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DREFT - A

Background radioactivity and cceanographic conditions in
the Pacific Proving Ground are of significance;.in evalﬁaﬁiﬁ?
the contaminating effects of REDWTNC events, in the understang-
'ing of the fallout problem at sea and extrapolation %o land
Lallaat patterns. Thus, ac & pﬁrt of FT”J“CM 2 €2§ @ monthe
long study has been made of radioasctivity in water, erganismsg'
and bot%om}sediments, and bf currents and physicsl charaéter of’
the water over a 140,000 square mile aree arcund Bi {é&mi:&tellw

Tne waters are«glightly raQivactive, with veluves of 130 to

1500 gemme counts per minute per 1iter {epm/1), whersas the
netursl radicactive background, due to potessium-40, is about

ok epm/i.+ & field of maximum activiity {800 to 15CC epm/l)

exists at 800 to 1200 meters depth at 1ocati'ns ﬁc the west of

Bikini Aboll, within 150 miles of it, anc !»ﬁweew 104° end

ivity 1s & soczat@a with pariticulaie malter
possibly organic) at the surface only: at all other depths it
is mostly in sclution. Organzsms collected from the upper lay-

een sea faums captured inm a trawl zs deep as 2500

L}

meters depth gre ebout equally radiocactive; *’e lesvel of acti-

vity in thess marine creatures is abouv 3¢ to 50 timzs as much
weters and surface waters in ithe open seaz sround the lagoons

are siightly more radioszctive than other areas (13100 to 2100

1. ALl values gf radjaacr- ity given in this reperi are gaumme
rays emitted per minule.

W




- ' o
The highesi amemml of radloacliviiy in the zrez ztuldied
K
"t"' ‘L’)" L : . v : ‘
is on the ocean;¢1ear *n the region of CASTLE fallicut. The

.

tep of one deep sea core ﬁala 106 miles no
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Lagoon tested 29,500 cpm/gnﬁ; sediment from the e ihee st end

of the lagoon emitted ¥§?000 cpu/g. Presumably both w@re from

£
-t

BRAVO event at CASTLE. Elsevhere in agoon, the bobttom

sediment generally emitted frow 1500 to %000 cpm/z compared
with & usual 1000 to 3000 epmg in the fallout ares sutside

the lagoon.

~

Sampling of bottom 1living o crganisms outside the lagoon is,

£ =

so far, unsuccessful. Bottom dwelling organisms in Ailinginae

snd Bikini Lagsdn@ (particularly the latier) were qﬁite radic-
gctive. Other lagcons'were not stucied. The molluses dis?layeﬁ
the highest ac 11 t; end this wes outstandingly concentrated

in the livers and kidneys {52,000 to¢ 8%,000 zammz cpmig).

the generel circulstion obteined at CROSSROADS and hy Japanese

‘cruises, but more explicit information was cbtsined. Meander-

thence it decreases to a:maX¢mam of 0.3 Lndu qnd zverage of

Cc-lg .i' b uit 5(.) m@te?s d(‘?s th..rr

-

-
7

1, 2o % ¥ . . A4 - " x oya o} by’ - N o - e Tov, o

The thickniess of the wind stirred lzver above the ﬂnermoc&n“%
; o v R e e A A mwd e Frmer MO e e Ay
vhere temperature decreases rapidly, varies frow 40 meters near

98 Yt ond e v7 oy e, e 2ogn  hele e on g e e - : o T T BT, ' '
Bikind to 170 wmeters in the norithwestern rart of the zirss.  The
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DRAFT . ' *
current essentielly stops immediately, but the deep flow con-
tinues for some time. |

It is calculated that when the ezst northeast trades are

preveiling, water in the lagoon is completely exchanged on the
- t =

‘average every 4O Gays. &t times of iight southerly or south-

easterly winde asn estimated 60 to 10C daye are reguired. No

conditions were observed during the field work in which very

“rapid flushing of the lagoon oceurred.
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Studies of thes physieal aspects, as well as‘mgasﬁrem

- ments of the background of radicectivity, were concuated
aboard the Scripps vessel M. V. HORIZON during & Qpﬁil -G
May 1835 in a rectangular ares reaching 100 miles to the south
200 miles’to the west and noréh, ané 250 miles tc the ezst of

Bikini Atoll (Fig. 14).2 Particular attention wes given to

backgroun& ra&ioac*ivity ano currents neer Bils aw an&”tge most
probable fallout areas (Fig. 1B), ba chground ir end rate of
fiux of water Irom Biximi Lagoon, and fef;bu@ partiﬁleé on
the deep ocean botiom from the CASTLE evente. 'ch“o%nq

. N S " e ey N8 S PN e .
rediocectivity was studied in 4&ilinginae Legoon.
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etion of néuLT81LV Qccuérgng
radioactive eslenments znd the 1*a:i:me}c Civity remaining from
previous nuclear veapons tesﬁsa

This report was prepared in the fisid during snd immedi-
ately following the data collections; %t is for use by Program
2 specifiéally'aLd th; Tesk ﬁcree‘in gener&lﬂ ‘Winﬁ ﬁroduced
waves and tides have been eﬁcxudsa from the discuss fom hecaﬁQF

such informetion is being provided by the dw3, HGe, JTF»S* En

O

canogran hcv

e e e e W A e o e A em e wv v e W e Ll I ‘:.u e
~ o . o a3 o NN 5
2. 411 figures are a3t the end of the report.
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radiation to 25 cpm. The sample pianchet was movntad in &
plastic and gluminum shizld to reduce secattering and
bremsstrahlung. ‘ ‘
Gamme radiation was detected and counteﬁ m*uh & lesd shield-

ed RCA 5819 photomultiplier tube and & 1 inch glameter sodium

ioﬁiﬂe seintillztion crystsl. h betz and gamus eﬁuntérs
were connected to a decade scaler. Gamma nnerg pectrum

- studies were made with a well type seintillation counter ., single
channel pulse height analyzer, and a decade scaiar

2.2 SAMPLE PREPARATION AND COURTING

]

The samples to be counted for ra dicactivity were waighed;

ouhteé

<

‘dessicated, dried st 110°C, in some cases ashed, and
on gluminum planchets. The self-absorption variation due to

differénces in méss zng density of the var¢ou3'types of samm g
caused someidifficulty in.comparing thelr absclute heta getlvi-
ties. Since gamma reys aré not significantly affected by self

sbsorption In sawples of thess thicgnessesgvgamma radiation is

W
[ d
{le
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o
O
L
ct
£ -
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Hy
5]
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5
(34
0
b
3
i
[sN
-t
¢
[

used in this report as an indic
active elements present. The ratic of gemma ravs o bate rarte

icles has not been accuretely determined but appezrs to be

ef calibrated standard sources. The instr“mént backgrou d was
Subtracved and the counts corrected té agrese wit“'ﬁae'sténdérd
source. The values are repnx a2g gamms ray;’émitted pér

minuse per uniu mass of volume of ssmple abbrevisied, cpm/g or
cpm{ﬁw The probeble error im each counting rate vas aiffisult
te meintain at a ccnst&gt level. Iin thé‘éaSe of the water and

%




‘plankton observations where the counting rate was véry small,
the probzble error was usually greatéf.than~8%, ofteﬁ as much 
as 50% and occasionally over 100%. -
2.3 .RADEOAéTIVITY IN OCEAN WATER |
Samples of sea water taken at various depths at ten of
. the hydrogrephic stations were used in this study. 4 150 ml.
volume of the wster from each sample was evapoerated to dry-
ness and the resulting salt assayed fcr.ra&ioéctivityg JTable"~
1.4 shows the gamms radibactivity, corrected to 1 liter, at
each'ététicﬁu The selinity values are listed only for station
29. (Locations of staticne are showm in Figures 14, 1B, )
There appeérs‘to‘b; no éetect:ble relationship between the
variations in asctivity with the slight'variaﬁicn that exists
in saiinity.

