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ABSTRACT 

Background radioactivity and oceanographic conditions in 

the Pacific Proving Ground are of significance; in evaluating 

the contaminating effects of REDWING events, in the understand- 

ing of the fallout problem at sea and extrapolation to land 

fallout patterns. Thus, as a part of Project 2.62* a month- 

long study has been  made of radioactivity in water, organisms., 

and bottom sediments, and of currents and physical character of 

the 'water over a 1^0,000 square mile area around Bikini Atoll* 

The waters are slightly radioactive», with values of 1?G to 

1500 gamma counts per minute per liter (cpm/1), whereas the 

natural radioactive background, due to potassium-Vo, is about 

9k  cpio/1»1 A field of maximum activity (800 to 1500 cpm/1) 

exists at SOO to 1200 meters depth at locations to the west of 

Bikini Atoll, within 150 miles of it, and between '10£° and 

13i° N. Radioactivity is associated with particulate matter 

(possibly organic) at the surface only: at all other- depths it 

is mostly in solution». Organisms collected from the upper lay- 

ers and deep sea fauna captured in a trawl as deep as 2500 

maters depth are about equally radioactive $ the level of acti- 

vity in these marine creatures is about 30 to 50 times as much 

per unit weight as that in equivalent weight of water». 'lagoon 

waters and surface waters in the open sea around the lagoons 

are slightly more radioactive than other areas (1100 to 2100 

cpm/1)» 

1. Ail values of radioactivity given in this report are gamma 
rays emitted pet- minute.. 



The highest ase«s.t of radioactivity in the area studied 

is on the oceans, floor in the region of CASTLE fallout» The 

top of one deep  sea core taken 10 miles northwest of Bikini 

Lagoon tested 29$ 500 cpm/gr^?^ sediment from the northwest end 

of the lagoon emitted ^5»000 cpm/g* Presumably both were from 

■ BRAVO event at- CäSTLE» Elsewhere in the lagoon, the bottom 

sediment generally emitted from 2500 to *f000 spm/g compared 

with a usual 1000 to' 3000 epm/g in the fallout area outside 

the lagoon* 

Sampling of bottom living organisms outside the lagoon is, 

so far* unsuccessful«.' Bottom dwelling organisms in Ailinginae 

and Bikini Lagoons (particularly the latter) v?ere quite radio- 

active«, Other lagoons were not studied* The molluscs displayed 

the highest activity and this was outstandingly concentrated 

'in the livers and'kidneys (52y0OO to 8M-?000 gamma epm/g)* 

In the open sea area, measurements"of currents verified 

the general circulation obtained at CROSSROADS and by Japanese 

cruisess but more explicit information was obtained... Meander- 

ings and eddies dominate the flow in the latitude of Bikini; 

the main flow "westward is located at the north side of the PPG,. 

A large» counterclockwise-revolting eddy at Bikini is found down 

to depths of at least 500 meters,  The current at the surface 

attains 0*6 to 0.7 knot speed and averages 0*3 to Q.k  knot: 

thence it decreases' to a maximum of 0*3 knot and average of 

0*15 knot at 500 meters depth» 

The thickness of the v;ind stirred layer above the thermocHne 

where temperature decreases rapidlys varies from ^0 raeters near 

Bikini to 170 meters in the northwestern part of the "area* '■ The 



waters are most stratified' (i.e. .'density gradients are 'great- 

est) at depths of 50 to 175 meters, being shoalest'in the south- 

eastern part of the area- deepest in the northwestern portion. 

'.and "of intermediate depth at Bikini. Water masses 'in the :area 

are primarily Equatorial Pacific. North Pacific Intermediate» 

and West North Pacific Central, f 

-t* VOi.i'-iJ- *"■-'-! 

the iheraocliris &3?5 güocijövd, all  DKOSS j..esG'i'?."oijr;.;:a.e as 
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. ' The physical hy'dr-o^raphv cf Bikini X&gooh i?'V't^ilar to 

that obtained "at -CROSSROADS, -Siir?af.;d waters' nibvs; t;6vr:kdjid,' . 

and desD vatsrs fiov: 
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.0:ire?tec both north \ani south into'ty-:, .«ecoiiciiify hoi-iz-ontai. 

ceilsi   During laGäsrcts"' tostrong trados.. v*ate- 
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current essentially stops immediately, but the deep flow con- 

tinues for some time* 

It is calculated that'when the east northeast trades are 

prevailing> water in the lagoon is completely exchanged on the 

average every ko  days« At times of light southerly or south- 

easterly winds an estimated 60 to 100 days are required,, No 

conditions were observed during the field work in' -which very 

rapid flushing of the lagoon occurred« 

6 



DRAFT 

CONTENTS 

TITLE PAGE 

PERSONNEL 

ABSTRACT 

CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

1.  INTRODUCTION 

2«  RADIOACTIVITY. BACKGROUND IN THE OPEN SEA AND LAGOONS 
OF THE PPG AREA toy DeCourcey Martin, Jr» and Robert 
L„ Wisner 

2d Assay Equipment 

2o2 Sample preparation and counting 

2c3 Radioactivity in ocean, water 

2A Ra&iobiological assay of the near surface and 
deep sea fauna 

205 Radioactivity background of the ocean floor 

206 Radiobiological assay of certain fauna'of Bikini 
and Ailinginae Lagoons 

2o?; Lagoon viater samples 

2o8 Lagoon bot"tos samples 

2c9 Lagoon Pkytoplankton samples 

2ol0 Miscellaneous surveys 

2 dl Air"sampling 

3c   OCEANOGEAPKIC CONDITIONS IK THE PPG OPEN SEA ARE/1 ? 
by PaiLl h*  Eorrer ; 

3°1 Currents, general information 

3o2 Currents at various levels -'■■•' 

rage 

1 

2 

■5 

9 

JLX 

13 

13 

lh 

15 

18 

22 

2^ 

26 

28 

29 

29 

30 

31 

31 

32 

7 



DRAFT 

Page 

3o3 Temperature and density 35 

3 oh   Mixing processes and stability 37 

3*5 Water masses in the area ^0 

3o6 Underwater sound propagation ^ 

hc      CIRCULATION IE BIKINI LAGOON, by Donald W. Pritehard "-he 

hd    Discussion of water movements in Bikini Lagoon **6 

*f02 Results of present field studies ^8 

^o3 Conditions during periods of light winds' 50 

koh    The renewal of water in Bikini Lagoon 51 

h05   Movement and flushing of radioactive 
contaminated waters in the Lagoon 9* 

REFERENCES 61 

DISTRIBUTION 63 

FIGURES 



DRAFT 

LIST OF FIGURES 

Ike Positions of observations. 

1B6 Positions of observations. 

2» Bottom sediment samples, gamma radioactivity» 

3 c Levels of radioactivity in a sediment core of the PPC-,. 

he Bikini Lagoon bottom samples?  gamma radioactivity 

5» Surface currents from geomagneti©~eleGtr©~kinetopgrapfcu 

6A„ Direction and speed of surface ©urrentSc 

6Bc Direction and speed of currents at ?5 meters depth* 

60. Direction and speed of currents at 150 meters depth«, 

6P* Direction and speed of currents at 2?0 meters depth«, 

61o Direction and speed of currents at 500 meters depth«: 

7e Surface temperatures» 

8c Average temperature in the upper 2p0 meters of depth«. 

9* Example of vertical distributions of physical data,, 

10o Depth of thermoclinec 

11«, Stability of the most stable 25  meter layer* 

12» Depth of the most stable 25 meter layer? 

13« Average stability in the upper  250 meters of depth* >■ 

i*+c Depth (in meters) of various water masses» 

15«. Observed currents in the upper layer of Bikini Lagoon« 

16« Observed currents in the lower layer of Bikini Lagoon« 

17o Current velocities - a five hour set of observations nea: 

the center of the lagoon« 

18c Current velocityt 30 meter drift drogues«, 



DRAFT 

LIST OF TABLES 

Page 

1A. Radioactivity of PPG open sea area waters» 16 

1B„ Radioactivity of lagoon waters. 16 

2o  Radioactivity assay of plankton samples from the 
PPG area, 19 

3«  Radioactivity analysis of some deep-sea fauna near 
Bikini Atoll., 21 

ht      Radioactivity levels of certain fauna from Bikini 
Lagoon. 25 

5«.  Radioactivity levels of eertain fauna from 
Ailinginae Lagoon« 27 

6o  Estimates of flow into and out of Bikini Lagoon<.    53 

10 



T%w: >\ TV"1?- 

1,  INTRODUCTION 

The several purposes of studying the radioactivity back- 

ground and oeeanogr&phic 'conditions of the Pacific Proving 

Ground are: 

(1) To evaluate effects of REDOING events on the 

radioactivity content in water? marine organisms5 and botton 

sediments* 

(2) To facilitate accurate reconstruction of the 

equivalent land fallout pattern from'measurements by ships and 

aircraft and enable future fallout surveys to he raade with 

less effort. 

(3) To understand the fallout problem at sea* per 

.se, and to provide oeea^ographie assistance to the Task Force,. 

