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LEGAL NOTICE
This report was prepared as an account of Government sponsored work. Neither the

United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, Wjth reSPect to the

accuracy, completeness, or usefu~ness of the mformatlon contained in this report, or that
the use of any mformat]on, apparatus, method, or process disclosed in this report may
not Infringe privately owned rights; or

B. Assumes any Iiabilltles with respect to the use of, or for damages resulting from
the use of any Lnformatlon, apparatus, method, or process disclosed In this report.

As used in the above, “person acting on behalf of the Commission” includes any em-

ployee or contractor of the Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any’ irdormation pursuant to his
employment or contract w]th the Commission.

This report has been reproduced directly from the best available copy.

Printed in USA. Price $1.75. Available from the Office of Technical Services,
Department of Commerce, Washington 25, D. C.
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ABSTRACT

● ✌

✎✍

A survey of’the radioactivity in the sea in the region of

the North Eq~etori81 Current from the M=rshall Islands to the

P!srianasIslands vas ~d~ in September 1956. The expedition

w&s spon~ored by the United States Adomlc Energy Commlsslon,

Pfvision of BIO1OFY and Medic ’lne,and carried out by the Applied

Fisheries Mborstury, University of Washington, with the support

and cooperation of the United Stetes N&vy.

Plankton samples were taken ty oblique tovu from 200 meters

and weter sarn~leswere ta:<enfrom the surface, 25, 50, 100, ax

150 meters 8t 74 9tations. The general pattern of distribution

of radioactivity shows a sharp decre~se east of Bikini and a

gradual but irregular decre~se west of Enlwetok. A slight de-

gree of contamination is indicated as f6r to the west as (ham,

the western extremity of the survey. Non-fission products

account for a large proportion of the radioactivity In plank-

ton end fish samples.
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‘. SURVEY OF RADIOACTIVITY IN THE SEA MID II?PELAGIC MARIKE

LIFE UEST OF THE MARSHALL ISLANDS 9EPTElMtR 1-20, 1956

XNTRODUCT10R

The amount of radioactivity in the sea and in pelagic

marine life durtng and follwl.ng veapons tests at the Pacific

Frovlng (lroundhas been the subject of reports by United States
~

and Japanese laboratories.

Follovtig the 1354 test series, the Japanese survey ship,

Shunkotsu-Maru, made a general survey of the amount and dl8-

tritutlon of radioactivity in sea vater and h some of the ma-

rine life in the region vest of the Marshall Islands. The re-

1port of the J8panese survey tidioated that measurable amounts

of radioactivity were to be found in the sea even as late as

the spring of 1955.

Operation Troll ‘was oonductetiduring the nprlng Of 1955

to measure the level of radtoactivlty in the sea and the move-

ment of the vater mass containing

a joint operation of the flewYork

Atomlo Energy Commission, gcFfPP~

the radioactivity. This was

Operations Office, U. S.

Institute of Oceanography
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University of California, and the Applled Fisheries Laboratory,

University of Washington.

The flndlngs of’Operation Troll, the 17,419 mile cruise

of the TaneY from Pebruery 25 to May 3, 1955, vere summarized

am follova:

1. Sea vater and plankton samples show the existence
of widespread low-level activity in the Pacific Ooean.
Water activity ranged from 0-570 d/mi.n/literand plankt-
on from 3-140 d/rein/gvet weight.

2. There lo some concentration of the activity in the
main current stresms, suoh as the lVorthEquator@l Cur-
rent. The highest aotivity vae off the coast of Luzon,
sveraging 123 d/ml.n/llter dovn to 690 m (April 1, 1955).

3. Analyses of fish indicate no activity approaching <
the maximum permissible level for foods. The highest
activity in tuna fish w88 3.S d/rein/g ash, less than 1
peroent of the permissible level.

4. Measurements of plankton activity offer a sensitive
lndloatlon of actlvlty in the ooean.

5* Similar operations would be valuable in assessing
the activity from fiture tests md In gathering valu-
able data for oceanographic studies.

The Divi810n of Biology md Medicine of the U. S.

130EARCHIVES
Atomic

ExlergyCommission requested the Applied Fisheries Laboratory

of the University of Washington to conduct surveys of the open

sea durh.g 1956 to determine “(a) the levels of introduced ra-

dioactivity resulting from the tests in the vater, plankton,

and fish, and (b) how far the activity extends westward in the

North Equatorial current.”
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The first of the two surveys was operating at sea, June

11-21, 1356, during the weapons testing program. The results

3
Of thle survey are summar:.zedin UWFL-46 . The mmniary of this

report states:

ILgurv~y to determine the amount of r8dloactlv2ty in
the waters at~ut Bikini and I?nlwctokAtolls vas made
during the period June 11 to 21, 1’)56.

A grid of ststions about 45 m~le~ a~art oover~
78,JIa gqu~.remiles of ocean betveen 10 15’ N to 1f‘N
and 159 to 16C’ ~ W6S ccvered by the s’mvey. The dis-
t~nce traveled v~e 3 3)2 miles.

Raclloect:veW.ter[als were found in the plankton
e~mples from every st~tiori. The highest plankton counts,
1,100,0)0d/m/g (vet weight) were obtained near Bikl.nQ
Atoll, ~d the lmre8t, 1,30~ d/m/g, In the northwestern
p&rt of the eurvey 8rea.

The average value for plankton was 71,000 d/m/g
vhich was 7,1J0 times the average surface vater value.

14atersamples vere collected at surfaoe and at depths
of 25, 50, 75 and 120 meters.

The average radioactivity of water was 10,000 d/m/l
&t the surf&ce and 3,92J d/m/l at 100 meters.

$)OEARCHIVM

The second survey of the 1956 series was oonducted d~~g

September, about

teetlng crogram,

six Weeks after the termination of the weapons

during vhloh time decay and dispersion of the

. radioactivity had taken place. As Ln the first

u. s. Navy assigned a naval veusel, in this case

(Destroyer Escort 639), to be used as the survey

survey, the

the W9S ~rsh

Ship. This
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survey operated from the !4ershallIslands westvard to Ouam

betveen 9° B and 15° B.

Thg findings of this second survey are reported on the

following pagee.



Ac)mob’lodgements

The ouocess of the ooeanographlc surveys 1s attributable

to the support and cooperation of many organizations and lndl-

vi.duala. This cooperatlo~ vas es;~eoiallyevident ti both the

Walton md Nar?h murveya during and follow@ Operation $ledvlng.

The Division of Biology and Medtctne, of the U. 9. Atomic

Energy Cousuission, particularly Dr. U. R, Boss, helped greatly

in the planning and coordln8tion of the program.

