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Abstract.

islands of Bikini Atoll was conducted in
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An intensive radiological survey of the
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1967 for

the

purpose of determining the levels and components of the

external gamma radiation fields in this former nuclear ..

weapons testing area.

vary considerably from site to site and island to island

Total exposure rates were found to

with levels measured over soil ranging from less than 10

wr/hr to over 500 pr/hr.

Major contributors

<o

fields included !37Cs, ©°Co, 1235gb, and 1°92Wxn,

identified long-lived isomer of 1°2Rx.

A large

the radiation .

the recently

number of

other isotopes were identifiable in Ge(Li) spectra of soil

samples.
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subsequent-to the cessatlon of testzng actzvmtles.

"Bikini Atbll is the former weapons test area in the mid-
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An extensive radiation survey of the islands of Bikini '

Atoll has revealed several interesting feaztures of the

residual environmental radiation fields in & heavy local #5™«
® )
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1946 to 1958. The survey, conducted in May 1967, 1ncludeq_;3;
measurements of the external radiation levels and determlna-uwf'5
tion of the principal isotopes contributing to the total

external exposure rates on each island of the atoll. Because

of the high intensity cf the radiation fields generated by
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the tests, we were able to detect at the time of this survey

.t

gl

many long-lived fission and activation products which were
undetectable or unnoticed in previously surveyed fallout _'y;
areas because of their trace presence. It was also possible - o F

to relate the residual radiatioﬁ‘fields on the atoll to

various locatlons of test ground zeros, to meteorologlcal
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and to weatherlng and radloactlve decay processes occurrlng
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Bikini Atoll consists of some 15 islands and 2 island

complexes made up of a number of small interconnected islands

(Flg 1). The islands are located on & coral rim surrounding

a lagoon 22 m;les long and 13 miles wide. Total land area
of the atoll is 2.32 square miles. Over half the area is
included in the 3 largest'islandé, Bikini, Eneu, and Nam.

The largest island, Bikini, i¢ 2% miles long and £ mile wide. -+ 'wif

i
¥-

The techniques utilized on this survey were largely
those developed and used by tlie Zealth and Safety Laboratory

(HASL) for the past several years in conducting detailed e

L

investigations of the properties of the external radiation
environment in the United States (1). The prime instrumenta- Lo

tion used for the survey measurerents included & hich-pressure

ionization chamber, a NaI(Tl) field spectrometer system for

in situ y-ray spectrometry, and a number of hand-held survey ___

L 1a8

type instruments (G-M counters and scintillation detectors).

A total of 16 working days were spent on the atoll, but

& - s

because of the number of lslands to be surveyed and the‘ f?’i* '

EE

difficult logistical problems and environmental conditions_‘?
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The survey meters were first “fielé calibrated" at the prime : ,
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humidity, etc.), we restricted spectrize ~& ionization
chamber measurements to L& Zesrasentealilve lccations on the
main isliands of Bikini, Eneu, and Nam. The hand-held survey

meters were used for the remainder of the survey measurerents.”

.. - S LR ‘.'._..:.;.:,?}
. . - n . Lt T
measurement locaticns, i.e. tile survey meter readings were a
. . - ; aaie N .
compared with the more accurate iornization chamber and e =
TS

spectrometer measurements o chtain a calibzation factcer for

the particular gamma-ray sjhectrui enccintered In the Iield.
Tr.ese hand-held Instruments were tren uzed tc extend the survey
throughout tae ateoll., In this way the variacicocns in radiation -

levels frcm isgiand to Island and on Lniivicdeal isiands coulad

be stulied in some cetzil.

me - - R T g D omem - e D .
L2 eXTeIlal Galind Ialliatigll Leve-3 wefeg ICUna ©o vary

considerably from island to island around the atoll. It was -

possible, Lowever, to roughly cliassiZy most islands into one

of three general areas, characterized by the relative

1y
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exposure ractes and also the composition of the radiation
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fields. These areds are blast areas Immediately surrounding

.

the ground zeros of tests where the highest exposure rates - - i
i 5 -’7" :": I -~ : ﬁ‘;:;::. .T;:ﬁ;"::»:v : ‘
T T e -




O R . - O

- (6)
were measured, heavy fallout areas down-winé from the blast

~on-~oblast, low

fu)
[S )
181

areas with intermediz:. _ _.ure rater,

25 ware measured.