Previous ocsanographic data in the PPG are primarily from 

collections made during the period Kar eh to August.,, 29*f6'<. in 

connection with CROSSROADS a-id from Japanese hydrographie 

investigations during 1933-iSl>i- These are mostly measure- 

ments of density and thermal structure and of some 'chemical 

constituents,. Although the ccta are many* they are nel'wber 

closely spaced nor synoptic... The -Japanese made several cross- 

ings in the area with a research vessel during June I?5*t to 

procure information in suppor'' of a claim of damage to their 

tuna fishery.:. 

In analysing the CASTLE fallout results» the need vas 

evident for more explicit data on currents... rates of vertical 

penetration and norisont&l mirLng to properly interpret- fallout 

measurements in. the oper: sear. -• 
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Studies of these physical aspects., as well as measure- 

ments of the background of radioactivity» were conducted 

aboard the Serlpps vessel M. V. HORIZON during 5 April ~ 5 

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

200 Edles to the west and north, and 250 miles tc the east of 

Bikini Atoll (Pig, 1A).2 Particular attention was given to 

background radioactivity and currents near Bikini and the most 

probable fallout areas (Fig, lB)f background in and rate of 

eflux of water from Bikini Lagoon, and fallout particles on 

the ^B-p  ocean bottom from the CASTLE events. Background 

radioactivity was studied in Ailinginae Lagoon. 

As used in this report, radioactivity background is the 

total amount due to the combination of naturally occurring 

radioactive elements and the radioactivity remaining from 

previous nuclear weapons tests«,. 

This report was prepared in the field during and immedi- 

ately following the data collections i-  it is for use by Program 

2 specifically and. the Task Force in general. Wind produced 

waves and tides have been excluded from the discussion because 

such information is being provided by the J-3? Eq^  JiF-SEVEN 

Oeeanogrenher* 

2, All figures are at the end  of the -report* 

Xd. 
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2.  RADIOACTIVITY BACKGROUND IK THE OPER SEA AMD 
LAGOONS OF THE PACIFIC PROVING GROUNDS AREA 

/ by 

DeCourcey Martin, Jr« and Robert L* Wisner 

The M.-V. HORIZON Is equipped with a small radiochemieal 

laboratory, radiation detection and assay equipment,, and 

sampling devices, ■ Assay of the radioactive contamination : 

in the Pacific Proving Ground Area was done in 'conjunction 

with the preliminary oceanographie studies» 

A study was made of the radioactivity of the waters in 

the open ocean. Samples of the lagoons and ocean floor were 

obtained with a coring device and dredge* '.Plankton samples 

were taken in the open ocean and phytoplankton and colloidal 

matter were filtered from lagoon waters* ■■ Other marine organ- 

isms were obtained by trawling,' line fishing and skin-diving, 

Several samples were taken of the air over the sea surface» 

2,1  ASSAY EQUIPMENT 

The samples were measured for both beta and gamma radi- 

ation« Those samples which were sufficiently active were 

analysed to determine the isotopes producing the radiation 

by means of gamma ray,; differential pulse height analysis,. 

The samples were obtained: identified%  and prepared for' 

counting« 

An end-window Geiger-Muiler tube$ with a mica window of 

1<,4- rn.g/cm2 thickness,-was used to count the beta' petioles* 

The counting tube was shielded by t® inches of lead to 

reduce the background of cosmic and external instrument 

13 



radiation to 25 cpm« The sample planchet was mounted In a 

plastic and aluminum shield to reduce scattering and 

brerasstrahlung» 

Gamma radiation was detected and counted'with a lead shield- 

ed RCA 5819 photomultiplier tube and a If- inch diameter sodium 

iodioe scintillation crystal« Both beta and gamma counters 

were connected to a decade sealer» Gamma energy spectrum 

studies were made with a well type scintillation counters single 

channel pulse height analyser5 and a decade sealer* 

2.2 SAMPLE PREPARATION AND COUNTING 

The samples to be counted for radioactivity wer© weighed ? 

dossicated9 dried at 110°C;, in some cases ashed.,, and counted 

on aluminum planchets* The self-absorption variation due to 

differences in mass and density of the various types of samples 

caused some difficulty in comparing their absolute beta activi- 

ties s, Since gamma rays are not significantly affected by self 

absorption in samples of these thicknesses «,■ gamma radiation is 

used in this'report as an indication of the amount of radio- 

active elements present«. The ratio of gamma rays to beta part- 

icles has not been accurately determined but appears to be 

roughly I to h 

The activity of the samples was compared' with the activity 

of calibrated standard sources« The instrument background \-JSLS 

subtracted and the counts corrected to agree with the standard 

sourcec The values are reported as gamma rays emitted per 

minute per unit mass of-volume of sample abbreviateds cpm/g or 

cpm/su The probable error in each counting rate was difficult 

to maintain-at a constant level« In the "case of. the water and 

Ik 
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plankton observations where the counting rate was very small*. 

the probable error was usually greater than 8^5 often as much 

as 50% and occasionally over 100$* 

2.3 RADIOACTIVITY IN OCEAN WATER 

Samples of sea'water taken at various depths at ten of 

the hydrographic stations were used in this study«. A 150 ml» 

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

ness and the resulting salt assayed for-radioactivity, Table 

1~A shows the gamma radioactivity, corrected to 1 liter, at 

each station» The salinity values are listed only for station 

29«  (Locations of stations are shown in Figures 1A, IB») 

There appears to be no detectable relationship between the 

variations in activity with the slight variation that exists 

in salinity. 

Surface samples of the water at several stations were 

filtered through a 0*5 micron mlllipore filter in order to 

determine if activity were present in the upper layers as 

dissolved substances or as particulate matter greater than 

O.j micron diameter. Most of the activity was found to be in 

the dissolved phase« For example,,, at station lk^  at 0 meters* 

the water emitted *+5 cmp/150 ml*, or 600 cpm/2 liters. The 

suspended particulate and colloidal matter in the 2 liters was 

89 cpm, or 15$* For subsurface water at station"27» the total 

activity in 6 liters of water taken as a vertical column from 

depths between 50 and 1500 meters was 2050 cpm/6 liters,-while' 

the particulate matter was only 20*2 cpm/6 liter's,' or 1$* If , 

the surface particulate matter is largely composed of living 

organisms, then the radioactivity within dead organisms set- 

tling downward must rapidly become dissolved« 

15 



TABLE 1~A 

RiffilOACTIYITJf OF PPG OPEN SEA AREA EATERS 

Gamma Rays E aittect JB§£ * Ixnute per Li" ;er (ejam/1) of Sea Waiter 
Stat ions Salinity for 

Approx Deoth 6 ..?.. 8 9 12 14. 2«; 27 28 29 Sta«. 29  (%o) 
in rasters 

Surface   0 413 474 267 210 293 300 340 60 180 40O 34.56 %o 
50 260 

1 c* -45 
350 \ 280 180 .   34-58 

100 435 130 110 120 £0 120 jif) 0 01 

125 £0 35-25 
150 340 470 35*12 
200 340 210 300 400 £0 410 34*58 
250 250 ^Q 350 3443 
300 374 34 «43- 
400 90 390 280 390 410 34 060 
500 340 350 314 f~0 34 08 
600 490 340 34.59 
800 855 740 «-■<•' • 220 470 500 835 1 34*53 

lr000 
1240 
535 
280 

1480 

580 
580 

870 

120 
120 

JE160 90 

90 
410 

650 

435 

370 

400 

con 
390 
«520 

34=59 
1,200 34*60 
1 ,400 34^3 
2f)000 1 

3,000 410 314 
330 

300 
4-000 

Bottom Depth 35^0 4300 4600 4200 5200 5100 4300 3400 4800 1440 

Station 

TABLE l-B 

'RADIOACTIVITY OF LAGOON WATERS 

 Depth ops/1 .Probable Error 

Bikini Atoll„ Ecyu Island 

" .   n   Karau   f; 

Bikini Atoll, Mid-lagoon 
Ailinginae 
Eniuetok Atoll,  Parry Island 

Surface 
Surface 
Mear shore? midpoint 

of Imeter depth 
Surface 
Surface 
Surface 

i. ,150 Jg 
X ,620 20 

r-j 

.130" .: 1 e or 
AJ •c 

■] 23 et 

1 30 
400 42 % 

*Kot©: The above values have been corrected to account for ieiency 
and a ql% geometry of the scintillation counter« The average background due 
to noise and eossdc rays has bees subtracted from the reported values, ^ais 
has caused the negative and zero valuesc.    ^he natural E-40 background of 
94 cpas/l has not been subtracted and is included in the above figures. 
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The main naturally-occurring radio! so tope ir< the ocean is 

potassium-ifO with a half life of 1,2x10x yrs, which should 

remain constant throughout the ocean* One liter of sea water 

emits 9*f IT*0 gamma rays per minute* Any additional gamma 

radiation shown in Table 1 is due to contamination» 

Throughout the PPG area the radioactivity of the sea 

water is fairly constant with the exception of one layer of 

water- between 800 and 1200 meters found northwest of Bikini 

Atoll at stations 65 7* 85 and 29« This area is on the edge of 

a large eddy current found around Bikini, hereinafter- referred. 

to as the "Bikini eddy" system (Figures 6A-6E),. 