Units of Joint Task Force Seven, especially Task Qroup 7*3

(Navy), were particularly helpful.

The Atomic Energy Commlsslon Resident Engineer, Mr. Thoqfrs

Hard:son, and members of his staff provided invaluable support

Uurtig and follovlng the surveys.

The ?@vy can well be proud of the work of Coxmnuder Wilfred

G. Chartier, Captain of the USS Marsh, and of the officers and

orev vho made possible the radiobiological-oceanographical sur-

vey from a ship not designed for such vork.

DOE ARCHIV=
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Ph$J’?S,EQUIPMENT ANT)0PERATIOE!3AT SEA

The amount of radiwctlvlty In the sea vater and in ma-

rine life in the region near Bikini and I?nlvetokAtolls during

am follovmg the 1956 atomic teet~ progr~~ aB well as the

movement and dlspersbl of the radioactivity after completion of

the test program, was evalu&ted by two radlobiological-oceano-

graphic survey~. The first survey, made from the Walton in June

1956, oovered fifty-three BtatioDs 3n an area betveen 11° N and

14° H, 180 miles west of Eniwetok and 30 miles east of Blktil

(uwFL-46) 3.

The second survey, made f’romthe Marsh, covered 74 stations-

in an area bounded by 9° N and 1>0 M md approximately 145° E and

166° E (Fig. 1). This area 1s within the ?lorthEquatorial Cur-

rent, vhlch flovs westw&rd. In phnnlng the track for this sur-

vey it was necessary to cons:der the areas of fallout, the direc-

tion and rate of drift of the North Equatori&l Current (t&ken as

ten miles per tventy-fow hours for plmnl.ng purposes), the fuel

reqtilrementsof the ship ad refuel= facilities, vhlch were a-

vailable only at Kvajbleln and Guam. POE A12CH1V=

Installation of equipment ab=rcl the Marsh vas mtarted at

Enlvetok August 28 and the survey started September 1. The first

leg, from Enlvetok to Guam, vas completed on September 7. Marine

organisms were collected horn the reef on the eastern side of

Warn to supplement the oceanic collections. The second leg, from

Guam to Kvajaleln, covered the period from September 9 to Septem-

ber 17. This period was interrupted for twenty-four hours begSn-
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nlng September 10 vhile the Marsh was engaged in a sea-air res-

cue mission. The third leg, from Kvajaleln to Enivetok, vas

started 9eptember 17 md completed September 20.

Equipment

The collecting equipment used on the Marsh vae the same as

that used on the Walton. Installation vas approximately the same.

Photographs of the major items of equipment Inetalled aboard the

Walton appear h UUFL-46.

Space below decks for quarters and equipment consisted of

the after oompartmente for officers’ quartern, ohtef petty’offi-

cers’ quarters and crew’s berthing. #

The

1.

2.

3.

4.

5*

6.

major Items of equipment vere

A contlnuoua surfaoe water monitoring probe vith tank

and vater connections, a unit de~igned and constructed

by the Health and Safety Laboratory of the Rev York

Operations OffIce.

A pover vimh feeding a 3/16-inch steel sable over an

A-frame and davlt for use vlth plankton nets and vater

sampling bottles.

A steel platform extending tvo feet over the portside

of the ship under the davit to provide space for work

with netg and vater sampllng bottlem.
DOE ARCFHVES

A temporary cherulstrylaboratory.

Three nuclear radiation deteotlon S,notruments.

A bathythermogranh vhfch vas part of the shipta equip-

ment.

/f+



Operation of the Ship

“One boiler operation vae malntatied during the survey, to

(~nsuremaximum fuel-economy, exaept while enterfng ~d leavtig

port. Speeds between otatlona . . . vere as follows: first leg

tvelve knots, . . .; second leg fifteen knots, . . .; third leg

eleven knots, . . ..“* The ship’s speed was gradually reduced

when coming on etatlon durtig vhich time the bathythermograph

drop vas made. When the speed was one to tvo hotrn and the ahlp

vas headed vith the v~ off the port bov the portscrev vas

stopped and the plankton net vas dropped. A speed of about one

knot vas matitalned dur’mg the plankton haul. The ve~nel camu

to a dead Btop vhile the vater bottle casts were made. Cruising

speed was gradually resumed f~llovlng completion of the collec-

tlonF .

COLLECTION AND PREPARATION OF SAMPLES

Pltiton, water and fish samples and continuous measure-

ments of the activity in the surface water vere taken. These

samples and their preparation were the same as for the Walton

Eurvey vtth the folloving exceptions. DOE ARCHIVM

Water samples vere taken from the surface, 25, 50, 100 and

150 meters to make certain that at least the deepest bottle vould

be belov the thermooline. The pl~kton volumes were determined

● Quoted from letter from COMEEMKI@ officer, ug~ Mrsh (DE 699)

to CTG 7.3, 23 9eptember 1956.
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by usLng a 100/110-ml can@la volumetric flask instead of a grad-

uated cyltider. All samples except fish vere processed aboard

ship immediately after being colleoted, Fish vere frozen aboard

ship, dissected and dried at the Enivetak Marine Biological hb-

oratory, and ashed and counted at the University of Washington,

The water supply for the probe tank for oonttiuous monltor-

lng, instead of being taken from the fire mai.na as on the Walton,

was ouDplled by a 14arlovcentr~fug~~ pWIP, Hdel Ho* 12~ ~~9~

o$erated at lte full capacity of 50 gallone per minute. Chemical

pun-s cf lesser caracity which had been furntahed with the tank

were tried but were lnadeGuate. (he and one-half-inch pipe wee
+

used for intake and disc~rge. The pipe was velded to the deck

and hull of the ship and the free end of the intake pipe was

held against the force of the water by a chain leadiag to a

stanchion on deck. Even vith these precautions and generally

good sailing conditions, the pipe broke on the last clay of the

cruise.

METHODS OF ANAIXSIS

All counting, with the exception of fish samp es, va6 done
J

aboard ship within a fev hours after the time of colleatton.

Counting I?quipment. 9amples were prepared on 1~-tnch statn-

18ss steel plates and counted with 2-lnoh Anton tubes in a S-lnoh

lead Anton pig with Huclear-Chioago M@el 181 scalers. Back-

ground varied from 17.3 to 37.1 c/mln.
DOE ARCHIVS

Correction Factors. The same correction factors vere used

as for the Walton data, the details of whloh are given in UUFL-46.
/6
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The tot&l correction fsctars to convert counts per minute to

+= were 3.5 for plankton, 4.0 for waterjd$9htegrEitLoEs per L3f-nuw..

and 3.3 for filter Wpers. Negative values are given wherever

the c~unt was less than bec’~ro’.ind.No correction vas made for

decay sir.cethe c~untfng vas done essentially Immediately after

collection and the values given are as of the time of collec-

tion. Deca~ curves are ahovn in Figure 2.

