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'

on instruments, 'were di over routes to measure - fallout ■

. . - were, located beyond tbe network..of automatic stations® ■

(It trail 1»Hk tro srtri 'tt&silr t q-f,*! nn . f\r» a t+.nri -^vw
: ' A:

: /radiation dosage were’measured, or computed from to­
ts, for-all'islands in the automatic network and'for
ses 4-T-*rs ejinwrrjrv** r\«»"I**1'isiv^vMs TItIt*? *^4 •?%*%islands within.-ths two aerial survey patterns-east of Bikini in the

. 'Marshall "Islands*

V / ■ from direct measurements, 12.5 r/hr, occurred at Eongelap,after BRAVO*

■ The monitoring'method combined fixed continuous stations' and aerial surveys*
.. ' ^ r\4* -£>0/■*!-» . *»Q.e trf.n H *1 «yafi on, 4- Vintr -•.ua-wA ^^ wer.

. means idiich probably represents' the maxiatti'in economy for "such extensive ' ' ''
coverage. ' ' ■ ■ '

" The SC11TAMSR, a sensitive-, wide/range scintillation type gamma meter-'-.
- - was demonstrated to be a dependable, very protable, facile instrument' for 

. . aerial monitoring, use* - '. '

, - Increased accuracy, reliability, and precision can be obtained for future
o*i >we'?*£5’?ro r»*f* ■4' V»-4 es 4*1^ «s n vs esi1? 4 n 4* *1 !«».%*%*>«.' .surreys

;
s of this nature thraugh certain suggested modifications. '
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• i* mmorocfioi ■ • " ' ■

■ \ 1* farpose« At the request of 03JGPA0PX.T .the Health and Safety

?aclflej, esclusi-ve of the proving grounds. Current 
fallout information ms to'-be made .available to CINCPACFLT following 
each detonation® "Hie. program ..was to. be patterned ■basically on the,
1100 monitoring syBteia-developed, for I¥f*i

The .infomation,-derived was used;, in. the immediate,, estimation of radio- 
logical hazardf in heavy fallout'areas. The documented fallout consti­
tutes a record-."of cumulative radiation" produced during the test series#

2. •Organization... 'lie monitoring program was planned and directed by 
the Health had Safety laboratory* lew'York Operations"Office and:ac­
tively supported by several agencies* • .HAS! organized the functions

S> Xti, ' ,1, • . X. A 4 ' ' ' 1^3 "'*%<-*+*.+» **.*&*•***.#**» #^^<4 -^i't IT-TTLT -4 J-l’*-. r-_4

laboratory, ms in 'over-all charge of the program*.. • Hie Project Officer 
. .. ;CHAS1) directed pperatio.ns:-ia^ the forward area.--.-Operations were ex­

ecuted in accoMance with the operating plan -Operating Pro-

,

staff. . Joint T
- ' . made available comaunications""facilities'in the forward area®.' ;;

Ute instrument 'monitoring program consisted of the following operatipn-
-:"-ai.'subdivisions.* - - .// ' ' ' " .

' . 1. Fixed Instrument Network - .... -\ . .

fa) Automatic monitoring stations ....

#

- - :• ' 2. ' Aerial Survey Monitoring ' ■ ■ ' ' ■ ■ " '

Fixed Instrument Network ' - '

TheJJ. S* Weather Bureau, the'U. S* Navy, and the.HSAF Air Weather -
Service operated fixed automatic gamma monitoring stations on sites 
selected basically to create a uniformly distributed pattern relative 
to the test area#.-- 'Hie availability of facilities for the operation 
of monitoring equipment was a factor which limited the number of atolls 
which could be utilized* Uniform distribution was reasonably well 

- achieved particularly within the Trust Territory. . . -

—1-



f
The nature of the automatic instruments was such that very little 
attention was required during normal operation.. The- function, of the 

/station personnel was to. read and'transmit, the indicated'radiation - 
data. Except tar a simple briefing* none of the. personnel were pre- 

ftrained in the use of these instruments nor in the field of radia­
tion safety. " ./ ■ " ,‘

; The sites as originally established^ were:

Location

Iwo Jima
Guam .
Truk
Tap
Wake
Midway
Rongerik
Majuro
Kusaie
Ponape
Kwajalein
Ujelang

Operating Agency

■ . AMS ■ ■ ' ’ ' 
■ -./ AWS- •

USWB
usra;
IISWB -

: USN 
AWS» .

. AWS*
' - AWS» .

