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ABSTRACT

The MATHEW-~ADPIC code suite has been extensively modified to give the
total external dose from the detonation of the Castle-Bravo nuclear test at Bikini
Atoll until evacuation of the inhabitants of neardy atolls. The advantages of this
coce suite is that it uses all the observed winds (in a mass-corservation sense) at and
after the detonation to provide dose rates and doses due to passage of the debris
cloud and to the time-integrated deposition up to evacuation time. Previous
assessments have given thé fallout pattern (deposition only) at time H+l hours.

The present code formulation gives excellent agreement with the estimated
total external dose (based on measuremeants) to oeople on Rongelap and ailinginae

atolls.
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INTRODUCTION

Operation Castle was an atmospheric nuciear test series conducted in th=z

Marshall slands from Mareh to May of 1954, The most notorious test of the series

n

thermonuclear explosive. The top of the resultant

[t]

debris cloud reached to nearly 33 km at stabilization time.

was Bravo, a 15 megaton

Because of an unexpected shift in mid-tropospheric wind directions following
detonation of Bravo, the fallout pattern, instead of heading in the predicted
northeast direction, had an easterly alignment. As a result, persons on the atolls of
Rongelap and Rongerik were exposed to relatively high levels of fallout from the
nnelear explosion. Prompt action was taken by U. S. Task Force personnel to}:‘
evacuate the natives of these islands. Some of the natives on Rongelap, the closest
to the detonation point, suffered temporary nausea and minor skin burns. None
axnibited any medium or long term effects from their exposure.

However, after about 10 years, those Rongelap natives, who were young
children in 1954 developed non-maligment nodules on their thyroid glands. Since
then tne occurrence of similar nodules among the Utirik natives has been reported.
The rate of occurrence has been higher than would be expected statistically. The
purpose of this report is to calculate deposition and surface air concentration plots,
using a three~dimensional particle~-in-cell suite of codes to estimate the doses at the
islands from which the natives were evacuated. We will also consider the dose from
cainout as part of the deoris cloud crossed the atolls. Finally, the calculated time
~istorv of air concentrations on the downwind islands will be presented for several

nuelides.



Sayveral fallout pitterns for Casile Bravo were prepared in tre2 [at2 430,
Some of the better known patterns apoear in Rel. | and were pr2oaraed oy [4) the Alc
Foree Special Weapons Project, (b) the Naval Radiological Defenss Laooratory, and
(c) the Rand Corporation. A comparison of these three patterns shows significant
differences in the maximum dose rates, as well as the shapes of the contours. This
is due in large part to the supjectivity involved in the calculations. Portions of the
AFSWP and NRDL contours were based on dose rate measurements at Rongelap,
Rongerik, and Utirik, as well as a crude estimate of the dose rate received by the
Japanese fishing ship, the Lucky Dragon. The remainder of these patterns were
obtained using the observed winds in a subjective manner to bend the pattern and
achieve an approximate mass balance.

The Rand contours used estimated winds between Bikini and Rongelap. These
winds were obtained from interpolation of streamline analyses at several levels ati
different times.

By contrast, the altered versions of the MATHEW-ADPIC codes used ia this
report allow us to use the observed winds at diffarent locations and different times
after detonation. No artificial bending of the pattern is required. The only
subjectivity lies in the selection of code input parameters. At all times, the codes

automaticaily assure conservation of mass.

COMPUTER CODES
The suite of codes developed for the Atmospheric Release Advisory Capability
(ARAC) were extensively modified in order to incorporate a larger number of upper
air wind levels. All prior uses of the codes have been to handle caleulations for
releases that did not rise higher than a few kilometers. Also, the standard ARAC
codes do not involve sophisticated gravitational fall velocity calculations, nor do

thev include time-~integrated denosition.
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adjust aaserved winds, using variztional anaivsis methods, 50 as to conserve mss3
from cell to cell. After modification, all ohserved uoper air wind data trem 19 m o
35 kxm were entered &3 input. This 'was done for four time pericds, using winds for
one to three observing stations for each time. The oovious advantages of this code
(over most other fallout codes) is that mass is not permitted to accumulate in any of
the cells and winas are available for each 3-D cell intersection for four times.

