1lévels, The other main features of the surface circulet
are maintained but are much less intense and have changed scuc-
what in direction. In the east and southeast, the cireulation
has become weak and meandering. Current speeds raznge from 0.0

to 0.5 knot with 2 general average for the chart of 0,25 knot.

At 500 Metgrs Dszpth, Little, if any, Forth Eguatorial
Current remains at this depth. Nearly all flow is wmeridional
(north-scuth) ard speads vrange from G.0 to 0.3 knot with an
average of about C.15 knet for the whole ares (Fig. €Z). The

deminant feature is still the Bikini eicdy. located in the saze

position and having similar orientation as at the 150 nnd 250
meters deptlrise ther epparent eddiles at this depth are wecalk,

dapth launched at one loczation revealed 0.03 knet cuirrent. As
discussed e:riier in the report, the highect comcentration of
radioactiviiy found in waters was at 300 te 1200 melers depth oa
~the periphliery of the Bikini eddy Some radiceetivicy prdbably

reached these lavels inltizllyv by dissolving inte the walter Ircn

12avy partlble fallout on the bottom aress that fiank the atolls
and seszwouuts, especially Bikini znd Sylvania, at these depths.
Some small amocunt may have been contribuied by mariae organisus
during vertical migrations end by deceysd dezd bodies and

excretz that reach this level. Whzreaes more heavily conteminated

Kal
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waters neares che surface, where

e ——

cvrrents ave strongev, wcould

be swept out of the ares in 2 years time, waters at these depths

would not have bezn renewed because of the feeblenecss of flow

there.

water in it moving at a speed; of

Also the eddy mey be present at 800 to 1200 meters with

only a few hundredths of one

knot; 1t would further delay exchange of water in the area at

these depths.,

Some information that suggests. the precserce of

the eddy in this rangelof depth is inferrved from water mzss

studies

3.3 TEMPERATURE ANID DENSITI

» discussed later in the report.

Surface water temreratures in the Bikini area ere relatively

high and uvniform.
of the area studied %o 27.57C on
The most'abrupt change is &t the
wvhich mark the scuthevra boundary
Equatorlal Current in the ares.

and werm move very slowly toward

They vary fromw 25.99C

on the northwast side
the southwzst side
26,6 and 27.0°C isotb
of the main dbranch of the North
Surface waters whilch are light

the nrorth side of the curreniy

this 24 roduces a mwore pronounced change in teuneratur? there.

This crossar:xt is so0 slow it cannot ususlly be detected oY

current measuremenis.

As tho surface waters

move across

the cguatorizl current

towvard lts vright hend bovndayry they become piled vp, caveing

warmer temperature to extend deeper than at the south side.

This process is of sufficient importance to cvercome the great-

er solar radistion received at the lower latitudes in spring.

This is 1llustrated by the average temperature in the

35
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varmer on the south than on thce noerth s

250 meters 4 (Fig. Even though

ide
this layer is 1 to 3°C less on the south.
Verfical distribvtion of temperature 1s char:

‘.)-

a shallow, wind-stirred layer uvsually S0 to 129 weters deep and
nearly constant in teumperature; below thils the termperaiure
decreases abruptly dewn to about 250 to 300 meters dsuihy
thence 1t decreases ever mere slowly to 1.5° € 2% %000 meters
deptr (See example in Fig. 9). The zone of repild Jdesrense in
temperature is the main tharmozline; here the densit) zisc
increases rapidly (Fig. §). X2 general, ths thermecline thick
ens tcward the north in the sras studied. In World Ver 1T,

£

to ke 5

subnerines Iound the Thermecliine 3 Enly useat Elric-
ture; they were abis te zscede dehecticn vy stoppning 221 enpinas
and baisncing on tre tncermscilinez,  This 15 anslogoes T Lightzze
thanealr snips bounclng oo & loper of cocl elir 2t o torleraturs
inversisn duriﬁg'ﬁescent,

The CLlfIE results show el ralilczetiviiy that L5 scluble
or finsly paziiculete ws g soromg tendeney o rauwsin i e
unper ifsotnermsl layer. Mixging scross the tharpolling vanuliss
a gyeat dezl wore enerpy then veriticel wmixing in thic se:r-
surieee, turdbulent layer. Thuc the depth to the top of the
thermociine is, as & Sirst approximation, s maasure ¢f the dejih
to which activity in solution or &s fine particuletes willi difluse
in the first few days alter detonsztion.