cr

fallout areas where the lowest exgosure ra

-
¥

The location, code name and year of each announced
nuclear weapons test (2) have been indicated on the map in
Fig. 1. PFrom the locations of the tests it can be seen that

zn tip of Eneman, Lomilik

.

the blast areas include the wesc

oo

near the center of the Aomen-Iroij Complex, and the north-
western reef near Nam. Since the prevailing winds in the
area are generally in a westerly or southwesterly direction,
the heavy fallout areas are primarily the islands of the
southwestern reef. There were exceptions to the normal
wind pattern, however, most notably for shot Bravo in 1954
when unexpected high altitude winds carried fallout eastward
t over Bikini Island and on to the Marshallese natives of
Rongelap Atoll. Thus some of the non-blast areas, which
include the islands of Bikini, Eneu, and the eastern half
of the Aerokoj-Eneman Complex, e#@erienced lesser but not

iﬁsignificant amounts of local fallout. The island of Eneu
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on the southeastern rim of the atoll was the most favorably

situated to avoid local fallout and exhibited some of the

. = .. lowest exposure rates measured (3-7 ux/nr).

- e kS v e

In addltlon to this ge“eral pattern of radiation levels

e T S

around the atoll considerable variation was found on

individual islands. Typically, the exposure rates on a

given island ranged from very low near the lagoon and ocean ~

shores to much h;gher near the center of the 1slanc. This
effect can be related to the density of vegetation and
thickness of organic soil layer. Near the shores the vege-
tation was sparse and the soil very sandy, conducive to
weathering and deeper penetration of fallout. Vegetation
was much more dense over the central parts of the islands,

3 where increased amounts of organic matter in the soil

1n£luenced the retentlon of fallout near the surface of the

. e e

B e e .

ground.

Flgure 2 shows a typ1cal radlatlon proflle for a surveysn»
- M’&"f"' - B S
transect across the m;ddle of Blklnl Island from the 1agoon

”:-shore to-the ocean beach Readlngs of the portable )
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sclntlllatlon counter were made every 50 ft. along thla
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ground from y-ray emitters’ip fhe'soil obtained from the

analysis of the field spectra and ionization chamber measure-

(8)

2850 ft. transect. Geiger counter readings were recorded
every 150 ft. Ionization chamber ané field spectrometer - ;
measurements were made near the beginning of the transect - .{

and at areas along the transect where the survey meters

indicated significantly high or low levels. The measuremenﬁh
points in fig.fzghave been enclosed in dotted lines to
illustrate the general nature of the variation in radiation
levels across the island. The exposure rates along the

transect and for Bikini Island in generzl were 20-40 uxr/hr

near the shore, 50-80 ur/hr in the interior, and up to 120 .
» o

et 7. N " .
pr/hr at scattered hot spots. The field spectrometer -é%;f
measurements showed the exposure rate levels on Bikini B S
. . Fﬁn -
Island to be dae primarily to three radionuclides, with s
F

about 75% of the exposure rate at a given site due to '27Cs,

15% to 8°Co, and 10% to *25gb. Natural emitters (uranium,
thorium, and pptassium) were almost entirely undetectable in;{ 

the field spectra. This is not surprising since the coral

soil of the atoll is predominately CaCO,. SR

N .
- W s
.- - e e o . -l

Represéntative exposure rates in air 1 meter above the

ments on Bikini, Zneu and Nam are given in Teble 1. The measure--
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31 ments‘on Bikini are for locations on the central transect '3??
. for which the radiation profile is given in Fig. 2. Exposure
rates from cosmic radiation (3.4 pr/hr) are not,included. “
More detalled data on the ﬁesS“*eMent of the radiation ]
fields on these islands as well as for fhe rest of the a;ell
are given in reference 3.  As indicated in the Table, the -
composition-of the radiation field on Eneu was cCuite similar f" ' ‘?’
to that of Bikini, i.e. predominantly 227Cs with some 5°Cs“r ’__;;;;;;;
b oyateewl
and 1258b, even thouch the exposure rate levels were much L
lower. The island of Nam, however, due to its proximity to 0 .
several test sites, had several properties of blast areas, ﬁ%\i
including nigher exposure rates and increased amounts of $°co "?;~
and '288b in the soil relative to 137Cs. -
To complement our field spectrometry on the larger
N islands and to characterize the composition of the radiation
. the atoll. These samples, whlch were obtalned in several
deptn increments, were analyzed énantitatively‘in the labor;.it 'Q;;% 
. atory by NaI(Tl) gamma spectrometry.and also qualltatlvely ;Jﬁ. ,.{*;:
) }be Ge(Ll) spectrometry wW'e‘w'ere thus able to obtain not‘ S Mﬁé
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only the activities of the major isotopes present but also
their depth distribution. We found that in high activity
areas most of the activity (2 or more) was usually in the <

top 2 to 3 iriches of soil. Because of the large local

-

variations in soil activity on all the islands it was not -

: ] :

& i : . . e o n

- possible to calculate accurate exposure rates in air from r?" .