The MATHEW winds are used then by the modified ADP[C[:” particle=in-cell
code to calculate the transport, diffusion, and deposition of an instantaneous
source. Modifieations required of ADPIC, to handle the Bravo test, consisted of
allowing more upper air input than is used in typical ARAC assessments.
Furthermore, since particles falling from the stratosphere undergn a larg2 increase *
in air density, it was necessary to add a turbulent wake correction to the larger

] QOther

. . . (4
particles; this correction follows the method set forth by MeDonald.
modificaticns were to incorporate a tronical atmosphere into the fall velocity
calcuations and to make the particle activity increase as the cube of particie

racius. Finally, time-integrated cdeposition was acded; this allows calculation of the

total dose from detonation time to evacuation.



INPCT DATA

Surface metsorological vbservations were avaiiaole {rom some atolls anc from
the U.S.S. Curtiss which eruised south of Bikini; however, since the larger particlas
fall rapicly from the debris cloud to the surface and spend little time near the
surface, not many surface reports were used. Of far greater importance are the
upp=r air wind oéservations taken at four sites near Bikini atoll. Other signiticant
input data consisted of a flat topograohy, cell sizes of 34 km (east-west) by 17 km
(morth-south}, and 1 km in the verticali, stem and cap debris cloud geometries at

stabilization time, source rates for both gross fission products and selected

individual nuclides, and particle size spectrum parameters.

CALCULATIONS

Gross Fission Produc*s

The time-intzgrated external dose pattern (in rads) due to gross f[ission
oroduets from detonation time to evacuation time of Rogelap atoll (51 hours) ure
shown in Fig. 1. The numbers next to Ailinginae, Rongerik, and Ulirik atolls are
integrated values up to the time people were evacuated from those atolls.

, ) .3
For comparison, the wvalue of total dose, estimated by DunnmgJJ and

Strauss[al are given in Table 1. Note that the agreement s very good for
Rongelap and Ailinzinae atolls. However, calculations for Rongerik and Utirik are
1t odds with earlier estimates. The code calculaticns for Rongerik are higher, while
those for Utirik are lower. This variation appaars to he in part a probliem of
"tuning'; also a possible variation in wind directions and speeds at late times when

the onlv wind observations were from the U.S.S. Curtis, soutn of Bikini (some

distance from the atolls of concern) may be an explanation.



Tadie L. Comparison of gross fission precduct total axtacnal doses iov
computer calculations vs. estimates by Durm'mg101 wnd

Strauss-?
Presant Provious
Evacuation Time Calculations Estimates

Atoll (hours) (racs) (roentgens) Rel.
Rongelap

(northern part) 51 1300 2000 (8]
Fongelad

(southeastern part) 51 110 173 (5]
Ailinginae

(Sifo [sland) 53 24 <100 (5]
Rongerik

(southeastern part) 30 340 78 (5]
Utirik 78 0.33 10 (3]

With the mcdified MATHEW-ADPIC code suite, it is possible to calculate the
instantaneous immersion cose rate from gross fission products as a function of
time. Tnis can be done for any time inteval. Figures 2a to 2f show surface
immersion dose rate contours for every three hours from one hour after Bravo cloud
stabilization time to H+16 hours. Note that after an easterly traverse, most of the
cabris reaches the trade wind level; the contour pattern moves south and finally
toward the southwest.

[ndivicual Nueliczs

Calculations were mace of instantaneous and time-integrated concentrations
at 2 m adove the surface f{or the several atolls affected by Castle-Bravo. The
nuclides considzred were Te-129, [-131, I[-133, Cs-137, and Eu-135. These
caleulations agree well with observations at Rongelap and Ailinginae atolls, but are
too high at Rongerik and too low at Utirtk atoll. The surface concentrations for
Dongalaz, Soth the northern and southeastern parts of the atoll, and for Ailiginae

Atoll are oresented in Figures 3a to 5e. The time of arrival of the first Bravo debris

i3 in agreement with reports made by the inhabitants.



REPORTS OF RAIN DURINT BRAVO FALLQUT

Transeripts of post-detonation briefings suggest that seil-induced rainout
ocecurred for a short time aftec Bravo was detanated. The crew of the Japanese
fishing ship, No. 53 Fukura Maru (Lucky Dragon), while fishing downwind just outsice
the exclusion zone, noted that the initial {allout on their ship was azcompanied by "a
light rain or drizzle."”] it s unlikely that this was a continuaticn of the
self-induced rainout, some two or more hours after Bravo's cetonation; it was
orobably a natural rain system superimposed on the debris cloud.