G&ma Rey S:)ectra. GmmE. ray spectra were rlxiat the Unl-

versit; of Washington laboratories ti Seattle on a stigle chan-

nel, fiutornatic advance. gamma spectrometer. The spectrometer

consists of a Nuclear-Chicago Model 1810 radiation analyzer, ~

Nuclear-Chicago Model IX-3 scintillation veil counter, a Tracer-

lak Superf3c&ler,a lWclear-Chicago Model C-ill prlntlng timer,

md an automatic baseline mlvcnce dev:ce built at Seattle.

Spectrum ran~es of 0.5, 2.0, and 4.0 MEV were used.

RESULTS OF SURVEY

Plankto~

The highest value of r~dioactivity In plankton, 21,000

d/m/g vet”,vas found Bt ~tatim 55 &bout 80 miles north of Eni-

vetok and the lowest value, 27 d/m/g, was found Immediately south

of Guam. This lovest value w~s slightly lower than the value ob-

tained near the same station during Operation Troll (39-61 d/m/g))

indic&ttig that Guam was near the westernmost extremity M~MCHIV~

radioactive contamination which resulted from Operation Redwtig.

A slight degree of contamination is indicated by comparison vlth

plankton samples from Puget Sound and off the Queen Charlotte ~v
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Fig. 2. Decay of Marsh ond Waltonsomples.
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Islands, which ranged from 0-16 d/m/g, P.ctivityh the vater,

hovever, Immediately south of (3uamwas about three times high-

er at the time of the Marsh survey thm during Operation Troll.

The distribution of plankton activity 1s shwn In Figure 3

and Table 1. Figure 4 1s a graphic presentation of the data

from T8ble 1. There is 8 sharp decrease In activity 08!3tof

Bikini and a gradual but Irregular decrease west of Enlvetok.

Activity levels in plankton samples from immediately east of

Bikini are about the same as those h the vloln!ty of Guam.

The plankton tows were made to a depth of about 200 meters,

which assured complete sampling of the stirred layer. It Is gen-
*

ertilly accepted that the ~tlrred layer exists only above the

thermocline, a region in which temperature decreases rapidly

vith ticrease In depth. Bathjthermograph casts were made at

each station to determine temperature chsnges with depth. Un-

fortunately the only bathythermograph which vas operable &t sta-

tions 2 - 30 wae only able to me~eure temperature~ to a depth of

20CI feet. This situation VES remedied at Guam and from that

point on temperature me&surements vere av&ilable to 400 feet.

From the later data and the results of the Walton and Troll sur-

veye it Is evident that In general the upper level of the ther-

mocllne was just below 100 meters. ‘DOE ARCHIVES

The average of the ratios of’plankton activity to water

activity was 2500; possible reasons for variations in this

value are discussed on pages Z7-33.

Water

The activity of the water from all depths is presented h
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+{vlt,y of the ~e
Table 2. The Sl>m,5 of the v~lues of &c.i ~~-jJ6-aPnqmA.,L..,

49
one liter of see weter md of the fiitered water, less K , for

each .stat:m and 5eFth ere given in Table 2. Figure 4 !s 5 greph-

lC present~tton of the dete from Table 1 Elong with the plankton

value~. It 2? evident tiom th:s figure that although the ebeo-

lute values for the various derths or ktnds of samples ape differ-

ent, the general pattern of hor~zontel distribution of activity

is approximately the same. The distribution of activ~ty in the

surfece vater samples is plotted l-nFigure 5.

The highest levels of’tOtal activity i.nthe SUrf8Ce Veter’

(resfdue on filter %per P1’JS filterable portion, less K40) were
~

fouqd tetween T?niwetokand Ujelmg, and the lowest value north-

eagt of Biktii. These velues were

Velues h the vicl.n:tyof Gu=m are

indicating that some ccntam’aation

19,000 d/m/l and 48 d/m/l.

4 to 20 times the lower velue,

from Oper@tion Redwing had

reeched th:s far, Pcsslble lnterpret~tlons of the relation-

ship between water and plankton act~’~ity are discussed on page3

27 - 33.

At every depth samDled the particulate matter retained on

the filter had low~r levels of activity than did the filterable

fraction; this was true also for the Walton samples with the
DOE ARCH1\’~

exception of the surface vater, in which the particulate matter

contained 58 percent of the activity. The average values of ra-

dioactivity in the tvo fractions and the percentages from both

the Marsh and Walton data are presented for uontparisonin Table

3. In both sets of data the particulate matter contributes

about three times as much of the total ectlvity h the uurface
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Table 2. Radioactivity of Water (filter + water, less K )

(Values in dlslnte~atlons per minute per liter)

Station Surface 25m 5om lm 15@ 400m

7
6

10
11

12

15
16
17
19

19
20
21
22

25
26

29
30

31

35
g

38
39
40

16815
18860
8257
8216
7140
8517
2215
6803
3882
4395
2382
3255
4065
4003
2142

:~g;

%:
6806
3228
2284
1296
1;;;

2863
1580
2040

720
1171

66
224

214
195
230
I&
155

90
122
288

2043
463
340
3@J

2204
4019
1200
3238
1342

700

?
11

;1:
515
m
274
206
272
255
260
287
274
I 32

q

152
73

150
156
123

237
101
134
145

64
.-

115
144
121
148

400
261
189

d
15

50
4607
712

5448
134j

302
198
670
716
236
Q65
26
213
y;

364
20

813
9

11 2
70
92
48

117
50
73
64

159
102

86
--
6;

z
14
14

71

1341
195

62
-.