17 



■2«* RäDXQBIQLOGICäL ASSAJ OF HEAE~StJR?ACE AND DEEP SEA'FAUNA 

In general, the following is based on samples of ZOO- 

plankton taken during the Mfr Vw HORISOJPs cruise^ These 

samples were collected vdth a standard one meter diameter 

plankton net towing obliquely from 280 meters depth to the 

surface in 15 minutes time while the vessel proceeded at about 

2 knots» -The net 'mesh is of nylon "Kites" cloth5 60 meshes to 

the inch* Its' cod-end is of the same material* 90 meshes per '.: 

inch«. The net is designed to sample all forms larger than, 

phytoplankton and crustacean larvae= 

Samples were assayed for radioactivity without sorting : . 

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

"sample" was small crustaceans* Large,, individual animals 

were removed for individual essay.. Table 2 lists the results 

of the radiological assay. Station positions are given"In 

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

are quite low throughout the total area studied,, However, it 

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

the influence of the eddy system around Bikinis Ailinginae 

and Rongelap Atolls (Figs« 6 A to 6E)«, It is probable that 

within-'this area the supply of radioactivity in the ocean is 

being constantly renewed by tidal flow from Bikini and neighbor« 

ing atolls to the east,- Swept'into the eddy where it does not 

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

short lived plankton become contaminated* £s will be shown 

:■■    IS 



RADIOACTIVITY ASSAY OP PLANKTON 
SAMPLES FROM THE PPG AREA 

Wet 
Weight    Gamma Hays Emitted 

Station ; /(grams)   - per mln/graa ' 

•o 

0 5 6 

7        9 "   99 

.9 :. -8o7        5t) 

11 TO o 1C 

12 8.0 17*8 

0 

I? 10-?.                            0 

16 9ci. 26c9 

19 8 36„3 

21 9c I 22... 2 

24- 7*8                            0 

2? ,-'l3     - 

26 11 

28 3„2 

VO 

27 c3 

20 *6 

si 

15 c-0 

1 .,Q 
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later', in.-the report the lagoons of Bikini and iillinginae are 

still markedly contaminatedo % studies wore made ef other 

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

area5 using the 10 ft» Isaacs-Kidd Midvater Trawl as the 

sampling device* The depths sampled ranged from ,730 t$ 2^60 

meters* But only one sample, that from the- shallowest depths 

has so far b&en  studied in  detail,- The activity- levels weres 

in most instancest quite similar to those of the Zooplankton 

from the tipper water levels* Fishes and planktonic forms from 

the remaining two depths,, 1300 and 2ffö0 meters, were very 

siciler in levels of activity to those of the 730 meter depth»;"' 

Therefore, the results from  the ?30 meter depth only &re: liste:',, 

Table 3* Because the trawl continues to fish cons tan.tlv: during 

tiie two hours required for lowering and retrieving'5. it is not 

possible to state with certainty at whet depth any individual 

form was captured * Howevers as the trawl remained; at the 730 

mster level for more than 9 hours it is reasonable to assume 

the majority of the sample vas taken, at that deaths . 

20 



TABLE 3 

RADIOACTIVITY ANALYSIS OF SOME DEEP-SEA. FAUNA NEAR 

HEAR BIKINI ATOLL.  DEPTH OP CAPTURE 0 to ?30 METEEi 

Sample Item Gamma CPM Gamma CPM/Oram 
(Wet Weight) 

Hatchet fish (entire) 

Angle-mouth fish 

Lantern fish (6 young) 

Shrimp (Mysidae) 

Colonial Tunicate 

Siphonophore bracts . ■.. 

Portugese man-oWar 
(small) 

Jellyfish (small)      166 83,4- 

Pteropods (3 small) 

Jelly fish (large)    1*750 23^ 

Octopus and squid 
(combined) 

Gamma CPM 
Per Item 

iMf 

;   35« 6 

ill 

266 

77* 8 

3« 5 

.    ' 1« 0 

166 

71 

1*750 

193 

18 

-3 

12. ,k" 

35*6 

J.X «. i 

t:o. jo 
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At present the activity' in the lower levels differs     : 

little from that of the upper» The resulting gamma activi- 

ties for the deep fishes are therefore$ very similar to 

those for plankton of the upper layers«. It should be noted 

that the foregoing study was made within the influence bf 

the Bikini Eddy System and may be representative"of that area 

only« 

2.5 RADIOACTIVITY BACKGROUND OF THE OCEAN FLOOR 

A series of 16 samples of the ocean floor were taken 

around. Bikini Atoll« These were obtained with a coring device 

and a bottom dredge.. They consisted, of small bits of coral., 

basalt, manganese nodules5 coarse coral sand and fine 

globigerina oose (fossils of minute "organisms of the order 

Foraminifera)« Portions of such material were weighed, dried 

at 110° C in aluminum planchets, and- counted for gamma radio« 

activity. Several of the cores were lost due to the inability 

of the core barrel to penetrate? and the core-catcher to re- 

tain the coarse sand found in some of these areas*. Of 'theses 

only a few grains were saved and were insufficient for ;accurate 

.assay*' The water trapped over the core top was filtered and 

evaporated for counting* The suspended sediment thus removed 

was also counted and was found to be considerably more active 

than the water«- The top layer of each core* and portions of 

the dredge' samples were assayed „■ The results are shown in 

Figure 2«, in which the activity of the gamma radiation .per 

gram of ocean floor surface is■plotted at locations sampled* 

In general* the most radioactive samples consisted of globi^e-"- 

f-ina oese (Fig» 2• core 0-2$ C-W-9 C-10A). Manganese'nodules 
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weighing from 0*05 to 30 gms., which contained no loose wtf. 

.or sand on the surface, also showed considerable activity' 

(Ci, C-89 C-10). SEQII coral hits were only slightly radio»" 

active !>C-1, C-»6« ;.C-75 C-9$ 0~12)f The most active sample eoh~ 

sisted of fine sand and globigeriaa oose found st 1>60 meters 

depth at core C-lQa, The coarser sand was found to emit 

85,200 cpm/g- whereas the ooze emitted 29*500 gamma, rays per 

minute per gram» A. gamma energy  spectrum showed the presence 

of Zinc-6? and one other- gamma-emitting isotope which has not 

been identified* This sample was found! in the area where the 

sea water at 1000 meters showed s high peek of radioactivity, 

k  cross- section of cere Off is illustrated in Figure 3* 

The water trapped over the top surface of the core was filtered 

through &  0,5 niicron Hlliipore filter. The suspended sediment 

thusiy removed es well as the filtered water was counted. The 

core which consisted essentially of calcareous globigerina 

ooze end fine coral sand was frozen an«'sliced into 3nm 

sections. The outer perifphery of the core was cut away ana 

discarded to reduce contamination which may have beer., trans« 

ferred from slice to slice by  the barrel of the core as it 

penetratea the bettors* 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, «mö then decreases 

to the l&mn  depth where s sharp increase occurs» This peak 

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

the bottom of this k-6  cm core only a 3,3 CDm/g trace of' 

activity is found; .which closely agrees with the values 
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calculated from the concentration of radium In sediments as 

given In The Oceans (Sverdrupt Johnson» and Fleming,; 19^2s 

PP 1035) c A similar cores C~25 showed high surf see activity' 

which dropped  off with depth but di£ not exhibit any peak belovr 

the surface, . ■!■ 

.•2.6 B.ADI0BI0LOGICAL ASSAY 0? CERTAIN FAUNA OF BIKINI AND  ;' 

AILINGINAS LAGOONS 

Collections of molluscs and fish from both lagoons'-were 

analyzed for gamma radiation activity« As was expected, con- 

tamination was found in the Bikini specimens. Also & rather 

marked difference exists between collections from the tvio 

Bikini areas, -e.g.,, the southeastern and northwestern portions 

of the lagoon* Most collections in the latter area vere made 

at "Baker" (Bokonejein) Island* Table h  lists the activity' 

'■levels found for specimens from each area. 

. Of the various specimens collected the molluscs proved,  to 

be the most radioactive. The activity was found to be most 

pronounced in the liver which was markedly more active than 

other portions of the body (Table'k)«' 

Thors is ample indication that the ma^or portion of the 

activity presently encountered in the area is in the form of 

particulete matter on tho lagoon floors Figr. k),/  Evidence in 

support of this is found in the giant elsnu genus Triäacnaj 

frequently called' "Killer" clam,, and a large snail, the liver 

and kidney of which respectively furnished the highest gamma 

counts of the area* The principal radioactive isotope in the 

Tridacna liver was found to be sinc-S^ Also the liver of a 
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Radioactivity Levels of Certain Fauna from Bikini Lagoon 

--Southeastern Area- 

Sample Item Gamma CPM 
t>er "item 

Gamma CPM/Gram 
(Wet weight) ::. 

