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AMSTRACT
Al

. ASTIEe 10 offaite minltoring sregmm vas conducted in the uentr:’.
A wmwest Pacific ¢o document and to provide currant meayiresents c.‘.
- sm;"\;ac‘tlve fallont, ‘avy patrol alreraft, equipped with ga:-!:a‘ rad‘:a-
u\lA"u\_,;zruﬂ-"::n were 1ispatched ower planned x"ou!es Lo -ma::re a;i:\;en
"r::r‘ﬁ'.& presence hat heen ietacted by autcmatic 7:“:;?23{1:32,« 0»,-
‘f (rase vere collecting a suntimous reord on selected v (i tme
\;‘ ratl, Zarline, ard Ma=-iina Tslands. Air sumvey mmsuraments ere
e u; to ground intrasit as imeciately unon receint by means of m b
e ms #m‘.tt\ry anrrs 1a1l af e radiclopi~) situation over :3
e P;&d :rna. Auxi? Lqr:y stations ..ueliing 43ily mmm& measugerents
:.‘-:“{wnted beyond the netwopk of avtomatic stations,

~umilative and peak rodiziion dotage were weacured, or cmi;ed gr?f,in-
ilml meamirements, for a1l islamts in the avtermtic ;;;:oi ian”’;q.
fa*ands vtk in tne two aerial survey ratterms east of ni in the

vy eahall Tslands,

mmtative ~adiation
W assountay for 4 major nart of the mtal‘»mm~3« e
:;::r:;w"rtng L;e program. Tha greatast radiatien r;te, eﬁ:’.ragg};&ed
- ' ¢ p/hr, sccurred at Rongelap after BPAVC.
from dimmct measurements, 12.5 r ’ ) e
3 is probably nccurrec 3t var
Ialusy o*h greatsr and leasar than th i T ation
1 ! rest astimated cumilative radiatlo
{ntands in the Rongelap atoll. The grea
reaurriry Srom Aany event until the next fqllovlng was 1?0 r a;(gangerik
after 3UP. The total cumslative radiation at Rongerik was o

4 thod combined fixed conti-uous statione and asrial surveys.
;: u“onwi.?:::;: 2; ::-ch method was utiu-zed.so th:t they were cc;;;:;enbvmt:ry.
“apid, accurate information about radicactive fallout w:s pn?vh A
means whick probably represants tia maximm in economy for such exter
caverage,

The SCIVAMETER, a sensitive, wide range scintillation type sacma meta;
wag damorgtrated to be a dependable, veary protable, facila wAatmenent for
arrisl aonivoring use.

Tnereadad sccuracy, relichility, and srecision can be obtixincrl for future
™rYays 4f <hi3 nature through certain suggested modifications.

—rii-

INBCO CTIM
—

le Purposes A% the reqgueat of JIVCrATFLT the Hoalth ard Safety
laboratory of the New York Oparations Off,ce oreantzad and 4 §rees .l
a drogram to document radicastive fallout rrom CASTLE 4n tre Tnntrm?
and Southwest Pacifis, exclusive »f tae rreoving grounds
fallout infr ation wvas to be made aved able to STYTUAINLT follcwing
oach Zetanr®.,ne  The program was ta be Pattermed basizally on v p
NYY monttoring system deseloped for I77,1

« Corraas

The inTormation derivad was used in the fmmediate estimatjon of raifo-
leglical hazards in beavy r£ali~ut, arerag, The lociment a fallw . constie
tutes a recart 2f cumilative radintion produced Mupeing the -9) serirs.

?« Orpaniration. "he =unltcring ntorram was olamed and directad by
the Health and Safety faboratory, Yaw furk Trerationa Office and ac-
tively pupneced by several zjencies, VASL orzanired ks furct lons
of the narticirating agenc les, developed rrrcelires, ard furnishead 11
monitoring instruments erml-yed., The Directar, "ealth and Safety
lLaboratory, was in over-3ll charze of the nropram. "ha Prolect Cfficer
(¥4S") Afrected oparati ns in the forwart area. Orarations were ex-
eruted in acenrdance with the overating plan "UASL-16h ~Operating Pro-
cadure, Fallout Monitoring for CASTIE", Monitoring instrurment cali-
brailon and maintenance in the forward area was rerformed by the FASL
stalf, Joint Task Force-7 Headguarterr rrovided Irgistic supprort and
made available commnications facilities in the forward ares.

The instrument monitoring pregram consisted of the following oreratlion-
al subdivieicnss

le Fixed Instrument Network

{a) Authmetic monitoring staticas
(5} Auxiliary monluoring stations

2. AKerial Survey Monito-in,

Fized Instrument “letwork

The U. S, Weather Bureau, the U. S. Navy, and tie "SAT Alpr Weather
Service operated fixed automatic gamma monivoring stations on sites
selected basically to create a uniformly dist-ituted pattern relative
to the test area. The avallability of facilit:es for *Fe oneration

of monitoring equirment was a factor which limi-»1 the rmumber of atnlls
which could te utilized. Unifom divtributisn wra reasomally well
achieved particularly within the “rust Territory.




0

The caturs of the automatic inatrisnlts w.: such that very lit:ls
attantion was requirs? uring ror-al ageritisn. Tha fucti-n =f Lo
station personnel was fc read and trans—it the 1n:lcated raifutic-
data. Ixcept for a sisple briefins, none of tre persinnel wer= ;
-trgined {n the use of thase {rstrunents nor in the field of raziz-
“tion safety.

The eitas as originaliy esu‘:.).‘.shad.? werut

Location Operating Azency

Iwvo Jima AS
Quam AWS
Truk USWB
Tap USWB
Wake USwB
Midway s
Rongerik ande
Hajuro AWSe
Kusaie LnSe
Ponape AnSe
Kwajalein USN
Ujelang HASLwe

oJTP-] weather units
#e(jelang was unattendsd. Data was retrieved nmeriodlcally by HASL

personnsl.

tmaela portable gar—a instrmiont {Scintamater) was placed as
Jotinston Island AFB to intercept the BAAV( cloud believed to be
travaling sast irom the forward area., This uas replaced by an aute-
mtic gamma monitor after Rongerik Atoll was evacuated and the auto~
matic monitor rerovad from that site, Jonnstzn was the orly locati--

oast of Bikdni and approximately in the same latitude as Rengeril with

facilities for monitor operation.
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17, VEWIS

The rropFram Was Xn‘.ﬂ,:mt! f nf“ twn “rirclsles of montinring. The
flest waa & ratwer¥ ot ‘x: - opitoring staticne rerarting 4ata reru-
laply 'o the ekt \ﬁ‘«a. e snc?n-i c;n.-.!sted 2f aerial moritoring

Mights by Tavs 1t spnadren alreralt over arecified {g'ants ©11-

lowing aact brirate
. fetw
Lo Fixed frgtmment ik

Ganeral Tee £l e gt no‘twork inf*tally ':(_::'_',i_q:/-d A Liphsgan
Zamea monitor my slAtlcas en tefly in tle Marzaall, Caroiine, and “art-
ana Ixlamls but extending Lo tre ™iliopines, Janna, Tawail, and Alasia.
The mumbar ari 1oatlon 2 the sitey wers sorewhat modified in tre
course of tu  teyt series, re statlons, with one ex:ention were
mannad, and revorts of gamma reifation were trazamitted repularly o
tha task force at aixy twelve, ot twenty-four hour intervals devenling
an their joaltisng relative to the sroving grounds. The twelve sta-
tione within 150 nautical miles of the oroving prounds were <ulgped
vith 110 v AT sutoma® le cont'nuously recording gamma moni. sru* % aving

e of ~01 te MU mpfr. A battery cierated automatic ronitore

A rany IR . - X

waa nlaced un one iatand (Ujelang’ where facilitirg for a manned s-a-
h

tion were unavallatlne Pata was recoveral frum this station after

each burste

. ~ remote statlons beyord 1570 miles were crovided with portable oM
surcey Inatpumenta having 2 range of C.01 to 20 mr/hr. Twice dally
measupasarta of 1oaal garma activity were transmitied once a day from
thrse statlona to tha task force,

Oata wns broamitted by amin.strative teletyne messe s “rom 41Y ot
four staticna which were weitrer otservatlon nosts meintaired Sy iie
taak faren., Fallouk data from these lecations were swiorended Yo ray-
tine 4ata traremizsions o the task force weather ceniral,

~pratione Tre principle reason “or estatlishing the i-g* <ument n-ri-
%meork wvat 1o provide 2 reliable Tallout detection syster by
neany of which nerial surveys could be selected and tired to rroduce

a2 mintmm of negative flights, Increases in radiaticn intersiti v at
the aatematic monitorirg stations were kncwn at Task Force Peadquatters
within a fow hours after their occurrerce.

*lratrments are lescrided in Section VI,

. |

The garra intensity at each of the aut:w.: - atavl =r [axcopbl 731 .o
was recordad at 0600, 1200, 180G, and 2L T daily oF resiacal o, rai
ing personnel and transmittad to the JGASL rsjresentative at Tix Force
Headquarters.