1534
w;

680
429
196
126
137
138
115
249

195
126

70
74
93
42
68

121
60
14
21
63
27

4+

130
35
75
30

-16

-;j
83

151
-2

719 296 (from 500m)

217
6

-62
344

274
ljt
338
22 ‘4
140

98
90

115

132

111

70
64
97
53

1
0
6

d2
63
97
66

112
118
119
51
-23

--

9
34
97

9

DOE ARCHIV=



%ble 2. (continued)

25rn 5om io(hn 1* 4oom
5t~tlon SurfEice

53
54
55

61
62
63
64
65
;$

68
69
70

71
72

156
5180

278
3160
1940

2653
300

?
04
52

1732
1020

340

z
82

26s
1549

3006
436
268

L@b
66

131
1326

125

1;;
114

48
Hz

103

541
202
84
80

97
4902

.l:;

1451

17W
154
262
596

1328

816

ii
35
26

2600
1374
2746

458
246

40~2
150

171
139
103

;;

35
22

143
67
59

603
291
118
130

59
4872

206
1917
12*

2054
245
235

73
1205

1487
1240

670
2670
3356
2800

523
283

4099
164

2
17
13
149

1ii

119
85

812
112

95

277
989
146
259

4!;

2~!\
119

94
-15
-23
-26

88

’70
110
26

3
9i
38

216
1

&
723
127

75
805

85
~%

106
-3:

z
6:

1“7
192

1403
783

84
250
100 ●

109 1369 (from 45m)
18’s

99
-5

34
46

138

121
249
212
730
310

562
134
10Q
183

77

-3
113

gt)

37
24
86

126

63
112
100
243

91

51
155

86
242
133
331
131

331

DOE ARCHIVM

w
Bottle did not close.
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fib’. e 3. Average Value for All Stations for Plankton
40

Residue from Uater, and Filtered water (less K )

as of Date of Collection

(Marsh Samples September 1-20, 1956; Walton Samples ~me 12-21, 1956)

Depth In
*ters
0-200

0
25
50

100
150

Depth in
Meters
0-200

2;
50
75

100

Plankton

&
d/m/g wet)

212

~e dmue _ ater

rfrt%d/m/l d/m/’l ~~rt~::; d/m~

838 32
5?

1g4 68 25&!

49 7 9
45 6 765 92 i 10

19 9 196 91 215

17 13 111 87 128

36 19 149 81 195

Walton

DOE ARCH1\”ES

Fllt ered Water tal
Residue from Water

per cent
d/m/l of toth~ d/mh %rw !L4?!Q

5900 ~ 4200 42 1000O

280 600
3 ~

6 6800

1800 ‘19 7 00 9600

1300 19 5500 8; 6800

1000 26 2900 74 3W

*
Ten stations only.
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water as It does at greater derths. This greater concentra-

tion in the surface layer, vhere ~hytoplankton is most abun-
4

da.nt , co~pled vlth the facts thet plankton has e higher spe-

cifio activfty than water and that a f’evsamples of microplank-

ton taken during Operation Troll shoved an even higher specif’lo

activity than the macroplankton suggests that the mlcro~lank-

ton may be the prinoipal source of the redloaotive particulate

matter.

The aotlvity in the particulate matter vas measured from

surface sam~les taken every tilf-hour (approximately every 8

miles) while approaching and leaving station 62 off the western
+

end of Bikini. Hater for these samples was taken from the out-

let of the tank for continuous monitoring. The results (Fig. 6)

indicate that some radioactive materials are being eluted from

Blktil Atoll to the northvest. However, these materials probab-

Zy add only an ln~ignlflcant amount to the total activity in the

area betveen Blklni and Enivetok. The discrepancy between the

activity in the sample taken from the tank and that @ken from

the vater bottle et the station off Blkl.nlis probably largely

due to a lag in passage of water through the tank.

Continuous Monitoring

The scintillation probe used 1s succsess!hlfor

DOE ARCHIVl=

the deter-

mination of levels of aotiv~ty in.contaminated sea vatcr during

the first few weeks followtng the detonation of a nuolear device

however, on the basis of our Iimlted experle~ce, the ~robc is

not of sufficient senaitivlty for the measurement of low levels

of 3 aotivity in sea vater as late as twomonthe followlng
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detonetton.

Little, if any, correlation exists between the probe values

and the actual leVelS of radioactivity present in Bea ~ater &s

determined frcm samples taken during the Marsh expedition (Fig. 7),

The lack of sensitivity might possibly have been due to faulty

“A” and “B” battoriou in the ~robe assembly although this IB not

llkely. The Instrument was sensitive to a 7 source inserted into

the c~.llbratlonport several times throughout the duration of the

trip.

Although the instrument, in its Fresent form, cannot be used

for detecting low levels of cont~mtigtlon tti following modlfi- ~

catlono

1.

2*

3*

L.

Fish

might be made to Lncrease its sensitivity and usefulness.

Incorporate sultnble volt~ge stabillzction circuits in

the filement, B*, end high voltag~ supplies (the ship-

line supply fluctu~tes from go v to 135 v).

Replace the present crystal and photomultlplfer wfth a

7-inch diameter unit.

Rebuild the water tank to minlmlze vlbrstion effects on

the solntlllation probe and lnarease the volume of wa-

ter around the probe,

Incorporate intermediate ranges into the control box

with the following ren8ea: 5, 30, 50, 300, 500 and 3000

mlcroroentgens. DOE ARCHIVES

.

Levels of radioactivity In fish tissues are given Zn Table

4, They are remarkably uniform in the three eklpjaok taken ne&r

st8ti0n 23; the liver haa the highest level of &Ctlv Lty, 186 d/m/g
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Table ~. Ra5i=cti T.rityof Pish Caught on the Marsh Survey
dfi./g (wet)

Skipjack Taken Near StatIon 23:

Li@t Muscle Dark Wscle Liver

spe~,iirten“A’”
“B“

11 “c “
Average

139
log

&
1

188
170
200

Flying Fish Taken from Stomach of Stipj8Ck (Swalmen “A” above)~

Muscle Liver

119 -- *

Flying Fish Taken Hear Station %:

Muscle Liver

360 7460

Homogenate of Tissues from Ftfty Reef ?lsh !!%kenat Quam:

Muscle Liver

Aliquot 1
2

u
3

Average

?0 167
105

&
16

m

i

.

DOE ARCHIVfi
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(vet), which 1s higher than dark muscle by a fe-ctorof about

1.5 and than llght muscle by a factor of about 2. A f~yhlg

fish taken fiornthe stomach of on- of the skipjack had about

the same level of activity in m~scle tlseue as did the skip~ack.

Reef fish tAken from the eastern shore of Ouam had about the

same levels of aotlvity as dld the sklpjbck taken approxi-tely

350 miles to the southeast. A single flytng fish taken approxi-

mately 60 mtles northwest of En:wetok had about 40 times as

much activity in the liver, &s did the skipjeok and (ham reef

fish,md about 3 times as much actlvlty in the muscle.

The actlvtty in fish tissues from Guam was greater than

2
that found in fl~h from the same area in 1955 by a factor

#

of 1.3 for 2iver and 6.9 for nvlscle, an I.ndicatlonthere had

been some additional radioactive contamination since the time

of Operation Troll. The levels are 10V even though they are
2

several times those found h fish from Puget Sound h 1955 .