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

155105000 
6,300 

15.200 
^$.100 
3,800 

83^900 
790 

38U 

Gastropod Snail 
Liver 
1/k  of foot muscle 
Gills (both sides) 
Kidney (entire) 
Stomach 
Oper-eular valve 
Sichern 

1*530 
2,55 

39*000 
66„000 
Mfl^fOO 

'• J S 
120 

1,390 
8 SO 

13-000 
52 j000 

Small Bivalve Clam 
Entire body 
1/2 of shell 

11.100 
ll>00 

T r *fT-v 

"700 

Poiyehaete Worms 
Larval fish 

3 tiny sea urchins 

0 
1..755 
k,688 

1,750 
2j3^'ö 

■Northwestern Area of Bikini Lagoor 

Algae SjHoO 
Hermit crab (small}entire)191,700 
Jellyfish (small) 2?200 
Cowrie shell (emnty) .2-,6 30 
Red coral (dead)" :      *t8l70C 

■Calcarous seaweed 

Pish (Plectrepomus SP*) 
Flesh 
Tail finf. uns craped 
Gills (one side) 
1/8 of epidermis' 

.-■1A- stomach contents 
■1/5 of vertebrae 

1 "t H .000 

■ 720 
: 500 

5,900 
8; 100 

.601000 

1»J-2U 
10SQ?0 
■■1,760 

>2> 
3>7**5 

15*730 

7S250 
j.«oOO 
'<■«, iiit' 

2^H:>0 
l5lO00 
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bottom feeding fish« K|^etor>oTiiiis SJD»? was found to be'notably 

higher in gamma activity than the liver of the other fishes 

studied,? (Table'1«-)', 

Coring and dredging results clearly indicate the presence 

of a considerable amount of contaminants on the sea floor in an 

arc extending northwest to northeastward from Bikini., : This 

coincides to a large extent with the CASTLE' fallout pattern: 

in. addition the Bikini eddy may have permitted the'water'to 

remain in approximately the same area until the additional 

settling of particulate matter occurred* 

■ Ailinginae Atolls  southeast of Bikini, was also found to 

be contaminated* Table 5 lists the levels of activity for the 

specimens collected there,. Part of the activity may have come 

froa outside waters as it washed over the reef and entered the 

lagoon* Roughly, the activity of organisms tested fro!m 

Ailinginae Lagoon was about one-half the activity of those from 

Bikinic As at Bikini, the clams and bottom feeding'organisms 

shov.' the greatest radioactivity., indicating the malor contami- 

nation to bo on the lagoon floor« 

2*7    LAGOON WATER SAMPLES 

A limited number of watersamples vere obtained from 

Bikini and Ailinginae lagoons„■ After evaporation to dryness./ 

the salt of 150 Milliliters from each station was counted and 

is shounrin Table 1-BT to esdtt from 1000 to 2000 gamma rays 

per minute per liter pf water* These values are somsv'hat 

greater than the 1^0 to IJOO epm/1 found in the open ocean 

surrounding the atolls.  The water in the vrestern side of 
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• -TABLE 5 

RADIOACTIVITY LEVELS OF CERTAIN ..FAUNA 

* FROM AILINGINAE LAGOON-WESTERN SECTION 

Sample Item Gamma cpm         i 
per Organ 

Tridacna Clams 

Liver of h  in« clam ^-5 300 
Liver of 8 inc clam 57,800 
£ of adductor muscle 2,690 
Portion of connective tissue 355 
Portion of mantle J5 
Liver of 8 in<> clam #2 36,^0 

Bear-Claw Clam (HIDDODUS) 

Stomach contents and wall 155 
$  adductor muscle 155 
Liver 11,380 

E£§heß 

- Mallet viscera (h  fish) 670 
Mullet, *f in0 (in tot©} 6,i*K) 
Parrot fish 

gills from right side 755 
liver 9?800 
kidney 1,580 
testes 1,820 
£ stomach contents 2,090 
Tail fin5 unscraped 3*600 

Snapper 

£ gills 670 
Liver 12,700 
1/5 stomach and contents 2,870 
1/10 of vertehrae 690 
Flesh, portion of. 600 
Spleen 220 
Gall bladder 70 
Kidney 170 
Tail fin, unscraped 1,070 
Sample of scales 90 
Portion of clam from 

fist^s stomach MK> 

' 27 

Gamma epm/gram 
(wet weight) 

2,200 
5$o50 

900 
20 
10 

5,200 

50 
3,700 

270 
3,270 
1,050 

U-60 
290 

1,800 

1,060 
320 

60 
Ho 

2,200 
M*0 
100 
200 

60 

70 
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One bottom sample which was obtained from Ailinginae lagoon 

gave a count of 90*4 epm/g which is about one-half the activity 

found in the east end on Bikini lagoon. 

2o9 LAG00K PHTT0PLANKT3R SAMPLES 

Several phytoplankton net hauls were taken in Bikini and 

Ailinginae lagoons with a standard #20 phytoplankton net«. The 

amounts captures were very small,. No identification of the con- 

tents was attempted and no means were available to separate 

Inorganic debris from living organisms» The diluted sample was 

filtered through a millipcre filter, which was counted for gamma 

and beta actixrity. The samples from Ailinginae showed a eouni of 

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

taken from the open ocean at station ft  showed no detectable, 

activityc one very small sample at the east end of Bikini lagoon 

gave 398 cpm gamma and H29 cpm beta while the greatest activity 

was found in the northwest area of Bikini with 8,5(00 gamma cpm in 

a very small samplee 

£=10 MISCELLANEOUS SURVEY 

Several spot checks i^ere made on the plant life from "KANK 

(Enyu) in Bikini Atoll and from the Western end of Ailinginae .. 

Atolle The meat of three green coconuts from KM averaged 1^6 

epm/g while the milk from the same nuts was 18M- epßi/g« A ripe 

eo@onut obtained from Ailinginae indicated 116 epn/g» A green 

eoeonut from the same area gave 62 cpm/g for  the meat and 129 cpm/i 

for the milk* A kernel from the pandaaus fruit from Ailinginae 

emitted! 6k ©pm/g* •• 

■ ■ 29 ' ' 



DRAFT 

2.11 AIR SAMPLING 

Equipment has been set up for collecting airborne partieu« 

late matter aboard the Horizon«, Ten liters of air per minute 

are drawn through a type AA milllpore filter for a period of 

60 minutes« During the preliminary survey, no airborne radio- 

activity was detected« 
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3* .OCEANOGRAFEIC CONDITIOKS IN TUE PPG OPEN SEA AREA 
.-by "'Paul L« Horrer ' 

3,1 CURRENTS, GENERAL INFORMATION 

The dominant feature of ocean geography in the PPG is 

the trade wind drivenr westerly-flowing North Equatorial 

Current. Transporting about 2000 times as much water as the 

Mississippi River5 this current is mostly contained within the 

upper 350 meters of depth. Its position is farthest north in 

summer, shifts southward in winter by several degrees of lati- 

tude , but on the average stretches from about 8° K to 20°.N' 

latitude. Its maximum flovr is about 1,0 knot at the surface, 

but much of the water within this wiae5 fiat ribbon moves at 

speeds of more nearly £ knot* 

Direction of flow in the North Equatorial Current varies 

due tö/meandering', like'a river in lowlands5 and to formation 

of greatj revolvingj. horizontal eddies» One such eddy appears 

/in the Marshall Islands area., and is believed due to the vorti- 

city produced as water turns northward to flow round the close- 

ly grouped atolls to the east«  Contaminated waters from fall- 

out that occurs within 100 miles of Bikini Atoll moves In 

rotary fashion and remains In the area for an extended length 

Both the CROSSROADS end Japanese surveys suggested a 

narrow band (50-75 miles vide) of easterly flowing current at 

about 17° N, Found also at lp° ,K near Hawaii on U» S, Pish 

and Wildlife cruises, this feature is probably due to a'narrow 

east-west band of'weaker winds or a marked horizontal shear in 
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-'the  winds at that latitude« Wind data are inadequately detailed 

to provide statistical proof of the'existence of the phenomenon* 

However$ the Japanese survey in June 195s* revealed an easterly 

extending tongue of contaminated water originating at about 17° 

.N. At l?kQ E (500 miles east of Bikini, or 200-300 miles east 

of the CASTLE fallout area) the tongue was 50 to 100 miles wide 

with an activity of 300 counts per minute per liter* 

V' On the 5 April - 5 May 1956 HORIZON cruxse5
:surface cur- : 

rents were determined at "65 positions by using an instrument to i 

measure potential due to the water movement through the earth*s 

magnetic field (Fig, .5)- Currents at subsurface depths were 

computed from the distribution'of water density measured at 15 

to 2h  depths at each 21 locations *    A total of 36 drogues 

(freely-drifting, submerged sea anchors connected to a surface 

float by small wire) were released at various depths at 7 

locations and tracked to obtain direct measurements for cor- 

roborating the above data (departures of the drogues were"' 

measured relative to an anchored buoy)«, The several methods 

gave satisfactory agreement, and all data from them were utili- 

sed to prepare flow charts for five levels? as discussed in . 

-the following section«. 