The instrumm=ts were routiuely ~hackel each &+ o1 ~Toper rafiatt
Tosponse. This tost, Wilch £onslolew i oo
to 2 low intensity utton source ;iaced neur
means of Jdetectia: circutit f-ilures. Tws .
and Xwajalein, visited the -.:utorinmyg stat:i
calibratiog a.d to effect repairs as regquired,

Man, of the .onttoring units ingtadled wers woqini 3 Teowrd tiu

beta dust concentration continuously as wall .. . .w Feddati.n, o=
fortunately, all of the beta channels failey a5 a reszlt of vari s
mechanical and eslectrical difficulties alter snars cerinis 30 Jper.ti o,

Thuos N2 oaue ents
were obtained by scanning « smal)l ground area {ros a helght of t- - .e
feet, Neter reaiin.s of less than 0.05 mr/hr wers attrityt.d *a o,
grownd rerilation and were reported as negative values. Data wns tr
tted dally from each station tc rask Force Haalquarters.

Sk

The instruments wers testad aach day for correct operation and radla-
tion response in a marnar sisdilar %o that e-pluyed for the aute-atic

monitors. PFaully instruwents were replacza after notificatlion of JOC
Project Headquartars tivu chanpels.

Receipt and Utilizatlon of Pixed Notwork Data. Hauwlition intearit,

Tepuris were tabulated chronolocically S locatiun a3 they wer. ra-
ceivad at the Task Force H.adquarters. hhen a reported incre..c -as
indicative of si nilicant fallout, a survey {1i,ut av.r a pattorn
which included the isla: ; “73- whlich e rar o0 srlaratsl vy vo-
questad of the appropriate patrol s.ualrsn, Froy the ran et rec v
rpon completion of tha su—rey Llight, a corprezensiva preseat.tui o L
fallout intensities within the select d pati ra was nmade a.ailall

the tas. force ridsafe of.ic2r and sther int:restel task force .»:. ~e
In a:dition, the contin.:d truinsa a5 r.idaty oodata ooy e e

toring stations pravi 21 an o cwrals oooao e 22 p3tentlol rasiaty
posure at thase locatisns. weekey Su ariuy oo Camlative eapu.
ware tabulated for sach statisn.




e Anrtial Mop it iring

Gereral Taecclition. Aer't sitveys were

Clansy mgaipied webr ST T TErSe ) geariy

setatiltaY tun ‘natr.certe carsble af ~eae ples geuod tpa
2 an 1Tt~ a3 “WfE mrfuie from o alititides S OO, 4e ppuzter,

Suryey Cligy - were ~ale ‘ver “oe=delemirag ratter:y tesly o ad v
achinve =aximu coverags L~ aalacted areas. RS Incories
tre Maratall, “as Yipe, Yariiaa, arcd Yawmitan 3¢ Tara wan

Lraramttted te the v ok Turee reongitrally Sroe eupyey Qireraft i

Srom tre spiadror hase 3t the ceeclinian

S1i bt more peneratly
Af each ik,

:,ngrz?.{on. The scintareters weee snarated in flipht vy airerafe
creyg remlers tralned in thelr tge, Usually wwo instramerts wwre
carcied, one resarved as a srare. Tre scinlaneter creratar reonplad
beekrrrund reading, poeiticon, aYuitude and radilation {atammity O
each island in the survey rat era. Tarkprmusd cln measured during
tha adpreach to eack lsxlard at 3 dlstance of several ml
Jdata were trarsmitted {1 Trsk Force Vesiquartors where “le intengity
at the atated altitude 2ver each Binnd wus ronynries Lo grmund in-
ters'ty bv reant of a ¢allbration surve, i

8. TYege

Maasurenenty were genarally made from ap altitude of -/ feats Wrere
the wppar range < tre fnstrument (20 mr/hre’ was exceedad at o7 ey
the measurement would be repcated at nigher altlirudes until a value
witrin the mnge ~¢ the {fnairurent waa cblainal, Altiiide was reas-
ured w'th a radlio altinmter, Tre ratic of pround intensity ‘o e
intensity at tae operators position within the alimrait at 77°C £y, is
approximately Lo (Scintameter calibration ls described in Sectisn VIl
"he 1w and of the scintameter range s 0,0CY me/Mr 30 t at theoreti-
cally the pinimal detectable ground lntensity is 0,017 mrAr. In
ceality, the minimal detectable salue s controlled primarily by the
gamea backgrounde This background can be causad by cosmic rays,

nav ~atirnal instrurents, £ reralt contaminatlon, and possibly resi-
Seal bor™ derria ain t-e air. The practical lower limit 2uying CASTLE
was In *he omder of Co% mefhr,

Follawing FAV™, suv/ry narties, oul ashore at se—-.ral atolls in tre
area of keasiest Tallcut, recorded large radiaticn intersity rradients
in dirsct ons accroximately normal to the fallout patr, At Rongelap,
asproxirately ninety miles from ground zero, a differesce of an order
of mapgnitude in pamra radfation wa< noted Letween ifwo opuogite ends
of the atoli, a distarce of about 'C miles. T is avidence was sui-
stantlated hy #3LE fiizhts rereated on 2 & 3 and B 4 17 Auring whirh

2lngtians nts are described in Section 7.

TEATITeMmEnL: were ~Ale over foue e,
2RfOlt HiTferences Seturen etan:
.
Renpeals ard four-fold diz e .. on

at g,

ool oag

LWer atetia,
Theze larre gra{lents were
meler anerators vYad pot Le
is'ards eveyed pothin eqct

SIAYD vt we inra-
. ne Andivie g

¢ standardize subzeqlont x-rin? Ve oy

x";\’?’.l:wﬂ:z selected ¢ meiaire=- s, A1 radliatic ty ) ~'!'l'-'l(‘¥‘
‘ - by ¥ T, 4 et 1) e T

with FCYEL are in refopsmce to ©osams is o '

]to' T,

The 2Dlarned meth L oval ]
Y MArned method f salactis ey
re plar : 2] wz' Ctire sirvey Fliphte bagpd Trorencrt s Creae
T ,..1”. ng atatiors way {narpe)fcable fop tatenrn AWE e 3
to the eyacuttion ~f Ropperiy, ne orly preund statlo i
e st ! T, nly yr » 8'Ation in the ATE
bit, 24, nper level winds cererally Irem tha west Lo meedt
ratterr AT nroved (0 he trm macat use!\:-‘ and ~cgt »n:‘ ‘{‘4 V ;--‘-’":‘K.
A L an " Ao - ') orat-
te:rns. it was dismatcrad outinelv on D & 1. Before 114 ln ‘"t
ros . 3 Bt tHis wms done
afr :s\rtic‘.n Lralectary forecasts were reviowed for the nosailt
3 f‘ ¢ 2loud belng cver she nopthers Varzhalls 90 D $ ) e r
- - R 4 a4 < .- . . o -~
:a: 8 were reasonatly reliable foe g ceclod ue to ?‘. Ml”' : ;
) ‘: 'a o R . LIRS
'711.’;3- ‘,aua‘.y, t farecasts placed o cloud tevon, "‘*n b To LERA
by it 4 24 noura. Suirveys on D tay lded Seca ’ . ik
oF somn hour Vs AY were avolded Lecause af the risi
2 waniratirg survey aireraft, The Very least resuit, of £144
1RASY resuir of flyipe

t.tizm the cloud debris would Jrotally have been ‘te ol iminrtion - F tre
Y n::'aﬁ, fron furtier low intensit: reasucements. Fallout wa-; ;nv
erxlly not forecast to he corplete I the nortrerm Marshal l's‘ ﬁtil
late on D day or early o.: D & la o i

*
Tiv s
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(GATA FALLOUT AT »ey 70}

1. Aut-matis “onitoring Stations. Twelve avtematic menitoring sta-
vinnr wers origianily wnntalled far TASTIEZ.  Eleyen were ocerated

continuously b.ring *be gSerles, .rcesa were: Iwo Jira, Guam, Truk,
ve-, Ponape, Yuzale, Mafuro, ¥salalein, Ulelang, Wake, and Jorns*on,

Gamma “rtensity versus tine after oirst {3 ;lotted in Flmures 3 thru BrAYVD EVINT ] -

1%, for thoze locallsng where sipnificant roilsvion {penarally preater
than Yol meMr) waz meastred 90 cwin a nart itular avent,

Raagerik-FAV" A.rwts ' =inl'cr iata 4dre 1vailable after 3 & @ hours .
whan W~ gamea intrntity axcecdsd *ha upper gea’e limit (106 arfiel,
teitlzir: the AR soevey measimemeat al B & W hours, an aati-ation
of *he reak railati-n valie may Be cbta.ned prarhically by extrapolas-
{ng tre auteomatic gamma monitor curve 'ﬂ_‘;wn 1IN mr/hr and extronolat-
ing tre ADIE measmurerent Back on & £7-0C decay curve untfl the twe
curves intersect, Thim is shown on Figure 17, Cumulative radiatinn g N . .
from Y {fapapmnk h below) s cormuted for Porgeriy sing the seak b e e . . . oL
rmdiation value oktatined from this synthetic prsph. : .