No radlochemlcal analyses were made beoause the activity

levels vere too 10V for accurate datermlnations. It is clear

from previous analysea of fish from contamimted areas in the

Pacific that It 1s not likely strontium-90 would contribute

any of the activity, and at moat two pereent of the total ~-

5,2
activity. DOE ARCH1\-

A diag~am of the Z spectrum of the flying fl~h llver la

144-pr144 95
shown in Figure 11, page 40; the presence of Ce ,zr-

~95 , c058, C}” .nd Z$s’ls lndlcfit~d.



The ratio of the rtidioactivltyIn plankton to tbt In

water on & b9sls of equal weights 1s highly vartable from sta-

tion to station and from collection date to oollectlon date.

Some of the varlablllty is probably due to inaccuracies in

water sample values. A single value for water is probably less

reliable than a single value for plankton becau8e of the method

of sampling and the lover level of activity in the vater; vhen

the water value is based on the average of several observations

the comparison is fairly reliable, but a oom?srlson based on a

single wster value is 19ss reliable. The average of ratios for<

all stations of the M&rsh survey wee 2500 (minimum 29, maxtmum

18,000) . The average ratios for the $faltonand Troll surveys.—

vere 7,000 and 300 respectively.

Several factore may enter into the reduction of the plank-

ton-water ratio vlth time. One faotor may be that selective up-

take by the plankton 1s less evident from relatively fresh fall-

out material, where a vlde spectrum of rad~o~sotopes Is avail-

able. A decreasing ratio vlth time after fallout, evident from

oomparing the Walton, Marsh ud Troll data, eupporte this possl-—.

blllty. Furthermore, the veetern stations (14 - 42) of the

Marsh survey, which would tend to have older rallout materia.—
POE ARCH

than the eastern stationa, have a lower ratio of plankton ac-

tlvlty to vater activity than do the eastern stations. The

values and their standard errors are 475 f 98 and 3716 $ 754

respectively.



‘Thereis, however, ~~notherfactor which ap~ears to be of

conulderahle lm~ortance. This Is the effect of distribution

of aot:vlty in th? water with depth on the activity in the

plankton s&mple. The plankton sam~le is taken from a water

layer at a depth of 200 metern to the surface. The water sam-

ples are taken at discrete depths dovn to 150 meters. The fol-

lowtig uncertainties are therefore inherent in the sampling

method. First, there Is not a uniform decrease of activity

with depth (Figs. 8 snd 9). There are, indeed, changes vith

depth vhich range from a sharp decrease from the surface to

25 meters to the other extreme vhere there are sharp Increases

at a de~th of 100 meters.
d

Secondly, nlnce the vhter samples”

ure taken at discrete Lntervals of 25 to 50 meters, the pre-

oent dtitado not permit ruling out the possibility that ex-

tremes of activity in narrow regions dletort the total picture

at a given station either by being missed completely or being

overemphasized. R@ th~rdly, there 1s no guarantee that the

plbnkton 1s uniformly distributed throughout the depth vhich

is sam;led by the plankton net. There 1s, for example, some

evidence that a change ~ the vertical distribution of the

plankton population occurs from hours of daylight to hours of

darlcneD8. The diurnal-nocturnal difference In ratio of activ-
DOE ARCHIVE

Ity in surface plankton (materi82 on filter papers) to that In

the surface vater Is significant at statloris 1-30, which for

the most part chow a sharp decrease in activity in the w8ter

from the surface to 25 meters, and no subsequent lncreaee. 1$0

such significant difference was found at the rematilng 8tatlon8,
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where variable levels of activity vith depth vould mask any

dlurnsl-nocturnal variation that might exlot.

The o-ge of relative radioactivity of the water with

derth 1s variable but appears to fall Into regional patterns.

It is likely that at the time of the Marsh survey those regions ..

containing the highest relative activity levels Ln the deeper

layers were regions primrlly affected by fallout, while those

regions having the bulk of the radimctlve materials in the sur-

faoe layer vere reglon~ to vhlch the radioactive materials ti

solution had been carried by surface currents. It vould follow

that by the time of the survey vertioal mixtig had not taken an ~

import~t part lm redistrlbutim of the radioactive msterials;

possible exceptions may occur in the Immediate vlclnity of the

Marshall and MarWnas Islands.

This interpretation vhlch 1s based on the assumption that

most of the radioactive material went into either a true solu-

tion or a suspension of very s,mallcolloidal particles soon

after fallout !s supported by the fact that most of the activi-

ty passes through e Mini pore filter (Table 3). Howver, dif-

ferences In specific gravity of the particles would result in

the same type of distribution. It is possible that relatively

higher values near the surfaoe for stations to the westward are

acoounted for, In part, by fallout of lover specifti gravitYWEARCH*k’U

than tkt of fallout nearer the

lower specific gravity uould be

plete solution while still near

teat 8ite. The particles of ..

assumed to have gone $nto com-

the surface,
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Figure 8 represents the activity at e&ch of the five depths

sampled relative to the highest activity at eaoh,ststlon of the

Marsh survejr, ati Figure 9 represents the same thl.ngfor the

Walton survey.

In general, the presence of relatively higher levels of

aotlvfty at greater depths at the Walton stbtlons corresponds to

the sltuatlon at the Marsh st6tlons exoept in the area south and

vest of 12° N and 157° E, where the Marsh etat~ons -d a ~rked

preponderance of aotlvity in the ewface vater. The Walton sur-

vey was made during the test series when radioactive -terials in

the vater had had only a few claysor at most, a few ueeks, to be

moved by ocean currents from the area of fallout. In bdd~tion~

the bulk of’the actlvlty w~s found to the north and northwest of

the test site. Barnes
6
reports that the ourface layers in Lhis

region move about three times faster than the layers at 300 rne-

7
tera , and yo~hlda shows the vestvard velocity of the surface

water as about 14 times the velocity at 40 meters at 17° R. It

seems ~posslble,therefore, that the Marsh stationa south of 12° 1?

and vest of the test site represent, for the most part, a region

vhioh received Its radioaotivlty via the ouean csurrents. 3tatlona

4 to 9 ar”eexceptional in this region but they are also stations

vith high levels of activity (Figs. 3 and 5, and Table 1), prob-

ably due to fallout from tests made after the oompletlon of the

Walton survey. DOE ARCF1lVM

There are unusually’high levels of radioactivity at depths

of 50 m to 100 m at the three stations immediately east of Enl-

vetok and at station 68 vhlch 1s about 2° R of Bikini. The



36

unusual condition at these etations MY be due to ssmplfng. If

the condltlon 1s real, some of ttlefactors which may be Involved

‘Lnclude differences in rate and set of currents adjeoent to the
6,8

atolls, turbulence, and eddies north of Biklnl.

