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ABSTRACT

Background radioactivity and ccoanographic conditions in

the Pacific Proving Ground are cf significance; in evaluating

the contaminating effects of REDWING events, in the uncerstandc~

ing of the fallout rroblem at sea and extrapolation to land

fallout patterns. Thus, as a part of Froject 2.62, a monthe

long study has been made of radioactivity in water, crganisms,

and bottom sediments, and of currents and physical character or

the water over a 1h0,OOO scare mile ares szround Eikini Atoll.

The waters are slightly rafioactive, with velues of 196 to

150C getma counts per minute per liter (enm/1), whereas the
.

naturel radivactive background, due to potessium-4C, is about

94 epm/i.4 A field of meximua ectivity (600 te 1500 cpm/1)

exists at 800 to 1200 meters depth at Lloc.thiens to the vest cf

Bikini Avoll, within 150 miles of it, and between 103° and

° 7 oF ef 4 ~ * Some aye? mee on =N, Radioectivity is associsted with perticulate matter

yp

ers and deep sea faune cartured in a trawl as decp as 2500

meters Gepth are ehout equally radioactive: tne level of actie

vity in these warine creatures is about 3C to 5C titss as aucn

per unit weight as that in equivalent welisht of

waters and surface waters in the open s¢a around the Lagoons

ere slightly more radioactive than other aress (1100 to 2100

epn/1).,
meeelee

rays emitted per minute.

cy] DOE 3coriedld 7
LEE RG 7 S79

1. All values of radioactivity given in this report are gens 3
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Tre highest empevst of racioectivity in tne ares studiea
+ lagoon

is onthe oceanyfloor in the region of CaSTLE falicin. The

top of cne deep sea core taken 10 miles northwest or Bikini

Lagoon tested 29,500 cpm/gr..3 sediment from the northwest end

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

~BRAVO event at CASTIE. Elsewhere in the lagoon, the tottom

sediment generally emitted froz 1500 to 4eCO ern/z coupered

with a usual 1000 to 3000 cyn/g in tne fallout urea cutside

the lagoon.

Sampling of bottom livins crgsrnisms outside the Legocn is,

the highest activity end this was cuistandingly concentrated

in the livers and kidneys (52,060 to 84,000 gamma con /g

in the open sea area, rmensurements of currents verified

42sec Tt oF > . tm ite wircruises, tut more expiicit information was cbtaine? MOBRGAGT+

» < 4. 4 fe om call : Vim tee deat 7 > sings ana eadies coninate the flow in the Istitude of Sisini:

a - 7 7 - to oo oy LCthe main flew westvaerd is iccased at the nevth side af the PRC

vie el --
LOeGnG Gorna o

y

t
p
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!

p
s

<s t
+
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e

te depths of at least 500 ueters, The current

attains 0.6 to 0.7 lot speed and everages 0.3 to C.% knot;

thence it cecreases to a maximum of 0.3 knot and average of

C.15 knot at 500 meters depth.

The thickness of the wind stirred leyer above the
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Bikini to 1760 meters in the nerthwestern part of the trea. The
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waters ure most stratified (i.c., density sradients ene great-.

est) at depths of 50 te 175 meters, being shoalest i the soutnhe

eastern part of the srea, deepest in the northwestern percio

and of intermediate depth at Bikini. Weter masses in the arca

are primarily Equatorial Facific, Korth Facific Intermeciate,

nd West Nerth Pacific Central.

Underwater sound propagation conditions et déepthne ebcve

the thermocline are food, ort will become less favoretle as

summer progresses. Frovagetion in the deep vater Lc bottom

limited where Ceptns ere less than LOGO fathoms. Ure aras of

the deep seunsa charmnmel is

1.5 times as dees as off the U. S. West Coast). »

s teneete caine pt Abt De cmnin 4 eet
nysical hydvogravhy of Bikini legoon ts siriilaer isty

j% a ah + 7. t moO A as woe, . Sp Ras pSthat onpteaineds at CRhOSS20A25,. Surface waters move Aaccwind,

~ 3 ~ stean Off . s 34 > tae . 4 > re +: } ae ~ana deep waters Flow in the onnosite airection te comulare 3

selluler circulation. at the vurwind end the dean wrtems ares

Giverted bots rorth sna south into two se*csnderv

lagoon along the windward reefs and Flows out through Enynu

chanacl and vat the leawarc reefs end cnamnete, Whtn soaiclsily

and southeasterly winis most ef the inflow occurs Shrough prwu

channel,

Speea cf the surface current was measured to be zbout

1.6% of the wind speed instead of 3% as previously found. The

siderabiy less speed than thet obtained during previsus inves s*"-

gations ag the trace winds wateriszlly cecrease, tie surtnes
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current essentially stops imucdiately, Lut the deep flow con-

tinves f£5Fsome time.

It is calculated that when the east northe » {
4

o
y

c
r

c
r

5
8 Om & Q re ra

l

prevailing, water in the lazoon is completely exec

averaze every 40 days. At times of light southerly or scuth-.

easterly winds an cstinated 60 to 100 Gays are required.  %e

conditions were observed during the field work in which veryane

rapid flushing of the lagoon occurred.

COFIED/DGE
LANL RO 77
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1. aNTRCDUCTICN

Theseveral purposes of studying the radioactivity back-

ground and oceanogriuphic conditions of the Pacific Proving

Ground are:

(1) Te evaluate effects of RELWING events on the

radioactivity content in water, marine organisms, eat bottom

sedinents.

(2 w
w m
3

Cc 4 a % te
r

litate accurate recenstructicn fF tho

equivalent lend falicut patterm from measureneats by ships and

airereft and enable future fallout surveys to be mace with

less effort.

(3) To unde'stend the fallout problen at see

‘se, and to provide cceavo.vaphic assistance to the Task Force.

Previous oceénograrmic deta in the PPG are primerily fron

collections made during the period Merch to August, 29:6, in

connection with CROSSPO4DS aia from Japanese hydrogranhie

investigations during 1933-1ch1. These ere mostly measure $

menis of density end thermal i:teucture and cf some checice

constituents. Although the ¢ita are many, they are nehurer

closely spaced mer synoptic. The sapanese made several crouse

ings in, the area with a reseurch vessel curing June 195: to

f
eprocurs information in suoport of a claim of damage to their

tuna fishery.

In analyzing the CASTLE :'allout results, the need was

evident for more explicit date on currents, rates of vertice:

penetration and acorizontal mixing to properly interpret fallout

measurements in the cper sea.

COp.
LinyHeug ii / [
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Studies of these physical aspects, ae well as mo2sure~

ments of the background of radioactivity, were conducted

aboardthe Seripps vessel M. V. HORIZON during 5 April -~ 5

May 1956 in a rectangular area reaching 100 miles to the south,

200 miles to the west and north, and 250 miles to the cast of

Bikini Atoll (Fig. 1A4).2 Particular attention was given to

background radioactivity anc res neer Bikini end the most

probable fallout areas (Fig. 1B), ckereune in and rate of

eflux of water from Bikini Llageon, and fallout particles on

the deep ocean bottom fron the CASTLE events. Paar

rediosetivity was studied in Atlinginae Legcon.

As vseG in this report, redioactivity Lackgercvnd is tke

total amount duo to the combinetion of naturally cccurring

radicactive elercnts and the radioactivity remaining from

eport was prepared in the field during and immedi-«s

ately following thc cata collecticns; it is for uso by Progran

Ocsenogzreanher.

_-_— = ee eewee

2e Ail figures ere at the end of the rescert,

12 [2

Corier -
LAM Ro we ¢
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2 RADIOACTIVITY BACNGROUND IN THE OrsN SEA 455
LAGOONS OF THE PACIFIC PHovVING GROUNDS AnEG

by

DeCourcey Martin, Jr. and Nooert L. Wisner

=

The M, V. HORIZON 4s equipped with a smell radlochemical

3iaboratory, radiation setection and assay equipment, and

ampling devices. Assay of the radioactive contavination

in the Paecifie Froving Ground Area was dome in cenjgunetien

with the prelininary cceancgterhnic studics.

A study was meade of the redioaetivity of the waters in
ad

the oper ocean. Samples of the Isgoonge and ccoan Ploor were°

ah - . n oS << wy aoa jn: oo ant oesobtained with a coring davice and Gyedge, Piankte. samples
»

were taken dn the oven ocean and phytopicrkton aad solloided

nathe were filterec Crom lagoon waters. Gther ravine orgtae

isms were osteined by trawling, Line fishing and szin-diving.
'

Several semples were teken of the air over the see surface.
( .
ee 2.1 ASSAY EQUIPHEIN:

my fey cre oe yt tt - mat pee hated a eyt- oe, sry 4aos samples were meesvuved Por ‘woth beta end ganne vedi-

uf ~~, ent ann aaLe nant} mene
ation. Those samples waish vere sulfieiesnily ageire vare

o

. os os 3 oe 7 le Jeg et eRe met fet pt
anglyzai to determine the isctopes produsing the traviction

. 7. - I. = oe Kos ow. sa ayby weans of gamma ray. Giffercnviah pulse heignt snalysis.

mom my a } i raed=] Dba wn si e654 fe rf veeremoanta|d Fe
ine Séwy eS WwW cS oD ahAned, AQCAVLLLGa $ EM: YI Sras SQ OT

An end-window Geiger-ltiller tube, wlth a mica win

The counting tube was shielded by tuo inches of lead to

reduce the background of cosmic and externel instrument

a 13 /3li
ep
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radiation to 25 cpm. The sample plenchet was mountcc ina

plastic and aluminum shield to reduce scattering anc

bremsstrahlung.

Gamna rediation was detected and counted with a lead shield-

ed RCA 5819 photomultiplier tube and a 14 inch diameter scdium

iodide scintillation crystal. Both beta and gamma counters

were connected to a decade scaler. Gama energy spectrum

studies were made with a vell type scintillation counter, single

channel pulse height enalyzer, and @ decade scaler.