: » i
the one or two soil samples obtained per site. Inasmuch as -.:

»

w o

& the field spectrometer and ionization chamber “"see" large e e,

areas (~30 feet :In diameter), they average out the local -

variations giving very reliable absolute exposure rates.

]

i - . . . 7
The soil samples proved very useful, however, Ifor identifying {?"

- and determnining relative activities of the isotopes present . &
which were then used to estimate the relative contributions i

of these isotopes to the exposure rates at the various
i sites (3). The relative exposure rate values obtained for

?- the same sites with the spectrometer-ionization chamber

system and from soil sample analysis agreed-quite well. fgff~

The com9031tlon of the radlatlon fleld determlned fram“*'*

-~

- B - >

¥ tHe soil samples and fleld spectrometry for low and 1nter-ﬁ

~ B vee o & i

Riet §

3 .. mediate falldut axeas dlf;ered con51derably from that for -
ey _ o =

blast areas. The hlgh contrlbutlon to the .exposure rate :;

0005T4b
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from 127Cs for Bikini Island was found typical of other non-

blast areas of the atoll. In blast areas, however, ¢°Co was

e W e

the dominant contributor to the exposure rate levels with

_1255bh also Quite prominant. The relatively minor contribution

v . ‘ .
7 of 137Cs compared to ®°Co and %25Sb in blast areas is quite
f significant and may be related to the types of weapons tests_
- - L - : 3 o
H : - v .
: conducted nearby. Many of these tests were conducted on . .. ..:
¥ barges and the resulting activation of 5°Co and ®°Ni in the. .
. steel of the barges account for the large amouant of ¢°Co
activity. : v
E . ‘ g“ 7
| The maximum exposure rates measured on Bikini Atoll in ﬁ-ﬂfv
1967, somewhat over 300 pr/hr, were in blast areas very near '{;
the ground zeros of tests. At one isolated area on West ;
Eneman near the grouhd zero for two surface tests we
i?__ measured an exposure rate just over 500 ur/hr.  Since
vegetation in that area was generally sparse and the organic
N content of the soils was quite low, weathering may be of
; some significance in reducing the radiation levels in these
. areas more fapidly;than in the more densely vegetated areas. '
div: K A s
t s » - - .
- Also the greater proportional contribution of the shorter- . .-
L
.
~ -
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lived ©°Co and 1285b relative to 137Cs to the exposure rates

in these areas will also cause the radiation levels to

i

decrease more rapidly with time.

o

f High resolution Ge(Li) spectrometry of soil samples > e h
allowed us to make detailed identification of the radio-
nuclides present at various sites around the atoll. The

spectra of Bikini Island soils ex:ibit very prominent 137Cs

H

: F”ﬂfe et 2o XY

and €°Co peaks, while peaks due to *255b and rhodium v o
[
‘isotopes are barely discernable above the background. Trace ;.
: . o
amounts of other isotcpes such as *55Fu, 152Eu and %41lam ol
10
are also evident. . o
.
y . o K>
The Ge (Li)} spectrum for a soil sample from Lomilik R
'

Island, a near ground zero blast area approximately in the

center of the Aomen-Iroij Complex, is shown in Fig. 3. The

|

exposure rate at this site was:several hundred ur/hr, due

Yoq

primarily to 8°Co (75%), with 128gb, 1°2WMRh; and 13%Cs

accounting roughly equally for the remainder. The prominent.;%

-

8%¢co peakéware’evident.in”Fig. 3, as are all the gamma-réy“ i

YW T g

“lines of 1285gb and the recently idehtified (4) 1dng'1ived ‘-}

- s -
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isomer (2.9 y) of rhodium which we have designated 1°2®rh., - . .