Another report of rain during Bravo fallout was made by a group of Rongelap
natives after evacuation.[gl They lived in Rongelap Village, on the southern part
of Rongelap Atoll, and stated that it "rained a little” during the aiternoon of March
Ist.

(8] who had

Another interview with an American Air Force radioc operator
seen on Rongerik Atoll prior to evacuation disclosed that '"rain commenced about
2100 [LST] and continued for 30 minutes."”

Finally, the S. S. Roque, owned by Micronesian Lines, le{t Kwajalein at 0843
LST and arrived at Utirik at about! noon on March 2, 1954, The ship left Utirik
(apparently a few days later) and arrive at Majuro Atoll on March 7. A radiological
survev at Majuro disclosed radiation readings of 10 to 30 mr/h on March 7. The
ship's captain mentioned that he had encountered rain squalls during his voyage, but
was not specific about where or when. It appears certain that the S. S. Rogue
encountered Bravo fallout, possibly accompanied by rain showers, either whiie
approaching or while in harbor at Utirik. If 10 mr/h are "grown back"” to five or six

days earlier (when the Bravo debris cloud passed near Utirik), the dose rate is

2stimated at about 100 mr/h.



SUMMARY AND CONCLUSIONS

Extensive modification of the MATHEW-ADPIC code suite has procuced
contours of Castle Bravo accumulated and timse-integrated depositicn for
fission products, Through the use of dose conversion factors, these contours have
been convler:ed to cdose rates and total doses up to the time of evacuation from the
atolls affected by the debris cloud. [n addition, both instantaneocus and
time-integrated surface concentrations have besn calculated. For the nearest
atolls, the calculations agree well with the measurements and total cdose estimates
based on these measurements. At the more cistant atolls the agreement is not as
good, indicating the need for more "tuning" of the code input parameters. _

The internal dose to the inhabitants of the affected 2tolls have not heen made
in this report. Interviews with natives of Rongelap Village and Ailinginae[SJ
indicate that manv people ate fresh seafood and drank water from cisterns following
contamination of their islands. Although there is no direct evidence that those at
Utirix ate and crank contaminated food and water, it seems likely that thev did
since the dry deposition from Bravo was consicerably less than at atolls to the west.
However, the previous section indicated that rain probably accurred during the time
of fallout. This would result in wet deposition, producing local doses 10 to 30 times
greater than in those areas where rain did not occur. This effect could have

resulted in develooment of thyroid nodules in those Utirik resicdents who consumed

contaminated food and water.
REFERENCES

l. Hawthorne, Howard A., Ed., "Comoilation ¢of Local Fallout Data ifrom Test
Detonations 1943-1942 Extracted from DASA 1251," Vol. Il - Qceanic U. S.
Tests, DN A 1251-2-EX, DASIAC, Santa Barnara, A 941072, May 1979



Sherm-n, Christine AL, "A Mass-Consistent Model tor Wind Fields over
Complzx Terruin," J. aool. Jlat2cr., Vol 17, No. 3, p2. 312-314.

De Larze, Rolf, "ADPIC - A Three-Dimensional Particle~In-Cell Mocal for the
Disoersal of Atmospneric Pollutants and its Comparison to Regional Tracer
Stucies," J. Aonl. Meteor., Vol. 17, No. 3, pp. 320-329.

+. \leDonald, Jamas E., "An Ald to Computation of Terminal Fall Velocities of
Spheres," J. of Meteor., Vol. 17, No. 2, po. 453-463.

3. Dunnring, Gordon M., "Protective and Remedial Measures Taken Following
Three Incidents of Fallout,” in Proceedings of A Symposium on Raciological
Protection of the Public in A Nuclear Mass Disaster, Interlaken, Switzarland,
25 May - 1 June 1968,

6. Strauss, Lewis, Statement made at hearings of the Joint Commities on Atomic
Energy, June 4-7, 1957.

7. Lapp, Ralph E., The Vovage of the Luckv Dragzon, Harper and Brothers, New
York, NY, 1938.

3. Sharp, Robert, "Exposure of Marshall Islanders and American Military©
Personnel to Fallout,” WT-933, Operation Castle - Project 4.1 Adcderdum,
Aoril 1357,

KRP:cIm:0064E

DISTRIBCTION:

Edward Lessard

Bldgz 335

3rcokhaven National Laboratory
Upton, NY 11373

_I_nternal;
J. B. Krox

VM. H. Dickerson
P. H. Gudiksen



: . 1307l BRzziz i, Mon
} — 3.8Q0z+3%==03 3.1342-33 .
i PR .~ !
| 2.22E+33==08 1.1g8iz-3+4
- - _ - e - [agfenlion .
HEPRE “1 3.8QE+827=CS5 2.7522-2x=
]
| 3.282+5.-30S S.283=-g=
i 3.202-823R13 7.2237-2%
camq 2.292-¢:==30S 9.:55?2%
iCec. = 3.28=-0275323 1.208=-0%
ot o~ )
} 2.08E-8ZRACS 1.2322+35
!
>
“.SZ'Z- - l
| |
i V3N . . - + - he .
i 1B4E 1652 1558 187 1828 (632 173€
l‘xZZ. - - !
! |
| i
I ‘ i
-l e -‘ .
| j
‘l 1
! !
cnma ] .
Ll lw s —‘ '
| i
' . ‘ i
o teN . Quotre . . ’h . !
PPN VN VY . i
j LiK:z? WgTuE }
! —
Aa~ JRE («3
cll. ~ N . R . . ER (KT ‘
i 184€ 165€ 188E 1658 178
|
3cz. -
i
L l
; i 4 [ [ T L T T Ny
- ~ - ] ! e ¥alal
o, 2a. 522. 53¢ /928. 23¢9, g3, _ 12272. 1129 1200,
oo [ ol Py T g - o
ZRCy0 OREIK TN DNISG, DEP -'S/05/81 MAX- 9.21c+-24
CAP+STEM 32550 CN BJeZ 3/ 1/5%
INTEG.DEF. =T Z.M oxPECTED AT 3/ 2/34 557
Figure 1. Castles Bravo time-integrated =xternal garma dose from gro=s

fission products.
time from Rongelap.

Contours are for an H+51 hour evacuation
Numbers added for othar atolls are

integrated to the appropriate evacuation time for those atolls.



; | [SoFLETH SJRES (ST, ML)
? 3.835-34%/H3 1.5752-23
: ‘ 3.80=-223/HR 2.15€=+33
el - 3.92€-257/H3 5.2002-23
: Z.882-373/HR £.32022-33
;
E
1Z00. 4
PRy D)
‘ LBN - * - * *
1645 185€ 155E 1578 1532 1832 1788
L’.s_«:". —‘
f £1453 :
i v
I 12N . N . . - .
| \/ g«;za:(\ &raie
; - o g S
i LN . SILINGINAE o . . KR
P ] !
1222, - FONGELRP
nug
cma ign . Yoo . . k .
|
1223, 4 o AN . sﬁus-‘:5
ﬁ 154E 16SE 1888 1632 V738
‘,
i
| T 1 i T "’ T i ‘)_‘1
207 408, S720. 520. 703, 8¢2. _ S23. _ 12@8. 1160, 12¢0.
ERIVC CTrZIK ON iNl:G. DEP - 5/07/81 MAX- 5.20Z-C4
222+ ST BRSED ON 18457 2/28/5%
TNST 203 AT 2 M EXPECTED ST 2/23/5% 19us57

Castle 3ravo instantaneous =xt
from gross fission products.

ar
Ti

rnal gamma dossa

rate contours

me is H+1 hour.



A/R7
/

=
~
-~
-
~

e ey
205 -4
ART
Lo

™M

i
sy

(LN
o

1ty
1)
N

i)
e
0

EIKPR

=)
-2
)

.4

CIRIK
AL

-

'
A

T

[

[0 8

. )

. o

Fe

LS )

a.
it
a
Z
Q
z
=
i)
e
I
L)
rd

-

(@)

r

o

.

tioan
P

Doy

uj
Yl
o
*
Z e
b m
o
oo+ 2
‘£
il
1. ~

w
@
(VRSN
[e¥
<
7
wl
W
+ 8
td
e R
o 0
1 | I
rQ [N
rJ €2
¢ (9))

RSN

[Nl
-

44
[ip)

[08)
[}

)
M)
n
[N
cJ
=)

1
!

PEERID]

89

9]
LN

—pa

(|

o1
1P
@
CJ

(&N

hours.

H+a

e is

ot tim

Za, exce

ig.

v

Same as

Figure 2b.