2e2 SAMPLE PREPARATION AND COUNTING

The samples to be counted for radioactivity wore weighed,

dessicated, dried at 110°C, in sowe cesses ashed, and counted

on aluminum planchets. The self-abserption veriation due to-

differences in rass and density of the varicus tyres of saunies

Q SS P
e

o
b

C
t s p
v
e

s Qo Q es ks & br x3 o
m +

y cb f
F ry o o
y

oO r
h & $3
] Q c
t “ (
a écaused some diffi

enificantly affected by self

sbsorption in samples of thesc thicknesses, gamza radiation is

use@ in this report as 2p indication of the agucunt ef readio-«

gotive elements present. “he ratio af sunma rays

ieies hes not been accurately devernined

roughly 1 to 2,

The activity of the seuples wes compared with the activity

of calibrated standard sources. The instrunent becksround was

subtracted and the counts corrected to agree with the standerd

source. The values are reported as gamma reys emitted per

ninute per unit mass ef voluue cf sample abbreviated, cpm/g or

epm/e. The prebable error in each counting rate was diffienlt

to meintein-at a constant level. In the case ef the water and

of ik /¢
oa ES
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plankton observations where the counting rate was very small,

the probable error was usually greater than 8%, often es much

ag 50% and occasionally over 100%,

2-3 RADIOACTIVITY IN OCEAN WATER

Samples of sea water taken at varicus deptnsat ten of

the hydrographic stetions vere used in this study. 4 150 mi.

volume of the water from each sample was evaporated to dry-

ness and the resulting selt asssread for racionctivity, Table

each station. The salinity valvas are listed cnly for statien

variations in activity with the slight variation thet exists

in salinity.

surface sauples of the water at several stavions were

filtered through a 0.9 micron millipore filter in cracr to

LVity were present in the 2

ss = se : beySean Aten aAn ot end mae? wes pee wae -
Gissslved substances or cs paervictlete meatier Ercaver wnan

.the surface particulate matter is largely composed of Living

h



 

RADIOACTIVITY OF PRG OPEN SEA AREA WATERS

TABLE l-A

 

GeomaRays Enitted per Minutever Liter(cenr/l)ofSea Water

 

 

 

 

   

 
  
            
 

 

Stations Salinity for
Approx Depth 6 7 8 9 32 ib 25 7 6 29 Ste. 29 (Zo)
in moters

Surfece 0 4131 47h 267| 220] 263 300 340 60 180 460] 34.55 Zo
50 260 «| 3504 260 180 34.58
100 435 -45°] 40°) 130] 110 120 40 12G] 35.02
125 £0 35-25
150 5h0 k7O 35.42
200 3h0 210; 300 400 40} 810} 34.58

- 250 250 £0 350} 34-43
300 37h 34 hl
oo 90; 392 220 399 410; 34.60
500 340 350 314 29} 34.58
609 490 BuO} 34-59
809 855} 740 as. 2201 470 500 635 34.55 |

1,000 1h80 870 £60 99 659 370 520 3h 259
1,200 12h0 4,10 B92; 34.00
1,400 535} 580} 120 90 535 1.435 [boo 520! 34.63
2,009 280} 580 120
3,000 h1O} 334 300
4,000 330 375

BohtonDepth 3560]4300 4696 §200 5200 5100 4300 | 3400 }4800 140

TABLE 1-5

RACIOSOTIVITY OF LAGOOS WATERS

Station Deoth cepa‘ Probeble Erre:

Bikini Atoll, £mru Isiend Surface 2,350 27 %

8 ® Nem * Surface 1,620 20 &
" Mj Nama n Mear shore. midpoint

of imetcr depth 2,150 15 2
Bikini Atell, Mid--legoon Suvface 1.2399 23 %
Ailinginae Surface 1,576 30 &
Enivetok Atoll], Parry Island Surface 40C bes

#Note: The above values have been corrected to account for a 12% efficiency
and a 41% geometry of the scintillatien counter.
to noise and cosmic rays hes beea subtracted from the reported values.
hes caused the necative and zero values.

94 epn/l has not beén subtracted end is include@ in the above figures.

Cc, : .

Lf. ek7
~ ag

- 16 ~-

The averege background due
This

The nataral K-hO teckground of

ae
Se
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renain constant throughout the ccean. One liter of sen water

enits gh. KO gamma rays per minute. any atditional geuma

raGiation shown in Table 1 is dee to contauinetion.

Throughout the PPG area the predLosctivity of the seca

water is fairly constant with tue excaption cf ong layer of

water botyvoen &00 and 1290 withers found ror

Atoll et steticas 6, 7, 8, and 29. This exen is om the cdee cf

ea large eddy current found erovad Enicet, horcireficr reTerved

to 9s the "Bilint eddy” syste (Firives &3-Ch),

°

oN
7 * ‘.

*,

°
a

: 4 on
a

ed
-

in . °

‘S we
Sey, ae
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2.4 RADIOBIOLOGICAL ASSAY OF NEAR~SURFACE 4ND DEEP SHA FAUNA

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

*plankton -taken during the M, V. HORISON's cruise. These

samples were collected with e standard one meter diameter

planktonnet 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, 60 meshes to

the inch. Its cod-end is of the same material, A) mesnes per

inch, The net is designed to sample 211 forns larger the

phytoplankton and crustacean larvae.

Samples were assayed for radioactivity without sarting

into like kinds of organisus. In most cases the bulk of the

"sanple" was small crustaceans, Large, individual enimals

were removed for individuel assay. Table 2 lists the resuits

of the radiological assay. Station positicns are given in

Figs. 1A, 13.

4
is significant that the greater activity is to be found within

the influence of the eddy system around Bikini, Ailinginae

and Ronesisr Atolis (Figs. 64 to 68). It is probable that

within this area the supply cf radioactivity in the ccean is

being constantly renewed by tidal flow from Bikini and neighber~

ing atolls to the east. Swept into the eddy where it does not

escape for some extended period of time crop after crop of the

short lived plankton become ccntaminated. As will be shown

18
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TABLE 2

RADIOACTIVITY ASSAY OF PLANKTON
SAMPLES FROM THE PPG AREA

 

 

Wet
Weight Gamza nays Luitted

tation (grams) per min/gram

9 6 0

7 9 99

9 8.7 50

11 10.2 16

12 E.0 17.8

£3 5 G

LG 12 Cae

15 10.2 0

16 Gt 2565

19 & 36.3

al 9.1 22.2

2 7.8 QO

25 13 27.3

26 Li. 20:9

28 3.2 11.1

29 33 15.0

30 id 1.9

19 /7
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later in the report the lagoons of Bikini and Ailinginae are

still markedly contaminated. No studies wore made cf other

atolls. ~~ |

Three samples of the deep-sea fauna were obtained in the

area, using the 10 ft. Isaacs~Kidd Midwater Trawl as the

sampling device. The depths sampled ranged from 730 to 2550

meters. But only one sample, that from the shallowest depth,

has so far been studied in detail. The activity levels were,

in most instances, quite similar to those of the zooplankton

from the upper water levels. Fishes and planktonic fsrms from

the remaining two depths, 1300 and 2560 meters, wert verry

o
Ldsimilar in levels of activity to those of the 730 weter depth.

9

the results frou the 730 meter depth only sre listed,3 %HereLlorg $

Table 3. Beceuse the trawl continues to fish constantly during

the two hours required for Lowering and retrievinz, it is not

possible to state with certainty at what depth any individusl

form was captured. However, as the trewl remnuine? at the

ever jevel for more than 9 hours it is resseonsble to esse5

the majority ci the sample was taken at tnat deoth,

20
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TABLE 3

RADIOACTIVITY ANALYSIS OF SOME DEEP~SE& FAUNA NELR

NEAR BIKINI ATOLL.

Sample Iteu

Hatchet fish (entire)

Angle-mouth fish

Lantern fish (6 youns)

Shrimp (Mysidae)

Colonial Tunicate

Siphonephore bracts

Portugese nan-c+var
(small)

Jellyfish (smail)

Pteropods (3 smail)

Jelly fisn (large).

Cetonus end squid
(corbined )

DEPTH OF CAPTURE 0 to 730 NETERS

Gamna CPM Gemma CPiH/Grein
Fer Iter (Wet Vehnt)

uh 18

35.6 3.6

ili ig.t

266 25.5

97.0 Lied

3:5 16.0

1.0 2 "

166 83.4

7a weer

1,750 23%

193 2.6

21
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At present the activity in the lower levels differs

little from that of the upper. Theresulting gamma activi-

ties forthe deep fishes are therefore, very simliev ¢

those for plani:ton of the upper laycrs. %~ should be noted

that the foregoing study was made within the influence of

the Bikini Eddy System and may be representative of that eroa

only.

265 RADIOACTIVITY EACKGROUND OF THE CCEAN PLOOK

A series of 16 samples cf the ocean Floor were tekken

around Bikini Atoll. These were obtained with a coving devirea

s

and & bottom dredges. They consisteé of small bits «f ccral,

gioblgerina core (fossils of minete organisms of ths order

Foraminifera). Portions of such material were velshel, dried

et 130° GC. in elurcinum planchets, and counted for gauma radio-

activity. Several of the cores were lost dus te the inability

or the core barrel to peuetrate, anz the core-cetcier to pe-

was also countec and was found to be considerably mere eative

than th:¢ water. The top laver of each core, end portions of

the dredge samples were assayed. Yhe results are skown in

igure 2. in which the activity of the gamma radiation "
3er

greu of ccean flcor surface is viotted at locations semplec.-

In general, the most radioactive samples consisted of globS cue

~

Zire ooze (Fig. Z.core Ca2, C(t, Ce104). Manganese nodules QB,
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veightng from 0.05 to 30 gns., which contained no iocse mud

or sandon the surface, also shoved considereble activity

(C+1, C8, C-10). Smail coral bits were only slightly radio~

active (C~1, C6, C-7, C-9, €-12). The most active sample con-~

sisted of fine sand and globigerina ooze found at 1460 meters

depth at core C-10A. The coarser sand was found te eit

&,200 cpm/g whereas the ooze emitted 29,500 samme rays per

minute ver grem. A gamma energy spectrum showed tne presence

of Zine-65 and one othsr gauve-enitting isotope which hag not

been identified. This sample ves fovnd in the erea wasre the

sea water at 1000 meters showed a high vwoek of radloactivity.

A cross section of core C-~+ is illustrated in Figure 3.

ot
e
_ e
b

@ “4 £4
)
Q
uThe water trapped cver theton surfece of the core was 22

k b
e c
rthrough a 0.5 wicron Millipore filter. The suspended sedim

thusly removed as well as the filtered water wes ccunted. The

core which consisted essentisily of celcareous gichijerina

sections. The outer perifphery of the core was cut evay and

aisearded to reduce contamination which may have been trans.