Rata Dust Concentratione Yo bata dush coneentratic-~ wers abtained

Trom the marned autzmatic statlons. At Uialang, the 1~v nec station,

trta dust sconcentrations were cbtained 2ady for IVED (¥i, e 18

Theug *tr elght Yead dust sxgler was serviced orior to each event,

a variety of cperational and ins*rurmental di0ficuttiea poererally .
rendared re irgtrument {nelfactial,

2. Auxiiiary Monitoring Stationz. Rermote =tations st “ari, Sremim,
and Anchorage retcried pamma radiation dai s © rougiout CASTLE. No
significant radiation was detected, i1.c0. Lnere were no mrasurements
greater than 0.5 mr/hr.

et

CAnGA RADIATION (MICKIITY  ang

PO

3. Aeria) MWonitoring. Thirtythree aerial survey missions were f.own )
during CASTIE. Of ¢ .ase, Tifteen followed -attern ASLE and seven fol-

lowed pattern BAYFR.

W.th the excention of . «ttern KIG, all survey ratterns ware deqigned
prior to the test zer s, FING wawx improvised Collcwing BFAVC %o sur-
ey the Gilbart Islar:se It wes mot reneated.

As a rezult of the widesoread und urmsually heavy f2lout from TRAVD, -
all survey patterns {except ¥OWe} were arbitrarily executed to de*ect
any areas of unmisrected £ louts In all ef trea following everts,

HWOW i3 identical tc GECRGE exceot for the directicn of fligt.

=11« .
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monitoring station reports ware used as basic criteria in detarmining
the need of flights for all natterns except AALE. With the elimina-
tion of Rongerik after 'RAVD, there was no monitoring station in the
AZlE osattern. Consequently ARLE was flown on D 1 afier each event,
This wes necessary bacause of the consistent upper lavel westerlles.

The air survey megsurezants, axtrapolated to ground intensities are
rlotted in Figures 1\ thru 26,

lie Cumlative and Peax Radiation. Cumulctive redistion is 1ivted in
Table T for a1T atoTla Tn the KBE and BAKER matternc (o1t of e
¥arshall group east of Bikini) anmd for the islamis comprising the
vit.matic monitoring ntwork. TMe values at atolls within the othewr
survey patterns amounted to so little that they are not included ax-
cept for those with sutomatic monitorss (For inetance, the total
cumilative radietion at Ponape, in the CHARLIR pattern, ves lesa than
SC of the permissible exposurs for the test series).

The cumilative valuas were derived either by integration of direct
Reasurements in the case of the fixed stations or by use of the “ay-
igner decay formula applied to the initial messurements following.
each turst in the case of aerisl monitoring,

The sum of the esiimated cumulative gamma at the LO 11ated locations
for the 26 day period between IRAVO and ROMEO sccounts for s mgjor
part cf the total estimated for tna entire seriss:: ' : .

These values are computed: for the
period from the staZed event until the next and for this reeson un=
doubtedly include some carry-over of contaminatione

The above values should not be interpreted to relate the total ef-
fective fallout from each of the devices since the same metecrological
conditions did not obtain for each event.

Peak radiation intensities following each burst are listed in Table I1,
These values apply to one island within each atoll surveyed, In-
tensities at other islands within the sane atoll may have been greatar
or lesaer than stated for any given ewent.

S« Isodose Chart. Pigure 27 is an isodoss chart of the Marshall
Islands based on total cumlative radiation from CASTLE at each island,

6. Correlation of Gamma Intensit; with Fallout Per Unit Area. At
many of the automatlic gamma mnItorEc atations, gummed film sup15u
were collected dally as part of the World ide Monitoring Yetwork.

The gummed fils analyses are reported as beta dig/min/ft°. Comparative
datas from the two monitoring methods are availatle from these stations.
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TASLE I (Cont'd) . . i
CUKLATIVE DOSES BY EVENT ANO LOCATIGH B
(Finits Dose %o text Event)-mr .
. EVENT BRAVO RLHED XOON LY I0H TAIXEE NBCTAR
Days betwesn svert. 5 n 19 9 2 10 T0..
E‘ixcﬁ Instrument Network :
t
Xwajalsfa 103 G 253 12 320 17 1235 ; E
Kajure 16 137 3 2 2 Oe? 5,
fusale 3; ’4.2 0‘7 QQZ U.S Qel 0
Panape 545 20 A 2 38 642 122
ﬁ'uk L).l 3 - 2.3 b.9 1501 . - ’69
xap - - - Be? ka? L6 18 :
Cuan - - - - - - -
Tio JLa - - - a8 12,7 * 240
g; Ugelan,; 0544 - 176 52 2 - Ls5
$ Wake 30} 1. 3.0 “el 1.2 0.7 1< :
Jotnston 10 28 6o - - -
Oahu <75 .
Shonyra <,5 o
95 ¢




TABLE [I
PEAK GAKMA INTENSITY BY EVENT AND LOCATICY wr/he

BRAVO ROMED XDON UNION TANKER NECTAR
Location derial Monitoring
Las 0.08 oole 02 0.12 1;2 0.2
" Ujae 0.1 0.5 0.3 0.2 0,8 0.03
. Yotho 2.7 hoo 1.1 0.9 1.6 0,03
’ Alinginse L6oon 55 s7 1.6 10 1.h
Rongelap 12500« 155 95 61 30 [
: . Rongerik 8000» 130 82 n 2l 5.8
. ‘Taongi 3 1.0 0,12 042 0.2 ¢
: Bikar 1200w n 0 1 34 3
: Utirik L9ow 17 12 2 1.0
1 Taka 320m 8 16 2.4 546 1.0
b3 Alluk 75 © 6 1.7 ouds 7.7 Ouls
¢ Jemo 18 [ 0.2 3.4 Ol
Likiep 13 2,5 1.2 0.6 3.2 043
Nemy 0,02 0.8 0.8 o 0.3 0
ALlinglapalap 0.08 1.2 0.8 0,09 0 o
‘ Namorik »2 1.4 0.6 0.02 0 0
i Ebon 0,2 2,2 O 0.09 0.3 [}
f Kil4 0.2 1.8 0.6 +} 0 C.02
Jaluit 0,2 2.8 0.6 0,09 0 WGIN
Milt 0.6 1.h 1.5 0.2 o 0,02
Arno 0.6 1.7 2.3 0.0% 0.3 0,02
i . Ma juro 2.0 1.7 Ous 0.2 ] 0402
: Auk - Ol L7 Ouks Cel? Ot 0,04
i Kalgelap 3,6 0.8 Ou4 Q Oe3 0,06
: Erikub I 1.7 o ¢ o 0,1
y HQLJL! P} 2;6 1.6 0.15 2.5 0.15

#xor polated to wotinotud arTival based oi Runyeeik data.
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PEAK 3Ahd6 TNTEMSITY BY EVENT AND mnWI'Zh_P_.
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0.05
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7.8 2
1.5 043
- 0,05
0elS 0407
0,01 o1
- Lo
0,0¢ 0,02
Q-4 0,25
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SETA OUSY PER SQUARE FOOT vS GAMMA INTENSITY AT 3 FELY

ssransrr®

KTA DUST

3
ie

(Pigure 28
period of
Beta activity has been

g date to sampling date.

to incompl:ie da

The pascity of
ta; dust samples are missing in cer-

> fallures occurred at va

riws times,

nehip between bets dust activity
% intensity at three feet over the

data have tesn plotled.
The values selactesd are limited to the first 2k hour
significant fallout following & giwen burst,
in instances and monite

extrapolated from coumti:
values 1s due

on the grouni and gasma redistio
grourd, selscted comparstive

To ystadblish an empirical relatio
Y

Murthar review ~f the available

1 compariscns and a refinement of

1 oeYininary.

are

computat ions may alter the existing values somewhat.

dats may dlsclose additional vsefu

T.e walues presented
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17, FACTORS RETATING TC DATA DNTERPRETATION

1. Automatic Monitoring Statlons

A, Dinrnal Variation. Shortly after their instaliation, the .
AC opersted sutomatic monitors displayed a mgular dhirmal vari- .
ation spparently due o temperature change, humidity, or both,
The variation was as great as an order of magnitiide in some in- - :
strumenta, For this reason, the practical lower limit of detec~ T ke
tion was sbout 0,1 mr/hr sithcugh the design 1imit wug 0.001 mr/hr.
Intarpretation of radiation imtensities -less than 0.1 wr/kr vas -
. difficult and on one occasion, fallout of low intenslity was un-
>noticed wvhen it occurred, A later, careful analysis of the data
rmvealed that 0,15 mr/hr occurred at Fonape after ROMEO. Had this
Peen known, a CFARLIE survey would have heen executed ard it is
. possible that significant fallout may have been detacted at other
.2 atolls in the area.
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A review of the data and the instruments’ behavicur has indicated FH
that the late night instrument resding was in most cases a2 re~

1liable messure of low intensity rediation. In seversl instances
of light fallout, (Ponape-FOMEQ, Truk-ERAVO, Truk-YANCER) only
the 1800 Z value was used for plotting time graphs. Similarly,
at several stations only the 1300 Z values were used in computing
cumlitive radlaticon,
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The diurnal variation was consistently so high ot Ouam trat none ;
of those data, #l11 of which are low level, are considered valid.

re

able validity, the data were compared with the appr?rutc guresed
film snalyses from the %orld Wide Sampling Network.“ In esch case,
the gunmed film displaysd an increase in sctivity corresponding
to the monitor data. Thus, the monitor dats was qualitatively
substant iated, &n sxample of the comparison of the gummed fllm
resulits with sutomatic monitor values is shown in Pigure 29,

C. Automatic Monitoring Instruments Down Time. Monitoring sta-
tions were out of scrv!a‘:a Tor an average of 15% of the time from
Yarch 1 to May 20. Fortunately, sich of the down time occurred
"between avents so that useful data vas lost only at the following
. stationg during ihe stated fallout periods: FERAVO- Nwajalein,

- Wake, Ponape and Iwo Jima; ROMEO- Xusaie, Ujelang, Yap, and Iwo"
Jimas XOON~ Yap, and Ivo Jimmj UNIOY, YANKER, AND NECTAR- Joouaton,
The presented cumilative radistion values are therefore, in genersl
underest imetions. The valueg are based on the recorded data only
which account, on the average, for 853 of the duration of CASTILE.