Surface samples of the water at severél stetions were
filtered through a 0.5 miecron millipore filter in order to
deteruine if sctivity were present‘in the upper 1a§ers és
dissolved substances or as particulate matter greater than
OQS micron dlameter. Most of the activity was fbumd td>be in
the dissolved phase. For example, at station 1%, 2t C inetersg

or 600 cpm/2 1liters. The

n

suspended particulate and colloidal wetter in the 2 liters was

(o]
O
(2]
3
B
[a]
3
(2]
155
?&
=
O
&3
ta
&
Yy

bsurface water at station 27; the total
activity in 6 liters of water teken as a vertical column froﬁ}
,depthé'betweenFSO and 1500 meters was 2050 cﬁmfé liters, vhile

 the particulate metter was only 20.2 ecpw/6 iiters, or 1%. if

the surfece particulate matter is largely compesed éf iiving

n dead organisms set-

b

organisms, then the radio

tling downward must rapidly become dissclive
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ctivity with

o
o
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TABLE l<f .
"RADICACTIVITY OF PFG OFEE SEL AREL WATERS

Gamms Reve Emithed per Minute per Liter (emn/1) of See ¥aiex

T Stetions : Selinity for
Approz Depth 6 7 8 9 1. 12 i 25 27 28 2¢ 153%e. 29 (%0}
in meters , : ; .
Surfece © | 423 ) 474 | 257) 20| 293 | 300 | 340 | 60 |80 | ubo | 34.56 %o

50 260 o 350 . : 280 180 | 34.58

100 b35 | 451 £0% 130 | 110 | 12 £0 | 126| 35.01

125 £0 (. 25.25

150 : A 340 Aol 35.12

200 , 3h0 | 210 | 300 | 00 £0 1 BLO | 3L.58

250 250 _ £0 3501 3L.43

300 ’ 37k 3hoki

500 90| 290 | 286 350 101 3460

500 350 . 35¢ 31 | £0] 53458

600 ' 190 3461 34.59

800 855 { 740 | ki | 220 47C : 500 8351 3k.58

1,000 1h80 | 870 | kb0 g0 650 370 | 520 3h.59

1,200 | 1240 - S k10 2001 34.60

, 1,400 5351 560} 1z¢ %0 535 | 435 1500 | 5201 3h.63

. 2,000 280 | 580 | 120 b
- 3,000 k10| 314 | 300
4. 000 330 | 1375
Baﬁgﬁe{gggth 3560 4300 | 4600 | 4200 | 5200 | 5100 | 4300 | 3400 {4800 |1i4:0]

TABLE 1-B

. RADIOACTIVITY OF LAGOON WATERS

Station Deptk GDn/ 1 o
Bikini A%tcll, Exryu Isiand Surfeace 1150 27 %

. ¢ Nemu £ Surface 1,620 20 Z

% # Namv. i Nesr shore. midpoint :

v S - of imeter depth ¢.i3¢ 15 Z
Bikini Atcll, MNid-legoon Surface ‘ 1,236 23 Z
Ailinginse : Surface 1.070 20 X
Eniwetok LiPoll, Perry Island Surface 300 L2 %

*Note: The above velues heve been corrected tc account for a 129 efficlency
and a j1% geometry of the scintillaelion counter. The sverege bache: 3
to noise and cosmic reys has been subirecied from the reporied valus
. h&as caused the negative and zerc values. <Yhe pajural E-L0 backsro
9% cpm/1 bas not been subtracted end is included in the above Tigures.

; 16
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The wain naturally-occurring radiod souope in the ccsan is

yre, which sh

5':
o

potassium-40 with & haif life of 1.,2x10 culd
remain constant throughout the ocean. One liter of sea water

emits 94 Kue‘gamma rays per minute.

g
A}
o
fo N
2.2
b
PJ-
Q
=3
0
-
[yjed

'SIm

a3 -

radiation shown in Table 1 is due to contaminztion.

L J..

Throughout the PPG area the radioactivity of the ses

=y

water is fairly constant with the exception of one laver o

o

vater between 800 and 1200 meiers found ncrthwast‘of Blkin

Atoll at stations 6, 7, 8, and 29. This avea is on the edge of
& large eddy current foun& around BLKLU&. nerv*;"ﬁte“ Tc e"wea

i PR 19 -1 A RS e T
to as the "Blkini eddy" systen (Figures 64-GE).
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TABLE'g

RADIOACTIVITY ANALYSIS OF SOME DEEP-SEL FAUNL NEAR
N?"R BIKINI ATOLL. DEPTH OF CAPTURE 6 teo

-Sample Item ' Gammea CPM

Per Item

'aatchet fish (en Lre) bk

Angle-mouth fish C 35,6

lantern fish (6 voanc) 111

Shrimp (Mys idae) 266
‘Colontal Tunicate - 7%.8
nSiphonophore bracts - | 3.5
~Eorbugesc man-okwar o ilaO
(small) '
aellyfish (small’ 166
ter opod= (3 smaili 1‘ 71
/Jeliy fish'(large) i,750
ctopus and squigd | 103y

(comb;neé;

Gamma CPIM/
o]

730 METELE

(Wet Weirht)




.

of the core barrel to penetrate, and the core-ca’ whe”'to re

- ~ -1w . .

-

At present uhe activity in the 1oaﬂ“ levels giffers

iittle from that of the upper. The resulting'gamma activie

ties for the deep fishes are therefore, very similar to

-

'those for plankton of the upper layers. It should be natnd

that the foreﬂoing study wzs mzde within the infl a;&e-of

the Bikini Eddy System and may be repﬂesenus tive of that area
: cnlya'

‘2;5 hADICA TIVITY BECKGR LND OF mHE “"'AN FuGOR

ﬁ series of 16 gample

€

of the ocean fioocr were taken

*ound Bikinl Atoll. These were cbiained with e coring device

and e botiom dredge. They consisted of smell bits of corél§
basalﬁ, maﬁganase'noﬁules; cogrse coral sanﬁ aﬁ&_fin@
globigerine ooze (fossils of minute organisms of the order
Foraminlzera P@ztluﬁg of such material were wely hed, dried

at 1100 C. in 1uw¢n 1 plaﬁ.“et and counted for gamma Aaaiow

{
s

activity., Severzl of the cores were lost due to the imabll;tv

(4

’

tain tnm coarse sand found in some of these ax rezs. Of these,

only & few greins were saved and were insﬁfficien for atcuraie

8 . . o T . dee . > P 53 4 ) : -
Vagsafﬁ The water trsopeld ovar the core tog wes filterad and

-

ev~o rated for counting. The suspended szediment ﬁhns remaveé

. o 3 o aspred A $ -5 i g e S ope
waes elso counted and was found to be COIISIQE’:E’&?JJ.}", wore aguive

then the water. The top lever of each core. and poriicns of
¥ : : E

the dredge samples were zsszyed. The resulis are 3hawﬁ‘in
Pigure 2. in which the att;viis of the gamma radi&ticm‘pe?

grem of ocean floor surface ls plotted st loscetions sempled.

S

in gener91 the most radiocatztive samples consisted of gioblige~

2ine ocze (Fig. Z.core C=2, CeX, C=104). TM&ngaﬂese'noi&las
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"Radloactlivily levels o

Gastropod Sneil

¢ G 12

£

M

3

Certein Fauna from Bikini iscoon

- ~Southeastern Area-

Sample Item

Tridachna Clam

Liver -
Gilis (both sides)
1/8 of stomach

1/8 of mantle :
‘1/2 adductor muscle

Liver

1/% of foot muscle
Gilles (both sideg)
Kidney (entire)
Stomach o
Operecviar valve
Siphon

5 —"P_é_ : ,‘-\.‘ 1'
Smell Bivalve Clam

Entire boly
1/2 of sheli

Polychaete YWorms
Larval Iish

3 tiny ses urchins

Nerthwestern

Algae L .
ermit ereb (small,enti
eilyfish (smell)
owrig shell {(empty)
ed corzl (Cead)

- Calczrous seaweed
Fish {Plectropomus =p.)