Careful analysis of the bathythermograph records vould be

required before any possible relatlanshlp between the distribu-

tion of aotlvity and the thermocllne oould be determined. It

appears, hovever, that 130-m oamples were taken below the ther-

mocllne at most, if not all, stations. 9amples were taken at

400 m or 500 m at ten stations east of 159° E and had levels of

aotlv;ty comparable to those at 100 m and 150 m at the same
<

stations (Table 1).

DOE ARCHIVES
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~ESTJLT’g Am DISC’JSg~O~ OF I?ADIONUCLIDE AXVALYSIS

9
Fission product se~rations (see ~L-33 for tec~lq~es)

md gamma spectrometric determinations were made on plankton

samples collected during the Uslton and the Marsh surveys.

Plankton samples collected from the Walton ti June 1956 were

an~lyzed chemically June 30 ad Aw~~t 29 Of the s~me Year”

gimilar samples collected from the Marsh ~ 1956 were ~~y~eQ

both for fission products and certain radioactive

product isotopes during the last veek of’December

first veek of January 1957.

In addition to the cherniaalanalyses, gamma

c~rves were made on two Waltm plukton aamcles,—.

non-fission

1956 and the

speotrum
*

one of vhioh

vas collected just north of BlkLnl Atoll (station 9D), and the

othsr in the open sea (8C) about 65 miles northwest of Bikini

Atoll.

In general, the observed percentages of total beta actlvl-

ty contributed Ey the various fiosion products, corresponded ap-

proxlmz~telyto those expected on the basis of the Hunter ad
19

Ballou curves. DOE ARCHIVES

Of the Walton samples, chemic~l ~lysee vere mde on

planktm from nine stations: l.E,jA, 4D, ?D, 8A, 9A, 9C, 9D md

lJB (T&ble 5). Vemiation In Isoto’pe percf3ntageEi is ~eat be-

tveen samples and no definite patte~ of variation is evident

between the differe~t collect- areao. If the &verage8 of all

88DP1ES are co?zp=%redw~th the expected percentages (based on an

av~rnge 30-day interval following detonation), the reg~~ts are

LL3follows:
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In addltlon to the great Indivld-1 variatlOn, differences

vere also observed in the total Emount of activity accounted for.

At stations 9C md 9D, both of vhich are vithh 45 miles of Bi-

kini Atoll, only about 80 percent of the total beta activity was

ec~ounted for as fission products. On the basis of a gamm sTec-

trum run on sample ?D about 5 percent of the total gaxna actlvi-

65
ty W3e Zn s HO evidence of cobalt isotopes was found. On the

other Wd, in the gamna Speotrum curve of plEULktOn from station

&. 65 miles ncrthvest of Blklni, the non-fission product iso-
58,60

topes co , Zn65 and pos~ibly Co57”, accounted for more than

50 perpent of the total qwxm activity on November 26, 1956**.

Of the Marsh sam;les, chemical separations for fission pral-

UC5S and zinc and cobalt were made on plankton from stations 5,

42 and 55 (Table 6) .-———
* The chemi

?7
1 md resin =~lumn data lndlcate

~resence of Co The ganm spectra ma e on the
fhovever, indicate that the isotope is V 9 ratheP

6* The techniques employed for Identifying ttw

~OE ARCHIVES
the pos-slble
separatf 9,

Ythan C05 c

different co--—-

balt isotones involve the’use of ehemlstry, ion exchange resin
colums, beta energy determinations, and gamma epectrometry.
Th~ technfquee and results obtained for various biological sam-
ples will be published h a later paper.
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results and h add~t~on have almost IdentZcal g~ s~ectrsl

which are essentially the game a~ thr.t of the pla?.?.ktonsamples

from one of the neighbortig stations, 54 (Fig. 11).

~ta~~on 42 VS+S taken 4?~ m~le~ ~e~t ‘f ‘nlWetOk* The i30-

topiccontent of ~lankton from thig st~tion was clearly df.ffer-

ent from that of stations 5, 54 and 55 on the bases
of both

Comcarlsons of the relatlve activity of the different l~o-ti

topes from Flankton at stetlons 5, 55 and 42 as determined by

chemlc%l analysis vlth the expected activity based on the

Iiunterand Ballok“curves are as followS *

Isotope Expected Observed mrcent at stations
percent ● 5 l%nd 55 42

Sr89,~0 7.5 0 1.5

~~137 <1. 0 0

~a137,14Q <1* < 1. 41.

~e144-pr144 16. 8.2 20.

Triv. R.l?. 4,5 5.1

#J3 , Ru
106

-Rh106 1::0 3.0 3.0 <$.

zr95 28. 21 ●

C$’
12.5 #

~057,58,60 o 3.0
0%

zn65

31” w
o ?w 1.** 6.0

● Based on an average 8-month Interval follovlng detonation.
65

● * According ti the gamm s~ect~j ?ki aocounts for approxi-

mately 50 percent of the total activity at stations 5 and 55.
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The result: c;f the analys:s of the radl~nucl:des in saz-

pl~s f’ro~s+tatior.4? differ from thase ~t statlor.q 5 and 55 in

that the level: ,3:@4 -pr144 and ~057.5~P60 are respectively

8~v9a :8 absent et 5 md 552.5 and 12 tines h:gher at 42; Sr ./!

but present et 42 a: a level of abcut 20 percent that expected
10

from the Hunter and Ballou curves. On the kesis of’the gamma

spectrum curves. how~ver, the apperent radlochemical determtia-

UL4-pr144’
tion of Ce in sanple 42 is too high.

In p~ankton from all three stations the trivalent rare

103, Rulo6_Rhlo6
earths are present at abcmt 30 percent =d Ru

~.t about 50 percent of the expected levels. Zrg5 , on the other
~

‘hand,is present at a level about twice that expected.

The total recovered activity in the chemical separations 1s

grebter than that usually f’oundo This may be due to error in

counting the or~gtnal sample Lntroduaed by the presence of appre-

.iabl~ .=~oun.ts of C057, C058, C/’ md ti65, all of vh~oh emit

relattvel~ low energy beta particles in aornpariso~to those from

mixed fission producte.

The gamma spectra of plankton from Harsh stations 5, 54

and 55 lndlcate a lcw percentage of cobalt isotopes, but a high

level of Zn
65

(ayproxlmtely 50 percent of the total gama emls-
144-pr144

, Zr9’-Nb95 and Rul@ Rh106 (Fig. 11).sion) along with Ce ~c

At station Sf+, gamma spectra were obtatied for 68a water $b~o

after ftltrstlon through a M:ll~pore filter, for plankton, and

a flying fish liver (Pig. 11). The curves for the plankton and

fish liver are similar. All of the detectable gamma activity

in the vater, however, vas contributed by Zr
95-n95 ●



Gamma spectra were determined on plankton from station 42

and on portione of th:s samlle incl’~dingthe formalin pre8erva-

ttv.e f:ltrate, the Fe (OH)3 scavenge from the ashed plankton

sam’pie,and the cob~lt separation on the same specimen (Fig. 12).