RBased on 125 be thy“h wogrspn lowerings made during the
HORIVON's cruise, a cheri was nrenared of depth te the top of

the thernccline



renges fro to 170 metars. It is le . in an zror te ithe
north of Bikini and to the eart of Rongelap Atolls, tov:ing o

tonguc like distribution. The tongue coincidas with the acreh

boundsry of the stream of water that enters he zvaa o TLG

scutheast corner and noves into the Bikinl eddy. Aneiaer

LS

locale of shellow thermcciine depths exists in tho noril cClis

tral part of the area studied. Aress of degp thermeciines

J S
IS

arce found where water enters the northeast coriazr and where
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contaminated water moves over relstively clean water and clean

ue-

bt

*
wATIC C‘

vater flows in above the lower contaminated porticn. Simu
1y, vertical turbulence acts to homogenize the eantita layer above
the thermocline, thereby dilutlng the contaminated water.

For fallout over a small area from a nominal kiloton weapon
the primary mixing process is the latter effect discussed ébove,'
the “ertical shear. iorizontal shear in the currents cver a
smyll area is generzlly, although not always, rclatively small.
The horizontzl molecular diffusion is ziso minor. Cff the

2

[ %)

k%

)

California coast, messurements of herizontal disnersior

both horizontal shear and aiffusion gave an average rate of ore

iC milcs across. In the Norih

foot per alnute Ifor areas up to
*

g

Equatcrial Current region where current spseds ure stronger than

off Celifornia, this rate would probably be two or thiee Tines

s

as great; nevertheless, tne elTect of the procers vould be of 2

»

second order., for hoth small and large conteminaied ceszanic
areas the rates of vertical mixing are essentially equale.

in the falicut (c¢.g., coral) nmust

}-.J
Q
w

Large, heawy pariic

sink fairly rapidly and zcoount for rediocactivity fouid on the

deep occan bottom in the PPG. »sut much of the fallouv rzilo-
activity is on smaller corel particles, or ash matsrial and is

disscived into the water above the thermociine. Ceral particles
that are 100 microns in diam . ter would sink zt the rate of 3C to
100 meters per hour; these wculd reach the thermocline in 2 or 3
hours time on the average and may lose much of thelr radlozctivity.
Both the measurements mzde at CASTLIE and by the Japanase one W

two months after CiSTLE showed much greater concentration of

activity above the thermocline thzn anvwhere else in the water Eg%;

columne
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Vertical mixing is inhibited at the thermocline due to
the stability associated with the rapld increzse in density
with depth. Vertical mixing fequires the verticzl movement
of parcels of water. “here 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 WIGJA! opera-
tion (deep underwater atomié detonation off Califcrnia) radio-
activity was materially concentrated in thin stratified layers
of high stability. These}sheets of radioactive watzsyr had
horizontal dimensions measured in miles and tens cf niles with
vertical thickness of orly a few meters fexcept above the
thermocline). Contaminaticn existed in the depth of the
thermocline and below it at JIGJAA because it was introduced
at these levels. This 1s contrasted with fallout which is
spread on the surface and rewmalins mostly above the thermocline;
but ~IGYAY is the best kncwn example to illustrate the degree
of stratificatlion of waters at layers‘of high stabilitye
Computations of stabillity have been made for the data
taken on the FORIZONfs crulse in the PPG zrea. ~fig. 11 shows
~ the average stability of the wmost stadble 25 wmeter lzyer, and
Fig. 12 pives the depth of the layer. The stablliiy values

e W G2 AF Gy wn EB We W @0 WA OA W WA W @ W @@ W S W S e G s & W A W & -

3, Since the downward penetration of radioactivity in solution
in the water 1is very slow at the thermociins, sunwarines may
generally avoid water with high activity by diving into the
middle of the thermocline. Surface vessels may obtain rela-
tively clean water {or their evaporators by pumnring water
from within the thermocline depth zone. With a depressor on
the end of a water line the latter might be acccmplished
at normal speed. (At easrly times or during falicut, clean
water undoubtedly exists in a ship®s wake; thercfore, a
ship probably may obtain clean water for wash-dcwn by C.
traveling in a wide circle, or by fcllowlng znother vesseiES
at some distance. - Isaacs.)