1% stomach contents
1/% of vertebrae

Gamma CPM

per itenm

)
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1
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£ .h00
r231%,700
2,200
2,630
L5700
118,000
1%, 500
3,210
B

¢, 10O
160,000
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o

Gamme CPYM/Granm
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% b b . Ry 42 i =y oy~ - = =4 e s L
potvom feeding fish, Ziscisvomus sp.. was found to bhe noitably

higher in gamms activity than the liver of the other [ishes -
studied, (Table %).

Coring and dredging resultis clearly indicate the presence
& , _ . :

of & considersble amount of contaminants on the sez floor in an

ceincides to a largerextent with the CASTLH fallcat gsctern;

-

ini eddy may hw"e permitted the water to

regein in appraﬁimately the same ares until the additional -

settl;ng of particulate matier occurred.

i3in ginae 91041; southaast of Bikinl, was alise found to

from ovnczce waters as iﬁ washed over the reef and ﬂﬁvVve

B
&
L
0

lzgosn. Roughly, the activity of organisms tested from

4Lilinginse Lapoon was about one-half the activity of ¢
Bikini. 4s at Bikini, the ¢lams and bottom feeding ovganisms
show thé grestest radéaactLviby ;pé caeting the major contami-

.0 be or: the 1 .goon f”'czs

joh

Qo

<t

b

- = Q
v

r’) T

200K hPTEF SEMPLES

£ limited number of water samples were cbiained from

RN d i g e 5 T Ay ! rr;é ‘_ b N - -, ) - J‘-
per minute per lliter of water. These values are s~nava>u

26




DRAFT
"TABLE §

RADIOACTIVITY LEVELS OF CERTAIN FAUNA
FROM AILINGINAE LAGOON-WESTERN SECTION

Sample Item Gamme cpm Gamma cpm/gran

: per Organ (vet weight)

Tridacna Clams

Liver of 4 in. clam 4,300 2,200

Liver of 8 in. clam 57,800 5,050

1+ of adductor muscle 2,690 900

Portion of connective tissue 355 20

Portion of mantle 59 10

Liver of 8 in. clam #2 36,440 5,200

Bear-Clew Clem (Hippopus)

Stomach contents and wall 155 4o

4 adductor muscle 155 50

Liver 11,380 3,700

Eighes

Mullet viscera (b fish) 670

Mallet, % in. (in toto) 6,140

Parrot fish
gills from right side 755 270
liver $,800 3,270
kidney 1.580 1,050
testes 1,820 %60
4+ stomach contents 2,090 29C
Tail fin, unsecraped 3,600 1,800

Snapper
+ gilis 670 o
Liver 12,700 1,060
1/5 stomach and contents 2,870 320
1/10 of vertebrae 630 60
Flesh, portiom of. 600 %0
Splieen 220 2,200
Gall bladder 70 10
Eidney 170 100
Tzil fin, unscraped 1,070 200
Sample of scales 90 60
Portion of clam from

fish's stomach 440 70

a7



DRAFT - —
One bottom sample which was obtained from &i inginae lagoon

gave a count of 90% cpm/g which is about one-helf & aetiéity

found in the ezst end on Bikini lagoon.

2.9 LAGOOR PHYTOPLANKTON SAMPLEE |

| Severzl phyt@pl&éktoa net hauls were tagen in B*“Lna andé

Ailinginee lagoons with a standard #20 phytaplanktdﬁ neta’.The

amounts captured were very small. Ke identification of the con-

tents wés attempted and no meaﬁs wers availabie to sepa?ate

inorganie debris from living organisms. The diluted s nie' Was

filtered through 2 millipere filter, which w s counted fo r gamms
and betz activity. Thc samples from Ailinginae shawsé & @ognt of
21l gammz cpm}anﬁ 26 beta‘cpm for the entire haulg vwhersas & samplé
. taken from the Opeh ocean at stati@ﬁl#%fshdwed ne detecﬁéble,
activity. One v ry smell sample at ths east ené of BEikini lag@@n‘
gave 398 cpm gémma ané 429 cpm bete while the greatest aetivitﬁ
was found in the northwest aree of Bikini with 8,800 g&nma cpm in
& very smell sample.

Z.1C MISCELLANEOUS SURVEY

| Several spot checks were meds on the plant life from "NARN®
(Enyv) irn Bikini Atcll and from,EAé vestern end of filinginae |
Atoll. The’meat of three green coconuts from NAN zveraged 146
epu/g while the hilkifrom the same nute wae 184 epm/g. & ripe
eogonud @btéined ff@m Ailinginee indieated 116 epm/p. & green |
coconut from the sams arez gave 62 epm/g for the mest an@ 129ycpﬁ/g
‘for the milk. A kernel from the pandenmus fruit Svom ailémginae

emitted 6% cpm/g.

29




DRAFT - Sy
2.11 AIR SAMPLING | |
' Equipment has been set up for coliectzng airborne parcacu-
1até matter aboard the Horizon. Ten liters of air per m&nate '
are drawn through 2 type AA millipore filter for a per;od of
560‘minutese During the'préiiminary survey, ne airborne radio~

activity was detected.

30




in the Marshall Islands ares, and is believed due to tnc VOTtie

3 DCmAVOGnar_ G CONDITIORS IN THL PPC QPN an‘AJEﬁ
: b* Pzul L. Horrer ‘

3.1 CURRENTS, GBNERAL INFORIATION

The aom;nant ehthwﬁ of ocean geographv in thekPPG is

the trade wing drlven,‘westo?iyorlow1ng Na%th Equ torlal

Current., Transporting sbout 2000 times &g wch water as the

i
>

. Miscissippi River, this current is mostly contained »5:11 the

'3

- upper 350 meters of depth. Its position is fa? thest ngrth”in‘
summer shifts'souﬁhgtrd in w nbe* by scvmﬁaﬁ de rrees of 1ati~
_ Sun 5 £ ; ¥

tude, but on the aversge stretohes fvcw ebout SO‘N to 209 N

£

< U o e, & ‘ '.‘1...4“
oe meximum fiow is about 1.

b1

Le s PV s ol g 6 e s
latitude., » knot at the surfacey

but much of the w"t“? within this wide, flat ribbon moves at

“speedz of more nearly + nos.

Eiicctioﬁ of flow in the Norih ‘tuato ial Cvmw~z *variéa

 due %o meandering, like & river in lcwlandu.'and tm ﬂ”matLQH

M
of great, revolving, horizontal sddies, - Ohe ¢aﬂh @dcv’appears

.

eity produced as water turns northwaré to flow round the clOSe%;

1y grouped etelis to the east. COD%aLLQSt i waters from fell-

P - '3 Fod [ BNt B REIE gt ~ % e ik . (e ; .
narrow band (50-7% miles wide) of egsterly [iowing current ot
r ez TV a3 - o0 g e re o =
gbout 17 N. Found also 2t 15 N near Hawali on U, S. Fish

s, this festure is pr mablv due %0 & nerrow

1
~east-west b ;qd of wezber winds or & marked horizontel sheatr in

 ;3ik



t:}),‘

‘the wzndq at Ei at t adeq Wimd deta awe fﬁa? eguate ely detailed

(»9 provzﬁe stst stical prcof of the em;stence of th@ nﬁnﬁomcﬁon;
However.vthe Jananesé ‘survév in unm 195% reveul i n‘east riy‘n
tendwng tongue of aonuamlﬁatea wuter orlgina Lng ai anaut 1701'
 N¢ At 740 E (500 nﬁieu east of Blkini, or 200«300 m¢le° eﬂst:
. of the CASTLU fallout area) the tongue waa 50 to 100 M"LES wlae ,'

leth an act*v1ty of 300 counts per mﬁnvte per i iter.