' Minds during most of the cruise were from the ■ east-north-'■ 

east at speeds of 16 to 22 knots» 

3*2 CUIiRENTS AT VARIOUS LEVELS 

Surface» At the surface (Fig* 6A) water moves westward 

into the area around Taongi Atoll at 0,2 to 0.3 knotj then it 

curves southwest until almost reaching the longitude of Bikini 
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where it 'again turns vest and passes north of Bikini and ' 

Enlwetofc Atolls at speeds of 0*5 to 0*6 knot» Another stream 

enters the southeastern part of the area studied anö moves 

past Rongerik, Rongelap? and Ailinginae Atolls to form the 

counterclockwise rotating vortex about Bikini Atoll* Other 

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

southwest and northwest parts of the area« Current speed is 

only 0*05 to 0.10 knot in the east central part of the areas 

and it is negligible at. the centers of the Bikini e&d.j  and the 

meanders or eddy, at Eniwetok« The total range of speed is 0*0 

to 0»6 knot; speed averages 0*3 to OA knot for the whole area 

. studied« ■ ■ 

At 75 Meters Depth» Flow at 75 meters depth (Fig«> 6B) 

is very "similar to that at the surface with speeds varying 

from 0*0 to 0,7 knot« Direction 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'hoh-existent at this depth* 

At 1^0 Meters Depth* '.The-'two main streams entering the 

area on the southeast and northeast corners meander raore at 

this depth (Pig* 6C) than at levels above '.it- :Magnitudeof ".'■''■ 

motion is very similar to that at 75 meters -depth» --The Bikini 

eddy is more elongated in north-south directions than at shoaler 

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

atoll groups'with depth,. No eddies or meanders exist near 

■■Eniwetok» Because the eddy-like feature there is rather super- 

ficial« it is probably:temporary*' 
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At 250  Meters Depth». At this depth there is much less 

total 'flow through the area (Fig«, 6D)t The eddy around "Bikini 

is still maintained with velocities nearly as great as afc shai«* ■, 

lower levels« The other main features of the surface circulation 

are maintained but are such less intense and have changed some- 

what in direction» 'In the east and southeast» the circulation 

has become weak and 'meandering!« Current speeds range frbs'0.0 

to 0*5 knot'with' a general average for the chart of 0*2? knot« 

At 500 Meters Depth» Little^, if any$ North Equatorial 

Current remains at this depths Nearly all flo^r is meridional 

(north-south) and speeds range from 0*0 to 0*3 knot with an 

average of about .0*15 knot for the whole area'''(Fig., 6E)« The 

dominant feature is still the Bikini edcyV located in the same : 

position and having similar orientation' as at the 15b and 2?0 ;: 

meters depths. Other apparent eddies at this depth are weak, 

and their existence may be questionable* 

At Depths Greater than 500 Meters'» A drogue at 1000 'meters 

depth launched at one location revealed 0*03 knot current. As 

discussed earlier in the report, the highest concentration of 

radioactivity found in waters was at 800 to 1200 meters1depth on' 

the periphery of the Bikini eddy« Some radioactivity probably 

reached these'levels initially by dissolving into the water frön;! 

heavy particle fallout on the bottom areas that flank the atolls 

and seamounts 5 especially Bikini and Sylvaniat'-at these
1 depths * 

Some small amount may have been contributed by marine organisms 

during vertical migrations and by decayed dead bodies and 

'•■excreta that reach this level«' Whereas more "heavily contaminated 

34 



" " '- ' ■ ■ 

waters nearer the surface _> where currents are' stronger, would 

.be swept out öf 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 8Ö0 to 1200 meters-'With 

water In it moving at a speed;of only a few hundredths of one 

knot 5 it would further delay exchange of water in the area at 

• these-"depths. Some 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 AHD DENSITY 

Surface water temperatures in the Bikini area are'relatively 

high and uniform» They vary from 25«?CC on the northwest" side 

of the area studied to 27.«5°C on the southwest side (Fig,/ 7),,  ;,i.: 

The most abrupt change is at the 26.8 and 27*0°C isotherms 

which mark the southern boundary of the main branch of | the North 

Equatorial Current in the area« .Surface waters which are light 

and warm'move very slowly toward the north side of the'current;, 

this produces a more pronounced change in temperature there* 

This crossdrift is so slow it cannot usually be detected fey 

current measurements*: 

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 average temperature in the upper 

35 



250 meters depth (Pig.. 8)i liven  though surface waters ;are  : . 

warmer on the south than on the north side* the average for 

this layer is 1 to 3°c less on the south* ■' 

Vertical distribution of temperature Is characterises by 

a sliallov, vind-stirrea layer usually 50 to 125 meters icleep ana 

nearly 'constant in  temperature 5 belou this the-temperature" ". 

decreases abruptly down to about 250 to"300 meters depth:: 

thence it decreases ever more slowly tool«**0'C at ^000 teeters.- 

depth (See example in Fig« 9)« The aorie of rapid decrease in - 

temperature is the main thermoelinej here the density■also' a 

increases rapidly (Fig» .9), In' general*": the tbermociine 'thick- ,,; 

ens toward the north in the area studied.  In World War II, 

submarines found the thermociine to be a highly useful atrue-1 : 

turehthey were able to escape detection w  stopping all-engines 

and balancing on the thirmociiae.- This is analogous to lighter- : 

than~air ships bouncing en a layer of cool air at a temperature ' 

inversion during descent. 

The CASTLS results''rihov that '.radioactivity': that la' solüble ■ 

or finely■ partieulate has a strong tendency to resuia in the 

upper isothermal layer, Mixing across the' thernoeXine requires 

a great "deal more energy tharf vertical mining in this near- 

surf &ce 5 turbulert layer. Thus the depth to the top of the   a 

theraociine is* as s 'first approximations a infasafe of the depth a 

to which activity :.r< solution or as fine' particaiatss will diffuse 

in the first lau days a 

a Based on 12 j> be toy 

nnptvh^Ur >~,•■-»•!»-" c,-- - nvT..-...'v'i! i v..,. Uj. j;, i  57 

2j'"^ograph louerings mad© faring the 

hert uas prepared of depth to ..the top of 

the theraociine (Fir:. 111. (nr^r- the or. -> •>] -Kt ^,  '' «-: .j-, Cl o. 
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ranges from ko  to 270 meters. It is least in an area to the 

north of Bikini and to the east of Rongelap Atolls, forming a 

tongue like distribution* The tongue coincides with the north 

boundary of the stream of water that enters the area on the 

southeast corner and moves into the Bikini eMy«    Another 

locale of shallow thermocline depths exists in the north cen- 

tral part of the area studied* Areas of deep thermoelines 

are found where water enters the northeast corner and where it 

leaves the northwest corner, A band of intermediate depths 

extends east-west across the chart on the north boundary of 

the main branch of the North Equatorial Current«, One stem 

of this band reaches southeastward toward Bikini Atoll in the 

anticipated fallout area. Fallout that mixes to 75 or 80 

meters depth in this area may, with the water it is in, be 

squeezed from below into a thinner layer as it moves westward 

in the eddy where the top of the thermocline rises to i*CMS0 

meters depth* Dissolved radioactivity will probably reach its 

greatest depth in the area as the current carries it westward 

to the longitude of Eniwetok« 

3 A MIXING PROCESSES AND STABILITY. 

Horizontal spreading and dilution of contaminated water 

in large areas ofifellout from a megaton weapon is accomplished 

not only by horizontal but also vertical variation in currents» 

In some portions of the area the current in the lower part of 

the layer above the thermocline differs from the upper part by 

a few tens of degrees in direction and by 0*1 to 0.2 knot in 

speed« As the two zones shear apart the upper portion of the 
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contaminated water moves over relatively clean water and clean 

water flows in above the lower contaminated portion* Simultaneous- 

ly, vertical turbulence acts to homogenize the enttes layer above 

the thermocline, thereby diluting the contaminated water. 

For fallout over a small area from a nominal kiloton weapon 

the primary mixing process is the latter effect discussed above5 

the vertical shear. Horizontal shear in the currents over a 

small area is generallys although not always'} relatively small. 

The horizontal molecular diffusion is also minor» Off the 

California coast, measurements of horizontal dispersion due to 

both horizontal shear and diffusion gave an average rate of one 

foot per minute for areas up to 10 miles across* In the'North 

Equatorial Current region where' current speeds are stronger than 

off California, this rate would probably be two or three times 

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

second order« For both small and large contaminated oceanic 

areas the rates of vertical mixing are essentially equal«, 

Large, -heavy particles in the fallout (e«g*? coral) must 

sink fairly rapidly and account for radioactivity found on the 

deep ocean bottom in the PPG«, But much of the fallout radio- 

activity1 is on smaller coral particles, or ash material and is 

dissolved into the water above the thermocline* Coral particles 

that are 100 microns in diamoter would sink at the rate of 30 to 

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

hours time on the average and may lose much of their radioactivity« 

Both the measurements made at CASTLE and by the Japanese one to 

two months after CASTLE showed much greater concentration of 

activity above the thermocline than anywhere else in the'water 

column» 
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Vertical mixing is inhibited at the thermocline due to 

the stability associated with the rapid increase In density 

with depth« Vertical mixing requires the vertical movement 

of parcels of water. Where vertical density gradients are 

-great,'as they are in the therraoeline, these movements involve 

relatively large amounts of energy and are therefore less 

probablec Mixing« therefore., is less«3 In the 'ilGWAM 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 of miles with 

vertical thickness of only a few meters (except above the 

thermocline)c Contamination existed in the depth of the 

thermocline and below it at .JIGV.'AM 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 AlGWiC-i is the best known example to illustrate the degree 

of stratification of waters at layers of high stability« 

Computations of stability have been made for the data 

taken on the HORIZON'S'cruise in the PPG'area, Fig- 11 shows 

the average stability of the most stable 2? meter layer, and 

Fig, 12 gives the depth of the layer* The stability values 

Since the downward penetration of radioactivity in solution 
in the water is very slow at the thermocline,, submarines may 
generally avoid water with high activity by diving into the 
middle of the thermocline«. Surface vessels may obtain rela- 
tively clean water for their evaporators by pumping water 
from within the thermocline depth zone» With a depressor on 
the end of a water line the latter might be accomplished 
at normal speed«,  (At early times'or during fallout, clean 
water undoubtedly exists in a ship8s wake; therefore, a 
ship probably may obtain clean water for wash-down by 
traveling in a vide circle¥ or by following another vessel 
at some distance» - Isaacs,,) 
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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) o\^er the areas of the 

main streams of Equatorial Current water« 

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

studied, the depth of the 25 meter layer of highest stability 

varies from 50  to 100 meters to 150 to 175 meters. Its depths 

at many places, is just below the 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 time (probably within a few days to a few 

weeks)« 

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

layer«. Time for penetration of dissolved radioactivity to 250 

meters depth is a function of this quantity« Small values at 

the northwest corner of the area reflect the deep thermocline 

there« In generalj the magnitude of this average stability 

increases from north to south« 

In the very deep water the stability remains positive, but 

it decreases slowly to very near zero (Fig«, 9)» 