PRSI T e L 1 .
R SN R S R
N+ 4+ ™
Lo g uld ) ()
S~ € D
Y OY (O 0y »
0y M oy O ay
(7 Y — O .
1) B mu
(U m wil {0
o u v > o 0] -
LIS 3 W G B
! ! _J:— S5 N\ “
) zﬂ = " .
N S a e
8 Do iy SR o 4 .mw
SRR a R
o s e sl o 1 ]
e m s wi !
TN R0 & ! . o o
e I I v * * w 1
Ll g S~
RSN R RS Q.
N MWV TN
) ¢ o« s 53]
) et vt =t o .
—t _& ot ws >L
b o) ﬁh
,® ‘ b= =
.w .
1 ~ RS fd
S Y4 ) T
\ ) oy
e us
o S
0 ' W P . -
rmw )
~
71 -4
m ~
B 3 9 «
Ire] et .
AR [zad ust s (SRl
<« o 3
Jos) O™~ W
&“ I~ b=
3 @
~ O
s w ~ N
] ﬁ . [QVIRERI
o PR . w RN b~
. o + M . &)
[FRIAE AN W]
iy o
() »=1
o) L)
QN
- P - 2 - (N b
LAY 3 i ) o o RN
A . i n et
1 1 " i - ! | | i [ 1 -
- - . - . . . - - )
[ ) (2 ) ) (1 ) € ) A
r) r t) r) ) [ [ € () oon. )
[ {0) 11 - ) [ON - [@R] 1} a oo LT
— - — — o — . e Ny () v-«

hours.

xcept tima is H+7

o

2a,

Fig.

Iy

Sane as



T e :
b SRS I SN N1 ©)
N + 4 + e
[SU N RN J
- U O W . —
CION YU ’
(ST B S ST T8}
(1. e NN M N
g LB
[ . ®
r "l § -
~3 - ra ot
[ N - t
[ St @ o
0 oo a :
0 -
T T LI -5
NS N SEN
(V. (C 02 Q° T
1) (O [~ O w s _
J B ot N S IS B N ) 34 m el
— »© o D
ul uJ ) uldw o~
BN SE S NSNS .
.Yy ™A (W0
) . . . . (8]
DO MmMmM .
" w = us ><
01 a:
st w o, © 3
m.m .
% 8
R - w
b’ mn 1
1 e
"
. 9 . ,
! | rxm
[wN] Ny
- -
~.
W w m
2 8 :
L wt — | €3
o et o
o (O™ N
§ - S5 -
) ay
~N O
o o w N )
L oo
, o , © AR [y
- - (& [4D)]
0. N
ultn a.
O -
o) 1)
. . 0
LI l -——
PR X ra ) P Pd 1 N b
& i ~N . : 3 »W. O Gy A
IO b . - e aﬂ_ (VAN
.\ 0 ﬂ u
"wi
- RARYS)
R e
ry M@
- ,/\\
T
bt <
AT
1!
- - - - [ IR SR
i | f | i i I 1 i Y
. . - - . - - - . )
[} (@] [ r) ) (] (3] ) ) ety
t) [ () r, r) (] ro r) ry AN T
I «) [10] e [AR] [§N] ' [QF] h [ S I
. - o T .t B ' 1YY () e

except time is H+4+1l0 hours.

rig. 2a,

-

Same as

Figure 24.



32/H3
243

Y

223-2

1ECC.

B . e — e ——— —_ ———

|
LuiN}
N
W ——4t
| C
e us =
It =1 =
WY = 1w =
—~ % m AR
.- " wM —
< .
&
n. 118
rQt
" s
1% |
1l - W N
s w . - Yow 1
SO\
Y .
[ e\
[82)
.
b S X
o2 + Mo ow 3
i .
[ S ]
,Wv\muw S
> O
w w
o a
+* t—u * + — v
xQ
B
~
td W)
o« m .
2 L3 wt »1.... PR
@ T 3
- (Y™~ 1N
R - N
(S
~~
w - U~
: ; < m
, o . , | e
— hnd (o]
wn. rd
il Q2
[Sn S ]
Lt
s W - - z ~ ¥ (D
[SRRTES N p =) M i DNy =
- ea iy — — — [ SNy IS
D
v ()
ul
W
OOa
|y, D
ro Y
o)t )]
tl =
R
- i
‘w!!ll,\.—u‘J . 1|\\— - - P — .- !‘»—‘.\ .|r..|v1rn—v|,r1: N _ - - ——m o ﬁ' v;
mn
. . . - . . [
[gn] (g ) r) (G| ry . 4
L} t ) {3 ) ) 0
i b M) N . ) [6]] [
- o — v vt ay O

except tirme is H+13 hours.