Peaks from 8855y, 52py, 241am, 14402, 1913% and S4!n are

. e . - . . . - . - AR i .o
also clearly identifizble. Several seaks in this spectrum

_have not yet been definitely icentiZied.

e . . ey

- . by

The composition of the 1"a.dzl.a.t:\.c:m field on Lukog, e‘};ﬁii-
heavy fallout area, is lndlcated by the Ge(Ll) spectrum éhowﬁiQ57 yew;=
in Figure 4. This densely - veg.cated island exhibited

exposure rates cf from 60 to 200 pr/hr. Approximately 60%

; of the =xposure rzte at the soil sampling site in the hicgh T
1 ©oi
; exposure rate interior of the island was from 8%co, 30% from »‘dg;*
; | 1255p and 1°2®mRh and the remainder principally from 37Cs. ”ﬁiffff
Again tke relatively large ®°Co and 1285gb activities ”.;;
Sy
relative .to *37Cs contrast with the Bikini Island situation. “%”
The peaks characteristic of °3™Rh are quite prominent in 7 '“:“f((

_Fig. 4Jalong with the 8°Co, !355b and 137Cs peaks. Also

easily identifiable are peaks from 341pm, *85Eu, 1°IRh,

1"“Ce am e szn .-“. e Lo . ' -ev - ws g ’;j‘h
LA o "?1' ) . SIS . r‘:.*'* C o ’ﬂ% ;
Cnoa : , o R
In addltlon to the 1sotqpes 1dent1f1ed in Flgs. 3 and IR
- RN . 4 . - e ¥
e

4 we detected a°"Bl.1n a soil sample from the Bravo crater

SRy el — S e 1'_
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'33Ba in a soil samnle from Nan Island.

Although most of

"the lsotopes 1dent1¢1ed are fam¢LuL,lo“3 i&éi*fiséioﬂ“”**

- s

(367 days), d 1"""Ce (284 days) or: frequently observed actl-b

m}w

! ~vation products such askB‘Mn (303wgays) and 'SZn (245 days),
E other isotopes such as 6°CO, 1°3mRh, 3%7Rji, isgﬁﬁ; éndwlgfzu'ﬁ
F:”' " are only rarely identified in environmental saﬁples,”pafticui f
H larly with such prominence as that displayed, for instanée, -

by the 7 intense lines of 1°2MRh ijidentifiable in Figure 4.

The appearance of 12 distinct lines of 25Sb in the soil

FUIE

sample spectrum in Fig. 3 is also quite uvnusual. '82Eu

;
hy
*
.

(12.7 years), an apparent activation product, has been found
previously (5) in Trinitite, an artifical mineral produced

in the first nuclear explosion in New Mexico in 1945. 3*°IRh
(3 years) and °3Rn’ (206 days5 are also actlﬁatlon‘produéﬁ;jj:j‘

1°2Rh is known to have_been used as a tracer material in

several weapons tests.‘ All but ﬁhe least intense gamma—ra'

B ST

- SRV ;,:r'"":g:‘:‘,;:;“ T e ',._,-_'::, - TR ;:, bt
has been 1dent1f1ed in- an-env1ronmenta1 sample (6)
> TR B R R o VS RN B
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The radiation situation on Bikini Atoll provided a

o e

unique opportunity for investigating an aged, relativelyv ‘”di_%;

intense fallout field. We were atle to relate most of the

~

features which we ocoserved on the atoll to the test locat.u:ns‘.~

<

,s.
:

and environmental conditions at and subsequent to the times

of the tests. A large number of fédionuclides;‘includinéh

B

several unusual for environmental samples, were found contri-

g buting to the wide range of external gamma radiation levels.

tilization ¢f the combination of ionization chaxber and

: field spectrometric measurements with laboratory Ge(Li) s
. :.’q )
spectrometry of soil samples proved to ke a very effective f;j
. . s . P
" metheg of analyzing this complex radiation environment. %

Surton G. 3Bennett i
Harold L. Beck

§~ Health and Safety Laboratory
U. S; Atomic Energy Commission

New York, N. Y.

.
:
‘
.

g

i
r
t P
2




g /) A
— - N - .
L - -—)
Yo h g mem Damdw Mt g . oI by . . - B g - B R - [ S — R PR —rar __....«o“....._“:

(16)

REFERZINCES AND NOTES

1. W. M. Lowder, H. L. Beck, W. J. Condon, Nature 202, 745

: (1964) ; - o

; H. L. Beck, W. J. Condon, W. M. Lowder, USAEC Report, -

: _ ' , ‘t;,

. HASL-150 (1964); g

¥ SO

g . .7?;;;1

;‘. Ho Lo BeCk, w- Mn LOWde:', Bo Gu Bennett, W. 'J- condon’

- st :

i USASC Report, EASL-170 (1566). L e

2. S. Glasstone, The EZfects of Nuclear Wesapons, USAEC (1962). o

3. H. L. Beck, 3. G. Bennett, T. . NcCraw, USAEC Report,

- .