3c5 WATER MASSES IK THE AREA 

Oceanographers use characteristics of the water to define 

specific water types as the aerologist does with the atmosphere« 

The natural mixing of a number of specific water types results 
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in a mass of water that can be recognized by its characteris- 

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 water masses may occur«, 

By  comparing the horizontal continuity of water masses present 

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

estimated« 

The water masses in the Pacific were named5 described« 

and located on the basis of the relatively sparse data taken 

in this ocean before about 19^0«, Hence* the descriptions and 

boundaries are somewhat arbitrary, and the characteristics of 

a water mass are accepted as varying within only moderately 

well defined limits«, The boundary regions contain waters of 

intermediate types*, 

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

Except for the last one listedt  they are found in the upper 

layers, within the geographical limits specified«■" 

(1) Pacific Equatorial Water«, extending'from about 

2° S to 8° W in these longitudes. 

(2) Western North Pacific Central Waters from 160° 

'//to the western boundary of the ocean5 and from about 8
D N to 

k0°  N.  ' 

(3) North Pacific Intermediate Water? occurring at 

depths from kOö  to 1200 meters over most of the North Pacific© 
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Water in the wind-stirred layer and downward to about the 

middle of the thermocline has features representative of the 

local area« Due to the action of surface mechanisms (solar 

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 Bikini5 this water mass is present between the 

surface and depths of 150-200 meters 5 it appears between the 

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

studied5 except on the northern boundary where it'extends to 

^20 meters depth (Depths of water masses at each location 

sampled are shown in Fig6 Ik)* 

Beneath the upper water mass a layer of Western North 

Pacific Central water appears at nearly every location sampled• 

This layer is only 10 to 50 meters thick and occurs at 155 to 

2^5 meters depth near Bikini and south of Bikini*s latitude* 

From there it submerges with northward travel to depths of 

265-^00 meters and becomes 80 to 150 meters thick* This is 

consistent with the fact that the lighter, and usually warmer, 

surface waters move to the right of the currents Piling up 

on the north side of the area they cause a downward displace« 

ment of water already present as revealed by lines that 

delineate their characteristicse 

North Pacific Intermediate water is found at every position 

where' sampling was done0 On the north side of the area studied 

it is 300 to 800 meters thick and occurs at depths of kW  to 

1200 meters«, It thins to about 125 meters thickness in the 
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latitude of Bikini and appears at 220 to *f00 meters depth* 

On the south side of the area studied}, the layer- becomes about 
j 

300 meters thick and is found between 165 and 600 meters depth» 

Eddying and meandering of the current at these depths in the 

latitude of Bikini (Ref. Figs* 6D and 6S) apparently causes 

water to be welled upward from within this layer« Thus the 

layer becomes thinner there than farthfer south, 

Below the widespread North Pacifip Intermediate water' there 
I 

are spotty appearances of Western North Pacific Central water 

interspersed between layers of Pacific Equatorial water« 

Locations where '/festem North Pacific Central water was found 

are north of Likiep Atoll, north of RongerikAtolls and 90 to 

130 miles northwest of Bikini Atoll,  fit may appear at other 

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

In a northwest-southeast line and apparently represent a former 

influx of deep water from the northwest central Pacifie0 This 

tongue appears pinched to the north of Ailinginae Atoll by 

inflow of the Pacific Equatorial water mass of particularly 

high salinity from south of Rongelap Atoll to about 120 miles 

north of Ailinginae Atoll. The latter flow is within the east- 

ern part of the Bikini eddy as shown in Fig. 6E,. 

Pacific Equatorial water is also found at all other 

locations where samples were taken. It appears at all depths 

below about 350 to 5+00 meters in the latitude of Bikini,' below 

hl5  to 600 meters depth on the south side of the area studied 

and below ?00 to 1200 meters depth on the north boundary of the 

area«, By continuity? it is shoalest In the latitude of Bikini 

where it moves upward to replace North Pacific Intermediate 

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

zontal j, slowly revolving eddy there» 
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3 .6 UNDERRATES' SOUND PROPAGATION 

At five locations on the 'IIORXZON's cruise5 temperature 

and salinity were measured to depths of as great as 2?00 meters 

to more than ^»00: meters. For these stations computations were 

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 thermoeline* Thus, sound 

speed data are shown plotted only for one station as an example 

(Fig. 9). 

At all locations the speed of underiv'ater sound is nearly 

constant above the thermocline« In general, conditions are 

now relatively good for near-surface propagation of underwater 

sound in the PPGc As summer progresses and the trade wind 

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

greater near the surface than elsewhere below it and more sound 

energy will refract downward and be lost from the layer above 

the thermocline6 Thus, sound propagation conditions in upper 

waters will become less favorable* 

Commencing at the top of the thermocline5 sound speed 

decreases rapidly with'decreasing temperature (Figs, 9)c ''! It 

reaches a minimum, generally at 1000 to 1200 meters, except 

at one location where it was least, at 800 meters* This mini- 

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

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

600 to 800 meters depth.» 

Below the minimum the sound speed increases with depth«, 

The increase is very slow down to below 2000 meters«, Thus any 
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part of the area less than about 1000 fathoms 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 good, however, as off the west 

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

more nearly equal to that at the surfacee 
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k.    CIRCULATION IE BIKINI LAGOON 

„Donald'Wf Pritehard 

Previous studies of Bikini Lagoon.; notibly those by :Voa Ärx 

(195H) and Munk, Ewing and ReTelle (19^9) ? have established the 

characteristic circulation patterns and? to ■& lesser eztenti the ■ 

diffusion, rates in''the -Lagoon. Because"of the preäoiaiaEöse of 

the SIE trade^inds during winter and spring these studies deal 

primarily vith the circulation pattern associated with moderate 

EM; winds,. Conditions in the Lagoon during periods of light 

»rinds or of winds from the southerly quarter' are less well studied* 

Field studies of the hydrography of Bikini Lagoon were 

initiated early in April in support of present weapons test pro- 

gram. Those studies support, in the sein* results from previous 

studies.. Some notable differences wore found, and these will be 

reported in the body of this report,, Evidence'of the changes ■; 

in the circulation pattern which occurs during periods of light 

vrinds are also presented« Ifeifortuneteiy during this initial field 

study there were no periods of more than a few hours duration in 

which the wind had e southerly component, and so the circulation 

pattern under conditions eft. SE to S vrind could not be studied', 

^.1  GEIsSKüL 3ISCÜ5SI0K OF tfilSSE MOVEMENTS IK BIKINI L4G0CB 

■■"' Four'factors contribute to the circulation of the waters in 

:Bikini Lagoon. ■■' These are*  (1) direct wind, induced, currents?. 

(2) Currents associated'-vith the flow of'.water'over the windwsSd 

reefs as & result of the breaking of waves on reefc?  (3) Tidal . : 

currents; and (M-)  Currents fi.av.lng through Inyu chance!« :- 

40 



The primary'parameter'controlling' the circulation patters in 

the Lagoon is the wind» With the JENE "trade •wind a 'cellular circu- 

lation pattern is established with surface waters flowing across 

the Lagoon from the east toward the west* and the deeper waters 

flowing in the opposite direction. 'Waves.breaking'on the windward 

reefs produce an influx of water into the Lagoon* The wave energy 

actually prod-aces a water level over the reefs which is about li- 

fe© t above that prevailing in'the Lagoon-, This head of water pro- 

duces a flow into the Lagoon along the windward reefs which has 

been estimated hj Yon &rx to consist of about 685 Eillion cubic 

meters per day. This is about 2Jr$ of  the Lagoon volumes and con= 

stitutes nearly 1/3 of ' the' volume of the new water added to the 

.Lagoon each day«  ■ 

■-■<".:  Some of the westward flowing water is exhausted across the 

leeward reefs, and through the leeward'passes during the ebbing 

tidal flow«, k major portion of the surface flow can not be so ex- 

hausted,'"and so subsidence occurs in"'the'western "end of the Lagoon 

and these waters return towards the east in the subsurface layers„ 

Most of this return flow upwells along the eastern edge of the 

Lagoon and returns westward along the surface« A portion of the 

deeper flew is"diverted, both north and south* into two seconder;-: 

horizontal cells, producing a counter-clockwise flow in the north- 

ern section of the Lagoon and a clockwise flow in the southern 

section of the Lagoon. 