B On tne Apr¢¢ - 5 Ma\ 456 HORIVON eruise, f ceLcura
grents weredetermlned av 65 jalels ovs by Lu;ﬁS an nst um@nt to

measure potential due‘to‘the‘W1ter*movement tl uvb the earub

cr

HLagnetic“fier {Figw”i). Currents & subs*r face er hg Jere

Sate

g nompn»e& from uke d Qt””DﬁulOR of wafer de thok ty'measrv¢d'at 1=

to 2k,ﬁepﬁhs at each 21 1ocatvons# A tohel of 36 drogues
;(freelj&ﬁrifting, .mbn.e'p d ses mﬂChOTS conuecuea‘bb a surface
float by small v re) were released at various depths at 7

o

;idcétlons and tracked to oh* in direct mvdaﬁ om eﬂtc imz'éor~~'
roborating phe above data (dopa?tures of hn d”oguas me“é |
'méaqueﬂ‘rel tive to an anchoreq bhov)w The sevewui nbunoﬂs
gave set’sfaﬂtory a?reemﬂnt, and all daté‘frém them w@?e;uﬁili-
zed tc prepar e flov charts for five 1evéis; as discusseﬂiin"
:fnhc fv110V1n5 seccwomc | | | |
Winds dLr ng nost of the cruise were fwo :uhé eést»éo§t?m~‘
g'ea‘t at spceos of 16 to 2z knotga | | |
3 2 ﬂU{RENlo AT thlOUS Li VPL: ,

Suvlace. At the qurfaue (Plga éA) wa t er vaes‘wesﬁ&ard '

-

into the ares arounc iaomg¢ Atoll &t c o 0.3 knot; then it

32




= almost new»exlsterb at this

'DRAFT

-

n sses north of Bi kind

045 o 096 knot.

,waere ¢t ugalp turns west and and

'Eniwetok Atolle at speads of f Anaﬁhar stream

- enters ‘the Qouuheaqterﬁ part of the area studied and moves

-past Rongerik, Hongelap, and Aiiinginae AtOIIS'to f&rm:thé;_

 ‘;counterclockwise rotating vortex about Bikini At il Other

‘smallerg mean&er;ng, or rotsting s water‘appeaffin the

Currenﬁ

creams of

southwesu and northvest parts of tne ares speed 1s

lon.v 0. 05 to O 10 knot in the east eentﬂal part of.the ares,

 ana it is neglzgibie‘at_the centers of the Bikini e¢gy and the

¢‘°p&ed is OﬁO'
the

megnaer. or eddy. at Enivetok. The totzl range o

%o 0.6 lnot* Speed averages 0.3 to .l knot for whsle awea f
studieﬁe '

&t 75

ﬁt 75 Me _1rs Depth. Flow & meters:&epth (Figu'6B)’

xs ve”y aimil r to that zt the surface K"Lﬂ speets varying

fiow ncrth oflﬁikiniuwithiﬂ

from 0.0 to 0.7 knot. Directlon of
the eddy is more toward the west-southwe st thaD towaru the west ‘

the surfece. The meander, or eddy, &t Er iW@tOk is

“as 1t is at
depth.
I stveamS'entering'the

t 150 Meters D@Db&e The*twn mai

- grea on the sou theast nJ northezst corners mnande“ mcre at

et 19¢cl° abov= Lta ngrLuude of

nis depth (Fig. 6C) than
‘fne*ﬁiyini”

~ o

tﬁau at 75 meters deptho

noruh»uot h d¢wections than a shoalpr

Catoll g?oums with éﬁguh

BT

ficial, it is p

possli bl§ ue to broade%ins of th°

No eddies or meanaers ex&st near

’uniWetGk; Because the eddy-like feature there is &ozher supere

rsbab'" temmora”ys




-and thelr e}:iste:;z‘ce 2] ,"'bC questionanlm |

s

‘lower levels,“‘Thevcﬁ er main features of the sawba @ cmrcn¢at‘cn

are’maintained tut are much lees 4ntense and have ¢b 15X Eea somg~

what in irectlona IL the ezct and sou »emst, ne'czrevlaula

. has beccme wezk anﬁ,meanderinga Curre <t speeds range frsm C.C

to 0.5 knot with a2 gener el svers ge for uhe cha* ;yGaéSvknGt,

Lt 500 Meters Dewth. L:itt'ie, if an‘% K

* ”urrent remeins &t this deppho Nearly allzflcw’is:me?i&icnal
‘(nbrth;SQch; and speeds range from 0.0 to O3 knot with an

average of about 0.15 knei for the whole ares (Fig. tr}@ ;ﬁne

5 - P TS A SNV AP A SR TR et LR ‘-.».J.v'.'v* - - e
dorinsnt feature is still the Bikini eddy, located in the same

s 3 s 2 1 g o % . & G on dm ol . L Bt T e
pOSlth: and having slimiler orlientation as at the 130 and 250

, meters°dept:s¢ Other ann srent eddies zt this depzh sTe weak,

it Depthe Grester than 500 Meiters. 4 drogue at 1000 me*ers'

depth launched et one location revealed 0.03 knot currents As

discussed earlier in the report, the highest concentration of

7 by disscliving i“ts”thé waoer f;

-

‘heavy particle fzilout on the bottom aress that fiank the mtﬁl

and se*Uﬂants esweciaiiy‘ﬁikixi and Sylvagiag'aﬁ these ﬁepﬁ Se

during vertiezl wig ret,ans znd by decaved dead hodis & aad

‘excreta that reack th_s level. Whereas wore heevily cnn;aminated



;vnot 1% weuld fl rther

powerd it right hané bsundarf th

M. 2 - ¥ s 4 . ,.
‘This 1s lilustrated by the average

‘Moulé net have be@n reﬁewed becaLa

wat&r in it mov ng at

‘the eddy in this renge of depth is

~

4

3.3 TEMPERATU IRE 4D DENSITY

face water temperatures in

& (Y

5
high and uniform. They vary from

The most abrupt change'is 2t tha 26,

wh¢ch merk the southern nounaar" o

and werm move verv-slowlv to‘ar"t

Y- uhU surface wa e”s muve ac

er sclar radiztion received at the

o 3

eeu,o; only a few F“ndre

lay ey aange of

_be swept cut of the ares in 2 y ars tzme‘ kqoez i st these é&pihs

e of % feebleness‘éf,flow

”thervu Also the edér'may be P”@SGT@ ﬂt 86@ to 1200 métérs with

€2

'rthcse depthse Some informetion that suggests*tne P eqeﬁcc of

5:-91’
2,
[

rred fro”"Wﬂ%mF,mass

- studies, discussed later in the report.

2L on the rsr*rwcst side

of tﬂe‘ﬁqrth

e ucuaucvlai Surrent in Lhc aree. Surface w ters wh”wu arefiight

i

he north side of gks'currenﬁ;'

ross the eq“"nov a? ot r“ewh

ey become pile& upg aausing

r than a2t the sout 'sides

lower lstitudes in chlwgc

empereture in the uppcr
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ranges from 49 ﬁa 170 meters. It is least iﬁ an zres to the
north of B& ini and to the east of Rengelap Atﬁilsg'ﬁérm;ng a 
tongue like distribution. The tongue coincides with ﬁb@‘north.
boundary of the stream of wzter that enters ﬁhe ares on the |
’sou heast corper and moves into the Blkini eddxn Ancbher
locale of shellow thermocline depthsfexﬁsts in the n norgh cenm
tral part cf the area studied. Areas of deep thermocl inas

are found where water enters the‘ﬁortheast cornerran&VWEere it
leaves the northwést corner. A& baﬁd of int cxned te depths
éXtends eastwweét across the cna?* or tho norﬁh boundary of

orisl Current. Ome sten

2

the main branch of the mortu Equa
- of this band reachés southwestward toward Bikini Atoll in the
enticipated fallout arez., Falleut thet mixes fc 75 or 80

meters depth in this ares may, with the Wate*'i

ot
bt
i

';saueezed from below ¢1to a th¢nnef layer as it moves weqt»aré
in the eddy where the top of the tnermocl;ne rises to 4060
meters o‘eep'th° Dissolved radlozctivity will probably reach iﬁé
greatest depth in the ares &s th91Curreﬁt carries it wesitward
to the longitude of Eniweuo}:u | :