8. C {ison with Cumned Film. In those instances of suspected (X}
fallout &ou dlurnal variation rendered monitor data of Quest ion- 1
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2.

<. 2 t Ujelang
Radfation furin: down time was oot estizated except a

whare down timm was ia excesy of 5CE. There the astimate is
also low becausa no data are availabl+ for the fallout perizd
BOMED and NECTAR.

s g tor data.
satensities wors cbtainnd dirsctly fr.m the mrd). or dat
5:::- blanks occur in Tacle II, data are unavailabls dus w ine
strumat failure of incorrect calidration. The valuss listed
e Los greatest iatensiiies iollowdng edca urste

Aerial Jurvey Monltoring

A. Fallout Arrival Tim: Applied to Asrzal Hcr.if.cr!.m’ \!3.:4: ITLisnt
AJLE, out arris imes are not gensrally <own for r...ep
Tslands coverad ia the serial sarveys, ITue faw sxceptions are
those which ware autcratic renitoring i.n:tall:mti:ns. Cu..ul:..\‘
and peak radiation conputatiors are necessaril; based for toe
met part on estizated arrival tizes.

ival tire at Rongsrik is exactly known fran
:;: i&v&ﬁ?m‘rmtc»r racord. For asther atolls on the si.ﬂs g
aral besring &3 Rongerik from Bikial, the arrival f.i.-:e? -:et:.r-ﬂs
arbitrarily assuned to be proportiz:nal ta the raapective i o8
froa Bildni raferred to Rongerik. Allowance was rade far’:e.; tha
tnitial rapid lateral cloud growth in tre first rﬂ.mus‘a. o e e
turst, Data obtained from Task Unit-l indicated that at e 10 .....&;
the cloud diammter had growa to 335,000 feat azd u'\e rate ?f g‘c:.l b
nad dimnished to a relatively slight amount. Pesk radiat.;:;. V. :i-
wre computed oy extrapolating the observed {ntensitiss to the es

mted arrival tires,

fron
rthern Marshall atolls on widely different bearix:.g?
;“tkiuth'thmw Rongerik, hence well remcved from the direct fallout
psth, the intensitiss cbservad duriag the asrial survey -n 3“ :&m
are tne reported peak valuss in the results. Gu:.uht.i.v: x_-a‘: ,;{,
<omutations are based on dacay assured to start from thase ceas

intensitiss,

¥ 3 A TS a il
Por the other evints, the gsak vilues are tahken as those ?.:::-. L1
on the D » 1 asrial ;urva;.'s unless later surveys of t.):.? S8 ool
indi.ated sduitfo.al fallout aftar D e 1. In‘.t:..eaetc.az? (ETea
t1® was arcitsaril, assw.ad to ba D ¢ 2 and toe lntans S5 wis
ured on the repeat fllzht were extr.pulated tack oD ¢ 2. T =

latize radiation valuos were co:pated esaucing £°%°C dacay frow the
poak vuluas, .

b et b et e e ntn

Povaaee

e e e

at ars st o,

Cumiiative values are not corrected for the slowar decey rate ci
residoal contaminetion from previous dursts. The Neglact of pre~
vious contamination ig part lally compengated by srn. ion by wind
and rein, a variable factor.

n% BAXER. Fallout definitely occurred at Mjuro during RAVD
a and the arrival times wers ascurstely sstablisved. But
thers 26o% no valid method of relating Lhese to the arrival of
fallout at other atolls in the southeast Marshalla, short of g de-
tailed analysis of the pertinent sateoroligical situation, Yow
vy, over Majuro, BAKER flight on B ¢ 2 very nearly coincida’ with
peak fallout there as measured by the autoois.= wonitor, Arbi-
trarily the peak intensities for all 1ilands covered by that f1i{ght
tre taken as the observod intensities,

For GOMEO, all survey values are extrapolated to R 4 k, again o
conform with the arrival at Mjuroe. With the lack of adifinitive
data for the time of arrival in a1l rem&ining events, it is assumed
tobe D 4 3 as » compromize valus,

B, Air Survey Background Radiation. Background-wes recorded prior
to atoll memsurement while tre aireraft was seversl niles from
the island. In computing atoll radiation intensizles, the back~
ground value (vhich varied by as mch as an order of magnitide dur
ing any rve slss.on) might be attributed to scurces such ay navie
gation s atrumente, sircraft contaminstion, skyshine, or s combina-
tion of theses, It haz been reasoned that the background could be
validly subtracted from the atoll measurement to obtain s net walus
of ground intensity. Intensities were computed by this meeans dure:
ing the tast series.

Late in the seriss, it came to our attention that significant ine
tensities may be _emitted from the ocean surfacs for several days
after the urst.} Thia phenomencn may be another factor in the
neasured background and cannot be disassociited unlcss an addi-
tional background measurement, such as at a 2ifferent alvitude, 1
availables. For any given measurement, thors axists the posatbhility
in one extreme that substantially the antire background is due to
ocean surfaca intensity. This value would not be subtracted from
the aloll messurement, In the other extrems, the entire value of
background muct be subtracted as was done in reporting data during
the serlese In no case did the background value exceed a ground
messurement a9 might hypothetically occur if currents moved con=
taminated sea water near an uncontaminated island,

-47-
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The values presented on Figures 3 thru 17 ard uaod in curputing ’-ul-' -;F—i . N : i RN
cumilative and peak radiaticn are net radlaticn valves, 1.6, .« 3 - P " : . AURY SRR S
back,Tound has been subiracted from the ulserved atoll intensity. !11: fF? IOSSS 1 0  EE B
It stwuld be noted trat low intensity values may be ccasiderably 281 I3EHY ERERE SEURE SRR AP rip M eidnen bt SEOES IR SR ONE & . {
in error where background levels are ¢f the aame ordar as the 3 FYnpaRe e e B L s - b
measursed atoll intensity. 11 S B 8o1 R K [ DR DA : ) :
. sed B T i ;t::ii . i .
C. Relation of Aerial Meamremente to Ground level Intensities. $E83 TS L i S SRRS SN Ty
Cartalnly one IntrinAic Tactor Limita the agreemsnt which may be 3 Bie .t?‘: : ’ i i
achisved batween any particular pair of corresponding serial and 3- e FRaw3 wew v ppwes pow cee
ground meagurements. This is the vast difference in the effactivs R4 FER41 PRENE B !
arsas scarned by the two methods of survey. 4 singls ground lewel s g 1289 33N . }
- measurement with 2 portable gamma instrument rogistera activity ' u{; IS INEE: ) P T
; emitted from an area of a few square yards vwhile tha SCINTAMETER SR I R |
at an altitude o2 200 feet or more sees an ares of rerhaps 10,000 2 oo L - M
to 15,000 square yards, r?g‘: E ﬁf ”3? : !
Tt 1is well known tlat measurements on the grount will show con- L re el irn ow Tiﬁo : i !
niderable variation over a relatively amall area. This was parti- iil [§ 35§ 1S54 BRI ’ :
cularly evident on Sniwetok (Parry) after thoe late fallout carried PR iiddd Lusul JAERE B0 : :
- back by tre lov level trades after ROMEQ. Gamme intensitles in edsddtad RERUE DERN
Co the open Over horisontal surfaces were up tc two timas greater 3*: P ‘t: R
than intensities in the lee of large obstructions. Similarly, L % -
measursments near the windward side of vertical surfaceg were ”F; ‘ ;‘ ;‘;;
greater than measurements over open horisontal surfaces. ‘s, ofhe *f 'l* M
B 'y g b Py IR R
In the like manner, asrial measuremsnts can be distortsd by uneven = i Lé’rﬂ 7%:: !
tsrrain, scanning the lee or vindward side of s mountainous island, 3 ;:e. - 8 & "‘
and perhaps other factorse 13538 SSEPROS
; 4 2835 34N
After ERAVO, survey partiss reported substantial variations in out- 138u gsfogen
side radiation meagurements on all of the islands surveyed. ¥ ¢ vl r’;;:,‘
. 4 ey
Generaslly, one aerial measurement should approximate the aversge 1 i1ty
of many individuil ocutside ground measurments taken over the same B3 TA) i ‘T{J‘ rotl
general area, however, the factor of instrumertation must be recog- ] Ll pe PR oa s !
nized as a variable. The anergy response charscteristics of porta- HE PGPS N I
ble instruments commonly used during CASTIE differ from each other . En Thi R IR
somevhat and differ from the SCINTAMETER rather markedly. The re- 4 THHIHTN i PR Pt o
sponse of the TIB, for instance, is nearly flat above 0.l Mev Lt Ht NI y ' EBSS e \
The characteristics of the AN/PIR 27C are somewhat less uniform but - Sees vl o -
above 0.3 Mev are reascrably flat. The SCINTAMETER, on the other d 3 .{: SRR RN Nt O A 00 o i
hand, pesks at about 0,25 Mev and has & uniformly decreasing re- S I itk Y POy S SO MBS RGOS
- Sponse from the peak as the garwm energy increasess The character- I THH } S0T PUTIIEOLEY PRUS] ppopy i pey Ireoeruare alvad RRnks
istice of the three instruments are plgtted in Figure 30. If the - L foved ;81 4 i SREE RRSRE SRS RNOEE ISTRE 1 30 4 A R0RE DERR R oL
instruments are all calibrated with C or red.um source, as in . MELERE SXELL RN BER TEARA RAEEY RESXE KRR AR SN SECIR N
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Pigure 10, the response of the SCINTAMETER st 0,7 Hav," the aver-
sge of garma fisslon product actlvity, is about 80% greatsr than
both the TIB and the 27C internal probe and adbout 100% greater
than the 27C aatsmsl prote.