Water from the open ocean enters the Lagoon through Snyu 

Channel in a westerly flowing current, This flow augments the 

westerly surface flow along the wide mouth of Inyu. Channel5 and a 
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large portion of the Eixture escapee to sea at the was tern end 

of the channel. 

During periods of southerly' or south-easterly Winds the flay 

across the eastern and north-eastern reefs is greatly reduced. 

The major inflow Is then through Eayu Channel«. -Any prolonged 

period of such vinos probably establishes a cellulareireniation 

pattern oriented along a nor-thwest-southeast axis*'■.la. the central 

portion, of the Lagoon a return flow directed towards the southeast 

would exist in the deeper"layers* Secondary horizontal 'cells are 

else likely to'exist« 

k„Z   'RESULTS OF PESSEK? FIELD STUDIES 

.    Currents in Bikini Lagoon have been studied by measurements 

made from an anchored vessel and by tracking 'drift drogues. Fig; 

.15 show's observations taken at the surface and at & depth of 10 

meters (33 ft*)*  and represents the flow in the westward moving 

'surfe.ee layert Fig, 16 shows observations taken in the deeper 

layers .et'-depths of 30 meters (98 ft*) and ^-0'rasters (131 ftl)l 

"..', Previous investigators have reported that the wind induced 

surface fIOK in the Lagoon is directed with the"wind at a velocity 

equal to about 3€ of the"wind velocity* These previous studies 

depended to a large extent on drift poles vhieh are directly 

influenced by'the wind* The present measurements indicate that 

the 3^ figure is too high. Our direct observations fx-os an 

anchored vessel show that the surface current (actually the flow 

in the upper three feet of the tester column) is directed, at about 

22° tc the right of the "«rind direction and at a1 speed equal to 

!,->&%  of the wind speedy (using an anemometer level of 30 ft,,}* 
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At five meters (16 ft«.) the average' deviation' to the'right 

■'-increases''-'to"26° and the average speed decreases to IdS  of the 

wind speed. During the period of observation (early April through 

early Mav) the average wind velocity was 19 «5» knots from 063O!£* 

The average surface current was then 0»31 knots .towards 265°T  and 

at ? meters (16 ft.)'the current velocity averaged 092! knots 

towards 269°£* 

'■'■■■■ The easterly flowing current in the deeper layers was observed 

'to he much'slower and more variable both in speed and direction 

than the surface flow,. She direst measurements fro® an!anchored 

vessel gave speeds of from 0e08 to 0.18 knots'* 

.  ; These speeds are somewhat higher than those given by drift 

drogue observations« '; 

The results from a series of current measurements taken over 

a five hour period at a location near the center of the Lagoon are 

presented here to indicate the characteristic ■distribution of 

currents with depths and their relationship to the wind*- In Fig,,- 

17 the-currents at the surface? 10 meters," 15 meters* 20 meters? 

30 meters., k-0  meters and 50 meters are shown as vectors» In 

addition a'vector equal to 1/100 of the average wind velocity  ] 

&m-±n.g  the period of observation is shown for comparison,, r : 

In addition to the measurements made from, an"anchored' vessel^ ". 

.several drift drogues were released near the ' center ■ of the Lagoon,, 

and currents at the surface and at 30 meters determined'from the 

observed drifts. The surface droguesT. which give velocities repre- 

sentative of the upper ten feet of the water column$ "'compare very 

favorably with the direct measurements made from the anchored ship* 
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The average Telocity as determined from the drift of the surf&ee 

drogues was directed 2?° to the right of the ¥ind.'direction with 

a speed equal to lc5$ of the wind speed* 

Fig, 18 gives the current vectors &&  determined! from three , 

drift drogues set at 30 meters {98 ft*} near COCA in the- center of 

the Lagoon» The'observation made on 2h  April was during a period 

of ¥©ry light winds and will he discussed below* The observations 

on the 3rd through 7th of Ifey were taken during normal EHE trade 

-"wind conditions¥ and show the characteristic easterly movement of 

the deeper waters * The sp&eä  of movement of the deeper'waters "- 

.'vöuld appear from these observations to be of the order of 0.02 

'knots—■ considerably lower than indicated''by'the direct measure- 

'.Bents from the 'anchored ship^ ;     / ' 

>o3 CQKDITIC^S DIJRIKG PERIODS 0? LIGHT" WIHDS 

During the two day period 23--.2V April' the EKE trade winds '•■:■■■'■ 

decreased markedly in the Bikini aree^ and from some hours were' 

■approximately 5 knots* Drift drogue observe, tlcns usade on. the 

morning of 2k  April showed ■vertualiy no lEOtlon at the surface! sue 

apparently the relationship between vine velocity and surface :. 

current no longer holds'at these low vind velocities! She drogue 

at 30 meters indicated a'very low current velocity (less ths.nGo01 

knote) in a westerly direction (see Fig 1.8} t With wind'velocities? 

of 5 knots or ..less the circulation in the central portion of the 

i&goon apparently eeasee*. with the deeper layers exhibiting a weak 

return oscillation which produces' currents directed opposite' to'"''■• 

the normal flow W. ^ JL. W- si;Ion<, Eenevral of Lagoon water' through inflow 
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across the windward reefs and o^tflcw: across''the'-leevard-Tes'fs ' .;'. 

must be greatly reduced* and the -primary exchange of water with ■'.'■; 

the open ocean must take place as a result of flow through Snyo. 

Channel and tidal exchange through the southern and southwestern 

.passes* 

kek    2HE HESEtfAL OF WATSE IN'BIKIKI LAG008 ' 

Jon kvx  has estimates that under normal trade'■.vinfi'-pba&itiöße , 

the various process of exchange of water with the'open ocean—i.e.« 

the inflow across the vlndward reefs and the outflow across the 

leeward reefs*; the"flow through Enyu Channel and the tidal exchange-"•' 

at the passes will lead to an einhänge of the vrater in Bikini 

.Lagoon In approximately H-0 daysc Our' observations at stations 

ioeaieö along thV trindward reefs indicate that the inflow across - 

these reefs is greatly affected by tidal height* During-spring 

.'tides"exchange."of water by this mechanism is probably significantly 

higher than during neap or mean tides, Since approximately 3-/3 °'\ 

the ne«.r water brought into the Lagoön each day comes in across the 

reef's, • .significant tariations "in this volume of inflow will markedly 

effeot the exchange time for the"Lagoon* 

During: periods of light vrlnds'^ when the main cellular cireula«-' 

ticn in the- Lagoon ceases* the exchange of vfater in the Lagoon he- ; 

coses Tory .slow«. Such a condition would also tend to reduce the 

■ vortical exchange 'and since most of the inflow and ■outflow occurs ■. 

in the upper 10-20 meters'." the rate of renewal of the deeper waters 

of the Lagoon would become almost negligible c 
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With southerly and southeasterly winds most of the inflow 

occurs through Enyu Channel—the inflow across the windward reefs 

becoming negligible«. 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 and north- 

western reefs. The exchange time for southern or southeastern 

winds is estimated at between 60 and 100 days» 

Table 6 gives estimates of flow into and out of Bikini Lagoonf 

for normal trade wind conditions. The major influx and outflow of 

waters into and out of tho Lagoon takes place through the south and 

southwestern passes and clxannels. Howevers this flow is primarily 

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

Lagoon through these 'pasr.BS and channels on the flooding tide is 

withdrawn from the Lagocm on the succeeding ebb flow* As a result, 

the major source of nev "crater for the flushing of the Lagoon is the 

flow across the windward r/;efs* 
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TABLE 6 

Estimate of Flow Into and Oat of Bikini Lagoon 

For the Trade Wind Season 

</~ Inflows - * Outflow). 

•Location 

Eastern and  ) 
Northern Reefs) 

Western 
Reefs 

Enyu 
Channel 

Rukoji 
Pass 

Southwest 
Channels 

Volume in millions of wr 
(During designated stage 
of the tide) 

M*aiaacs» 

(6«3 hrs) 

A&7 

- '53 

~ 97 

-616 

(5.7 hrs) 

10.63 

/ 19 

- 25 

/ 82 

/380 

Net Transport 
(millions of 
sP/day> 

- 68 

»130 

- 30 

„if 72 
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MOVEMENT AND FLÜSHIHG OF RADIOACTIVE CONTAMINATED WATER IN THE LAGOON 

The initial short-range distribution of residual radiation 

which will exist following the test shots cannot be predicted with v 

certainty» In order to indicate the likely effects of the circula- 

. tion pattern on the time changes in the pattern of water-borne 

radioactivity in the Lagoon? use is made of certain generalized 

features of assumed initial patterns of distribution. 

EIGE AIR BURST 

■The initial pattern of radioactive contamination in the 

Lagoon waters is assumed to be a relatively uniform. low-level 

and wide-spread distribution in the surfaee'waters ■ of the Lagoon«, 

The highest concentrations are assumed to occur in the W  quarter 

of the Lagoon» 

Under normal trade wind conditions the surface currents 

will carry the radioactive contaminated water in a'WSW direction. 