3k u¢XINu PROCESSES AND STABILITY

Horizonteal spreading and dilution of COnbdan e& ‘water

[

Inle

.n iar gc areac offaliot“ from & megaton weapon 1 &G o‘ lished

-

not on;y by hoerizontal bLt aiso vevticai var*ation in cuvrentgv
In some pﬁrt¢ons of the area the current 1n the IOWbV pﬂrt of

the layer above uhe thermcc?lne dzfiers Lrom tué vpper part by

-

e few tens of degrees in di tlon and by 0.1 to 0.2 knot in

-

speed. bhs the two zones shear spert the vpper portion of the

AT ]
233




contaminated wauer moves over relatively cléan watef’andfcleaﬁ
water flows in above the lower conuaminateé portion. Simultaneous-
ly, vertical turbulence acts to homogenize the entire 1ayér'above
the thermocline, thereby diluting the contaminated wa uer;

FTor fallout over a small zrea from z nomiual lil son weapcn

the prlmavy mixlng Drocess is the latter effect dkscu sed above,

the vertical shear. Horizontal shear in the currents over a

small area is generally, althou@h not always, relatively small.

l-g

The horlzcntal molecular diffusion i~ zlsc minor. GOff the

Celifornia coasts measurements of horizontal dispersion dLe to
both norlzonua? ‘shear and Glffusion gave an average r“* ;of orE
foot per minute for areas up to\lO miles across. In the Kort
Equztorizl Current region whers current speeds are sironger than

off Californiz, thlis rate would probably be two or three times

as great; nevertheless, thc effect of the process would be of a

“second order. For both small and large contaminated ogeanic

areas the rates of vertlcul mixing are essentially eguale.

Large, heavy pavtlcles in the fzllout (e.gey coral) must

sink fairly repidly ané account for radioactivity found on the
deep ocean botlom in the PPG, But much of the fallou éio«
activitj is on smaller corsl particles, or ash material and is

: dissolved into the water sbove the thermocline.  Coral particles

that are 100 microns in diam~ter would sink at the rate of:30 to
100 meters per hour; these would reach the thermocline ln 2 or 3
hours time on the aversge and may lose much of their re Loactiv¢uye
Boﬁh‘the measuremeqts'made 2t CASTLE and byvthe Jépans se one to'
two mon{hs}after CAS TLE showed ﬂach greater concentr~*1oﬁ Of

activity above the thermdcline than anywhere else in the water

-eolunte
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pRaFy I . — |

| 'vertical mixing is inhibited at the thermocline 6hn Lo
the stability éssoc*ated with the rapid'increése in density
with depthe. Vertlcal mixing reguires the vertium} mo#eﬁent
of parcels of water. Where vertical density g*a&fonﬁs are
great, as they are in the thermocline, these movementis lnvolve
relatively large amounts of energj and are gﬁereic*” feés

probable. Mixingg'thereforeﬁ is lessed In the WIGWAM operae

-«

~tion (deep underwater atomlc detonation off Califcrnia) radio-

g

activity was mater rially conuentraued in thin s L1 d layers

o? high stsbility. These sheets of rad*oa*t1Ve W”*er had
horizontal diﬁensions measured in miles and tens of miles with
vertical thickness of only & few meters (except above‘the
}thefmocline}ov Contaminatlon existed in the depth of the
thermocline and below it at s-GJAM because it was ;ntroducedv’
at these levels. mhis‘is contrasted with falldut which‘is
spread on the surface and remains moqtly above the uhermocline,‘
but WIGYAY is the best known uxamp¢c to illusor»tr the degree
of Stratification of waters at layers of high stablilitye. |

' | Computatiogs of stability have been made for the data
»takén on‘the HORIZON®s cruise in the PPG 2Tea. Figﬁjll shows
the éverage stability of the most stzble 25 meter layer, and

Fig. 12 pives the depth of the layer. The stabllilty values

3. Since the downward nenetration of radioactivity in solution
- in the water is very slow at the thermocline, submarines may
generally aveid water with high activity by ¢iving intc the
middle of the thermocline. Surface vessels may obtain rela-
tiveiy zlean water for their evaporators by pumping water ,
from within the thermocline depth zone. With a depressor on
the end of a water lime the latter might be accomplished
a2t normal speed. (At early times or durlng fallout, clean

water undoubtedly exists in a ship's wake; therefore, e
ship probsb?v nay obtain clean water for wash-down by :

- traveling in a wide clrcley or by fOLlOM}ﬂg another ves :sel
at some dlstance, =« Tsaacﬂo/

@
2%
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givéﬁ are proportional tec the acceleration a mass of water
would have if it were displaced vertically a distance of one
meter; The greatest stability in the entire afea is just south-
west of‘Bikini at depths of 75 %o 125 meters. & spot just west
of Enlwetok Atoll and another gouthwest of Taongl A% 011 have
nearly as great maximum stability values. The stab;*ity values
appear nearly constant (2500 to 3000) over the areas of the
main streams of Equatorial Current watere i

| Shoaler on the south than on the north side of'the area
studied the depth of the 25 meﬁer layer of highest sﬁability
varies from 50 to 100 meters to 150 to 175 meters,' L;S dept
at many places, is just below the top of the‘uhermocline, but
~in other places, where’temperature decreases with depﬁh'glowly
at first, it is nearer the middle of the thermocline;% In thé
latter case, radiocactivity may be expecied to reach ﬁﬁis depth
after some pericd of time (probably within a féw daysitb a few
weeks) o B ;

Fig. 13 shows the average stability for the upper 250 meter
layer. Time fcv penetration of dissolved racioactlv*ty to 250
meters depth is & function of thls quantity. Small values at
the northwest corner of the area'reflecf the deep thermocline
there. In general, the magnitude of this aversage étability |
increases from north to south. }v : |

In the very deep water the stability remains poSitive, but
it decreases slowly to very near zero (Fige 9)e :
3.5 WATER MASSES IN THE AREA

B ceanographers use characteristics of the water“to define“
specific watér typés as the aerologisé does with theiéfmospheree"

The natural mixing of a number of specific water ﬁypés results

40




DRAFT 3 | —

in a mass of water that can be recognized by its chara cterﬂs-

tic temperature and salinity relation. Water masses are 

named after oceanic regions where they are formed or are found.

Further mixing between two or more weter messes may occur.

By comparing the horizontal continuity of water masses presént’
in the area studied, movement of water into the ares mayvbs‘
estlmatedo o | | v

The water masses in the Pa"iflc were 3amed§'describedg
and located on the basis of the relativeiy sparse dats taken
in this ocean before about 1940, Hence, the descripﬁicné énd
boundaries are somewhat arbitrary, and'the characteri tics of
a water mass are accepted as varying within only mcéerately

well defined limits. The boundary regloms contain waters of

“intermediate types.

The water masses to be dealt with here are given below.

Except for the last one listed, they ere found in the upper
. , Sy

1ayer,. within the geographical limits specifieé¢ 

(1) Pacific Eguatorisi V ”ater, eztendiﬁg frowm gbout
2° 5 %5 8O N N in these longi tudes. i‘
| {2 desmern Forth Pacific Central Jage?g from 1609
W to the western boundsry of the chans and from about 8?}N:to
Lo X, v : ,

(3) HNorth Pacifiec Intermedizte W Water, occu g at

depths from 400 to 1200 meters over most of the North PaCiféee

®




consistent with the fact that the lighter, and ususl:

DRAFT . - —
- Water in the wind-stirred layer and downwérd_to about the
middle of the thermocline has features representaéive of ﬁhe
local area. Due to the action of surface mechenisms (solar
radiation, evaporation, precipitétion, etc.) the charzcteristics

of this water are in between that of the Pacific Equatorial mass

" and that of the Western North Pacific Centra? water. South of

uhe latltude of Bikinl, this water mass is pr sent between the
surface and &epths of ¢50-200 meters; it appears bc%ween the

surface and depths of 200~265 meters elsewhere in the ar "ea

's»ud;ed, except on the northern boundary where it extends to

420 meters depth (Depths of water masses at each location
sampled are shown in Fig. 1k).