Thas, it can be readily understood that readings of two different
tnatroments in the same gaoma ficld aay be diffarent and even two
overlapping scales of the same instrument say nol sgree.

The size of the islands surveyed within the rang: of 2&;13 study .
apparently does not effect the valldity of the sltituds o groumd
tzzmuy’connnion curve, Caiibration fur the SCINTAMETERS waa
perfornad over areas of varicus aizes including both small and
large islands in the Eniwetok and Bilrini atolls. Data from these
seversl locations agreed very closely.

Obvicualy, judgament is needed in evaluating radiation intensity

in termg of potential exposure whether ground measurements or
serial messuresests are the source of data.
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EFTECTIYENESS OF MONITCRING PROGRAM

The aerial surveys and the automzlic monitoring netwerk must be re-
viewed together to analyre the effectiveness of the program properly
for they were dasigned Lo coxplement each othere The program was a
practical compromise between two extrema monitoiing methods, one He-
ing a monitoring network comprised of stations on each of the islandn
included 1in serial survey patterna (56 in the Marshalls, Carolines,
and Marisanaa) or tho other beling dally or more frequent flights over
each of the survey patterns from I ¢ 1 repetitively for a number of
days following each event,

It is belisved that the monitoring program did successfully fulfill
the tasic requirements of providing timely fallout informstion con-
cerning the Central and Southwest Pacific and of documsnting cusmulative
radiation in those areas. The inrorwation deweloped by this system
following the BRAVO burst is an excellant {lluatration of its effece
tivenesa in performing the former function.®

#At 1540 M cn B day, ths autosatic monitor on Rongerik, 130 NM ¥ast

of Bikini, went off scale. (Maximum scale reading is 100 mr/tcr).

This information, received at tha Task Force Headquarters aboard the
Bstes at about 160C M, was the first idication of excessive fallout
outside of the ghips of the Task Force and Bikini atoll itself. A
radsafe monitor was sent with a schedulad island rewupply flight on

the following morning to clarify the fallout situation which had been
indicated by the aviomatic monitor. At 2000 M on B day, a message to
Squadron VP-22 was originated on the Estes regussting the faewmdiate
sxecution of flight ABLE., The request was delayed until that hour to
dininish the ihility of the survey aircraft passing thru the redio-
active cloud( Due to communications 2ifficuitlies, the messsge did not *
clear the Egtes for about twelve hours after it was origimated and the
flight did not leave Kwmjalein until about noomon B & my.%u. 1535 ¥
on B 4 1 the first inflight report way received from the aircraft.
The report included measursments over Ailinginae, Rongelap, and Rongerik.
It confirmed measurements of dangercus radistion made on Rongerik dy the
radsafe monitor a few hours earlier. On his r dation, e tion
of Rongerik had begun irmediately and was complete when the firat in-
f1ight message was received., By 2000 M the radistion intensities at all
atolls in the AHIX pattern ware mown and plans were Mrmulated for the
ewacuation of additional north Marshall atolls. By B 4 S days, all sur-
vey patterns had been exscuted including an improvised pattern to survey
the Gilbert Islands and the extent and severity of contaminstion in the
Pacific were clearly defined, - -
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After BRAVO, greater interest developed in the extert and intensity
of fallout from the bursts. GCreater usefulness could be derived from
the asrial survey data Jor this application if fallout arrival time
and peak fallout values were krnowne Cumulative rsdistior, could then
be more closely sstimated. Tae installation of 4 monitoring device
on each atoil would provide chis information most accurately but such
a1 enterprise would prove quite formidadle., However, gocd informa-
tion could be obtained by a few stations supplementing those used dur-
ing CASTLE 1in the area of greatest interanst, i.e. up to sbout 300
siles from ground zerc. The addition of Taongl, Bikar, Likiep, and
Ujse, for instance, to tha previocusly utiliised Kwajalein and Rongerik,
wnld present « pattern of stations at no grester than 30° apart over
a 180 degree semicircle sround Bikini, With arrival times at these
islands known, interpolation to estimate arrival times at intervening
islands would be valid, The contimicus receipt of this dats at Task
Porce Headquarters would be desirable tut the difficulties in the sup-
port of operating teams would likely be prohibitive, The concept of
the Ujelang operstion could be repeated at these islands with the data
recovered periodically by amphibior : aireraft or ships. Most desirable
would ta the ‘ransmission of the data Uy telemeter if a system could be
developed for this application.

Night survey flights were not attemptad during CASTLE. Had AHLR pat-
tern been flown on the evening of B day when the request for the flight
was originated instead of noon on B ¢ 1, the evacuation of Ailingirae
and Rongerik aight have been completed more rapidly. The night Night
wag requested at the tims because of the potentially hazardous nature
of the fallout situation even though such an eventuality had nct been
discussed with the squadron personnels Actually, the message request-
ing the flight didn't arrive at the squadron until the next morning
s0 the question of a night survey wvas nawir presented tO the squadroq.
In the later events, the need for a night survey flight never devel-
oped. It is conceivable that a difference of twelve hours could seri-
cusly delay s decision for svacustion or some other amurgency measure.
Therefors, the possibility of night survey flights should be explored
and procedures established if feasible.

A furdamental oriterion for judging the worth of the aerial survey
phase of the monitoring program is the accurecy of the meeurement of
ground radiation intensity. Ultimately, if the aerial survey is to

be accepted with confidence, it must be shown that it can be related

L0 measurements taken on the ground with conventlonal survey instru-
mantse The relationship of SCINTAMETER measurements at altitudes of
from S0 to 1500 fte ¢+ msasurements at 3' fyom the ground Wi th a variety
of instruments is fully developed in Section VI. There are considerable
dats to indicate that the altitude to ground conversion curve which is
presented may be applied with reasonable confidence over different fieslde
of fisnion product activity,
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There wore two 1ogat1233 oz whish ropetitive prectical coapisriseas
vetwaon asrial and o @i assucezenty are availatle turiny CASTLE.
Sarvey parties visitad Qo jirtx freguently ver o wertia W oray

weeks after BRATD and ransied gacnd Paclatiun intancities bacn izn,
Ai/PDSTIBS, rortable {onitatlon type me.urs, and sther poretatle go.oa
2%%Ars were employed 23r thi msasursmects, s avera_ss 0 tt.as
masurements taken sutside of baldings azee vory clawly aat. aeslal
Survey mmasurecects aver Acrgerike Thzse data are plotted sn ¥ige 3i.
VOIlALn O Lie COXLaldliiv (Wediiwcsnts wai® L Of Lras 24w tafi}
others were not, Ths Jround meaturemats talmn ca $453 4 tetaien
ssrial mmasurerents lie vary clase %0 the valu & aspactyd from thiee
vetical deoay cileulating, Cowyerative mwasurerents are als> plattal
for Aflinginae, Utirik, aal ALl {ftgure: 37, 33, and 3L, alihoh
these ars locations uhure unly ord set of ;raznd re.uTenants wers
taken, The followe:y survey :eamrerants rajw alfter the 0 « 1 3urreys
show peiscnably closs ajrearent with the traaretical esay curses s!i..2
on these figures, For sirglicity the decays wars coxputnd froz sazh
08Y Daxinum measursrent following e.ch ovent witromt ragasd to res.itald
contanination from previc:i events, Sincs acre vas no athcd of ace
counting for the effects of wint and rala ia rebwlug sontasination,
there seeqsd 20 ressca for mord olaborate thecratical detay computatiirns,

At Majuro, the site 3 an autoratic mouttsr, tisre are craparabive datsy
for ea.a burst excapt LZCIiR, Hare agaln, the agrennsnt batuesn aasial.
and ground tmasurazants 13 gosde Tiess data my bw found in Tabla 2,

The st gdficant coatudaation of see vaker fuliowing a turat has now

- baén anply deronairted. The possibilSty oxtsts that this phensianan

cont=ibuted to ths backas ad vilues rucordel .-ving the aeri.l sucroys
and that those values were luccrractly applisd oo tho &toll pealir o eats
in computing nebt intenaitlses, 5.4%able proved.res mus't be gst.hlistud
% differsntiate Sigratdr. | watar wetivity, ad atreraft backyry.mt Lo
fotere applications of thr aerlal aTng.