The total plankton sample has a lover Zn
65 component than that

found h sample 54. In addition Ce244-P#44, Ru106-Rhl~ and

zr95 -Nb95 contrlb~~teslittle of the total gamma radiation

(Fig, 12). The nmjor part of the gamma activity is contributed
59

by C057, Co58 and Co60; also a limited amount of Fe la present.

The cobalt In plankton sample 42 1s partly soluble h neu-

trel formal’fiand fs found in high amount in the filtrate. Al-

though some evidence cf the Ce
144

-Pr
144

peaks are present in<he

planktm curve on the lW KSV rmge, the curve on the filtrate
57 .

gives only the Co- pebk (?ig 12, :nset). This peak ~s also

shown by the cobalt ~eparatl.onfrom pl=nktm sample @ in the

same figure.

In summary, the q~~-spectrs f:nd~~s on non-fission prod-

ucts in both the W&lt~n and Marsh ~lankton sam~les are as

fellows:

station Levels of non-fission ~rod’~ctisotopes
%5 C~balt isotopes Fe~9

Walton 8-c + + ++ n.d.
9-D 1Ow n.d. n.d.

Marsh 5 ++ 1Ow A.d @S@

54++ 1Ow
*,~ :.po%”~s

55++ 1Ob’ n.d.
42 4 ++ t

—

● b very high
+ high
n.d. not detected



1000

C/M

Ioc

Cr

\
●PLANKTON 42

!“\
“\e,~ ‘

Fs5’\ COBALT SEPARATION ON
\eJO 1-:0 PLANKTON 42

f- 1
co
I

se
Zr- UNKNOWN~

- ,cJ’’.p;”
l%-

Ntf ld’
I Pb\ FISSION PROOUCTS PLUS Zn= AND

●F#QFROM PLANKTON 42 I ++
1 1 1 1 I 1 1 1 1 1 I I 1

.5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4
+

.1 .2 .3 A @~ -
MEV

FIG. 12. Gommo spectm of Morsh plonkton somple 42 ond its chemically seporated froctions.



47

In both the Walton and March plankton semples, marked varl-

atlon in ratioE of the different fission and non-flsalon radio-

isotopes is evident and cannot be explained on the basis of pre-

sent evidence. However, at least two factors may be contrihut-

lng to the variation and each of the tvo oould wsk the possible

effect of the other. These factors include, (1) heterogeneity

h composition of the plankton colleoted at the various stations,

and (Z) variation in available iaotopeg in given are8e due to

local fallouts from different types of nuolear devices, and from

differences in time of firing.

Plankton Is composed of many types of organisms ticludtig

d!noflagellates, diatoms, protozoa,
4

copeptis, ostracods, euphu-

sids, amphipods? coelenterates, siphonoPhore$~ worms, pterop~~~

heteropods, primitive ohordates, and the eggs and larvae of fish.

The fraction of the total mass contributed by any one group can

vary widely h different areas. .It is lmo’unthat species dlffer-
11

ences in uptake of isotoneo do occur. Yoshll (1956) observed

that radioactive isotoaes in cape;ods and primltlve chordates

collected in the spring of 1~54 in the vicinity of the Marshall

Islmds, differed both h beta energy and rate of decay, and

Kavaba~” (1956)12 8tated “Although the mechanisms of the accum-
@\+

letlon of radioisotopes l-nTlanktons -d their action in the ~h%
@

organisms are still vague, It is, by all me~s, of importance

that certain planktons selectively accumulate ~peclftc radio-

active elements of minute amount in the sea vater in their

bodies.”
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1. A sy.rveyof the radioactivity in the sea water, plankton

and fish was made in Seytember 1956 in an area bounded by 9° ??

and 15° N and approxiutely 145° E and 166° E.

2. The general pattern of distribution of activity In the sea

shove a sharp decresse h act~vity east of Bikini and a gradual

but irreguler decre&se west of Enlvetok.

3. Plankton appeers to be the most sensitive indicator of

radi?bct:vity in the eea; th~ average of ratios of plankton
<

actlvlty to sea wster ~ctiv~ty b’ae2,5000

4. The highest value of radioactivity lm plankton, 21,000 d/m/g

vet, wss found about 80 miles north of Fhivetok and the lovest

v~lue, 2’7 d/m/g, near Guam.

5. The highest value for vater activity, 19,00? d/m/1, WS8

fcund betveen Enivetok and Ujelang and the loweet value, 48

d/r./l.northeast of Bikini.

6. 9ea. water filtered through milllpore filters had higher

Levels of’ activity thwn the residue on the filter paper.
.

7. Microylanktm is prob~bly the principal source of the

radioactive particulate matter. ~0~ ARCHIV~

8. The change of relative radioactivity of the water with

depth is variable but appe’arsto fall into regional patterns.



9. ~~me ra~ loactive materials are being eluted from 13iklni .

Atoli but their addiLion to the to~al acti~~ity~n the area

betveen Biklnl ana I?nLvetokis Drobably Insigniflcmt.

10. Reef fish fro~ Guam end skipjack teken approximately 35J

miles to the southeast had about the zame levels of .5Ctivity;

l~s d/mJ’g b-et(~ ~ct:vitj) in ~kipj=ck iivers ‘&s ‘he ‘ighest

level fO’Jmi in t’aat ~rea.

11. A single flying fish tEken &:proximtely 60 miles north- ~

vezt of Enlwetok had & tot~l ~ -6Ct:Vit>- Of’ 7,5~3 d/~/g ‘et

in the liver md 36J a/!z,’gwet in the muscle.

8zqo, ~a137J43, ~e144-
12 ● Plsnkton was found to contefi Sr

144
, Fu

103
Pr , R/96 -Rhl’6, ~r95, C~7’58’60J z~5~ ‘e59, and

triv61ent rare eErths.

13. There is a difference W. isctopic content of plankton

collected 90 miles north of Fnivetok and plankton collected

4’70 miles WeSt of Eniwetok,

14. The liver of a flylng fish collected about 90 miles north
144 144 95 95

, ,28
60

of Eniwetok contained CL -Pr , Zr -Nb , Co , and .
i

#5
DOE ARCHIV= -

.
.