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

penetrated the botton. The slices were assayed, giving the

results shown on the core slices in Figure 3. The activity

of the core is highest in the top 3mm layer, and then decreases

to the 18mm depth where a sharp increase occurs. This peek

then diminishes at a rate similar to the surface peak. At

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

activity is found, which closely agrees with the values

AS
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calculated fron the concentration of redivum in secinents es

given in The Oceans

pp 1035).

which dropped off with depth but did net exhibit eny

(Svercrup, Johnson, and Fleming, 1¢%2,

ity

 

:ti7iV te
tA similar core, C2, showed high surfece

peek bela:

the surface,

2.6 RADIOBIOLOGICAL ASSAY OF CERTAIN FAUNA OF BIRINE AND

AILINGINAL LAGOONS

frou bothCollections of molluscs and fich

autanalyzed for gamma radiation activi tt 4S Was emneute

Fdtanination was found in the Bik ALSO & vet

fstdifference exiats between collections

ct oO

pronounced in the Liver whi morkadiv mere

support of

frequently calied “Killer" clam, and

end kidney of which respectively furnished the

try,
counts of the area. Tne

e JTridaena liver wes fo

2h
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TABLE &

oqage
,

Radioactivity Levels of Certain Fauna from Bikini Leeson

--—- -~Southeastern Area-

Sample Item

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

Gastropod Snail
Liver
lf cof foot musels
Gills (both sides)
Kicney (entire)
Stomach
Cpercular valve
Siphon

Smal? Bivalve Clam
Entire body
1/2 of sheli

Folychaete YWorus
Larval Trish

3 tiny sea urchins

Alrae 8OS
Hermit crab (small entirejl9, 76d
Jellyfish (sivall) 2,200
Cowrie shell Cempty} 2,630
hed corel (dead) 8 POG

Calcarets scaweed 136,060

 

Tail fin, unscraped
Gilis (one side)
i/8 of epidermis
1/4 stomach contents
1/5 of vertebrae

Gamna CPM
per iten

1,510,009
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“TABLE 5

RADIOACTIVITY LEVELS Of CERTAIN FAUNA

FROM AILINGINAS LAGOON-~WESTERN SECTION

Sample Item Ganma cpm Ganna cpm/gram
per Organ (wet weight)

Tridgcna Clams

Liver of 4 in. clam 4,300 2,200
Liver of 8 in. clam 57,800 5,050
4+ of adductor muscle 2,690 900
Portion of connective tissue 355 20
Portion of mantle | 55 _ 10
Liver of 8 in. clam #2 3640 5,200

Bear-ClsyClam (Hinpepus)
“s

Stomach contents and wall - 155 KO
# adductor muscle 155 50
Liver 11,380 3,70

Fishes

Mullet viscera (4% fish) 670
Mullet, 4 in. (in toto) 6,240
Perrot fish

gills from right side 755 270
liver 9,800 3,270
kidney 1,580 1,050
testes . 1,920 460
4+ stomach contents 2,090 290
Tail fin, unseraped 3,600 1,809

' Snapper

+ gills 670 wu
Liver 12,760 1,060
1/5 stomach and contents 2.870 320
1/10 of vertebrae 690 60
Flesh, portion of. 600 LO
Spleen 220 2,200
Gall bladder 90 Lo
Kidney 170 "100
Tail fin, unseraped 1,070 200
Sample of scales 90 60
Portion of clam from

fish's stomach Llo 70

e %Z Loy 27
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One bottom sample which was obtained from Ailinginee lagocn

gave a count of 904 cpm/g which is about one-half the activity

found in the east end on Bikini lagoon.

2.9 LAGOON PHYTOPLANKTON SAMPLES

Several phytoplankton net hauls were teken in Bikini and

Ailinginze lagoons with a standard #20 phytoplankton ust. The

amounts captured were very emall. We identificetion cof the ecn-

tents was atteupted and ne means were évailable to seperate

inerganie debris frem living crganisms. The diluted sample was

filtered through a millipore filter, which was counted for garma

and beta activity. The samples from Ailinginae showec a count of

21 gamma cpm and 26 beta epm for the entire haul, whereas a sauple

taken from the open csean at staticn #& shoved ac detecteble

activity. One very small sample at the east end of Bixini lagoon

gave 398 cpm gamma and 429 epm beta while the greatest activity

was found in the nerthwest area cf Fikini vith 8,500 gamma cpm in

@ very small sarcple.

~2010 MISCELLANEOUS SURVEY

Several spct checks were made on the plant life from “NAN

(Enyu) in-Bikint Atcll and from the vestern end of Ailinginae

Atoll. The meat of three sreen coconuts from NAN averaged 146

epm/g while the milk from the same nuts vas 184 cpuw/gz. A ripe

coconut ebtained frem Ailinginae indicated 116 epm’g. A gresn

coconut from the same area gave 62 cpm’g for the meet and 129 cpm¢

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

emitted 64 cpm/g. OY

29> gp
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2.11 AIR SAMPLING

EEquipment has b2en set up for ccliecting airbcone perticue

late matter aboard the Horizon. Ten liters of air per minute |

are drawn through 2 type AA millinore filter for @ permisd of

60 minvtes. During the preliminery survay, no eirboriuc redie-

activity was detected.

> O
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3, OClANCGRAPHIC CONDITIONS IN TRE PPG OPEN 224 AREA
by Paul L. liorrer

3.1 CURRENTS, GENERAL INFORNATION

The dominant festure of ccean googrephy in the Pra is

the trade wind driven, westetrly-~flowing Nerth Equatorial

Current. Trensporting about 20CO times as wich water as the

Mississippi River. this current’ is mestly containce wi

ts position is fertiest north inso we > .
;

Meas Re we a a, womy. tNer ns: . Leyes 2 tyesuencr, shifts southward in winter by several degrces of Tati.

Pa dene ck mt diese + - Vn wise, ©latitude. s waximun Plow is about 1.0 kact at the surfarts,

ts zen, + £ $35 -. nln 2 wes ao he Bante . x“
but much of the weter within this wide, Fint rirvor ioves e%

- aed v = {- ete on . eige .of great, revolving, norizentel eddies. Onc sucn eday eppcurs

in the “Marsraliene

 

revsry Pashion ann rencirs in the ares ror an emxterdea lenmeth

oF tine.

both the CROSS5rcaADS and cananese svirvevs sugeccted e

narroy dDan@ (50-75 miles wice) of easterly flowing currant ef

nETPOWand wildlife cruises, this feature is prosebiv aue te M
u

east-west band of weaker winds or s marked borizorntel eleav in

LY
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where it egain turns weet and posses north of Bikind anc

Enivetok Atolls at speeds of 0.5 to 0.6 knot. Another strean

enters the southeastern part of the area studied and woves

past Rongerik, Rongelay, and Ailinginae Atolls to form the

counterclockwise roteting vortex ebout Bikini’. Atoll. Other

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

southwest and northwest parts of the ares. Current c

only 0.05 to 0.10 knot in the exst central part of ths area;t
s

Ine ~ Sot mJ >

eoCael? arg Unec
t

f
o
t

fel
.na i s négligibie «t the centers of tre £~

4reander, or eddy, at Eniwetok. The tetal. range of spsed is 9:0

c
to 0.6 knot; sneed averages 0.3 to 0.4 knot for the wuole area

studied.

At 75 Meters Depth. Flow at 75 meters depth (Fig. 6B)

is very similar to that at the surface with speeds varyin

from 0.0 to Q.7 knot. Directicn of flow north of Bikini within

the eddy is more toward the west-southwest than toward the west

as it is at the surface. The meander, or eddy, at Eniwetok is

almost non-existent at this depth.

At 150 Meters Denth. The two main streans entering the

area on the southeast and northeast corners meander nore at

tris depth (Fig. 6C) than at levels above 1t. Magnitude of

motion is very similar to that at 75 meters depth. Tne Bikini

eddy is more elongated in north-south directions than at shceale?

levels, and it is larger, possibly due to broadening of the

atoll groups with depth. No eddies or meanders exist near

Eniwetek, Because the eddy-like feature there is rather super-

33
ficial, it is probably temporary.

33
= ty
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At 250. ss Pepth. At this depth | re is much less

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

4s still meintained with velocities nearly as great es 2b Chale.

lower levels, The ctvher main features of the surface circuletion

are maintained but are much Less intense and have chansed scue-

what in direction. In the east and southeast, the cireviation

has become weak and meandering. Current speeds range from 0.0

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

At 500 Meters Denth. Little, if any, Forth Fgcatorial

Current remains at this depth. Nearly all flow is meridional

(north-south) and speeds range from 6.0 to G.3 Enot with an

average of about 0.15 knot for the whole area (Pig. 62). The

Geminant fcature is still the Bikini efdy. located in the same

position and having simijar orientation as
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reached these levels initielly py dissolving inte tha water from

heavy particle fallout on the bottom areas that Plank the atolls

4

and seamounts, especially Bikini end Sylvania. at these depths.

Some small amount may have been contributed by marine organisus

Guring vertical migrations end by decayed cead hodies and

excreta that reach this level. Whereas more heavily contaminated
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waters neare. che surface, where currents are stronger, would

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

would not have been renewed because of the feebleness of flow

there.Also the eddy may be present at 800 to 1200 meters with

water in it moving at a speed, of only a few hundredths of one

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

these depths. Sone information that suggests. the presence of

the eddy in this range of depth is inferred from water mass

studies, discussed later in the report.

3.3 TEMPERATURE AID DENSITY

Surface water temreratures in the Bikini area ere relatively

high and uniform. They vary from 25.99° on the northwest side

ef the area studied to 27.5°C on the southwest side

The most abrupt change is et the 26.6 and 27,0°C isotherms

which mark the scuthern boundary of the main branch of the North

Equatorial Current tn the ares. Surface waters which are light

and warm move very slovly toward the north side of the current;

2

this produces @ more pronounced change in temoerature tho> @ tj 9 é

This crossdrift is so slow it cannot usualiy be detected sy

current measurenenss.

As the surface waters move across the equatorial current

toward its right hand boundary they become piled up, causing

warmer ‘temperature to extend deeper than at the south side.