- AWS#
USN

. .:HASL»*. -

*JTF-7 weather units 
**Ujelang was unattended, 

personnel.
Data was retrieved periodically by HASL

^On B ♦ 1 a portable gamna instrument (Scintameter) was placed at 
Johnston Island AFB to intercept the BRAVO cloud believed to be 
traveling east from the forward area. This was- replaced by an auto­
matic gamma monitor after Rongerik Atoll was evacuated and the auto™ 
matte monitor removed from that site.. Johnston was the only location 
east of Bikini and approximately in the same latitude as Rongerik with 
facilities for monitor operation» ' ‘



Shortly after the first event, the first three listed stations were
discontinued.

the locations of all the instrument monitoring stations are plotted 
in Figure 1.

Aerial Monitoring' ■ .

Hiree Navy patrol squadrons were assigned to execute aerial 
missions® These were W-l at Barbers Point, Oahu, ?P-29 at 
Jf.X.,, and W-3 at'Agana,'Guam# They covered designated 'Pacific-.-.Island' 
groups according to the following patterns* ;

ABBE mi® CHA1LS-

1
2 Bae-;
3 Ujae
k Wotho
5 Bikini
6 Ailinginae 
? Rongelap
8 Rongerik
9 Taongi

10 Bikar
11 Utirik
12 Taka
13 Ailuk 
Ik Jeao
1$ Bikiep - :■
16 Ewajalein

DOG

1 Guam
2 Rota
3 A|
h Tim
5 Saipan
6 Farralon de

1
2 Narau
3 Ailinglapalap 
li Namorik

' $ Ebon 
6 Sili - - 
? Jaluit -
8 Mill • .
9 Amo

10 Majuro
11 Aur
12 Maloelap
13 Irikab
lit Wot je ' ■■
15 Kwajalein

Kusaie

1 Guam
2 Namonuito
3 Truk 
It Bosap
5 Namoluk
6 Bukunor

1 
2 
3
k Moka
5
6
7

Ujelang
Kwajalein

FOX

1 Guam
2 Gaferut
3 Faranlep 
ll West Fayu
5 Ifalik
6 Woleai
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INSTRUMENT MONITORING NETWORK

anchorage

o ■

TEST SITES

AUXILIARY REPORTING STATIONS

if USWB)
- AUTOMATIC MOM TOR IN'- STATION

• If USN) . , ■

TONMANNED . hasdO

Alt pypY SOUA[;tONS USN)

OKINAWA

• I WO J IVA

4 OAHU

MANILA
Bikini

FNIWttok* ^ •RONGERIK 
I! ) r l A N G

i ao' I701



W-l

DOG (Cont’d)

? Anatahan . 
• 8 Sariguan 

9 Goguan.' ■

EASY (Cont’d)

? Satawan ^
8 '.Suop
9 Pulap 

10 Guam ^

lij. ^ Haag

l8 Guam

2 Midway (over 
south beaches, 
all Isles in 
chain)

■. 1 Midway 
2 Oahu Cover 

.north, beaches 
all isles in
chain)

POX (Cent‘d5

7 lauripik

im

1 Qatar
2 l*anai

It Maui
5 Molokai
6 Oahu
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XI. MEMODS

lowing each burst.

1. Fixed lastroinent letwork ■■ .

, General Description. Xhe fixed network initially consisted of eighteen

of the proving grounds were equipped '
“ gamma monitors* hairingwith 110 v AC a

a range of *001 to 100 mr/hr. A. battery operated automatic monitor*

•was placed on one island (Ujelang) where facilities for a manned sta­
tion were unavailable. Data was recovered from this station after 
each burst.

stations were

these stations to the task force.

i was transmitted by administrative teletype messages from all but

tine data transmissions to the task force weather central.

• •• • rw*___ 4.4^ ^

means of which aerial surveys could be selected and timed to produce 
a minimum of negative flights. Increases in radiation intensities at 
the automatic monitoring stations were known at Task Force Headquarters 

■ - within a few hours after their occurrence.

♦Instruments are described in Section VI.



The gamma 'intensity at each of the automatic -stations (except Ujelang) - 
was recorded at 0600, 1200, 1800, and 2it00 Z daily by resident operat­
ing personnel and transmitted to the HASL representative at Task Force
Headquarters.