Benezth the upper water masé a layer of Wéstern Nort

Paeific Central water &ppears et nearly every location sample&u
- This layer is only 10 to 50 meters thick and oécurs at 155 to
245 meters depth near Bikinl and south of Bikini's latitude.

From there'it submérges with northward travel to depths of

| 265-400 meters and becomes 80 to 150 meters thick. This is

[t
| Cut

¥ warmer,
surface waters move to the right of the current. ‘?iling vp
on the north side of’the arez they czuse & downward ﬁispiace«
nent of water alrezdy present as reveéle& by lines that
delineate their characteristics. |

| North Pacific Intermediate water is‘found at'avery position
where sampling was done. On the north side of the ares studied
it is 300 to 800 meters thick and occurs at Gepthe of 400 to_

1200 meters. It thins to about 125 meters thickness in the



LRM*‘T : | | ’ , - “ B ;

lat;tude of Bikinl and appears at 220 to #OO me*ﬁ“v d?pthu

On the south side of the area studicc, the 1ayer bec comes about
- 300 meters thxck and is found between E65 and 600 metbrs aeptn,

Eddying and meandering of the current at these deptnsién the

létitﬁde'of Bikini (Ref. Pigse 6D and SE)‘apparently éauses

Uwatei to be welled upward from within bhis layer. ?hus‘the‘

" 1ayer'becomeé thinner there than fsrthér south.

Below the widespread North Pacifit Intermediate water there

are spctby appeerances of mestern Nor 7] Paclflc Central water

‘ interspersed between layers of Paecific hOU&tG?iam watera

Locations where Western North'Papﬁfic Central water was found

are north of Likiep Atoll, nor el ei Ronger¢k Atol¢ angd 90 to

o 130 miles northwest of Bikini htoli; It may agpadr dﬂ othe?Z

Jlocations at greaver Gepth uhan was oampleﬁ}o l nree are

in a northwest-southeast line and apparently represent a former

influx of deep water from the northwest central Pacific. This
tongﬁe aspears pinched to the north of AzlinginaejAtoii by
Lnflow of the Pacific Lqu&uﬂ“ial water mass of particularly
high salinity from south of Hongerp Atoll to sbout 120 miles
north of Ailinginae Atoll. The latter flov is within the easte
ern part of the Bikini eddy as shown in Fige 63:

Paeiflic Equauorldi vater is alSO found a* 2ll other

locations where samples were taken, It appears at &ll dapths

below about 350”to 400 meters in the latitude of Bikinig'below

415 to 600 meters depth on the ‘south stde of the ares studied

. andé below 700 to 1200 metars depth on the ncrth bounaary of the
arez. By continui Ty, it is shoalest in the Latauuﬁe of Biking
- where it moves uvpward to replace North acific In*e“mpdlate

 water that wells toward the surface within the greav, hari-

ZOntalpyslowly revolving eddy there.
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3.6 UNDER:IATE.‘? SOUND PROPAGATIOR i

At five loeations orn the HORLZON‘“ eruise, tembergture
and salinzty were measured to depths of as great as 2500 meters
to more?than 400 meters. For these‘Stationo computaticns were

majde o? the speed 09 underweter sound. At all locatzons the

.sound speed pr of;les from top to bottom were very sznilar

- execept in the aepth range of the thermocllne. Thus, sound‘

&%e are shown plotted only {or one station as an exampie

At all locations the speed of underwater sound is neaﬁly
constent above the thermociine. In genersl, conditions are
Lov reiative;” good fo“ near»suvface pvonagatfon of unaevwater

souna in the PPG, As summer progresses and the trade w;na

- weakens the surface will be warmed. Then sound speed will be

greater near the surface then elsevhere below it and more sound

~ energy will refract downwsrd and be lost from the layer ébbééﬂ

the thermocline. Thus, sound propagation conditione in upper

wzters will become less faVOrablea

Commencing'at the top of *he'thermoclineg.souhd speéd
dec?eé=es apzalv with aecreasing tempersture (Figa 9)@'5It
reaches & minimum, generally at 1000 to 1200 metevsg excgpt
at one location where it was least, at 800 meters@ ”hiévminim
mum is the axis of the deep SCFAR channel o Fo comparlson, off
the west coast of the United States this minimum is found at
60C to 800 meters depthe | |

Below the minimum the SOURd speed increases with ertho

The incroase is very Q1ow down to below 2000 meters Thus any




DRAPT N | . . ‘Illllllllll.",
part}of the area less than about 1000 fathoms water'dep%h ié ,
bottom 1imited for deep water sound‘propagation@ gWhere»dep%hé
are 2000 fathoms or greatér the Geep water propégation is‘ |
fairly good. It is not as good, however; as off the wéét |

. coast df the United States vhere thevspeed near the bottom is

more nearly equal to that at the surface.

k5
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' reefs produce an influx of water intc the

™ TR . o ' o : B [N S
‘$Vblﬂl .‘::. . . . . 0 . —

thc Lagoou is ohC w1n§ With ¢ EEE ﬁraée-vind‘a cellular eclreu-

‘lation pattern is establishea w;th surface waters flowing across

the Lagoan from the ezst toward the west, and the de@ﬁef watero

L]

VleWing in the oppcsite'=irection; Weves bresking on the &indwaré

)
t‘d
f48)
i
]
b
rs

Th ne wave energv"

- ac;uaily praduces e water level over the reefs w;iéu s about a?
 feét ab0ve that grévailiag in the Legoon . This}h ead ﬂf’watcz pruw' 3
duces é fiow iﬂte_tﬁe Lagoon algng‘ﬁh w;ndgaw& reefg whlch hav |
'beeg éstiméﬁéé”by Von 4rz to o is of about éSS mill;aﬂ CUbLQ

meters per day. This is abeut_’~’§ of the lagoon Vol RS a_d cons=

stitutes nearly

m,
ot
-,

'3 ol the volume of She nev water scded to th

. Lagoon each éayg

*

- Some cf the wes 1‘?c fioving uate* 15 exh ' ros the

- leewaré reefs. and th?oth tb@ leevward passes durin’ uhe eb ing
; : y G z _ g

'tiéalyflewﬁ L m43 poru¢om of the uarfece flow can not be s0 X

s

hauctea, and sc subsidence occurs in'the‘western'énd of'the Lagoon

and uhese uaﬁc=~ roturn towards the east in the subf"r acr layewsd

 Most af this return flow upwelle aloﬁg the eastern egge of Lhu

Lagoon and reti arns wesg tw"%h along Lh¢ surface. & sﬁvblon of the

'iiverteé;'bath nerth and voabh.‘i pie) twe qecen@ary

; 193 producing & counter-el oc*wise flow iﬂ the ‘nor the
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o

E.
Brte
23
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ern section o f the Lagoui and @ clockwise flow ia the sﬁutharn“

,

section of ahe_Lagoona
Water ffom‘the‘open ceean enters the ngoun tm g Bogu

Channel im & westis rly flowing current. Tnxs oW av mer g the

westerly surface fiow zlomg the wide mouth QL‘&myu.:ﬁanmelg and &




1.6% of the wind speed,

large porticn of the mixture encipes to ez &t the western en
of the charmei. o S | |
" During pe”iodc of southerly or south-casierly \ inis the £low

across the eastern and north-ezetern roef s is grestly 3¢duced.