'/SY4
23,

3/

Same as rig.

-
re2 .

Figu



e RoXie! .
ol o8 I S Tzl o 3
N | 0
(TNRIRREY Ry o T
£ 20D AN “ -
U DD ol
O3 0) e e [~
.‘“ ONF (7Y vy o8 N
il _C)
fad e "l r-
& i ¢ N V! 3~ ) -
? vy a. IS ra -
. ~.|. o » HM I Mt 13 -t Qﬂﬂ“ .».
Vo ) bt
4 /m = tc .
a’: a. o o ﬁ~ (o )
L L X "
LT NN Mnx GMU_»
[ e L b bt o
F— g (i ry i bt w !
BRI i TS xR » 0 , m td
IS I U | + 0 4 + 10 o
BERINRIWE PN IY] N
HECES R RS cY .
0.0t ates
(g} . . . . Qv
MMM '
it w >
& Ek
P + . a
A% -
4 o r
> r
9 o0 ww
= o]
w -
h
0 + +
A .
e i
(S5 ol
P .
W -
m%
3 ~
o
1% .N [T )
& ‘i @ :
b o * [ wt = [
. : (B2
e } 49}
\\ t~ s b=
R — U
. ~
W 2 u Uy~ (7
tr v ”: N oy 1)
L O S . v - ! 0
L. Tt
) 9 0.
120 )
u W
- ) I} 3
Z 1 7 i P P Enl
™M (0 o~ -— LS ) (12} [{s]
{ T R I [ 1 i 1 Voo |
€ r r) ) ts ) ) ) )
) r. ) 3 & ) (s &) )
- o tn X M ' - 58] 1
-— .- -—— .4 -2 -t - 0

is H+16 hours.

~ne

K

excent t

2a,

Same as fig.

Figure 2f.



‘6T -WMTINTIOY ST aprionu ayy,
UJI9Yy3I0U 10J SUOTIEAJUDIUOD ATE 3DPFINS pdreibdjui-swl] puep SNODULRIUR]ISUT OADIAg DTISED

Sk -~ AWy

prrr———— ﬂ — ‘N_<. — .MJ<44. 40 ol
T
g9
201
|01

ot * PV VU W U VA GET Y S S S SO S S S MU—

E.‘W/ S=1D - NAXNIINIONCGD JT3IWIOILNT - Il

81

*derouoy jo 3aed

—4444‘44

‘eg oanbryg

="
!

0

Ql

21

[

-

eW/ 10 = MOLRANIDNGD SNOINYLNVLSN



- 17 -

‘1ET~9UTpPOT ST opTronu 3daoxs ‘eg “H1g se sweg °qg aanbTJg
S3H - 3IwlLL

S¥H ~ 3IwWiL

<IN SNSRI TN J
b

e 9!

) l_lu_ Q1
P S VUL YU SO S YU PR VT S S0 S SO S S % al

NoLL ORIl NIFONGCD TSI DILNIT ~Twil

gw/s-la

c B 24 9 a)
_J B R
- ]
| o
|
ﬁ _L 3
=
1

[

)

9l

ol

al

NOLyAL NIOMNO S SN O3] Nt NYLSNT

eW/1o



- 138 -

‘CET-OUTPOT BT IpTTonU 3dooxs ‘vg "HYJ Se swws °*of ainbyg

SIH -~ BwWlL

T 31 7l Q
A A Rt Mt enten conal e 4 v B Anie 4 At 4 L4 Lt 4 1}%«1 v ¥ TO—
g9l
2.9
_ao_
- —— . |
ﬁ. [ VOIRNY PRI IPUN WY VNS ISV VUV DI DIROF SN USRS SR | s el | —) A A 2 .’LL‘ 0‘

~ NOILGALNIONGD JUNIDUNI-TNI L

W/ 510

I N ° 0

SdH - IWLL

P

)

| e o R BT SO I O e ey VRUSY SRS Wy W ~

t

0
e\v/ 1D - NOILYMANIONGD  SNOINVINYLSIYY

aj
-



‘w.