o ==
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given are proporticnal to the acceleratlion a mass of water

would have if it were displaced vertically a distance of one
meter.__The greatest stability in the entire ares is just south-
west of Bikini at depths of 79 to 125 meters. 4 spot just west
of Eniwetok Atoll and another eouthwest 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 Eguatorlal 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 to 175 meters. Its depth,
at many places, is Just below‘the top of the thermocline, but
in other places, where temperature decreases with depth slawly
at first, it is nearar the middle of the thermocline. In the
latter case, radioactivity may be expected to rcach this depth
after scme period of time (probably within a few deys to a few
weeks)o

Fig. 13 shows the average stability for the upper 250 meter
layer, Time for penetration of dissclved radiosuiivity to 250
meters depth is a functicn of this guantity. E&msll walues at
the rnorthwest ccrner of the area reflect the decp tnermoclirne
there. In general, the magnitude of this average stz2bllity
increases from north to scuth,

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

3,9 WATER MASSES IN THE AREA
' Oceanographers use characteristics of the water to c¢efine
specific water types as the aerologzist does with the atmosphere.

The natural mixing of a number of specific water types results

| /_{f‘
e , 40 ~
L,,'t's- e (‘E| ;§
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in a mass of water that can be recognized by its characterics-
tic temperature and salinity rclation. Water masses are

named after oceanic regions where they are formed or are found,
Further mixing between two or mcre vater messes may OCCUN.

By comparing the horizontal contimuity of water masscs present
in the area stuvdied, movement of watex into the arez way be
estimated,

The water masses in the Pscific were named, described,
and loczied on the basis of the relativsly sperse data tsken
in this ocean before about 1940, lience, the descriptions and
bovndzries are somewhat arbitrary, and the characteristics of™
a water mass are accepied as varying within only mocderately
well defined limits. The bourndary regions contain witers of
interwedizte types.

The water masses to be dealt with herc are given bclow,.

Except for the lasti one listed, they sre found in the upper

(%%
[»]

layers, within the geographical limlte specified.,

(1) Pacific Ecguatoriazl Water, extending from about
2° 5 tc 87 N in trese longitudes. |

{2) Western North Pzcific Central Water, from 16CC
W to the western boundary of the ocean, and from about &° N to
LoO K,

(3) North Pacific Intermediate Water, occurring at

deptlis from %00 to 1200 meters cver most cf the Forth Pacific-

s 8
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Jater in the wind-stirred layer and downward tc zbout the
middle of the thermocline has features fepresentative of the
local arca. Due to the action of surféce mechenicus (sclar
radiation, evaporatlion, precipitation, etc.) the characteristics
of this'water are in between that of the Pacific Equatorial mass
and that of the Western North Pacific Central water. Soull of
the latitude of Bikinl, this weter mass is present helween the
surface and depths of 150-200 meters;y it zprears tetween the
surface z2nd depths of 200-265 metercs elsevhere in the ares
studied, except on the northern boundary where 1t extendis to
%20 meters depth (Depths of water masses at each location
samnled are shown in Fige 1lW).

Benezth the upper water macss a lzyer of hestﬂau North
Pzacific Central water &ppears zt necarly every locaticn
This layer 1s only 10 to 0 meters thick znd occurs at 155 to
o245 meters depth near Bikini zand south of Bikini's latiiude.
From there it sutmerges with neorihward travel to depihs of
265-400 meters end becomes & to 150 mweters thick. This is

consistent with the fact that the lighter, =nd ususlly warmers

-
£

‘ J’o
o
.
o]
i~
=)

surfsce waters move to the right of the current,
on the north side of the arsa they czuse a dovmward aisplace.