Sevaril of ths installsd wutrratic :raltorizg instnweade wire 2:.fred
to measure ard record teta kst corszatrPationg as well asz ge oo
ti~ae 811 of the bets chasn:is fo1182 Wdihin o fau diys Loz U
installations The fafilures yasultzl foom varicas meshamizal ol il e
¢rical difficulties, No duti was sttalmed Tejariing bet: dast. T -
desirabi® “ty of obtalrning such seusurmients Zas probably incssos:d
rather thar diainished in 114t af <ie (enswal lateras® &n oFfalty Zili-
out, It is aasirable that the Listrwwnts be gerfoctsd for Jutura

Ia cifsite muridoring cunauctal L wngs offica for plavious bevila teuts,
the ngasirvesnt of beta actlils, ta dust oollaewcid - filter ;axrsi wis
found %3 Lo 3 mwore versitlve wadsury of Lowb deoris arrizal Sla. Wl
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activity than grourd yjammm measurement, particularly where fallout
w2s of low intensity. It was also found to give earlier indication
of arrival, this prohably hecause of its greater sensitivity, There
1s reason to belisve thal these charactaristics would apply in Pacific
tests and aight prove useful in warning of fallout arrival.

A particularly gratifying ach lavement of this pro/ram was the utilie
sation of personnel, untrained in radilation instrumentaticn, for the
operation of the automatic monitoring equipment, This represents a
tremendous economy in the use of the scarce number of personnel

trained in redlation safety technijuese It has been demorvitrated

that s fulrly comprehensive mcnitoring program can be cont imiad aver

& protacted period without tying up a large mumber of trained persannel.
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INSTRUMEMTATICN

1. Aerial Susvey Wonitoping

Ae The SULTAMETR, Ganeral Description.® Tae JCINTAYETIR, a nelf-
contained, M?.uz',-r;g?, tattory oporated scintallation type grwne
detectcs witn A fast cespunse tinw, was used fia all aerial survwys.
The unit weigrs o Lintly less thas Tive peunds with batieries. The
single »w'ey sculn i3 1ivided loaritimically anabling severnl de-
cades of relintion (itaeity to Le resd without switehing arrarge~
nerts. T aodela, the He3-8 amd M-3L, have a range from 0,003
0 170 apfir and 11¢f+r only in battery cowlement. A third model,
the M=7-A, hust & mree Trom 0,301 to 12 r/hre This high level
instrumert war 1rvelovwd for tre 2ae of cloud tracking alreraft

and was ngeq atangivaly on the LGN f2ightes it was not utile
{rad in ata™! aurmre tat wvas servicod by YASL personnel,

B. Conversion of Aerisl “eamur te to Ground Yevel [mensitiess
An alr to groumi calibmtion prucadure wa~ oxr r the XTI
VETER at Fniuwe'k in Pabraary prior to CASTIE ind repeated at Pikini
a fow dagm o ar B4V, Similar calibreation work had been conducted
for the L0, syedaneesos to the SCINTAMETER, prior to its
use Tiring VY.

The ealibration rmc-durc consisted firet of condueting a "horough
survey of tha radiation intensity at 3 S, over wn wres contaninated
by flaslon rroducts fol lowed by measurersnts using identical in-
struzents cvar the sane ares {rom an alreraft at altitudes of from -
SO to 1000 . e ratice of the aversge ground intensity to values:
noagured At selucied a.¢'tudes constitute an atbeuallon curve -
vhich may be usad 4 udjusting sarial reedings tikan cver arsas of
unknown contamination to grouad lewel intensitisse.

There are severa] poesibla srrore snd variabies which. saj couse
variations in the sitsmatiun fastors derived.. Mece. arss radiatier
instrument arrcr, (L1is includes energy dependenseliich is dis=
cussed in Section V7, altineter srror, humsa errur;. irreralar dige
tribution of fission products om the grownd, fissiw product age,.
and variaticn {n ‘r« abscrption of different sectlitas within an air-
eraft and betwee~ sireraft. (Both P2V aireraft sad Hhelicopters wers -
utilised), Variation {4 !e area of the radioactiwe source may also
be suggzested 13 1 ssuse 3f varistion in attematiom Lsctor, hownver,
although the lzlawis ured for nelibration sites warved markedly in
size aad shape, ‘he attemuation factosy were not messyrabl~r 1iZferenl.

“2or detalled dascription of lartrumnts see "HASL-1C), WERATINC [RO(TINRES,
PALLOUT MENMITRING PR CASTIILM
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SCIATAMETER
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Thr following eal ibration studies were conducted in connect inn
X3 .

with CASTY.
Location and Pate - Instrument,.
Eniwetok, Yeb,, 199},
JANRT

SC DETANGTER.
OENE SCINTAMETER
GENR : Nuclear Inst. Corp. 2617,
Bikini, March, 199 '
WILLLAN - S smaeTR
o™ XDugTER

In addition, nesgurements taken by independent SUrvey part les at
Rongeiap, Rongerik, and Ut {rik using several different tyres of
irvey instruments have deeq related to vorresponding serial meeg-~
uruments with the SCINTANITYR during the routine execution of tha
ABLE survey pattern.. One other set of factors wag abtained
Persolael of the Yeather Reporting Element with both s SCINTAMETER
and

TIB, The record of the {dentity of the atoll where this wag
obtained has been logt. ) S

Alr to ground. calibration for the SCINTILOG WRE Devformed. by HASL.:
personnel in Newvads. in 1972, using TUMBLER-SNAPPYR togt sitem ag. -
20urces.. Another sat of iata, obtained by an independant group
using a T2 during the UPSHOT.XNOTMOLE series; is avatlable for
comparisen, s L et -

‘The attemation curve a;yrpncd% dtu-ing(um is si-oim»in Pigure ¥,

Mils: curve: 18 based upon data: obtained at JANEY then later substan-

- tiated: by tudies: performed at WILLIAM and YOXR and by miscellanecuy -

coincidentzl data obtained: during CACTLE. Thege aites represent -

- & variety of source areass :'npe ustance, YXE and JANET ace 1/8
;. #ile and 5/8 mile across respectively, ; :

. There s 0od agreement among the studies at the three selscted:

islands and between the resultant curve developed

) from ¢ s studies-
. snd the miscellaneous datas: The extrepolation of

the- attemation
Curve to zero altitude yields a factor of ? which is Approx imately

oquivalens to the aireraft hull absorptiocn,

Individusl sets of the GEXE attenuation daty d
sacn other and their Average atlsnuation curve
from the bulk of the CASTLE data, The two: sets

iffar mackedly frem
differs markedly
or data taken in

1.




-

each
The aver-
The
Any
td
hdch

agee of the GENB and Nevada data are plotied an Figure 6.

other dut differ from both aets previously mentioned.

_reasons for the discrepancies sre not clearly undsrstocd,

cosbination of the possidle errors msntioned atove may 2 rege
It is felt that the effects of fission pndnct ase

typs of bosd, and tastrument snergy depencences are factors w

require furtber investigation.

Bavads on different ococasions agree remrkably well with

ponsidble,
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high lsvel uniw, Ca~™
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Badium vas used in the calibration of

Calibration.

14

e,
&3a8d
i
2t
LI
it
HEEH:
3 Wmun
i

2%
mwgmwm
TN
it}

13

mmemm
.mu«wnn

L Y g

Qe -

generally checked before sscy use by

at Kmajalein and WILSOM cloud traciking aircraft at Eniwetok. .

bratd
s  SCINTAMETIR mcintenance was perforred at Bdwetok,

, and Quass. - Alr conditioned working space was available -
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sdistion Background) was noted. - The:case was-

reassembled with & pacimge of desicant withi
snd the float point adjusted to cospensate for tha

& fow hours the error
The procedure was repeated until sgreexint of in-

nt reading with true background was achieved,
Whenever the f1oat point was checked, a reading was taken in a

would be
and after

and true r
to insure that the remaindsr of the circuit was operating properiy.

fadistion f10ld equivaient to greater than half scale deflectior
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Calibration was likewise a tedlaus procedure because of high
humidity. Calibrstion contrels wers accessibls only by oponing
the {nstrument case so that a waiting pericd was required every
tire an instrument was resaaled to allow the desicant to beonme
effactive, Cecaglonally, calibration 5f sne lastrument would
require several days because of the waiting psriods. Frequently
the umidity was so high the package of dealicant could not com=
plstely absorb all the moisture within the lnstrument case after
it had been sealed,

High Bnck@ « The frequent use of severzl large sources by
pataonnel from other projects in the vicinity of the radsafe
tuil4ing, where the HASL instruments were serviced on Parry, pre-
vented calibration of the low end of the TH-3-B and TH~3-{ acales.