The mc.j x infiow 1., en through Enyu cm nel. Any prolonged

,pevio& of such wi ﬁ? probab ¥ cs%ablishes a cellular’circmlaﬁio&

pettern oriented alomg & northwestmsoatheast xig.  In the central

por ion.of *he umguoa & return

SN

% 2 wmm A e e g Fae e -
low directeld Lou&rg& the scuthegstk

would exlst in the ﬁeepcm Eafers¢,’secéaaary norizontel -1_‘are

~&lso Likely to exnist.

b2 EBSUETS gr P ;'SE.T PIELD STUDIES

Guwreat 4 Bikin: Lagoor have been studied by mea@u eme:

b by

surface I10¢ in the Lagoon is éirccted with zhe wind”at & veloelity
£ of the viné velocity. Tue 1S prﬁv*ons cshudies

infiwenced by the wind. The present mea surcmepc indicate thet

“the 3% figure is teo high. Cer dircet ubuCTV'vi ons frog an
aﬁczcreﬁ veggel show Chat the surface auvreaﬁ {actually the flow

in tﬂn unwer three feel of the warer column} is ﬁi?@”‘“m at abont

zzavtc th” right ¢f the wind Eizectson and ot & speed egual to




”lnﬂreases to 26° ang uhe average speed éacreases'tc 3ol

‘&‘f ve hour p@rloﬁ'at

Et’.:‘x.r\-r:?-‘. ) L : ) : ‘ s
. Birikd = . , ' ) ‘ —— ’

2 W)

&t'five'msters 16 £%.} the average deviation %

0

the right

CEy

af»thé, 

winﬁ qpeedo Buring the perloa cf obsevvatiaz (e %ly Lprzl ﬁhrcugh

‘eawlv May) the average wxnd veloclity uas 19.5 kno»w frﬂm 06°°"ﬁ
The average surface eur?ent wag then 0 3l knots Vawer$ zafdf aﬁd
at § meterw (16 fzo) the current V07@“lty averawe; anl”kn@ts

;'»awawdq 2@90fo '

,Zhe eastez;y ;lahang cuvwo nt in the deeper 133833 was observed

ft& be muun sleuor and more verieble beth in speed and dirsction
than tbe surfece fiow. The direct mezsurements from en anchored

'vesse& gave speeés of from C.08 o O;l% kaotsﬁy‘

These °pecdﬂ re samevl % b gher unan tho = giuﬁ" by Arifs
dregue abse V&ulOQSe

it takem Qvez
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$hc “esuj* from & serie

i)
¥

locatlion near the center of the goon u?@

nregentea here ©0 iuan eate The ﬂ;arrcteristic‘&iStﬁiz an of

-curreuts Wluh Qapth and their relat io shxp to the vzﬂm, i § ¢! Jig;'.

17 the- CL”fCﬂt at the surfaeeg 10 meters, ?5 meﬁ@rs% a& reters,

30 meters?»éO meters and 50 mete: rs ere showﬂ as vee?o < In

aédition e weetor &Ghm& £0 g/’OG of the average kﬁ& Vc’ocjt» '

during the per Lﬁd of observetion is shown for eomparisoh.

In aé&itia& to the measurercnts made from an sachored vessel,

several 4rift droguss were releaged near the center of the Lagoor,

ana cuarents &t the surfzce end at 30 meters determined from the

‘ab,@rJeo ér i o The surlzoee é?@gues, which give veloclities reprew

senza“*ve of the upue? ten feet of &he vater‘caiumn@ caﬁpare VXY

arablv With the direct me&ﬁuraménts”made from the anchored ship.
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DRAFT ]

With southerly and southeasterly winds most of the inflow

oeeurs through Enyu Chamnel--the inflow across the windward reefs

becoming negligiblee The rate of renewal of Lagoon water in this
case will depend on the wind velocity, and will be limited by the

amount of water which can escape across the northern end north-

 western reefs. The exchange time forvsouthern or southeastern

windg is estimeted at betwaen 60 émd 100 days.

Table 6 gives estimates of {low intd‘and‘out of Bikini Lagoén’
for normal trade wind conditionsob The major influx and outflow of
waters intc and out of the Lagoon takes place thfough the south and‘

southwestern passes and channels. However, this fiow is primarily

tidal in nature, and the majority of new sea water carried inte the

Lagoon through these passs and channels on the‘flooding tide 1is

withdrawn from the Lagoon on the succeeding ebb flow. hs 2 resuvlt,

_the major source of nev water for the flushing of the Lagoon is the

flow across the windward reefs.




DRAFT | ll.lllllllll’
Estimate of ?low Into and OGut of Bikini Lagéon
For the Trede Wind Season |

{# = Inflow; - = Outflow)

Location - Volume in millions of m3 1 - Net Transport
: ‘ {(During deslignated stage - {millions of
of the tide) , w3/day)
' Ebb Fiood |
(6.3 hrs) (5.7 hrs)
Bastern and ) o
Northern Reefs) #187 | #4163 4700
Western ) - o |
Reefs ) - 53 ' # 19 - = 68
Enyu )
Channel ) - k0 = 25 =130
Rukoji ) | | C
Pass ) = g7 /82 - 30
Southwest ) _ ' ~
Channels ) -616 , - £380 k72

(90
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MOVEMEKT AND FLUSHING OF RADICACTIVE CONTAMIKATED WATER IN THE LAGOON
The initial short«r&nge d;surznution af re;iéu*i radiation
vhich will exist following the test shots cannot be mre& ¢ted with

certainty. In order to indlcate the likely effects of bne gircula-

_tion pettern on the time changes in the pattern of water-borne

radioactivity in the Lagoon, use 1s made of gertain geméralized
features of assumed initial patterns of Gistributiocn. |
EIGE AIR BURST |
The initial natﬁewn of wadioaetive contaminatidn in the
Lagoon_wa rs is as gumed to be a relat vely uniform, iawwlevel
and wide-gpread éistribut;on in the surface'waters cf tné Lagaoﬁo
The highest concentra*-ons are aasunn& to ceeur in the NM quartmr
of the Lagoon. ) | |
Under normal érade wind conditioms the surface currents
will carry the radiocactive contaminated water in a2 WSW direction.
At the same time the cortaminstion will ?apidly be mixe&‘vértieallyg
and become distributed thr@ughatﬁ the water eoiumn in approximately
12 hours.
The speed of drift of the contaminated surface waﬁers‘would'
be about 0.3 knété directed towards the WSW under conditioms of
the normel trade winds. Thus, contamin wtion owiginmtxng dust ine

side the Lagoon at & point off CHARLIE (Namuy would reach the

‘western reefs in approximately 27 hours. About 10% of the cone

taminated surface waters will be discharged over the vesiern reefs

-at this time. The remninder will enter the return fiow 4in the sub-

surface layers and be carried eastward, towards NAX Kans) and HO




DRAFT g

(Eik£r4), at & spesd of about 0,07 kmots. During fhe 10 to 12

_ days of travel required to carry the contaminaue¢ water from the

sree of subsldence in the western end of the Lagoon to the aves

~of uvpwelling in the eastern end of the Lagoon, veértical wmixing

will continme to return 2 portion of the contaminated water intoe

-

the vestvard flowing surface layer, from which a portiom will be

continucusly discharged from the Lagoon over the western reefs

- and through the southwestern pagses.

The leading edge of the subsurface, eastward moving mass of

contaminated water wiil continuslly be moving under "clean® sur~

 face water, and the vertical 'mizing of the conuamlratloﬂ intc

the westward moving surface layers w1¢1 effective;y erode avwey
the leading edge, so thet the progress cf the raéigcc,ive material
toward>the)eastern end of the Lagoon will be materia“ly less than
the actual eastward drift of the subsur face watersg By the time
the contaminated water mass reached the ea stern end of the‘Lagcon,
the concentration of radioczctivity wlll be quite low.
GROUND SHCT (ZUFI)

It is here assumed that ZURI test vilW result in the form~
ztion of 2 c¢rater some‘zooﬂ feet iﬁ radius-and 159 fzet deep. Such
2 crater wi Ll break through the reef at the western end of TERE

(Eninmar) on three sides~-that is, on the Lagoon sgide, the ocean

side, &nd towards the channel between TARE and UNCLE (;.ii ikku) .