-

21led by lines ihat

ment of -water already present 2s reve
delineate their characteristics.,

North Pacific Intermedizte water is fourd at every position
vhere sarpling was done. On the north side of the aree siualed
it 1s 300 to 800 meters thick snd occurs at depths of LOO to
12C0 meters. It thins to abcut 125 meters thickness in the

BV | 0/)
.‘Lj'-':..- 152 4
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Jatitude of Blkini and appears at 220 to 4CO meters depth.

On the scuth side of the arce studied, the layer becomes aboub

300 meters thick and is found between 165 and 60C mzicrs deptila

Dddying and meandering of the current gt these depihs in th

latitude of Bikini (Ref. Figs, 6D and BE) apparently canses

water to be welled upward from within Yhis layer., Yhus the

layer becomes thinner there than {srther south.

Below the widespread North Pacific Interwedicte water

e

theis

¥
are spotty appearances of Western Nexth Facific Czn*tral water

interspersed batwsen layers of Pacificjiiquatorial vatel.

Locztions where Western North Pacifie Pertrel water was found

are north of Likiep fLtoil, north of Reopgerik Atell. znd 90 fco

e . } s
13C miles northwest of Bikini Atoll. £It wey apréar &l other

locztions at preater dejpth than was sanipied). Al Lnres aie
3 2

in a northwest-southeast line end apparently repressznt & former

influx of deep woter from the nerthwest central Pacell

tongue appears piuchsd to the north of Ailinginae A%oll by

inf{lew of the Pecific Fouvatorial water mass of partlcularly

high salinity from scuth of Rcngelap atoll to sbout 120 =i
rivtth of Ailinginze Atoll, The latter flow is withii the
ern part ot the Bikini eddy as shown in Fig. 6B.

Pacific Eguatorial water 1s also found at all other

locztions where samples were taken, It appears at &ll depths

belovw ztout 350 %o LOO meters in the latltude of Bikini; below

415 to 600 meters depth on the scuth side of the area studied

and below 7C0 to 1200 meters depih on the north boundary of the

area. By contimuity, 1t is shoalest in thm latitvde of Bikini

where it moves upvwardé to replace North Pacific Inlermediate

water that wells toward the surface within the great, hori-

zontal, slowly revelving eddy there.
h3
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6 UNDERWATER SOUND PROPAGATION

At five loeations on the IORIZON'!s cruise, tecmperature
and salipnity were measured to depthe of as great as 2500 meicin
to more than LOO: meters. For these stations computatlions wzre
rade of the speed of underwater sound. At all locations the
socund speed profiles from top to botton were very similar
except in the depth range of the thermocline. Thus, sound
data are shcwn plotted only for one ctat on 25 an exanpls

- 9o

At all locations the speed cf underwater sound is nearly

f“;

reed

wm
Vo

~
hi

constant above the thermocline. In general, ccnditicns are
now relatively good for near-surface propagation of underwaici
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 sow:l
energy will relract downward and be lost frem the layer above
the thermocline. Thus, scund propagation conditions in upper
waters will become less fevorable
Commencing at the top of the thermccline; sound spaed

decreases rapldly with decreasing tcmperature (Fige @) It

reaches a2 minimum, generally at 1000 to 120C meters, except

at one location where it was least, at 800 meters. This wini-

mum is the axls of the deep SCFAR channel., For comparison, oif

- the west coast of the United States this miniwum is rfouvnd at

600 to 800 meters depthe
Relow the minimum the sound speed 1ncreases with depth.