This process is of sufficient importance to overcome the great-

er solar radiation received at the lower latitudes in spring.

This is illustrated by the averege temperature in the uprer

36°
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250 meters .. -h (Pic. 8). Even though -rface waters are

warmer om the south than on the north side, the average for

this layer is 1 to 3°C less on the south.

Vortical distribvtion of temperature is chazzcterized bj

a shallow, windestirred layer vsually 90 to 125 meteors deen and

nearly constant in temperature; below tnis the temporeture

decreases abruptly dewn to about 250 to 390 meters deanuth:

thence it decreases ever more slowly to 1.u° © at 459% meters

teuperature is tne main thermocline; here the densit, elise

creases rapidly (Fig. GJ), In general, the thermocline thick~[
=

ne
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e

vy mfens tovard the nerth in the eras stud

submarines found the thermocline to be a highhy usefat struc
s

se ss 7 oy ne: . . a -f sey, “yy. tpeneture; they wore able to tacene detection by stoprinsk ell encines
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Unper isothermal larer., Mixing access the thermoclinc PeTU. FSS
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3 PCLaw - Wey he * ~” Obee e f.% bal ¢ 4 4 4. peer, fe entlysurtece, turoulent layer. This the depth to the tos of the

thermocline is, as « Cirst approximation, a maasure «f the cezen

in the first few davs after detonation.

Based on 1°05 bethyvhermogrann lowerings made durins the

HOREVON's emiise, a cher t

the thermocline (Pig. 10). (Over the entire area this derth@
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renges fro to 170 meters. It is le . in an ere: to the

north eof Bikini ané to the eact of Ronzelap Atolls, Yorcetuc a

tonguc like distribution. The tongue coincides with the acre

boundary of the stream of water that enters ‘he evra on the

southeast corner and moves into the Bikini eddy. Aricther

locale of shaliow thermocline depths exists in the ncetk cen.

tral part of the area studied. Areas of Gesp thenmcclines

are found where water enters the northess% coraer aac were it

leaves ths nortnuest corner. & bend of in’ eruediate dexthe

wap tae? & le . + ta eas? +t. a eae ovens o
extends east-west across the chert on the north boundesy of
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contaminated water moves over relatively clean water and clean

water flows in above the lower contatinated portion. Simultancous-

ly, vertical turbulence acts to homogenize the ent#ts laycr above

the thermocline, thereby diluting the contaminated water.

ror fallout over a small area from a nominal kiloton weapon

the primary mixing process is the latter effect discussed above,

the vertical shear. ‘orizontal shear in the currents cver a

sm4ull area is generally, although not always, rclative:y suall.

The horizoutel molecular diffusion is eiso minor. Cff the

voh
y
,

ke UCalifornia coast, measurements of herizontal disnersior

both horizontal shear and aiffusion gave an averaze rate of ore

mee 7 ogee co *toe Northfoot per minute for areas up to 10 miles across. In
e

‘9Equatorial Current region where current sreods ure stronger thon

4

off California, this rate woul 6
s probably be two or th:i-ea tines

as great; nevertheless, tne effect cf the process would be of 2

second ordere For both small and large contaminated cesanic

areas the rates of vertical mixing are essentially equal.

in the fallout (c.g., coral) mustE
e
t
e

O ro
e

oO nLarge, heavy part:

Sink fairly rapidly ana secount for rediocactivity found cn the

Geep ocean bottom in the PPG. sut much of the Talloue redio-

activity is on ssialler coral particles, or ash material and is

dissolved into the water ebove the thernocline. Coral particles

that are 100 microns in diam. ter would sink et the rate of 30 to

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

arhours time on the average and may lose much of their radiogectivity.

Both the measurements made at CASTLE and by the Japanase one ww

two months after C,STLE showed mach greater concentration of

activity above the thermocline than anywhere else in the water aK

column.
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Vertical mixing is inhibited at the thermocline due to

the stability associated with the rapid increzse in density

with depth. Vertical mixing requires the vertics1 novement

of parcels of water. where vertical density gradicnts are

great, as they are in the thermocline, these movements involve

relatively large amounts of energy and are therefore less

probable. Mixing, therefore, is less.3 In the wIGWJAM opera-

tion (deep underwater atomic detonation off California) radio-

activity was materially concentrated in thin stratified layers

of high stability. These sheets of radioactive water had

horizontal dimensions measured in miles and tens cf niles with

vertical thickness of only a few meters (except above the

thermocline). Contamination existed in the depth of the

4thermocline and below it at (VIGVA4 because it was introduced

at these levels. This is contrasted with fallout which is

spread on the surface and remains mostly above the thermocline,

but sIGVYAN is the best known example to illustrate the degree

of stratification of waters ot layers of high stability.

Computations cf stability have been made for the data

taken on the HORIZON's cruise in the PPG erea. Fig. 11 shows

the average stability of the wost stable 25 uete> leyer, and

Fige 12 fives the cepth of the layer. The stability values
-— = ef le -— =e we ere ee — ee we Pehle le

3- Since the downward penetration of radioactivity in solution
in the water is very slow at the thermocline, sunmarines may
generally avoid water with high activity by diving into the
middle of the thermocline. Surface vessels muy obtain rele-
tively clean water for their evaporators by punping water
from within the thermocline depth zone. With a depressor on
the end of a water line the latter might be acecmplished
at normal speed. (At early times or during fallout, clean
water undoubtedly exists in a ship's wake; therefore, a
ship probably may obtain clean water for wash-Jown by C
traveling in a wide circle, or by following another vessel4
at some distance. - Isaacs.)

~ ae
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given are proportional to the acceleration a mass of water

would have if it were displaced vertically a distance of one

meter.The greatest stability in the entire area is just south-

west of Bikini at depths of 75 to 125 meters. A spot just west

of Eniwetok Atoll and another southwest of Taongi Atoll have

nearly as great maximum stability values. The stability values

appear nearly constant (2500 to 3000)over the areas of the

main streams of Equatorial Current water.

Shoaler on the south than on the north side cf 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 belowthe top of the thermocline, but

in other places, where temperature decreases with depth slowly

at first, it is nearer the middle of the thermocline. In the

latter case, radioactivity may be expected to reach this depth

after some period of tine (probably within a few deys to a few

weeks).

Fig. 13 shows the average stability for the upper 250 meter

layer. Time for penetration of dissclved radiosulivity to 250

meters depth is a function of this quantity. Smsll values at

the northwest corner of the area reflect the decp thermocline

theree In general, the magnitude of this average siebility

increases from north to scuth.

In the very deep water the stability remains positive, but

it decreases slowly to very near zero (Fige 9).

3e5 WATER MASSES IN THE AREA

. Oceanographers use characteristics of the water to define

specific water types as the aerolozist does with the atmosphere.

The natural mixing cf a number of specific water types results

er ho ~
Lik ze) 3S

\
r
a
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‘

in a massof water that can be recognized by its cheracteris-

tic temperature and salinity relation, Water masses are

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

Further mixing between two or mcre water messes may occur.

By comparing the horizontal continuity of water masscs present

in the area studied, movement of watex into the area may be

estimated,

The water masses in the Pacific were named, described,

and located on the basis of the relatively sperse data taken

in this ccean before about 1940, Tience, the descriptions and

boundaries are somevhat erbitrary, and the characteristics of*

a water mass are accepted as varying within only moderately

well defined limits. The boundary regions contain wseters of

interuediete types.

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

Except for the last one listed, thexy ere found in tha upper

layers, within the ceographical limits specified,

(1) Pacific Equatorial Water, extending from abovt

2° S to 6° Nin these longituaes.

(2) Western North Pecifiec Central Water, from 16¢°

Ww to the western boundary of the ocean, and from abovt 2° N to

Lo? N,

(3) North Pacific Intermediate Water, occurring at

depths from 400 to 1200 meters over most of the North Pacific.

Te

FF
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dater in the wind-stirred layer and downward tc zbout the

middle of the thermocline has features representative of the

local area. Due to the action of surface vochanteas (sclar

radiation, evaporation, 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. South of

the latitude of Bikini, this water mass is present between the

surface and depths of 150-200 meters; it appears Letuvecen the

surface and depths of 200-265 meters elsewhere in the ares

studied, except on the northern boundary where 1t extends to

20 meters depth (Depths of water masses at each location

sampled are shown in Fige 14).

Beneath the upper water mass a@ layer of vesterr North

Pacific Central water Sppears «t nearly every location sampled.

This layer is only 10 to 50 meters thick end oceurs at 155 to

245 meters depth near Bikint and south of Bikini's latitude.

From there it sucmerges with norchward travel to depths of

265-4CO meters and becomes 5 to 150 meters thick. This is
aconsistent with the fact tht the lighter, and usually warmer,

~w

a . ae
iirfsce waters move to the right of the current, PLL H

e ng wp

on the north side of the eres they cause a dovnward cisplace-

-

ment of -water already present eas revezied by lines that

celinegate their characteristics,

North Pacific Intermediate water is found at every position

where sampling was done. On the north side of the aree studied

it is 300 to 800 neters thick ond occurs at depths of 400 to

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

arm °

- we, 43
Mee h2

. . oY

ue neeti hae . SS
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latitude of Bikini and appears at 220 to 400 meters Cepth.

On the scuth side of the area studied, the layer becomes about

300 meters thick and is found between 165 and 600 meters éoypth,

Eddying and meandering of the current at these depths in the

latitude of Bikini (Ref. Figs. 6D and 65E) apparently canses

water to be welled upward from within this layer. ‘nus the

layer becomes thinner there than farther south. 
Below the widespread North Pacific Internedicte water there

'

are spotty amnpearances of Vestern Nexrth reecifie Central water

interspersed between leyers of Pacific) Hkquatorial water.ry

Locations where Western North Pacifie Centrel water ves found 
are north of Likiep “toil, north cf Rongerik Atoll. and 90 tc

ad | A
130 miles northwest of Bikini Atoll. ‘41t mey eprear et other

f
n

locations at preater depth than was sampled). All three are

in a northwest-southeast line end apnsarently represent a former

influx of ccep woter fren the northwest central Yacific. This

tongue appears piuchsd to the nerth of Ailinginae Atoli by

infley: of the Pecific Fouatorial weter mass cf narticularly

hign salinity fren scuth of Rengzelap Atoll to sbont 126 miles

gnurth ef Ailinginse Atoll. Ths latter flow is within the sest-

erm part ot the Bikini eddy as shown in Fig. 6£.