- - . ..
E BEASL-190 (1967). -
: 4. 7. XK. McGowan, 2. E. Stelson, Phys. Rev. 123, 2131 (196l).
.

L. P. Salter, J. H. Harley, Science 148, 954 (1965).

C -
wn
L 3

6. The Ge(Li) analyses were carried out on an 8 cm® planar

detector. ' The Lomilik soil sample (Fig. 3) weighed ;06;23

Lt A e, T

gm and was counted for 923 minutes. The Lukoj.sample --.
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The 1967 Bikini environmental survey was sponsored by the
Division of Biology ané Mec: cine of the U. S. Atomic .

Energy Commission. The survey was conducted very much

as a team effort by a1l members of the'survey team. We, 1

P N : CoEe

L

therefore,'acknowledge the essentlal contributions of

N -

Edward HEld, University of Washlngton Marlne Radloblologlst,
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the survey leader; his asszstant, Robert Erickson, Tommymi

McCraw, USAREC Division of Operational Safety; Arnold

Joseph, USAZC Division of Biology and Medicine; Jack Tobin,

i

er

Former Trust Territory PDistrict Anthropologist; James

;
§ Hiyane, Trust Territory District Agriculturist; and
:
: Francis Tomnovek ané Zdward Jones, U. S. Naval Radio-
logical Defense Laboratory. .
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Table 1. ixt.rnal gamma exp03ﬁre rates and major contributoxﬁ to the radiation fields at

5
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representative locations on Bikini, Eneu, and Nam. The sums of the component exposure

. ' e
. . AR

S o A TP . Y e
Sequy ..

rates, obl.iined with the field spectrometer, are compared with the total exposure rates ‘ ‘ ‘1
obtaincd with the ionization chamber. p
- B P S e — RSP . - — “: Ei" !
o N Txposure Roates (u,r/hr) e S i
3 e Cornp011e=11ts . ) Total e gk i
Field Ionization Gy ?.%.;
Loc ﬂ:lon ‘ 137Cg 89¢co 126gh Spectrometer  Chawber g ot
e - e e , cab ol
Blklrll v S r I
T R o
Near lagoon shore . 19.0 (77%) 3.0 (12%) 2.8 (11%) - 24,8 " ' 24.0 8 !t,."
’#2 50' along transect 17.8 (70%) 2.4 (10%) 2.7 (12%) 22,9 o228 ot
: ‘ ’ \ "’.‘.i ' .vl:
. _; g
| ##3 50' along transect 18.9 (78%) 2.1 (9%) 3.3 (14%) 24,3 25,0 N A ‘
(in brush) . h ii’
: - - - il
| #5 300° 22.8 (61%)  11.3 (30%) 3,5 (9%) 37,6  4l.2 — ,*-i;
i : T NI
D ! #6 400' 27.2 (62%) 12.5 (29%) 4.0 (9%) 43.7 o 47,5 b
.g ' ‘ . ‘“ . 3ot 3
; *1 #7 1800° 83.6 (74%) 19.5 (17%)  10.3 (9%) 113.4 - - 103.2 o IR
: ; . o a ..‘,“;- o , T
L #8 1410 28.1 (76%) 4.9 (13%) 3.8 (10%) 36.8 © 36,1 g
: ; y
i", ' ;
| .
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n
. ! '-§
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NS P
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.Eneu o ‘

»'#1 300' inland -
! mid-island ,
#2 1200 north of #1

i

.i‘.

¥
- Nam

41 Near lagoon shore

Yo
g

-

#2 Island centor :

Ve

e

#3 Near n.e., corner

!

31 (78%)

3.0 (63%)

18.1 (50%)
25.8 (39%)

60.6 (33%)
: :

i
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! b
o
o
L%
' 3
, :
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¥ r
| 3
. i

.5 (12%)

1.5 (31%)

17.2 (48%)
39.4 (59%)

119.5 (66%)
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.4 (10%)
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1.1 (2%)

2.0 (1%)
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Fig. 1. Bikini Atoll showing locations with code names and

years of nuclear weapons tests.