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

Ly

44

=S



DRAFT v e ——
part of the area less than abont 1000 fathoans water Jdepth is
bottom 1imited for deep water sound propagation. -where depths
are 2000i§;;homs or greater the deep water propagstion 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,

& | L5 g
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With southerly and goutheasierly vwinds most ¢f the inflovw

occurs throuch Enyu Chamnel--the inflow acress the winlvard reeln
beeoﬁing"negligibleo The rete of renswval of Lagécn VELeT in this
case will depend cn the wind velaelty, end will bz 1icltisd by The
amount of water which can escape across the northesn and north-
vestern reefs. The exchangg timz for southiern or southesriernt

-

winds is estimated st betuzen &0 and 100 cays.

" . 2 - v e = 4 -~ = - B - ya - TAS Y. ~
Table gives gstimates of Llow inte and vt of Luliiol Lagocu,
~ e ] '~ = - - . H &oae - - - ¢ b Rod
Sor nornal trads wind consiticns e mejor Indlwe zng oviilow of
" . K -y o an s = K L NS L e A teyers mmmoee? A1 v IR
waters into and catn of tho Lagoss tzlcs plicd Chrlangld Lne souny 2na
PR S Wiy S . " . .y - " v S e 4.3 PR L R Lo amp s pirmged Ve
ceuthvastern nasses &ud chennsls. Hewswver, Chls U 97 Lo DIameriiy
& 2 E - - - J O R Y~ .- S TN . S [ A
tidal in nature, and The majority o row oes wWelal isries LNEe e
T - ~ o Ypes »Y - A oty iy m ey, 2T e I N e Y e —5 ,3_: -~
~3 0N TUrGREnN thizs0 pLasFIp o CRERNELS o0 tiie Lioonling wALS is
i 4. z ¢ P AT * - o~ -7 Ny o = -
withdrawn freow the Tegoon on tho suscceding ewd icy. as & sroull,

the major source of nsv water £ov the fluching of the Lagoon iz the

Jlow ascross the vwindveord rveefs,
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new channel between the open sea and the Lagoon.

Tidal-currents, upon which will be sdded a net outfley from
the vind—a;ift within the Lagoon, will occur in the new channcl.
Flood veclocities of approximetely 0.3 krots, and ebb velocitlies
of about 0.6 knot will result. During periods of large tidal
ranges (0-6 ft.) these current Vﬁ‘oclties may be ezpected to aboﬁt
deuble in rmagrnitude. The 1nflav009 of the tidal currents should
be Telt for a dAlstance of abeut 3000 yarcs inszlds the Zageon.
Within this distance tho predeminant westerly current, which flovs
parallel to the reofs aslong T4RE and URCLE, will be bowed la and
cut by ficod &snd eth of the tide.
the §¢, and the fiood curreut toward the N, -

It ie assumod that the Z4UNI test will produce hiznly redice
active contapintied weter in & larGe segment of the South-central

perticn of the lag joon - Here the probeble drift sné spread of the

ate thie volume of radlcactive water as "volume L%.
The Grift cff this mess of contzminated water will Cepend to 2
larze oxtent ¢ the stage of the tide at the time of ths shot. It
the shot oveurs Yetveen high tide znd high tide plus thres hcﬁrs,
the prevaiiing Southwes* currents will carry cut of the lLagooa auwduv
80% of “volume A%,

With the turn of the tide teo flood just after low tlde cccurs,
the rem2ining contaminated mess of water will be carried inte the

lagocn. Very little of the radicactive contamination vhich escuped
Q; o '
 CoRiEl/20 -

L.kl ES
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fror the Lagoon on the ébbing'tide wiil return on the succeeding
flood., -

Thénéaﬁ of the original highly conteninated mass viiich re-
mained in the Lagoon will be swept WE along the Southera side of

~the Legoon at a speed of sbout 0.2 knot, arriving in the vicinity

of Rukoii echannsl in approximately 18 hours. Hers zbout 50% of
v & o

cr
o

is reraining ssgment of "volume A" will be swept out of the

Lzgoon through Pulisjl chanuel by the preveiling ebd Flod. Tans

o
O
3
"
r
[«
l¢]
¥
§\J

ordy 10Z of "volume AF reseins in the lag

seguent to shot timo.

coupled with the vertical shear in the horizoatsl curvents, will

in coucentration iaversely proporticanl to the {irst pover of tine.
This relatiomshipn will no longer keld when the siza of the con-