15. A scintillation ;robp for continuous monitoring of levels

of ~ actlvlty in the sea water was found to have insufficient

sensitivity to discrimlmte between 8tations in areas of low

actLvity.
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Appendix Table 1. Marsh Oceanographic Survey PosltionB

(All positional “North Iatf’tude’’-%st ~ngltude”)

Mumber 1At i tude Lorlglt’Jde
* o I

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2’7
28
29
30
31
32

35
36
37

●

0“
10 34
09 51
09 00
09 48
10 19
10 51
11 30
12 00
11 24
10 48
10 07
09 34
09 00
09 36
10 10
10 47
11 23
12 00
II 24
13 47
10 08
09 34
09 00
09 27
10 02
12 39
11 15
11 51
12 31
13 10
14 22
15 00
14 14
13 26
12 40
12 00
12 45

161 59
161 18
161 Oo
160 31
159 50
159 09
158 32
159 00
157 24
156 47
156 19
155 39
155 o~
154 24
153 42
;;: ;;

152 00
151 23
150 48
150 05
149 32
149 ao
148 17
147 30
146 57
lIW 26
145 5?
145 13
144 35
145 13
146 OJ
146 46
147 27
148 13
149 OJ
149 46

Rumber Latitude Longitude
! o !

o

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
63
61
62
63
64
65
66
67
68
63
70
71
72
73
74

13 33
14 20
14 14
13 29
12 44
12 00
12 38
13 15
13 51
14 26
15 00
14 24
13 46
13 10
12 30
12 00
IZ 36
13 15
13 50
14 35
15 00
14 08
13 12
12 23
II 32
10 49
10 00
11 3~
12 18
13 03
14 00
13 26
12 48
12 15
11 37
11 00
11 25

150 31
151

152
153
154
155
155
156
156
157
158
158
159
159
160
161
161

15
46
31
16
00
38
14
51
26
00
37

-r‘9
23
00
36

162 10
162 45
163 21
164 00
164 18
164 26
164 50
165 08
165 39
166 14
16’6 00
165 57
165 58
165 59
165 22
164 43
164 12
163 34
163 oo
162 30

DOE ARCHW=
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Appendix Table 2. Felative Fsdioactivity with Depth at Each

Marsh Station——

(Htghesz value at ebch depth taken as 1~0)

3tation Surface 25m 5om 100m 150m

1
2
3
4

2

;
9

10
11
12
13
1 ~+
15
16
17
18
19
20
21
22
23
24
:2

2’7
28
29
j;

32
33
34
35
36
~?
38
39
40
41
42
43

$;

100
100
100
lao
100
1’30
100
100
lCJO
193
139
10J
193
13J
190
10J
100
102
100
100
103
100
100
lQO
1co
133
lod
100
100
100
130
loo

100
150
100
100
100

62
61

1’0:
100
100
10!)
190
100

12
2.5
4.1
3*7

31
47
54
48
35
16

8.0
20
13
13
?7
12
12
14
17

3.G
8.9

5.3
4.6
7.4

22
11
37
;;

74
28
--

74
100

80
51
56
95
71
62
75

2.4
1.4
2.3
1.6
89
54
32
80
35

6.9
8.3

21
18

5*9
22
;;

9.9

52 i
9,0
8.C
7.3

9::
3.2
3.0
5*7
6.9
6.2

i;
48
44
--
.-
54
93
95
25
36
91J
74
60
65

8.3
1*J
.75
--

6?
7*5

140

4:;
5.3
4.2
3.4
2.9

8?;
7.6
3*5
5.1
1.4
1.3
3.3
9.3
5.3
1.9
.73
4.0
1.3
.14
4.0

20
14
35
15

-7.0
--
-15
58

100
-.67

13
8.7

31
7.0
6.1

4.3
● 73
1.0

-.75
4.8
3.2
8.8
5.0
5.8
3.2
4.1
2.8
2.7 ~
3.3
5.2
5.4
2.6
1.2
.41
1.0
2.0
4.2
4*1
6.2
6.2
.89
3.0
3.1

13
5.6

18
46
56
26

-lo

64
3.1

51
4.8

36
3.4
9.7



251n 53m 13om 150m
Stktlon Smface

52

53
54

62
(3
64
65
66
67
68
69
7J
71
72
73
74

103
103
1’30
100
100

69

103
46

100
83
95

100
40
77

100
84
. .

1 Jo
96
56
19
64
82
90

6::
13

100
68
93

100
93

10CI
10’3
87

1’)0
92
11

109

;;
130
133
130
100

75
46

100
13
32

3*5
-5.0
-7.6
-3.1
5.1
4,7
3.9
27
21
25

7.2
17

‘ 3i
16
77
44
61
57

.-
79
89
-42
7.1
72
48
?.8
19
100
100

3,7
-12
14

5.4
8,0

9.5
N
26
36

3.9
47

3.9
77
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Appendix Tebie 3. liel~ti’v-e Ra.?!.WZC2:-Y’:Zy wi:~iDe]th et Each

Walton Station——

(Highest value at ebch de~th taken as lJO)

Stirface 25m ~,~m 75 loom
~tatlon m

1 A
B
c
D
~

2A
B
c
D
E

3A
B
c
D
E

4A
B

:
E

5A
B
c
D
E

6A
B
c
D
E

7A
B
c
D
E
F

8A
B
c
D
E
F

3.6
1.6
100
103

94

100
98
49
50

1)0

78
31
34

1,~~
100

83
100
100
100
100

100
100
100
44

100

49
lJO

~8
100
130

lJJ
130
ldo

89
100
100

74
57
42

100
79

100

44
100
74
19

100
--

100
74

3.3
13

0
100

83
;:

0
1,0

73
11
76

~;

42
56
40

100
24
100
52
31

62
23
--
77
30
--

79
--
-.
--

100
--

100
0
47

8°1

81
71

100
100

63

102
--

100
X5
39

100

:9
0
26

13
78
31
31
35
54
18

7.7
55
32

33
23
81
82
‘?1
26

133
100
100

59
55
56

17
0.86

0
19

3*9

;5
4.7
3.3
5.4

109
0
0
18
34

50
0
45
32
39
12
47
61

130
24

8:$
19
34
33

73
15
--

100
52
--

14
--
--
--

24
--

104
--

0
0
0

10’3
8.6 <

--

3.8
12
71
55

2:;
24
12’
28

12
12

8.1
3,2
29
85

13
1.1

i:;
14
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Appendix Table 3. (continued)

251B 50m 75 m 100m
gt6tlon gurface

100 -- 12 --
9A

100 95 ;0
B

43 ii 100 ii 6.4
c

100 60 70 100 75
D

100 98 48 6.2 43
E

100 38 -- 28
F

--

10 A
-- ----

ii -- 100 -- G
B

29 19 -- 100
c

--
83 -- 100 -- 5.4

D
E 100 -- 58 -- ;~

F 100 -- 57 ‘-

.

i