LET~unTsad aprionu 3dooxo ‘eg *brg sv suvg ‘pg soanbi g
SIH —~  IwWLL s3IH ~ Bwiy
c 21 2 ) Q bz 5] 2 2 0
ESk e sobel R Seans ok Sila seens Saties Sasut St aeume Sebees Shnh St Suh Semn Lasm Senth anents St Seaat S o o— it fuen g L S A Biten Secth AMGs Smas mnes Snat aame | DM SE Shiens maesfunus Shane 1
I
-
z
-
" 21-0!
| |0~ m ‘_ -~
Y
% )
N e ey
Y m
D
4
M. o0l
_ LT
0
!
] 2
'
3 .
w
I
- PR R S S > th»L.{LILﬂIO— USRI VI WIS WY W WA GNP SE Y GO Y WY WU T 1 \’rlrt-‘:ls'\llLlelo—

s\N/lD -~ NOUNAINTOINOD STICINYIMYISNT



‘ggT-unmtdoano apiionu adsoxa ‘eg

ZI o) o

11 ¢ _Q]
-

al

o

3
€w/ S~ — PNPULYNIONOD JIALYIDILNI- W

f.‘&.liti")l'r‘b —A. A

‘bt se ouweg

"¢ 8i

*eg sanbtg

SIH — Iwip

<l

! SRR AN St S J

—tr—v

)

o g P g gy ——

F R ke e R NS W

-
)
o}

2,91

u_iO_

sw/\:) - NOLLAIAN3INGD ShNo3aNTANYLSNT



"GZ [-WNTINTTO3 ST oprionu aylL cdetabuoy jo javd uaoiseayjinos
X03J SUOTIPIJUDIUOD ITP BIPJINS poO3LIDOJUT-OWI] pue SNODURIURISUT OARIg DTISED ‘ep sainbtri

SHH — 3N sdH -  awil}
o ) 2 o o +2 81 kA 2 'a)
B S A St e e e e o S G 14.1A10n i1H4.}.ﬂ1.<|4 e —y— .4.407b—
= -
i
| al
m.._I Am.;O_
m
w | B
o
m
: o_c I ol
vv mu 3~
— Z
]
P
| ) | — i o
mm_c r:_
L
\
0
]
W
Lol > i ol
-3
S )
A VI T WY I TSI SRR VDI SRV SRR SR L DY VY S Y S WU G W ¥ P Y O— L. —a A PO A A Bod 8 A8 s _a A 2 L)’-lrL‘lhtL I.O—

NOLLYALNIONOD SACINMYLNVYISNT

-

e¥i/ 12



- AR N

*Tg{-9uUTpoT St opironu 3dooxo ‘ep -btd se ouvs

Q

——ts

Pty

2 -
I Atene 4 —‘1111

O

7o

EW/S'lD - NollvauNIONeD CILuAOD3INT — IWiY

Ol

>

'

0l

'qp exnbry
SIH - FIwWL
e JA 8 4 ) o
v e o e e e B e as o o O—
t AR
[ 1.
f 1 a
Q1-
!
rJ
L
g -0
e P — FUSE PUND VU W S VI T VR W S S S O—

NCUYIINBONGD SPORNYLNYLSNT

eWw/



‘EET-BUTPOT ST oprionu 3dooxa ‘ty *Drj se sues -op sanbtg

S3YH - 3IWIL SIdH - DIwll
,.‘vmm,* b anta 1 v NH~ - A L \ imy >t \ I«.ilo — *\aN. 4.4.4!.)!64'1!w1ﬁ_||1||7|4!.1l\4.01tN—¢. —— e Uﬁ - - <
99 -

J = .

-

Ql

NOVYBLNIONOD C3iwn O3l NI-3wiL

s

[y ]

=
eW/s=12

|

| ]

g e

q!.)iEﬂL.’\tl{ﬁ. F Y And B PN SR Y a r Y SN SIS JUNSL SN SN PUSN WD WY S YN PR W el I.Ll(tf.‘b.luu.il)ihl.lr,lrt;.sl.¥

‘EW/D -~ NOLWAULNIDNGD SUeINYLNYISNI



TLET-UNTS2) ST oaprionu 3dooxa ‘v *Htg se owrs  Cpp aoxnbr g
SAH - Iwiy S3IH-3IWILL
o St 2| 2 o LA 81 [4 9 0
t_ w2l
H
Z
| !
— »y
x L 1 Z
n -
! {g-011 — 4
z m
i B e
C
O A}
b n
4 i 2-91 0
@ rd
- "
, ] m D m
& i r‘_ A
[ p
' Z =
: :
b
d ] '
z
, 9-N : n
~
{ 20V 2
w

gW/s—10

S U S S S T U U U SO Sy WP WlO— | PR i S S S U S S AP U S WP S S N S S DU SO S S QPO—




‘goT-untdoans st oprionu 3dooxs ‘ep "HTJ sP swes oy oaunblyd

SHIH - AL SaH - 3IwL
2) 2 e b2 81 Z) 2 o
-
. ]
A -
SR Y 1419
m
R
b
L W B
Y s
z
_ A
w -
3 |
g% % 2101