An increa P RPN Vo as sm-ale Py Qe o e oY
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Al ncreass in backgrourd of as mech &8 ten LiRmss over s normal

of 40 to .015 mr/hr wvas noted at such times.

Fallout from BPAVO raised the background at Eniwvetok so that low
end scale calibration was impossible at any time; in order to
cont inue the program, a1l low lavel SCINTAMETERS were soved to
Kwajalein for servicinge On occasion, the fallout even on Kwaja-
lein wvas sufficient to prevent low end calidretion, although
these periods wers of relatively short duration,

Background radiation rerely interferred with the calibration of
the )}high level SCINTAMETERS, the minisum scale reading beirg
1 ar/h~,

B. Pield Operation. In field uze, the SCINTAMETEZRS were found
to be most satisfactory by task force personnel who used the in-
stvuments., Those charscteristics svhich wesms commented about
most frequently ares dependablo operation, stable calibration,
sim.le controls, single scale, wide range, and sealed circuit.
The last charvcteristic was particularly helpful for cloud track-
ing service since the inastruments were insensitive to altitude
changes.

Position ia Aircrsft. Our experience has si.own that the position
of the: Instrument within the aircraft must be selected so that
the radiation from radium dials on navigational instruments is
negligible and the shsorbing material underneatd is minimsl and
conatant. (A position over & gasoline tank is unders.rable).

17 repetitive surveys are plannad, the same position within the
aireraft should be used each tinme.

Al
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At times either aircraft vibration or rough handling affectnea
the vibrator-transformer {vitran) reed adjustment cauuslng erratic
bahavicr. To correct this; foam rubber pads we.¢ piovided i
cushion the instrument within the =urvey airersfs.

?amtu‘ Difficultiese Minor circuit difficulties bs ame evie
ent shortly after arrival at the forward ares ut these were
easily corrccted, Cirnuil component fallures wers tnfrequent,

Faulty cosponents were replaced from a stock of spare parts ain-
tained in the forward ares.

Battery replacement was rieceasary on the aversge aftar 20 houre
of meter oparation. Replacement necessitated opening the instru-
ment case, fach time this was done whare an air vonditioned room

was unavailadle the instrumert remained cut sf servise for up to
2l hours until tha molstyre rad dsted

oure pIgSUTE N Tl

The vitran in the power supply vas the scurce of tue froubles

which were corrocted sfter they wvere discovered. T eus weres (1)

fallure of the vitran to start when the instrument wee tumed on,
(2) notae causing erratic meter fluctuations. The first diffi-
culty was casily eliminatad by a simple adjustment of the vitran
reeds The latter problam required & more critical reed adjust~
ment or cleaning of the contai*e It was found that much of this
noise wvas being coupled inte ine circuit through & commwn ground
from the vitran and filament tatteries. Running sevarsts ground
leads from thede two sets of batteriss directly t2 the connector -
Joining the battery section to the cirmuit section eliminated the
necessity of a finc sdjustment of the vitran seed and also stadil-
ized seversl instruments for which a noise free operating voint
could not ba found by adjusting the reed,

¥, Recommended Modificationge

(1) Float point and gain contrcls should be accessible from ocute
side the sealed circuit cases

(2) Battery chunges should be puseible without destroying the
moisture seal of thz ~ircuil case. Oreatest utility could be - ..

realized if baiteries conld be integratel in & case that could be

plugged intc the circuil case suoh that a spare battery set coull
be easily interchanged in the field by a non-trained operator,

(3) The vitran should c: modified, possibly by shock mounting or

eliminated in favor of a more stable power supply if one could b
found with comparable high efficiency. ¢
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(4) & eane should be devised to flatten the soergy response
v charactoristics. - . .

2. Pixed Instrusment Networl

Bscl sutomstic sonitoring station was equipped with one o two
sach of four types of sutommtic gasmms moanitor. In additisa,
seversl statione close *o *he ;raving grounds wers equizped with
AN/POR=18 Bs, portable gamsa survey {nstrumnts. The unmanned
station, Ujelang

a8 wll as s battery operated automatic gasma instrusent,

tic mnitors consisted ofs

() Tw uatte of IO type TH-1-4, & 110 volt &0 cyols Git tube
gums acnitor with a Quasi-logarithmic respense allowing a range
of 0,01 to 25 m/hr to be recorded on 4 linsar O-) ms racarder.

Ton units of NYO typs TH=l-4, & 110 volt, 60 cycle combinstion
altsrnately measuring (1) the beta radicactivity from dust
osllacted on a filter paper and (2) surrounding gams intensity is
ressrdad for {12ty minutes every hour during which the dust 1s col-
on filtar paper. The bdeta from the dust sample is counted
five minoutes and then the background froa & clean section of
paper is counted for the remaining five xinutes of the hour. .
channels use (M tubes and the circuits are logarithmio with
the gamma range from 0,01 to 100 sr/lx and the bets range fron

100 to 10,000,000 dpm. The recordsr is & standard 0.1 ma linear-
recording milliameter.

(3} Two units of MY0 type TH=h-4, a 110 volt, S0 cycle (M tube:
sams tor with s logarithmtc response allowing a rangs of 0.1
to mo':}n ta be recorded in & linsar O-1 ms.. recorder.

Two units of ¥TO typs TN-2-4, s battery operated yarma moni-
tor with s logarithxic response allowing a range of 0.01 to 108
sr/ie. The surrounding gamma intensity is recorded for (ive rdr t.s
each hour on a 0-1 a2. linear recorder,
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afor detaided description of instruments see THASL-154, OPEZATING PROCANRE,
FALLOUT MONITORING FOR CASTLE.®

The batte: rated 1=hesd alr semplers, NIO trpe THe3-d,

[ conssculive ons hour % s 8 on oe inch diaxter
filter papers. Dust sampling deging sutomatically vhen the sur-
rounding gamsw radistion exceeds & preeterained valus} 0.1 ar/ix
vas used during CASTIE. -

%%,%‘E scintillation type survey msters manufaciured for

v& full scale ranges of 0.5, 5, 50 and SO0 ¢/t Three

ware provided to certain automatic monitoring instaliations to

w the autoratic units 1f radiation intensities exceesed
-, .

26104 survey meter uses & .
s 1298 scalse provide mawimm readinzs of 9.2, 2.0,

2> w/wr. These instrummts wers sent from the NYOO0 via ATOAT-1

chaomls to the suxiliary stations. ¥o malntenance on these ine

-ﬁ_'c-nu was performed in the forwerd area.

%fh sutomtic mnitoring lnstruments were
at Yarry d for waintenance and calibration priocr
to their Ns’ribution o the sonitoring stations. The resarks

mde previcusly concerning the effects of sources on SCINTAMETER
mm are equally applicabls to =he automatic units.

C. Fis]d Qpersticg.

m. The Me2-4, TH-4-h and the games channel of
& dlurnal variation in radiation resding which
affected the dependability of the radiation measurenments.

adversely
telow 0.1 ms/bhr. This was a continuous. source of difficulty dur-
ing CASTIR,- Fiald tests were conducted without success quring the.

 mooltoring pragram to detarmine the cause,

The Lrwestigation was contimued at HASL, New York, wiare the re=
sistance of the bakelite insulation on the base of the Antcn 310
Gt tube: was found’ o change with teaperature..

" There are other factars likely ta contributs to the: diurnal var.-

atlon although: epecifia informatisn is as yet unsvallable, Tie
effect of humtdity is strongly suspected., The Ot tube and 2evtala
kigh resistance components are sealed in a tudular casing shich
constitutes the probe on. the: autcmatic instrursnt. Since this
tube is not disturbed during normal mdntenance, the humidity has
Do immediate effect on calibration as i3 the case when SCINTANSTUG
are cpened.. However; the daily heating and cooling of moisture
Waioh =y seep into the probe over a periocd of tims may be partly
for erronecus meter indicatisns manifeated in the ii-

" wrnal variation..
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dign Volta,m Bourds. & fallurs comcon ta “hesa unite accurred

1 vollage bDoaras, These beards were also bakmiite and
Qperently the nigh husmidity gncounter.d reduced the insulation
fesistance o the point wihers sufficiant currsnt flowed [roa
bigh voltage points to ground to burn tha board. The lsakage re-
actance of the tranaformar in tha 4. .. untts [(TH=Y & snd THL-aY
was high enough to prevant sxcessive current in the prizary so
that tre short would tomn Shrgogh wio ot 92 zirslll Soceaer
opening. ILn the D.C. umit {(TN=2-d) the excsssive curreat drawn
discharzed the battery. Bakelite boards siould not be ussd in
Wi high voltage saction of equipment tgo ne usad in
areas.

Coregplated Line Voltam. &t moat of the installations; iine volt-
age and {requency vere maintains<d a> atandard levels only during
the upper level wind cbservatisns, Voltages as low as 85 volts
ware chserved during malntenance visits and nwar Lhe enxd of the
oparation conditions may have been worse due to the fusl ahortage
a% several stations.