-

P, e

- Fig. 2. .Bxposure rate profile of a survey transect across . . . .. ..

-

central Bikini Island. Points are scintillation detector

are ionization chamber measuremnents. -
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Fig. 3. Ge(Li) spectrum with peak identification and

:
i approximate energies in keV of a soil sample taken from
' Lomilik Island, a blast area near the ground zeros of several
r moxe recent tests on the Aomen-Iroij Complex.
: , -
Fig. 4. Ge(Li) spectrum with peak identification and D

approximate energies in keV of a scoil sample taken from

Lukoj Island, a heavy fallout area on the southwestern rim

of the atOll. . . i - Lo . . . : ‘ "‘ ~' T =




i B Ao b S A ode a4 WA WS tv

Conmpanere AW

&>

1%! \' -
T

-! . ; :.-

BRAVO {1
ROL. .‘_0' 1
K |'I \)0
SYCLIC:: 50
ASPER! Lo
CEDA:

-~ POPL.AL GO

-
B ﬂ

.\O“E N
ADPH m\”’

JELEWVE ¢
LU

BIKIE 7

TUVA GG

"
URIOK O “.-
YARKREL <

CHYRO i~

I!"\" !‘O 0

LAPLE O3
REDVIO ! OO

1100,! 5%

‘A, '!-.-J

““Il
R
e

~ay A\.}
(
~

e
M

\I ’d

(i
vt t..l\ \.'\.:

L0

-l

AOL
II\OIJ

\\CQLPL

SN

D
As a6
BAYER 48
FLATHEAD 56
DAIZOTA 56

lO[f.l'.L.i'.H \
CERTALON

r‘}' RS’
T R
: it."lﬂ .,!.’I ¢

N . ) .
A ” I\A: RN (:‘:'.‘ .(\J
| ERNLGST iy
TeALS COLLEY
— - J
NAUTICAL MILES ’ .
.ll' : n 5i.§§l . (Sl K
5005157 B b,




e ———a e

s Lt ke s O e i
e R b SRR T . AL T e > - -

3

e

-

o erEa—

.

=

P?ﬁthg{ﬁﬁja¥?,:iﬂ,¢‘ég‘7

o .~

“RATE (

_EXPOSURE

Vi

!5«1“'

P
o

e

LA ol
- .

o

~
L

G

(o]
®)

.
e

-

i '

LG
LRl '
1

e T LR S

R

Impoa b
LOC3 o

Foay?

e - ok g .

&
L.OC.0

6
ocr

) ind

2005758

Q»,ﬁ'ISTI\NCE ALONG 'I'RN\]G;EC;T IEEr)

T

L heo. - a N
1200 1500 1800 2100 : &4 -

N

{ 'i" T !' ;;’l;w

ad

i




i AR ofL IR v o - ~p e - New
if
' ! !
i
' P
l '
M‘CQ s, . .
10z 1334 76 i N
E“ / '{" L, . 8
e . (. ts, N .
101 A e w4 A (1 R # A ;
L B LT Ry 427 . , a S
1 I ot SRR I * st B ‘ ) }
7 wogy i ; ;
: o s R , ‘.
*"Rh 5y A 3
are gg‘l 613 mc: : ) : ( -~
€61, ‘80 Y !
- *“Co 60 ‘ LA
/ vz, § g TR mc:l : " .
e 2l . ! T
‘ 1"(19 4 ¥ coq g
51Mn : ) 3 ; i
i - ch . s SR
833 lo!ll“h ;i ! ! 1 Lo
(. i i C i
| 1040 i ¢ { ) & R ;E ;
" A A/‘L A ~ ‘ | : E "i’l
~ va'- ‘
' 3
4 L
oot Cd :
ey R | 3
e T o4 1
S ) =y : : :
.e s W N ' ) X
' . sl ! 4 . ‘
IS .;f‘ 5 .
Ve ‘02 u § . , - ( ‘l
E . o/
) ; Hl‘L”( :
| ; L,
d e \ :
! & ! N
i :; 4{3\ x); '
l Y ‘J““—‘sbl
2500 8 00

1500
CHANNEL




- LUIKOJ

B T W

“703
6616
0Zmpt
690
T6T

4” L mw mmﬁm

O

R ]
H \
g |
O
: .
!

$9¢o 2

13325

1k el

e .y

——

soo .

.. 2005760

1500
CHANNEL

T L

-

N R T R VU V- SN APELE

————— - — Y} P — o - — g