Pacific Equatorial water is also found at all other

locations where samples were taken, It eppears at ell depths

below about 350 to 400 meters in the latitude of Eikini, below

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

and below 7CO to 1200 reters depth on the north boundary of the

area. By continuity, it is shoalest in the latitude of Bikini

where it moves upverd to replece North Pacific Intermediate 3

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

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

At five locations on the NORI2Z0N's cruise, temperature

and salinity were measured to depths of as great as 2500 meicis

to more than 400: meters. For these stations computations we:

made of the speed of underwater sound. At all locations the

sound speed profiles from top to bottom were very similar

except in the depth range of the tnermoclinee Thus, sound

[n te
sspeeé data are shown plotted only for one station es an exampl:

de( h
jiBe 9

At all locations the speed of underwater sound is nearly

constant above the thermocline. In general, cenditions are

now relatively good for nearesurface propagation of underwaici

sound in the PPG. As summer progresses and the trace wind *

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

greater near the surface than elsewhere below it and more sour?

energy will refract downward and be lost from the layer above

the thermocline. Thus, scund propagation conditions in upper

weters will become less fevorable.

Commencing at tne top of the thermocline, sound speed

decreases rapidly with decreasing tempereture (Fig. 9). It

e
treaches 2 minimum, generally at 1000 to 1200 meters, excep

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

mum is the axils of the deep SCFAR channel. For comparison, off

the west coast of the United States this minimum is found at

600 to 800 meters Gepthe

Below the minimum the sound speed increases with depth.

The increase is very slow down to below 2000 meters. Thus ary

a +4
s
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part of the area less than about 1000 fathons water depth is

bottom limited for deep water sound propagation. -Where depths

are 2000 fathoms or greater the deep water propagation is

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

coast of tne United States where the speed near the bottom is

more nearly eqval to that at the surface.
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new channel between the open sea and the Lagcon.

Tidal currents, upon which will be acded a net outfloy fron

the vinddrift within the Lagoon, will occur in the new channel,

Flood velocities of approximetely 0.3 knots, and ebb velocities

of about 0.6 knot will result. During periods of large tidal

ranges (0-6 ft.) these ourrent velocities may be expected to about

dcuble in magnitude. The influsnce of the tidal currents should

be felt for a Alstance cf about 3OCO yards inside the Lageon.

Within this distance the predominant westerly current, which flove

parallel to the reefs along TARE and UNCLE, will be bowed Ja and

cut by ficod end eth of the tide. The ebb current will set tevsrd

the S¥, and the flood current toward the Nw, -

It is assumed that the 4uUNI test will preduce highly redic-

©active contamineced water in & lerge segment of the fouth-central

pertica ef the Lagoon - Here the probéole adrift ené spreed of the

very nighly contaminated water cconbeined initially within a one mile

redius cf point sero is ecnsidered. For convenlenes we will desicn~

ate this yolune of raéleactive vater as "yolune £°.

The Grift cr this mess of contenminated water will cepend to a

lerge oxtent om the stage of the tide at the time ef thse shet.

the shot oveurs detween high tide end high tide plus thres hours,

the prevailing Southwest currents will carry cut of the Lagecon about

80% of “volume 4",

With the turn of the tide to flood just aftcr lew tide cecurs,

the remaining contaminated mess of water will be carrie¢ inte the

lagoon. Very little of the radioactive contamination which escaped

2 :

cf --
i Corel 39
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from the Lagoon on the ebbing tide will return on the suceeeding

flood, ~

The 20% of the original highly conteninated wass which re-

mained in the Lagoon will be swept WR along the Southern side of

the Lagoon at a speed of about 0.2 knot, arriving in the vicinity

of Rukoji channel in approximately 16 hours. Hers about 50% of

this rermoining segment of "volume A" will be swept ann of the

hegoon through Rulsojl channel br the preveiling obo flow. Treas

02 oO 3 © hy et G ¥ iVonly 10% of “volume 4 retains in the Lag

sequent to shot time.

Th... ~ S “ = ven she ,14 * eget Qo. aa fete aehooe 3
This romneinins Schoen WLia Me Ca@traiced Rorunvarl ema waefe

eastward in the suosurface veturn fleov. The vertisal mixing»

coupled with the vertical shear in the horizontal currents, will

proportional to the first pover of time, and a consosvent decrease

in comeentration inversely proposcional to the Sirst rover of tine.

This relationshin will no longer hold when the siga of the con-

CERENEtSa arcs bocones & significant fraction of the sise of the

mae 34 7 te - Ted. q m1 ray et ee, 5 ee me Te, ons J gees, eaelagoon, since the lateral boundaries will then becore imsortant.

ena3¢ will carry the torainins contaminetion of “voluce a7 to the

yegicn of upvelling eicng the NAN-H&® section of tie tustern reerse

in about ten days. After this tine the contaminetion will be

relatively uniform throughout the larcoon.

If the test should ceceur at low tide, or in the four hour

tperioad just after lew tide, the nefjority of the eciutarinated water

57

SB
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of "volume A" will be carried into the Lagoon with the flooding

eurrent. This will be true, particularly, if the test occurs

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

set to the currents in the jagoon along the TARE-UNCLE (Eininman-

Enirikku) boundary, much of this contaminated water will be moved

westward and will not be avallable to be carried out to sea on the

subsequent ebbdtide. After the first eight hours approximately

65% of the initial “volume 4" will be within the Lagoon. About

LOS of this remaining segment of "volume A” will be discharged

from the Lagoon at Rukoji channel, the remaining 395 cf the original

"volume A" being carried stowly northwéstuerd and thea eastward by

the subsurface current. Subsequent movements would parallel those

deseribed above for the ease of a snot time close tc the time of

high tide.

This Giscussion has teen concerned with the movement of the

very hignly contaminated volume which initially would occur within

&@ one mile radius of point zero. 4A much larger sree in the south-

eontral section of the 1s;;oon will be hishly contaminated. Becsuse

of the location of the siot the initial flushing rates associated

with the removal of this contamination from the Lagoon. Will be mach

higher than indicated ty the renewal times for the lagoon, provided

the ENE trade winds prevail.

Assuming the moderate Eli trade winds occur during and for some

weeks after the test, it is estimated that 20% of the initial con-

tamineted waters in tho legoon will be flushed from the Jagoon in

the first 24 hours. Durinn the next full day 20% of the remaining

58 S¥
ne:
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contamination will be discharged frcm the Lagoon, end for the

following three days it is estimated the fivehing rate would be

10% per day. From the sixth te the 10th day after the test

approximately 5% per day of the remcinine contamination will be

flusned from tne Lagoon, and subsequent to the tenth day the

flushing rate 4s estimated at 24% per cay.

Under these conditions 50% of the initial conterisstion

carried ty the waters in the Lageen will be Piushed «ut of the

tegoon by the fifth dey folloving the blast. By the tenth aay

only 408 of the counteminasion wili still be in the tagcon veters

These gipuree cauvolve cruliy the wetural fluching of the contami

* 7s et * ~ ” ~ ge + ~ “ea Fi tres “yf a yn “i .nated waters. Rudicactive decay rates neve not beer included

ReTe .

Should the prevaliing winds gust efter the shet he from the

SE, the flushing ef the contaminmaced water from

be at @ mich slower rete than Indicet sd sbeve. The maAcimim acne

centrations cf weapon aebris

(Buayus anaherage arce weuld ocenr about five te sevew rors after

the shet, and be an order cf magnivude pisrer than wovla pravait

under ENS trade wine ecndit

of FOK. (Romurvikiu:}, ig not conducive to repid flushing of the

water born radioactive ecnteminaticn. The currents in the surfer

layers will require &bcut three dsoys to carzgy the ecmtaninated

water from the vicinity of the blast te the Leeward recfs end

 

29

we
e a,

BW.
Sale wet 5



oOactivity int—
“
avats of

The

i.)
‘ant em~

coeic

ng eastward.4
a

denif2

of HOW (Fikini) will contain

intrcduce

which are flow

DRAFT

o
g

&

C Loum.
-

yo the
t

Ce

x days—7
te beae +

after the shct, anfive c2y

beORASLE
NS6BEaEGEAEOL
UWEFeV

rg \ a.

SaoTedeewee
aewe AYCOMMONER g

syaste citt2
Ndegven.e-~¥

EGR
c
a

e
r
.

e
n

asd

ft-

hestake 7

2
- an

CUTTERS

ee
Bgeeye} andvoasoo”

/
uRESthe£

ueEGtpecExpe

fc? an exte

rt]

a
t

60

A
A %cll «:



 
 

<sei“ae?
.

£
s

.
vy

“4

‘
s
t

“
n
a

a
.

om
ie)

.
f
r

Ww
o
n

"le
val

:
tls

f
e

im
”

*
“)

.
Ge,

:
a

r
a

4
t
o
e

G
z

*
o
s

i
m

-
a

rae
‘

jas
ve

e
n

es
oo)

ue
ww

s
r

.
4-

e
a

%
aot

é
£
2

u
a

~
Pht

f
ra

v
a

4
“

a
y

ns
at

f
a

;
1}

com
Sn,

o
y

t
r

:
ws

7
Lo

:
7

GR
=

e
s

ay
oe

o
d

~
:

un
o
o

e
H

«
t

~
a

t
y

1s
ch

:
tc=

Cy
u
e

w
rk

“.
os

mt
.
t
a
|

a
t

o
T

©
r
d

W
N

a
if

G
e
y

W
h

f
x

6
Wer

+
c

uw
ifs

m
m

m
y

a
:

u
w

het
on.

&
C

hr
ef

o
n

—
~

m3
=

o>
oS

ket
>

"
we

'
t

fs
Gr

kt
o

d
a

;
wt

Ot
.

3
Y
F

CG
ime

“
"

'
S
S

2
7

a
o

©
1h

San
a

e
i

fi:
w
s

M
O
Y

a
N

Em
as

ws
o

yo
uw

s
o

©
“
o
o

T
H

=
.