'
n
v
"]
N
z !
) il

I

L ]

WﬂbLFF-h-’- PUPEEY Uo— PR Y Y P U N T YUV WU I S S S PO SR SRS ST S S WU Y G O

Qi~

ew/;a -~ NolLwdiNIONOD SNOANYLNYLSNI



- 26 -

THCT-UNTAN[TOY} ST OPITONY DY 1OV Sruthur{iv ‘purisy o3ys
I0F SUOTIFIIUADUOD ITR 20RIINS pojeibsjur-swil pue snoduvjiueisuy oaeld afise) -eg ainbry

Sor = Iy . SayW - 3wy
B T 2 o ¥z - 31 XA 9 Q
e AR aanaten s st S A e PR T e, 0
{ um :
W -
m
1
7
4 lO_
8
> i O_lo_
-4
m
Q0
]
n
[+]
2
: F
M
L
i — WIQ— w
p
A -
¢
A g -0!
| ! .
0
'
0
N
3 -
Q] W
I . o
s 2. A, Y ry A B v 4 - 4 - Y W ¥ 4 e & A NUINY PN W SR SR NSRS SN SRS IWIEE SEe SV DRSS ENR PO SR PR SR S SRS S Sy e Y ) o~

o avl

~ NOILWILNIONGD SASINVYLINVISNT

cW/ 12




e

AWl

*IgT-ouIpor s1 oprionu 3dooxn ‘ug

%
e

\
o
NOILISRLNFOINeD  JTRIMIVIANI - 3w |

—

al

<;W/s-lo

*btg sv ouwrs

SIH

‘g aanbry

2)

EAMIBNR

Lo

PR W S

{ S S S

*

ey ey

-1

:..0_

Ql

o1

-
-

NOILYALNIINGD SNCTNYLNYLSINT

QVV/'rQ -



‘gEI-~ouTpor ST eprionu 3dooxe

Suh Wi

—

al

hmm

*btg se suweg ‘oG 2anbrg

SIH aIwiL

. m._ 21 9

4 o oy -

-

i

L

Ql

- 28 -

ol

- NLTLNIDONTD JTILTID2INT IWi

D
e

J——,

—nl..l..rll-’ar.l.r'.iLL.LIlﬁlLilrL.lb IPYIT VU WIS W VY YUY S S X

-

e Tt o — —— ———

ey

B

s
P IS SO S S NG U S ST ST U SO VU S ?Ll«Li.g }

¥

=T

L L ST EUP S

Q o — o —

8
1

&
¢

Q

£W/za - NOIAWILNIONCD STOCINYANYISNT

Ql

k=



- 29 -

*LET-umMTSo0 sT oprionu 3dooxa ‘eq

SIH - 3Inwi

e W/ 5-1D ~ NOLVALNIOINOD JTILvIDIINI ~3IWIL

T B8] 2l = el
\*]q i S A e e e A AEE St A s o —IO_
-
i m...o_
b Ulo_
—
x—llb
S S SUNY NN UGy PR TEURY N U S S DUV SO W B S SO U MR SRS WSS PR B SRS

bz

*btrg se osweg  *pg oanbig

8

SAH - 3wl
21 o

+

-~y

W —

v )\ aut L ZN AN Suteh Sneets Snums Sens mesen o

el

AN VO WG NS S SO YUY SUON [P SRUR W WAy SN S

a
eW/ 1D = NOLYALNIONGD SNOTNYINVISNT

-9



- 30 -

*ggT-whjdoano $1 IPTIoAU Jdeoxko ‘e, "OT4 Se awvg  *e@g aaubfg

rz 3 A 9 i o
|
-9
o, 21
g0l
™
o I

Sah - 3IWIL

¥ & A 2 0
o1

|
z
m

{
m
m
m
Q
o yy 91
[ 4
0
m
3
J/
mvc 1 -
N -

— -—

a -

&
W N

w NTO_

[ “.L
ST Y W U SN W WY SR AP WS G WY U SN S DRSS D VST PRI S VU SR T W

NOLYZLNIOINGD SNOINVWLNVYLSNT

-

gw/ 10