At the same time the contamination will rapidly be mixed vertically, 

and become distributed throughout the water column in approximately 

12 hours«, 

The speed of'drift of the contaminated surface waters would 

be about 0*3 knots, directed towards the VfSSrJ under conditions of 

the normal trade winds« Thus* contamination originating just in- 

side the Lagoon at.a point off GHAKLIS (Nasxu) would reach the 

western reefs in approximately 2? hours« About 10$ of the con« 

taminated surface waters will be discharged over the western'reefs 

at this time«. The remainder will enter the return flow in the sub- 

surface layers and be carried eastwardt  towards NAN (Inyu) and HGM 
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(Bikini), at a speed of about 0o07 knots* During the 10 to 12 

days of travel required to carry the contaminated water from the 

area of subsidence in the western end of the Lagoon to the area 

of upweliing in the eastern end  of the Lagoon, vertical  mixing 

will continue to return a portion of the contaminated water into 

the westward flowing surface layer, from which a portion will he 

continuously discharged from the Lagoon over the western reefs 

and through the southwestern passes, 

The leading edge of the subsurface, eastward moving mass of 

contaminated water will continually. be moving under "clean*8 sur-> 

face water, and the vertical.  mixing of the contamination into 

the westward moving surface layers will effectively erode away 

the leading edge¥. so that the progress of the radioactive material 

toward the eastern end of the Lagoon will be materially less than 

the actual eastward drift of the subsurface waters* By the time 

the contaminated water mass reached the eastern end of the Lagcons 

the concentration of radioactivity will be quite low,, 

GROUND'SHOT (ZUKI) 

It is here assumed that ZUKI test will result in the. form-» 

ation of a crater some 2000 feet in radius and 150 feet deep* Such 

a crater'will break through the reef at the western end of TARS 

(Eninman) on three sides—that is* on the Lagoon sides the ocean 

side 5 and towards the channel between TARE, and ZJBGLE (Inlirikku) c 

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

■approximately 50 ft below sea level* The shot will thus create a 
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new channel between the open,  sea and the. Lagoon*\ 

Tidal currents, upon which will be added a net outflow'from 

the wind drift within the Lagoon?. isfill occur in the new channel«» 

Flood velocities of'approximately 0*3 knots,, and ebb velocities 

of about oy& knot will results During periods of large:tidal 

ranges (0-6 ft*.) these 'surrent velocities may be expected to about 

double In magnitude = The  influence -of 'the tidal currents should''' 

be felt for a'distance of about 3000 yards inside the Lagoon« .;"" 

Within this distance the predominant westerly current,, which flows 

parallel to the reefs along TAKE and MGIS, iri.ll be bayed In and 

out by flood and &b®  of the tide, The ebb current will;set toward 

the'W, and the flood current toward the 'fJHc.  ; 

It is assumed that the' ZÜNI test 'will produce highly radio- 

active contaminated water in s large segment of the 8cutb>:centraX 

portion of the Lagoon« Here the probable drift and spread of the 

very highly contaminated water contained initially within a one mile 

radius of point sero is considered» For convenience we will design- 

ate this voljme  of radioactive water a& "volume Ac*t, 

The drift of this mass of contaminated water mil depend tea ; 

large extent on the stage of the tide at the time of the shot<» If 

the shot occurs be ween high tide and hi gh tide'Plus three hours-.  ,' 

the prevailing Southwest currents will carry 'out of the :Lagoon about 

3o£ of »volume A5E, \ • . '.!/•'— 

With the tarn of the tide tc flood just after low tide occursr 

the remaining contaminated mass of water will be carried into the ";. 

lagoon* "• Tery''little of the radioactive contamination which escaped 
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•from the Lagoon on the ebbing tide will return oh the succeeding 

flood*;; 

;  The 2,0%  of the original, highly eontamlna ted mass which re-; : 

mained -in the Lagoon will fee swept MM along the Southern side of 

the Lagoon at £ speed of about 0.2 knot,■arriving in the1vicinity 

of Hukbjf channel in approximately 18 hours« Here about1 50%  of 

this remaining segment of "VOIUEJS A'V.viil he swept out of the :. 

Lagoon through Rukoji channel by the prevailing :ebV flow« iTtm.$> 

'..■only 10$ of. wvolume'A." remains in the lagoon after 2V hours sub- ■'•' 

sequent to shot time,. 

This remaining segment ¥ill be carried northward and then 

eastward in the subsurface return flow, ; The vertical mixing ,f 

coupled with the vertical shear in the horizontal currentsf will, 

result in a spread of the area of contamination at a rate roughly 

proportional to the first power of time,, and a consequent decrease 

in concentration inversely, proportional" to' the first power of time', 

This relationship uiil no longer hold when the sis'©' of the con«- V; 

taminated area "becomes a significant 'fraction, of the sise of the 

'•lagoons since the lateral boundaries will then' become important*',' 

The subsurface flow of shout 0,07 knot directed toward the;': 

east vriii carry the- refining contamination of "volume kiX  to the ; 

region of upwelling along the NM-H£M section of the eastern reefs 

in about ten days.. After this time the '-contamination idlr.be' 

relatively uniform throughout the lagoon«. 

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

period just after low tidev the majority of the contaminated water
: 
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"of. ^volume An will be carried into the -Lagoon■with' the flooding  v 

.'current* This will be true, particularly, if the test occurs 

during a period of large tidal ranges* Because of the westerly l 

mt  to the currents in the lagoon along the TABE-UNCLE (SininBarA- 

■Ecdrikku). bouxidary, ;'maeh of this contaminated water will be moved 

westward and will not be available to be carried out to sea. on the' 

subsequent ebb tide» After the first eight hours approximately 

6y%  of -ehe initial «voliaae iR will be within the Lagoon. About 

i*C# of this remaining segment of ""volume A5-, will bo disehafgad 

froic the Lagoon at Rnko^i channel, the remaining 39r of tho original 

Volume A's being cart is 6,  slowly northwestward and then eastward: by 

the subsurface current „ outnocuent lao^ementg vould' psrallel ; those 

■described'above for "the case'-of a shot time'close'to'.the. time of 

■ high "tide',.■,:- 

.'This discussion has been concerned with'the'movement of the  ' 

Very highly contaminated «oiniss which initially woUld occur within 

'■& one mile'radius"-of-point-, zero- A nmch larger areo in the south- : 

central section of the'lagoon will be highly contaminated» Becausn. 

of the location of the shot the initial flushing 'rates associated ■' 

vitb the renov&l ct  this CODlaminaties fro® the Lagoon will bo iauch 

Higher thao-indäootec by the -renewal' times for the lagoont providoci. 

the ME  trade 'winds prevail, 

Assuming the moder&te EKE trade winds occur during, and for some 

weeks after the test, it Is estimated that 20£ of the initial con- 

taminated waters in the.lagoon will be flushed from the lagoon in' 

\ the''-first 2h  hours,, 'During, the nent f nil day 20^* of the remaining ■;' 
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contamination will be discharged from the Lagoon,' and for the 

following three days it is estimated the flushing rate would be 

10/S per day» From the sisth to the 10th day after the test 

approximately 5% per day of the remaining contamination will be 

flushed from the Lagoon, and subsequent to the tenth day the 

flushing rate is estimated at 2%% per day« 

Under these conditions 50%  of the initial contamination 

carried by the waters in the Lagoon will be flushed out of the 

Lagoon by the fifth day following the blast* By the tenth day 

only 30$ of the contamination will still be in the lagoon waters. 

These figures involve only the natural flushing of the contami» 

nated waters« Radioactive decay rates have not been included 

here. 

Should the prevailing winds ^ust after the shot be from the 

SE„ the flushing of the contaminated water from the Lagoon would 

be at a much slower rate than indicated above\ Tae masimom con- 

centrations of weapon debris in the upweliing waters of the I5AH 

(Enyu) anchorage area would occur about five to seven days after 

the shot, and be an'order of magnitude higher''than"would prevail 

under ENS trade wind conditions. 

BARGE SHOTS 

;■'■' The location of the proposed barge shots, in the area south 

of FOX (Romurikku), is not conducive to rapid flushing of the 

water born radioactive contamination* The currents in the surface 

layers will require about three days to carry the contaminated 

"water from the vicinity of the blast to the leeward reefs and 
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southeastern passes«. During this period vertical mixing will 

introduce significant amounts of activity into the deeper Xavers 

which are flowing eastward» The upwelling water in the vicinity 

of HOtf (Bikini) will contain radioactive contamination about 

five days after the shot» and this contamination would reach the 

KM (Enyu; anchorage area about sis days after the shot. By 

this time the contamination will be distributed over a wide area* 

and no local spots of high activity should be foundc 

UNFAVORABLE WIND CONDITIONS 

Should the wind blow with a westerly component5 immediately 

subsequent to either SMI or one of the barge shots., highly eon» 

taminated water could be carried by the easterly setting surface 

currents to the eastern end of the Lagoon* High activity could 

be expected to occur in the waters of the HAN' (Enyu) an&orage 

for an extended period should the westerly winds prevail. Moderate 

to strong westerlies seldom occur in Bikini Lagoon, and would most 

likely be associated with a typhoon passing to the north of the 

Atollc 
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