The sill depths on the Lagcon and ocean sides of the crater will be

spproxrimately 50 £t below see level. The shot wili %hus create a

Ch




varr SN
nev channel bétween‘thﬂ open see and the Lagoon. '
- Tidal currente, upon v which «zll'be gdded 2 net cutfliow from

the wind dri ft wivhin tne uagoaar will cceur in the n

‘fl
%’"
_é
]
P
@

?looﬂ v:‘ocit;e& 0; apprc imately 0.3 kﬁ@igg and ebb ve$@$ities
y of gbout 0.6 knot wi £11 result. D uring pezﬁoﬁs‘ef larfé"tidal
:rangas Uw6 f»,) bhu e current velo cities mey be expes ﬁv& tc about

n:ﬁg hmﬁd

- daub;e in ma ga tude. The inf&aamaeicf“the'ﬁiéaﬁ.,}-

be felt for & distanc@hcf about 3000 yards inside ;ﬁe L”WGG?;
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paraliel to the re@zs-aisnp TARE and UNCLE, will 56'EQWﬁﬂ’in ané
aaﬁ by ficod n@ ebm of the tide. The @b“ rzenﬁ will ' et toward
the S, end the #1004 curvent towerd the Wi.

It is assumed that the ZURI test will po mu s L.-,:_‘s.'f y radio~

active contaminated weter in 2 layge segment of the'¢$ath rai

an ef the

1.»4

pertion of the lagoon. Here the'prébabl%‘dri:% and &
very highly conteminated weter contaiped initislly withiﬁ & one mll@

. redius cf point zere is considersd. For convenlience we will de vig

PR T e T ] L e F .y 4 " . - Coa
ate this volume of radicachive weter &s Ywolume &%,

e @t B o dhie § 7 L v oA tem b ST g o
The ¢rift of this mess of caﬁvaminatea weter will pend to a

< ads n PR o o 1‘ 3+ 3 5 . - *. %

ilarge extent on the gtage 2f the tide at ihz fims of the shob., If
-y, . v ES l - 3 ' - - T

the shot oeours peiwesn high tide and hipgh tide pliuvs three houvrs

PR .y ‘.- P T . v i
the preva lmmg wC%uT¥‘$ currents will carry out of
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With hhe'tmrn of

- the *emmmnzng conten

. U § Ve e WE 0 | BNP- I SN R N S Gy e o 0 S s
ilagown. Very L&Lb;q ¢f the radiceciive gontamination
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Cfyom the Lagoon on the ekbi‘g tide will return on the susceeding

Th@ cOﬁ of tha or giﬁ”] hfgh?y contaminated nmass sb;ch rea;f.

fmained in *he Lagaon w;ll be mwent WM alcﬁg"the Sdathe;n éid of

S ®

W

‘the Lagncn at 2z speed of shout 0.2 kn ob amrwvrqb in the vieinit

of R.mo;;i channel in :'*-pprc}t._mataeig 18 nours. Here ‘&?;smz't 50% of

}ab¢5 rema i ing segment of Swoivme A" wih‘ h@ s% yz @Eﬁ P tnﬁ
Lagoon thvcugh Bukrcil chemisl hy'the‘pre$ailing7abb sgox ;rhag
only 10% oh “vcl&m@ A% rvemeins in the lagoom after 24 haurs SuLw

A

- sequent to shat time.
eastward in the subsurface retuen flov. mne ver%2~$ mixing

3 resu,t in a‘epreaa o‘ the area'sf'ecntnmidatiom‘aﬁ a‘fat “cnghxy‘
nrobort;onal to the fLISﬂ no#c* of time, and a cona@ouan de crea u‘
*in cancentr: ion xn&e%gwly p*apxrﬁi ongl t¢ the firm ;awmr Gf time¢

This reiatlcnshxp will no longer Rold when the size of the“eonaf
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taminzted area beeomce & signi

The gfLsarf&¢¥ Slow of about G.07 kﬁdt éirectag‘ccvara ?ﬁ@
:east‘ﬁill carry the remsining contamine tién of “v-iuma é“ fc‘pheé%
 regicn éf upwei1i§g 210¢g the NAK- H&J sectkon of.tb@ ﬁeste“ﬂ ?s
._ in aboz:-ﬁ; tenéa ., ‘ é’i‘uv this «..;;.me: t 1 r*‘ptax::ine whon %;1;11 ;bes i
'réla*iaefv umifﬂrm‘thraugh&mﬁ 2h@ lageon¢ | B ‘

L If the ?est aho'ld coonr et low tide, or in‘tme four hour

S period 175t aﬁter iow tide, the majority ﬁf the Nc iaﬁfﬂgzei water
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'-”Ncontamination wzll b° discharge& from the Lagoon. ano fcr the |

l‘following three days it is estimated the flushﬂng ratﬁ woald be
'lOp per day From the six tb to the IOth day after che ﬁ t;
‘approximately 5% per day, cf the remaining contaminat i@n will be -

7‘fflushed Prom the Lagoon, and subueeunnt to thc ten»h day the ‘
vfflushﬁ ing rate ;q estimated at 2% per dayex,»’ | ; -

" Undez these cond tion 50% of the xnatzan co&tamiaat;d o

' carrlea by une wauers in the nagoou will bc fiushed ou tne

‘,!Lagoon by the £ifth day foilowing the blast. By the tenth day

i ;only 30ﬁ of the eontamin&tion wwll still bc in the taEQO@ waters=

?*hese figures 1ﬁvolve onlv che natural xluuhigg of hh@ nontamxu'
nated wateryﬁ R&dioa tive decay ¥ "atew have not beer. in»luded
here., | | Ce | "

" Shoild the préveiiing winds Just after thé‘sh0€ bé from the
SE, ﬁhe‘fiuéhing of the ccntamxnated water from the Lavoon would ,-
be at a much si owe“ rate than ;ndiﬁatod abovec The mwxzmum cor»'

1 fcentratlone of weapon debrls in *he upweL*ing waterc of the NAF
‘ (Enyu) anchcrage areg woula occur about f;ve to seven aavs after
.}thc shot, and be an erder cP magzlnaae hlgher vh an xonla pwevalle S

|  under EHEJtrade}wind'conditions= l_' : |

'1 ‘B&ﬁ“E SHOTS ‘  | ', - | .

| The locatsoq of the p?ODGS“d barge shct Sy inﬁthé aéeé‘gouﬁh‘ :

of FOk (Romur*kku,, is not conducive to rapid flushnng of;fhe .

water bovn raaioac ive ﬂontamznation. Tbe chrrent *n the surfacﬂ-

“layers wxll roqulre abovt three days to carry the eompaminated o

‘{‘wauer from the Vi01n’*“ c; tha bTast to the Laeward_fve s ané
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southeastern pasqeso' During this period vevtical rixing will

‘*1ntroduce signxfzcant amounts of activity into yhe deeper layere_’
' which ave flowing eastward. The upwel11ng water in the vzcinity' 
‘,ef HW (Bikinz) Wlll contain *ad;oactive contamznation about ‘

vfive days after the shot, and this contamlnation would veach the

KAR (EnyL; anchorage area about wlx days after the snnt. ?By

this time the contamlnaﬁion will be a;stributeé over & wide aréag

: and no local spots of high aczivzty should be foun;;

UNFAVOR&BLE WIND CONQITIONS

Shaula th¢ wind blaw with & westerly compananr. %mmeii&tely

subseqnent to either ZUNI or one of the barge shots, highiy;eon- 

taminated weter could be carried by the easterly setting surface

‘ currents'to the sastern end of the Lagaona»yﬂigh activity could

be expected to occur in the waters of the NAN (Enyﬁ) andnbrage

for an extended period should the westerly winds préfailoi'MOderéte

- to strong westerl;es ‘seldom ooeuw in Bikini Lagoon, and would most
‘ llzely be aseociatec Wiuh & tvphoon passing to the QOTLﬂ of the

| A‘{oO«Ll o
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