2
e
s

tes
os

A
G

m
S

°
i

La
w
o

G
ud

t
r
o

~
4

4
-

oO
a

e
s

a
“

se
f
a

ary
t
e

;
I

4
=

0
ny

ay
mM

oof)
w
a

Be
Q
O
o

Dy
he,

ie
Yo

be
e
4

O
o

T
y

c
:

w
l

ant
sy

u
!

Soe
a
)

4
?

+
2
)

g
j

.
e
s

-
w
a

e
y

,
-

«
<

Q
u

o
w

@
CW

OW
a

=
I
™

&
zy

0”
s=t

“
wp

owe
a

wa
e
r
}

\
a
n

a
>

e
f

t
t
e

t
e

C
N

t
t

a3
S
s

“
G

i
r
t

wi
">

o
s

o
t

t
e

o
t

 

a~-
4

e
i

Cc.
a

4
sm

a
®

a
”

wh
=

‘
3

at
?

e
w

a
w

a
u

=
rs

ss
“

a
ut

o
a

—
“at

co
o
f

4
on

:
be

rt
O
n
N
|

P
a

tet
a

&
Sad

x
2

_
Ua

R
e

f
a

B
y

Nea
“
d

a
e

“
<

x
3

Gq
a

m
n
w

a
Es

‘b
(i

s
a

ot
6%

4
£

=
t+

wD
eo

“
o
t
e

Me
G
,

mo
OfD

w
t

w
y

fax
&

7)
—

t4
t
i

ra
o
e

c
t
s

us
ao

S
s

SG
w
o

c
s

Ss
he

—
S
y

c>
ou

wo
ay

n
t
e

t
e

O
N

uo
14

ites
dit

gS
!

b
a

ew)
fy

a
CG,

o
H

it
C3

°
“

oa
a

a
a

y
es

4
m
o
d

c
s

)
e
y

.
wo

Cy
‘

ri
es

”
wy

<¢
wi

eh
U
N
F
s

2.
W
y

}
=

‘
d

o
’

ue
v
4

my
O
N

e
I
N

oY
Bs

a
o
O

>
GS

HH
Ww

OO
mn

(
N
o
y

“
G
&
S

C
h
o
o
n

ts
u

a
o

e
t
t
o
s

r
y

,
u

au
Fm

c
a

re
Be

4]
w

>
o

.
3

ood
o
t
r
n

C
o
o
n

O
U

e
i

w
o
o

m
%

~
a

.
“
4

w
s

A
a

u
e

e
e

g
s

F
e

m
s

@
o
i

“
|

.
a
d

w
a

+
1
4

t
~

.
wW

t
x

vu
ui

o
e

|
-

o
j

¥
o
a

b
a
y

t
s

e
y

7
:

a
Q
)

o
n
d

u
e
d

O
o

Ess
a

a
f

a
e

o
‘

wv
Poy)

3
ee

r
y

é
L
i
o
o
p

f
ti

W
o
v
h

ow
fH

w
ft

a
.

O
FPF

ff
Ss

Cc
o
n
a

w
o
t

~
uw

G
a
t

w
e

ws
o
y

eo
Ww

w
e

we
B
h
o
o
F

F
O
)

ww
Mm

45
S
y

w
t
R
y
e
e
t

=
z

oO
3

g
S

“4
x

:
—
—

a
oy.

rd
~

vs
n

%
—
—
_
=

o
t

a
e

wy
fe.

o>
:

m
s
.

Ly)
<7

v
e
lm
e
s

a
c

5
=
>

¢
:

r
e
r
e

ce
G
N

ft
.

b
o

c
e

y
o

;
O70

B
e
e
r
e
a
a
a
h

o
e

S
‘

{

'
a

>
44

«
a

‘
4

4
%

t
4

‘
'

3
T
T

.
.

2



DRAFT |

Revc.ll@,"Roger. 1946.

Report ef the coordinator of cceancgraphy, En lesure F.

CROSSROADS. Ue p. (CONFIUENTIAL-RiSTRICTED DATA)

Revelle, R., T. Ro Felsom, &. D. Gclaherg and J. D. Iseses.

Nuclear science anc eceancgrsnhy. International Cenferen

r
ton the Peaceful Uses of Atonic Energy. 22p.

Robinson, M. 95h.

Sua temperetures in the Marshell Islerds Area. U-&.

Geclegica? Survey Frefessieral Papty 260-2. Woashirerkea,

pp. 281-291.

Williem &S. 3954

(6



A¥T
—
ony
atD

 
 

 
 

C
D

cr
.

:
.

94
w
a
s

w
y
t
S

g
e

W
s
O
S

T
s

N
O
M
E
N

O
e

c
t

-
:

-
~
e
r

:
!

S
Y

o
f

u
t
e

C
m
w

2
3

an
arn

t
e

.“
4

~

t,
va

a
tl

-

nm
unt!

\
to

xt
6

f:
a
o

e
n

G
‘a

e
wy

;
“

*
.

sep
et

u
M

ra
cn

ee
CO

my
af

*
ott

gy
ae

e
.

a
a

a
+

v4
ny

i
*s

‘

w
8

ue
UR

a
fe

rv
.

m
y

0”
4

:
.

w
y
,

w
i

a
s

ord
2

t
s

e
.

.
S
u

y
.
2

m
y
o
.

te
a

EX
Me

Ge
:

*
w
y
A
e

a
e
h
o
o
w
t
e

a
4

keg
m
e

$
3

w
t

w
i

W
y

re)
hay

J
.

.
.

a
pee

‘a
%

u
y

”
o
e

_
~

w
i
e

o
r

y
m

~
3

t
y

bane)
w
e

o
s

~~
o
O

m
o

+
5

\

+
.

x
o
e

4

e
a
l

”

€
‘
3

.w
a

a
y

o
O

C
t
.

e
l

a
t
e

w
w

oO)
‘

7
ont

3
c
y

ft.
b

’
4

‘
S
e
y

o
b

u
N
e
s

i
a
r

OLN
O
D

t
e

O
D
O
N

C
j

ort
C
w

6
h

beh
O
G

i
s
O
Y

C
r

F
u

G
S

w
y

e
p

T
E
O
T
T
O
R
M

w
i

e
i
o
.
d

eS
ow

  
 

m
y

ound
ey

ee
o
n

n
o

“

™
*

‘
vt

@
tm
c
g

ty

4
v
y

ine
m
e

“
i

c
t

w
i

co
nod

w
e

S:
&

o
y

.
B
U
N
F
e

ea
wo

S
g

w
t

ws
ay

ne
8
e
e
t

ON
M
m
e
O
N
S

.
°

a
tS
E
t

w
i

«
4

fi
2

m
y

c
y

bes
H
y

Oo
us

@
as

fea
wet

c.
C
O

tft
ot

oS
‘

rea]
h
o
n

fey
oO

oo
Mo

bea
Q
e

w
t

o
k

t
h

1
4X

o
t

“
8

U
d

any
4

G
t

es
m
o
u
r
n

a
o

«
,

O
a

r
s
t
o

fay
fae

w
f
B
e

a
\

t
a

C
o

i
S

G
s

R
s

 



?
eo

,

[
3

(b
4

16
5

/o
6"

le
?°

16
8

i
|

fF
oF

oF
U
P

1
ot)

St
as
h

|
—
_

ae
me
ee
e
e
Q
e
e
e

S
T
S
.

Te
|

 

 
 

S
T
A
-
4
3

No
r,

@
A
Y
A
H
U

G
a
s
t

T
O
f
2
e
o
m

-
B
F
&

GE
éK

e
@

D
e
e
r

Ry
YG

R?
C
A
S
T

4
e

4
;

vy
C
o
n
e

:
"

m
O
R
o
U
V
E

B
U
N
Y

~
]

S
T
A
N
l

M
E
T
)
p
o
w

=
o

 ee

T
A
H

RT
A-

14
O
r

vr

3
qT

x
ww

esx

<
Yy

wy

ead

iz
42
8
 

1
:

43
°

eeeee  
S
¥
A
-
7

9
)

de
C
=

:
BH
i
T

S
T
A
2

\
7

oo
n
e

i
T
L
a
e
S
T
A

N
N

7
c
4

S
T
A

H
L
R

S
T
A
I
N
S
]

e

[
N
T
s
{

ee

EM
WE
TO
R.

c
e

XY
ST
A}

    
 

“9
c
-
8 S
T
A
2

 
C
O

R
O
N
G
E
L
A
P

g
u
y
P
O
N
G
E
R
I

;
‘
A

T
A
K
A

a
w
C
J

S
G

aol,

 

 

 

 
S
T
A
-
8
&

N
T

ST
AM
b

f
e
}

ft
|
}

t
t

|
e
e
e
e
y

|
|

t
y

b
e
e
r

|
6

0
°

.
17

40
°

_
l
o

2
°

a
S

16
4

16
5

(6
6

1G
?

16
8

16
9°

S
h

7
PO
SI
TI
ON

OF
OB

SE
RV

AT
IO

NS
Fi
r

T
A

 
 

  
  

 
     



a
N

w
e

P
R
A
T
!

|
<  

w
o

f
e
j

L
b
k
e

1
29

so
4
0

0
[
O
T

|

 
 

>

ve Bette cee Diy:

w
e
e
n
y

B
A
A
E
)

he
y

~Bpeors ae
r£OPIED/tre

l

e
e
r

h
y
d
r
o
4

| | t

| | |

@
H
y
o
R
O

C
A
S
T

(
5
0
0
M

»
B
F
a
c
a

G
E
K

Mi
s.

ME
T
To
w

a

a
4

 Lc-4¥
 £57 A.

4
o
p

 7c(0
 

 
P
r
e

_
u
n
m

OO
D

/
L

S
T
A

LA
S

fir
s

”
7

.
|

Sea
}

 
R
O
N
G
E
R
I
K

  
 

 
 

’

P
O
S
I
T
I
O
N

O
F

O
B
S
E
R
V
A
T
I
O
N
S

6 Y
\

Fi
g.

{
&.
-



O
R
A
F
T
 {-

eete ee

w
=~ gee

g
aa

a
ra
t & g

-
‘
aeeKeteeee beetee

a

 ‘
|

~
€

as

Ci
O-
2
1
3
S
T
,

[O
88

S
A
E

(4
17
0.