The instruments were routinely checked each day .for proper radiation 
response# This test, which'consisted in oQ&«mng z'n& meter reaponac - 
to' a low intensity- button source placed near the (24 tube, provided ah.
means of detecting circuit failures. Two HA5L tsclinicians, at Guam - -
and Kwajalein, visited the monitoring stations periodically to adjust 
calibration and to effect, repairs as required. -• . 1 . --

Mary of the monitoring units installed were designed to record the 
beta dust concentration continuously as well as gamma radiation# Un­
fortunately, all of the beta channels failed as a result of various 
mechanical and electrical difficulties after short periods of operation.

These measurements
were obtained by scanning a small ground area from a height of three 
feet*. Meter readings of less than 0.05 mr/hr were attributed to back­
ground radiation and were reported as negative values. Data was trans­
mitted daily from each station to Task Force Headquarters.

The instruments were tested each day for correct operation and radia­
tion response in a manner similar to that employed for the automatic 
monitors. Faulty instruments were replaced after notification of IJIOO- 
Project Headquarters thruU^J^harmels*

Receipt and Utilization of Fixed Network Data. Radiation intensity 
reports"were "tabulated chronoiogically by location as they were re­
ceived at the Task Force Headquarters.' "When a reported increase ’•ras 
indicative of significant fallout, a survey flight over a pattern ' 
which included the island from which the report originated was re­
quested of tbs appropriate patrol squadron. From the report received 
upon coirqpletion of the survey flight, a comprehensive presentation of 
fallout intensities within the selected pattern was made available to 
the task force radsafe.officer and other interested task force personnel

In audition, the continued transmission of radiation data fro a the nui- 
toiing stations provided an accurate measure of potential radiation ex­
posure at these locations, TWeekly siuuaaries of cumulative exposures - 
were tabulated for each station. - -



2. Aerial• Monitoring . ■ . ■ ■' ■ ■

General.-'Description* Aerial-su-rveys'isere conducted'by*. patrol- .. '
. -planesr;:.-equipped.;witk SGllfAME'T$lS-»». sensitive,"wide range;-'gawina 

scintillation instrumentscapable of-nieasuring ground''Intensities' . 
of as little as 0.0^ mr/hr from altitudes• of 200 ft. or.p-eater# '■ - 
Survey flights /were made oyer pre-determined. patterns designed to 
achieve ffiaximnn coverage, iti;/s'elected'areas. Ifee'patterns included 
the Marshall, Caroline,-v'Jfe-r-iaBa, and Hawaiian Is3#ttds. Data was t.., 
transmitted to: th©; task--forcedccasionally fro* Csyrtey aircraft'in' :-. 
'flight but more generally'from the squadron base at the conclusion 

. of each- flight* '- '

Operation* ' The. scintaseters'',sere operated in flight by aircraft ' ' • 
crewmembers trained, in, their -use-* '■ -fsually'two iEstruMents 'vere* ,. '

- "carried-, one - reserved as a spare* .The ,sc in-tametOr "operator recorded'
background reading, position, altitude and radiation intensity for 
each--island in the' survey pattern. Background was measured during 
..the approach to each' island.'-at a distance .of several miles* .These'- 

• 'data'-were transmitted- to . Task-Force 'Headquarters--rfiere'the .intensity' 
at'-the stated altitude over'-each ' island was converted-to: ground in-'' 
tensity by means of a calibration curve* ' ■ ■ -

Measurements were generally-made from.un'altitude--of 200 feet® Where' 
the.upper range-' bf ■ the 'iBS'tfftment (1CX3-iar/%r-}'was'@ceeded-at 200 ft*-,

" the .measurement would -be-repeated at,-, higher altitudes' until a value 
within the .mage of the instrument was obtained. '-.-Altitude-was meas­
ured with a radio altimeter. 'He ratio of ground.'.intenfity.to the.' 
intensity at ■ the-, operators positiGn. with in .the/-aircraft-at. 200 ft*, is. 
approximately It. fScintameter;calibration is'Ueseribed in. Section Vt) 
Hie low 'end of'the - scintameter .-range is -0,003. mr/hr so.'that theoreti­
cally the miniraai detectable ground, intensity is-:’0*012-»rAr. In 
reality, the minimal detectable'value.-.is controlled primarily by the 

".gamma background*' This'taekground'can be caused-by'cosmic rays, ' '/
- navigational instruj^nts-,''.-Aircraft''contamination, and'.possibly-resi- ''/ 
"'dual bomb debris in the air. Hie practical lower limit -during CASTLE-
was in the order'of O.C5'mr/lir* "

. Following BRAVO*-^survey, parties* put ashore at-..several atolls in the . 
area ofh-eaviest,.'fallout, - recorded large -radiation - intensify .gradients 
in directions .approximately-noiml.-to the'fallout..path* At Rongelap, 
approximately ninety miles from ground zero, a difference of an order 
of magnitude - in gamma radiation was noted between two opposite ends 

- of- the atoll, a distance.of about 20 miles® This evidence was sub­
stantiated by ABU flights, .repeated; on B 1 3 /and B l 18 during which



'■ '. ’• tteAsureuiftritR were made over- several island#? in' each of eiefet. atolls.'