Water damage caused termporary fallure of several instruments.

atler snlered the icstrumenta due both to hsavy wind drives rain
and condensation, The forrer was the greater factor and was eli -
inated by placing sheds over the unita, These sheds were usually
constructed with the monitor packing case, supparted by fowr la:a,
inverted over tha instrumsnt. The condensation could not be stopped
byt this elone dd not causs ary instrumsnt faillures,

P24, Several marcury batteries (Mallcory 3084L8) went bad long
sre the sxpected end of their 1ifs ard showed signs of leakage.
Bxoept for coe case, this cccurred ~nly in those batteriss from |
which several cells wers removed to ootain Be voltage. Evidently
the stress plsaced on tae cells Dy this operation is excessive and
aother method of varying B ¢ should be devised. A faw of these

batteries were received with the polarity, as indicatsd oo Ws

_ casing, revarsed.
The two bars supporting the recorder are not strong enough and
undar the welight of tha recorder, preszed on the battariss cutting
‘their casings. (lyptal paint, which was used to insulate rivets

from the metal tass plate did not :tar-xi u.; and several shoerts
occurred.

Thei=d. The major failures in this ts-e unlt cccurred in the beta
sectict. The papsr drive mschanism broks down in almost every

Iy
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#¥ery unit, The contributing faciors nare were ths tendancy of

the friction e WEten up s4ainat Lhe mounting rlate and

mtal corrosion. The former preventad feeding of the £41ter sape.

shich stalled the drive motor., The sverhbeating of the matar in

adivion o L3 rust caused DY exceassive m:gdz}- dsually frose

:j: mt;or shlf} ?a?.tiag the dust mooitor out of commissizn until
[ u g 220 POV Yy ha = &t

3
i

Ti~5~4, Befors being placed on Ulelanz, tre dust samplars wers
preset to trigger st Ol &/bry On subsequent visits sfter bursts,
the beckground wiz cfien grealer than the wrigger aetting. In
SrdeF Se seady the insteusant for the {olluwing event, tne .rigger
r}um x‘ncufa.fu.y had t be raised abave the current backmoumt
Viiawe an exisling control on the instrument permitted accur:te
adjustmsnt only by cumberscms trisl and srror procedurs utilizing
& partables sowrce and garma survey ingtrument. Gensrally, there
being ingufficient time for thia procedure, the setting was sdjusted
t2 zo== valud, only approximately imown, such that the unit would
20t trigger 1n the garma fiald. Becauss of this, tha saseitn: tims
for the paxt event could not be accurately eatabilsned,

D. Recommenasd Mod{fications.

ﬁ-é-t. The fricticn cluteh should be made With a reversed thr:nd
™) $ 1t wul! tend to loosen. The paper drive motor Ls heavier
and fagter thas required. 4 smaller motor would allow the aper
seel supporting plate to drop lover allowing o isr loading of tha
paper. Also the slower drive motor will eliminate over-running
of the dstent on the stop can.

A method of stopping the papsr after 1t has traveled threa irches

incTease the 1ife of a filter paper roll from 8 to approxt -
mately 15 days. At preseat, the amount of PAper per sample i3
controlled by ioe radius of the taksup reel which Lncreasas witi
the ousber of samples taken. 8ince L% is necdssary to have thy
drive set sa that thres inches L5 *raversed with the mramus rodiss
y.u open space betuwsen samples becomss 8Xc8s8ively lang as the rcl‘.P
x‘.i used, 4 rubber pinch wheel 2zsembl; hich would be aimis in
dexign could be used to fix the amoun: of paper travel,

Replacing the bLata QM tuhe or servicing the oircuit munted it ...

the lead snield 1s Lifficult, requiring almst a corplets iliur.l-

ing of the mnitor which 13 extremsly difficult im tim field. © .

¥hols section should be mounted o & plug in the rear of the l:oui

:bh.‘:sﬁi:hich is easily removed without disassembling othaer parts 50
.

T SN N TR O 1P S YT SRSV A P o



L PULE |

o BT sl o

o AR AT NG o A

SO S o

To siaplify calidration, the comon f{ilament voltage control of

. - the beta and gamas amplifisr tubes anould be eliminated in favor
s of individual coatrols. -
« A calibrated control shuld .e provided so that the trigger
- [ can be changed easily to a differw:.’ known value im the
| flald. ,
A davice to provide a record of the start of saspling tiss should be

incorporated in the sampler unit.

ease field maintenance and calibration of the contimu~
high voltags should de incorpo=

from the monitor and {t is ot possidbls to adlust controls
and watch the recorder deflection simultansously.

T 5t ¢ imit BB st 2 i o
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On the Besis of sxpsrience guined during this cperatinn, the Sollssiny
mdifisations are proposad fof use i Ay NUher mRlloriag ;rogrars
of this naturss

i ganeral pattern of aulcastis montitariny statlors

inalvied for CASTIR, provide gusnle-watsw erisi:ng % evnel S

- forwing & semicircle orisnted to the east artd walildls JOO miles ¢ e
test site. The mont practical instrliation 7Tor chese mgplerwntil s'ue
ticos would be sutomatic, Batiery opsraled, wrexred epiliwnt, o
possibls thay should be squipped to telemeter. THe laocatisna shoull Lo
selested on the bagis of accassidility Jy ailr or arface vessel a3 wnll
as dlatritution arcund the taat ares,

Yeally of blewesly visits would be nedessary o matntenance {ami etz
TOORVrY in the avent telemtering sannct bw utilised),

2. Duplicate imstrumsmtation is essential &t unmaawed staticns s21 13
otrongly desirable st samed staticas,

Jo 40 altecnative to M wo.ld be ore friiuent survey flighta covars
ing wore flight patterns following each ewsat, slihough this would nct
provide the same precision of {allsul srrival msasurenents 23 would te
sbiaimed by the ground stations nor would .mak valiet necessarilly e

. obtained, Daily flights each of the ALLE wod BAXER patterns up %5

oF aix days after each event L1 addition %o normal ssheduling

© would euffice to detact late cccurring fallowt and establie-h fa)lout
arrival time to within a 2 hour peried, .

ad saw

a mirime requirement, each flight. pattees atould be sxscuted sher:ly
.Defure sack svent after the first to mssgure res{idm} contaminatfcn ine
It is only by this msans that: the fallout Irsn suzcesslve

. sccurately computed from measuared walues. Jurtag TASTLE
1% vas found to be impoesible to schedule b.3@ re-survey fiijhcs .-

B = 1 because of unpredictable delays in dptonstine the test dav..':

and frequent conflicts with the survey squadrom's othwr condltments
wiich were heaviest prior to D day,. Thersficre, in cases of long ;- rieda
bétwsen bursts, re-surveys st regular five day tntervals are suggd©tad
ta emsure the cwrency of residusl costaminatio» dats.

ke Develop procedurss for might survey £1ights. Sach praceciras dteii!
probakily provide for omitting islands with mountalmoos fterrairn.

S« TDevelop procedares for differentiating srong ths several ascur¢«s
in-flight radiation to permit proper evaluation af ground intensiry

t




meaguremarts, The scurcos which say cbscure background mesmsurement
for correction sre skyshine and sea activity. The proper application
of shielding 2t the survey instrument could eliminste subastantially
a1l radiation criginating in ard on the alrcraft.

6o Automatic fisslor product dust messu=ing {nstruments should be
perfected and utilized at stations within three hundred miles of the
tewt ares.

Te A contiming effort should be made to ccrrelate fallout density
per unit spres of ground wiih radiation intensity. Sampling by gumed
£1lm or equivalert should be done at monitoring stations.

A, The successful massuremsnt £ fallout over the open sea from air-
craft has been demorstrsted.) Perfaction of this technique holds

great promise for accurets evaluaticn ~f fallout pattarns up to two

o three turdred niles downwind fyom megaton range tursts, Although

the aerisl sirvey program described hereln was not designed for that
particular sarvice, the programs could be crordinated for matual b-refits

A. 3urvey sircraft enrcute betwsen Lwc alolls can msamure sea
radiation ai & corollary mission, Toward this end, survey
pattearns could be wodified within certain limits to examine
areas of particular iaterest without impairing the atoll
survey functiong. Wasteful overlapping of survey miselons
cculd be avoided in this mannar,

H, Atoll radiation data would supplemsnt the ssa surface data,
brosdening the scope of the studye

C. Under suitabla circumatarces, the atoll data would provide-
a direct relation between ses measursents and ground activity,

D, Imediate exact kxowledge of the fallout path direction, de-
rived from sea mirfass msasurements, wuld be useful in an-
ticipating sppropriste atdll survey requirements.

9. The ~onversion of rediation measurement frow the air to ground in-
tensity should be more sccuretely derineds Phenomencn necessary to te
studied are inetrumental energy deperdencze, affects of fission product
age and caposition, and the relationzhip of ground intensities as
deternined by air msasiremant to ground intensity messurement by con-
ventiona) portable survey instrumonts.

10, Recommendations eoncerning instrumentation are included in
sm!ﬂﬂ vI.
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