B
e
s
u
m
)
}

°
x

O
c
-
5
”

fr
7e

)
La
ry
O
m

0
-
1
0
8

Ga
gs
o}
S
e

—_

D
i
I
nt

32

or
t Qp

-t
t
e
n
g

Oc
.

Ko
oy

ke
n”

2
oo

o
t

ac
on

41
54
0)

Ca
r/
Ov
g)

3
-
6

O
e
y

r
y
5a
)

h-
13

(
S
7
b
)

YP
Era
9s
ow
s

O9
9-
4(
97
5)

L
4
o
6
m
]

1
(
1
4
9
0
)

C&
sa
Ow
m
oA
si
ey

Se
at
er

pe
rm

i
e
e

i
“

fh
e?

O2
-3

Co
ro

}
‘am
n
y

(
3
6
0
m
;

C
y
C
f
R

{
a
0
}

{
3
R
E
G
ra

\y
C
4
e
h

N
y

£
S
&
°

o
s
e
]

‘

c
r
s
.
o
e

P
A
L
I
N
G
I
N
E
S

ee

j
pe
p

} (R
e >

4
D
o
w

j
e
e

5
O

{
/
4
9

Q
o

G
A
M
M
A

R
o
T
I
V
I
T
y

|
i

S
E
D
I
M
E
N
T
S
U
R
V
E
Y

O
-
C
-

=
o
r
e

=C
oet

fe
=
D
E
P
T
H
I
M
M
E
T
E
R
S

=
D
e
a
d
G
e

7
I
N
S
U
F
F
I
C
I
E
N
T
S
A
M
P
L
E

©
O
-
3

a
o
n
)

(i
A
O

|

 

1
a

a
N
f
E
X
i
.
“

F
_
J
R
O
N
G
E
R
K

{(
G

 
1
0
 

C

—

Fi
g
a



Levelea of Redioactivity Found +m a Sedincnt Core 4

- Taken inthe Faoific Proving Groucds —_EN

13° 35' N, 16h 32? E.
1L April 1956

 

 
 

|“ne ec_talty_) Suspended Sediment filtered from
jo-~“+. -+-ez- | Liter of water over core is 15. cia

3 —.7 ao “BSI

7 88a PS! 100mls of filtered water overcere i: Zoi ore

 

 

 

 

 

 
 

 
 
 
 
 

 

7 zen °

| tie agit “ Gamne reyes omitted por minutes per gTom

lime : ™. | .
.

pets S m2esdgunnttokenfror.eFu slice,

PO 45 wt
: ! jet Lf

fy Ba | Rizeanise pertjon
Se S66 al

4 bom rs ae

: KES
- SE
. Lae °
 

 

Sellor + grey Glebigerins 6926 and fing oral

gang with poms siratificention viachle.

 

w
e
e
m
e
e

S
S

;
\

n
e
o

w
e
d
n
e
e
e

e
e
e
t

 

 
” oe
*? Ke:

|



a "?ay oe
ay ae“a ‘4

<

are

ke “Oe

P
R
A
F
T

B
i
K
I
N
t
L
A
G
O
O
N

G
A
M
M
A

B
C
T
I
V
I
N
Y

S
E
D
I
M
E
N
T
S
U
S
Y
E

TS
R
e
a
r
)
A
r

 

12

p
2
0  te  

V
a
l
u
e
s
a
w
e
n

a
r
e
G
a
m
m
a

R
a
y
s
e
m
s
t
t
e
d

pe
y
m
i
n
u
t
e

F
r
o
m
a
n
a
g
r
a
m

o
f

b
o
t
t
o
m

S
e
d
i
m
e
n
?

&
bO

Q
s
o
p
9
g

W
e
n
a

a
t
e
m
e

~
\

  

a
g
o
r
a
i

S
m
L
S

A
37
00

7S
3
0
0
.

“
m
i
e

\
"

ps
00
M
R
R

oe
i
\

oe
e
r
e

1
3
4
9

:

y
«

s
o
p
0
2
T
O
S

(
n
e

})

G
a
n
w
o
t
2
7

 

  



COPIE
. LANL

D/DOE
RG7-

e
a
r

Q
S

i
b
s

16
s”

L
o
e
e

P
R
A
F
T

emer ene NET

16
1

16
5°

16
5.
 

*

et
2

 
r
a
s

TA
CN

GH
i

.
 

it
7 \

it (i
x

 
B
l
—
>

 =
,

A
n
e

RO
NU

ER
IE

“
4

Le
k

ie

A
I
L
I
N
G
I
N
A
E

av

   L
a
i
e
n
e
e

teterusutel
oO

‘
2

K
r
e
o
k

   Z
x

 
w
e

T
R
O

i
4

r   
   

L
i
k
i
p
e

;
I
D
.

F
f
o

 
é

+

$
6
6

a
a.

.,
i he

f
a
y

/o
7°

(
G
2

a
r

G
E
K
.



   
i
"

 

 
 

 
43
°

 

 
 

     
   

42
°

     
2

.
th

O
n
,

‘
3

a
l

2
J

J
1
6
x

Li
s
P
o

s
(
t
N

7
4
S

w
t

’
.
*

,

4
|

D
e
r
o
n

C
L

|

—
_
3

|

TA
KA

 

3
/

p
r
e

V
a
R

NM
O
S

y

/
/

a
C
O
N
N
3

1
ne
em

ew
hy
M
e

we
d

os
\
b
3

AI
LI

NG
IN

AE
_*

.
t

i
e

3
f

m
s

*
M
e

NS
j

r
T

s
t

a
5

if

¥
‘
;
/

h
/

5
N
S

o
m
,
N
S

N
Y

P
|

A
f
f

T
A
S

ON
R
K

NN
—

4
/

,
.

e
“4

O
t

“
O
t

4
'

h
o
w

h
e

 

  
 

S
p

o
d

te
e

 
 

  
 

 
 

 
tas

“
3

Me
t”

Ye
n?

15
°

67
°

fo
i

a
e

€

L
Y
R
E
C
T
I
O
N

A
N
B

S
P
E
E
D

O
F

2
U
R
F
A
C
E

C
U
R
R
E
N
T
S

ig
.
GA



D
R
A
F
T

1
6
9
°
  

T
A
o
n
g

i

 

 

14
°

 

 

  
a At
  

Pe
y —
—
_
_

|.
 

ry

 

  PST
  

   
A
i
G

S
p
e
e
d

1p
Ka
le
;    

  
>

n
e   

 
 

16
2°

~
)
—

“
5
°

1
6
6
°

7

D
I
P
E
C
T
I
O
N

A
N
D

S
P
E
E
D

O
F
:

C
U
R
R
E
N
T
S

A
T

T
S
M
E
T
E
R
S

D
E
P
T
H

F
g

,
6
B

  



EL TANL RC
COPIED/DGE

™teoS

|    e2  it
 
 

13
)

 

=)
St

 
Iz

)

 
 

 

ie
“4

7

/

J,
.

 
 

  W 3  NS NS aS

7
e/

/
Yo  

  
 

 
 

  
 

 
 

f

Lie

Ry

.

jo
e.

DI
PE
CT
IO
N

AN
D

SP
EE
D

oF
”

L
U
R
K
E
N
T
S

A
T

I
S
O
M
E
T
E
R
S

D
E
P
T
H

Fi
g.

é
C

fo
?"

 



:
|

,
,

>
s
e
a

D
R
A
F
T

S
y

°
L
S

16
2°

fo
3°

6
4

1o
s°

16
6"

o
z
.

o
g
"

1
9
°
  

 

 
 

a
s
5

a

—
—

4

—

ol

13
°

\ a
e

12
"
>
P
S

.
S
o

“
«

P
o

C
y
r
,

o
e
e
e
~

I
N

e
l

B
y

‘
x

“
2

.
A
t

™
~

«
2
5

o
k

\
\

")
o

of
S
p
e
e
d

i
n

K
n
o
t
s

{6
2°

/6
3°

fe
y?

{4
5°

fo
o

*
£6

?°
f6
8"

16
7°

PY
RE
CT
IO
N

AN
D

SP
EE
D

of
*

|
CU
RR
EN
TS

AT
25
0
ME

TE
RS

F
i
g

‘
6
D

4

I
S

g
i
a
S

 

 
 

AS

 

M
.
_

   
  

  
 

 
  

 
 



we
e!

It
e2
!

/0
3°

o
y
?

fo
s

*
/e
e°

le
z’
?
   

"s
j

A
s

\

 

{2
°

2
2

[

3
°

 

22
°

T
A
K
A
0

 \
v2
\

ss
\

\
\

|

 
 

 
  

  
 

 
 

n°   
 

(e
l?

16
3°

io
e

5
°

/5
6*

.
7
*

D
I
R
E
C
T
I
O
N

A
N
D

S
P
E
E
D

O
F

~
~
)

C
U
R
R
E
N
T
S

A
T

S
0
0

M
E
T
E
R
S

P
E
P
T
H

—
Fi
g:
6
E

/e
4*



WK

<
S

: |
; LANL RG

Jo
r”

16
3°

te
?

s
°

Me
h?

a
"

16
8°

49
"

[
 

JED/DOE

 

26
.6

io
L
y

f
r

°

S
a
y

N
U
E

™
4
S
t

|G
ry

 

 

ta
e

 

{|
a

e
e
e
n
n
y
N
S

__
_} ~

o
n

EX
IW
ET
OR
,

Bi
Ki

ng

c
“
~

RO
NG
ER
IK
,

o
c
)

”
AL

IN
GI

NA
E

Lf
)
e
e

°
z

o
n

\
“

N

4
a
“

:
“
™

\
\
N
L

f
~

\
.

22
a

by
A
n
y

°2
.

2
2

H
i

43
°

to
y"

hs
?

M
e
r
,

Me
r?

“3
°

he
r

 

 

  
  

 
  

  
 

 
 

S
U
R
F
A
C
E

T
E
M
P
E
R
A
T
U
R
E
:

v
"
|

fi
g.

7



B
by

H
i
d
i
d

S
Y
I
L
A
W
0
0
7

UIddii
NI

-
3
Y
N
I
V
Y
I
d
W
I
L

J
O
V
Y
I
A
V

B
®
.