Iagonn, since the lateral bowndaries will then becowe imparisnt.
irg ~ oo N N e ~ \ - - - -, . Te
the svbhsucface flow 0of cuout C.07 ot dlrectol torard e

~v oz Y remem ¥ P R R L '-,.-.--\ AL S ~

ezat will carvy the rorainiug contaminzbtion of “voluwz 47 to the

vegicn of vpwslling elcng the FEW-HW section of tiwe sustern reels

B PR RN 1, P A2 - 3 o
er this time the contaminsvion will be

)

eh
o

in abkout ten days. 4&;
relatively uniform throughout the lzagoon.
If the test should cceur &% Jow tide, cor in the four hour

rity of ths cchbzr"n$ted vateT

O

[2%

o
AW

&

™
[ %
Q

D

=es afn s o 2 e
period just after 1low tide,
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of "volume A" will be carried into the Lagoon with the flooding
current.__?pis 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
subszquent ebb tide. After t%e first eight hours approximately
65% of the initial "voiume &% will be vithin the Lagoon. About
LO% of this remaining segment of "volume A" will be discharged
from the Lagoon at Rukojli chamnel, the remalning 3¢% c¢f the originsel
tyolume A" being carried siowly northwesiward and then eastward by
the subgurface current. ©Subscguent mcvéments would perellel Those
deseribsd above for the case of a shot time close tc the tiwe of
high tide.

This discussion has teen concerned with the movemant of the
very highnly contaminated volume which initially would occur within
& one mile radius of poinl zero. 4 mocn larger ares in the south-
ecentral seciion of the lsjoon will de highly contaminated. DBecsusge
of the location of the shot the initial flushing rates associsted
with the removal of this contazmination frowm the Lagoon will be much
higher than indicated bty the renewal timeé for the lagoon, provided
the ENE trade winds prevail.

Assuming the moderate EIE trade winds occur during and for some
weeks after the test, it is estimated that 20% of the initiel con-
taminsted waters in the lagoon will be flushed from the lzgoon in

the first 2% hours. Duriny the next full day 20% of the remzining
58 | 5 8 |
(7 TA |
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contaminaticn will be discharged frcm the Lagoon, &nd ior the
foiloving three days it is estimated the fiughing rate would be
10% per day. From the sivth tc the 10th day after the iest
approximaﬁély 5¢ per day of the remclning contem mination will be
flushed from tue Lagoon, and subsegquent te the tenth day the
fiushing rate is estimsted at 24% per day.

Uader these conditicns 50% of thce imitial contrmiaztion
cerried ©ty the waters in the Ligeon will be flushed ~ut of the
Lagoon by the fifth day followirg the blast. By tho touth aay

0% of the contemination will ohill be in the lagcon walers.

=<
Lt

Tnose fFipurse suvolve copiv the nziural iflushing of the contami-
[} -~y

neted wvaters. Radloaciive decay vaies nzve not baen irncivded "
hETE .

$howld the prevaiiing windyg Just 2fter the £hcl b2 [rom The
SE, the flushing of .the contaminmied water from the Laglon wovls
be at o much slower race then indicstod sbove.  The macinim e
centrations of weapcn Gchris in the uvpveiling watess of the KA

Aoy EIT e R T L. S N N
ander BRI trads wind congiticnl.

cf FOX (Bomuvikine), 18 not condunive to repid {iunshing ol the

water born radioactive ccnteminvaticn. The currents in the surface

layers wiil require &bcut three dsys to carry the contaninated

]

ot

. plast te the ieeverd recfs and
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Levela of Redioectivity Fourd n e Secdimant Core /r’?
Taksn inothe Facific grovmg Groucds A
137 35' N, 164" 32* E.
11 April 1956

;- " o —2=7) Suspended Sediment filtersd from
'f_‘ - —\ _1 litor of water over core _ij 915 oim
1 L. - S 22.~£

= é 100 mle of filtered woley over £OTG i: 7.3 ope
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