   

 

     
  

      
 

+
8

291
off

7
0
5
9

o
f
t

a
9

o
b

a
o
l

or
s
o
r

It
|

i
\

“
L
o

Z
L

\
\

o
l
L
o

p
n

e
e

,
N
X

a

a
y

}s
¥
”
r
m

m
M

e
e
r
,

wins
o
n
a

"
p
S

hk

S
b
!

_
a
A

|

i
i
m
Y
S

“
7

f

s
a
r

—

|
N
N

|
"

—
Pp

iv
‘el

—
—
—

(|
Ns)

a
a
n

w
r
o
d

(
|

°
P
o

abl
S
e

o
r

O
y

»
C

e
|

19NOWL
Q
W

—
~
&

.
E
N

”
e
r

Ht
>
A

p
S

N
S

(
“
9

N
N

o
C

se
pte

ey
s
e
e

t
z

s
i
r

it
CU

SCC
gy

A
E
E

(0b5/
e
n

0
a
9

o
s

o
f
l

k
V

n
e
t

L
A
V

‘Logoh
“F

{a



 

CharT
 

  
 

py T
'/
!! _Ly | |

-_—-+ ‘

i ' -
fy ' TENPERRTURE|

ao}- !
| |peNaeS) { SALINITY(S)
! Fe tte?.A |

| ! |- . '30} | | |

| ' sounp !— h ores f

+ : ' oF)

| )'- \ ;

: \ ‘

oer NS ' |
a . . ’ / j ;

wl TADLSTABIITY (2) /
—- \ ™ ee —_ , “

fear we . y —: LY

~™~ / a— a |

he *_ - ~~ _— .a — ;
-7 ~ Le ee —_— ~“

Me , ”

oneSTE
oe a”

- Lo N\
zz geo -y \ STFITIONS

~ PESITION
= / \ o gal N
Pgoo 13° 36/1 F
uw DATE 2 tc Ae«n ‘St3 \

\éeo \

&co \

1G0e \

accel |

lt |

TS . LS _ , <! bape { i i lee t : : 1
eth Viattet rs 0 Vo tah cs as ws 46 If 36¢ 18 $o “few
“ea Td Z Ss -7 ? 4 fe 15 19 19 2} az aw a7? 24

G° ry Fz 0 ze. ect {oo t» 60 65 0 sB0 <p Go avec 37 oe foe 3300 “Eee 909 pennh
. S743 a SS 6 7 a f KG Ke ;

Gyzrae r? 43° LS “$0 is ate SS M0 Sade Ss 0.05fern? .

(ie) EXAMPLE VERTICAL DISTRIBUTION CF PHYSICAL DATR /7
.. Trees Fr. %



Copir
Pe.

'DOE

i

%
“s

~™

2

 

 
 

 

 
is

YX’

 
 

1
0
,
8

v
i

 
4

 
 

43

8
0
1
0
0
m
 
 

u

~

M
Y

t
+

+

y
e
n

,

~
~

i
+

   
s

+

.
y
e
s

t
e
e

\
a

o
eo

6
o

P
-

.
R
O
N
G
F
R
I
K
r
e
n
e

h
e
l
e
n
y
,

b
@

*
e
r
7

»
o

|?
w
o
m
”

°
°

R
*

«
©
4
O
~
O
O
0
M

it
6

6
6

8
e
d
e

o
¢

'
.

.
’

 

a
po
nc
et
ar
!

 

w
N
X

°
*

*
*

©
.
o
m

‘
N
N

AI
LI

NG
IN

AE
 

il

LLLSL ALLLLAD

  +
t

 +
+

~
+

MN

 
    

 
 
 

~
-

*-
“+
r

+
w
e
E
T
H
O
&
o
e
s

{0
 

|
1
6
2
°

e
s

fe
y?

{6
3°

4
6
°

f
e
r

/t
e°

16
7°

D
E
P
T
H

of
T
H
E
R
M
G
C
L
I
N
E

F
i
n
1
0

a



CUTIE
rent RC

DIT OE

Ay {4 8

le
o’

L
A
F
T

16
9°
 

D
s
s
S
O
R
I
A
n
n
 

 

|

 
L
A
L
O

A
z

p
e
e

S
O
O
)

 

C. S
O
p

  

= = .
Y
2
5
0
6

2
7
5
0

f
g T
A
K
A
!

1
    

 
  

 

 
S
A

ma
me

3
2
5
0     
 

L
i
K
l
E
?

T
z
.
 

he
s?

ST
AB

IL
IT

Y
OF

M
O
S
T

S
T
A
B
L
E’

Fr
ia
.

ll

$
b
?
?



 

 

 

 

 

 
 

   ©
E
M
W
E
T
O
R

f
e

+
+
 

 
 

O
S

RO
NG
ER
Ik

+

a
e
V
o
.

*
‘

W
L
I
N
G
I
N
A
E

»
of

*
@

j
o
o
-
/
2
5
°
m

+
+t

 

 

7
5
-
4
0
0
m

e

   +
+

+
a
d

   
s
o
-
9
m
|   
 e

e  
 

  LIKIEP
 

Fr
eq
,

12
,

E
M
P
T
H

QF
M
O
S
T

o
T
A
B
L
E

25
M
E
T
E
R

LA
YE
R

T
s
,



>
‘
e
e
n
s
.

:
o
e

P
R
A
F
T

r
y
e
y

{
6
1
°

1
6
3
°

1
6
4

6
/

7
6
g

L
y
  

—
T

75
01

*”
Q

S
f

FO
Fs

—
_
—
—
—
—

r
s

5
/
/

L
r

w
D

.
J

|
|

|
.

af
Z

|a
A

o
o

14
00

i
"

A
,
L
Y
N

C
4
,

 

 

LOL

 
 

 

SA

 
 

 
 

   
 
 

  
  

I
d
o
e
e

|
W
a

i40
0-

_
t
a

EN
IW
ET
DK
P
|

;
C
e

1%
,

:
~

AB
IR
IN
I

Oy
C
Y

_
RO
NG
EL
AP

pO
NG
eR
IK

N
N

{
4

VY
L
a

17
00

Ww
c
a

“
a

T
A
K
A

i
\

e
a

}
~
N

“
|
|

e
e

.

‘
i

/6
3

{
o
@

Io
5*

16
6°

6
?
"

16
8°
1

~
~

|

o
o

|
A
P
n

i
n

h
e
d
~

p
e

o
a
“
a

P
N

O
O

a

1
2
°

D
N

A
e
n
c
u
n
a
e

L
—
1
8
0
0

m
Y

..
‘

\

I
N

7
o
O
f
f

V
W
/
O
T
H
O

...
.

/

10
"

:
8

°
LI
KV
EP

16
5

Z
z

a
10
°

4
0
.

A
V
E
R
A
G
E

O
T
A
T
A
L
I
T

O
te
2
3
0
M
E
T
E
R

D
E
P
T
H



(6
4?

e

4

eadASNTet Tle anf

~
os
e

e
e

P
a
d
e

acer

cor
er

cm
ad

1
6
8
°

D
R
A
F
T

 
 

e
s
-
4
‘
o
d

 

}
V
E
Y

«.

aaati

X%
~

W
W
.

Fa
c.

Ce
nt
ra
l

fe
.2
0
0

w
vA
t

 
{:
20

~#
00
}

 

L
2
3
a

~
a
a
t
h

J
A
’
g
h

Ss
ef
in
it

.
oe
P
S
O
S

C
M
,

Pa
c.

sa
de
rm
ec
ia
te

ah
(SSG
a

C
J

Pa
c.

E
q
u
a
t
o
r
i
a
l

Ca
ge
"

A7
00
)

f
r
a
c
o
F

a

i
B
o
- (v
se

r
e
.

is
l

 
awR
E
S
™
I
D
E

b
i
a
e
-

2
4
0
)

 

 

 
 

En
aw
et
re
k

1
3

ae
a

(
a
e
s

 

te atesfen

C
A
L
S

G M
o
o
d

 
f
e
r
e
s
r
~

h
e
t
h

b
i
s
0
g
a
r
y
t

a
a

1
B
3
a
m

2
5
0

(R
ee
d

eewna

(a
s3
>

o.
a
r

b
s

7

A
e

2
3

f
a

J
#
F
O
™

wo
rt
h

é
a
l
o
w
S
E
O
]

Ca
tt
o~

3
é
:7
)d
e
s
r
S
o
l

 

19
non

o
s

S
0
0
)

E
x
0
0
-
7  

 fas" 
f
o
e
s
?

W
o
r
t
a
A
s

\
i
e
h
r
g
i
n
H
e

i
o
n
g
a
e

7 e
e

sw
ne
n
s
e
e
r

fe

R
o
n
g
e
r
i
k

 

 

 

etereter seeee

 

(2
g
e
e

h
a
n

L
i
s
s
“
4

a | |
G

L
a
t
h

b
i
a
h

s
e
t
o
n
i
t
y

‘
_

be
lo
w
S
7
0
i
J
 fini

y
e   

  
D
E
P
T
H
S
O
W
M
E
T
E
R
)
B
E
V
I
A
I
O
U
S

W
A
T
A
/
2

A
I
D
K
E
E

(
O
f
e



 

a
Bi
ki
ni
s

A
T
O
L
L
"

F
i
g
u
r
e
1
5

O
b
s
e
r
v
e
d

C
u
r
r
e
n
t
s

U
p
p
e
r
L
a
y
e
r

Ap
ri
l

19
56

10
-
O
m
e

4
K
n
o
t
s

 



 
O
b
s
e
r
v
e
d

C
u
r
r
e
n
t
s

L
o
w
e
r
b
a
y
e
r

A
p
r
i
l

1
9
9
6

 
 

a
s
s
t

L
S

b
e
n
l

e
e
e

—
—

R
e

*
ombe.

°
30

me
te
rs

Bi
ni
ns

A
T
O
L
L
1

f-
--

--
—

4
O
me
te
rs

s

t
y

Fi
gu
re

$6



ment~~Ks
wat

e
s

~
~
!

 

T
w

wet,
eM
A
g
e
e

v
e

0
a

~

  4 0FcSe

f

\.
¥

afFeen + me hee

 w
d

w
e

Shey

3
w
sa

a
v

v
e

-
~ 

£0
ADe .ne

.

O
s



+
>

a OGPIED/DOE
“LANL RG -

VE
RC

Current Ve locity

30 Meter Drift Dregues

N
A

 Figure £8