" ■' ;; "Tfeese, large:'^gradient's, were'aQt";anti0ipated, priof 'Seinta-'"'„ ■ ,‘V:
r meter operators had;'Aot beenicaationed;'to-'ideptifj ;tlie: iadivid-ttal 

- ' f"' '"■■■ Islands' sunreyed:witliia;eacS;'atoll# , ' ■■ ' ■ ' , : pH ■ ■ ■
**•

: r/p//Vlfce:'planned meittod of" selectipglsmrrey''flints Based'on'reports'froM^: ; ,i
mo'nitor'toe stations''was inapplicable ..for.pattern ABKB-.afb'«r.:'BEl&W due:''

air-
■„ ' : oftthe-. clomd Being^ ©yep', tBe noril

' ,, :'' ' cast's''''were reasonably rel'iaBle'fc
: .hours,*- \'Bsualiyj the.forecasts-''placed the-cloud-.b^ond'thevNfeirshallS' p.. ■

p'.:'p'.''by'B;'|--2|'ho«rs''#''pStfryeys":.on',9 'day were-':airpided"Becam'Se"Of':the'':risk',-1 - ■ ".

. - ^««wo.,,l*„«w*ng:.saryey"ai«ra'ft*^ ':%e very''least-resiiltHf ■'f'ly3jig"-p.- .
.p"-'" P;-.'.' thra-. ih#,clbud: de)^.is-;,^uld;'.probabiy;''ha-ve. Beea/tfie eiaainatipn-'af-theV-pp-' ■ ■ .

..ll" 'p:-.:aix«rart'''''::froy..fPrtfiBr'';':'low''intensity-seasmreaent'S* . .FalI'ont"was."'gen-p'- ' ■ - -
:.V'..'V'l.':'''eya-lly''ndt''fp'recast-'tO;''B'e.-.coap'lete--;'in'';the';'n©rthern Mars'Ball^s.'H'tttil' . p.- 

' 'plate on.Dtday,or early.©a .'I' i ,f .''''V'- '..''

' • ./p

' .

:"p. .'i'l



«l ■ ■■ ■ ' ■■■■■■ : '

... / 111*, ftBSDLIS . ■•■... ■...■■■ . • . ■ . . :-

1# - Atttoaatic''Mondtoriag^Stations» -TwelTe automatic; nibnitoring .sta-
tions were originally installed for CASTLE. Eleven were operated ■

^ - coritimousi^during .the ■
•. ' Tap, Ponape, lusaie, Maj-

event®"than 0.1'mr/^ir) was measured following a particul?

' . • ' Rongerilc-HIATO■ Burst® Mo monitor .dataware available after B t- 8 hours
. when the gamma diitensity-exceeded-'the\tipper'scale limit ,(100 mr/hr)* .

tlt-n fmintr +Jia AHTE smrwsv rmasiivememh 'at, B •! IP hours-, an #>R+,T»fl+,1o-n ' \-

ing the automatic gamma monitor- 'curve above 100 mr/hr a 
• ing the AffiS'iseasureaent back''on'a decay curve ur

curves intersect. This is shown on Figure 1? • Cumulat
re until the' two ,

. . No beta,dust concentrations were,-obtained

'Though the eight heai^inst' sampler was serviced prior-to each-event-, " 
- ' - - a variety,of operational and' instrumentai difficulties generally •

. ,-rendered,-the -instruaent ineffectual. , .

. 2®, - Auxiliary Konitoring/-Stat,iogs-« Remote stations at Oahu, Shemya,. -
, ,■ and-Aschoraae reoo'rfced, eaBaia-'-radifttioii dailv-tfi-rouehout CASTLE* No ,.on da'ily-throughout CASTLE* No ■ 

- significant'radiatiop'was detected, i.e. jthere-were no measurements
- greater than 0.0£ mr/hr. ■■ ■" ,' - '

- ' With the exception of'pattern":K1M3> all survey patterns were designed ■■
- . - prior, to the-test, series. ' fWG: was, improvised following BRAVO to sur-,

▼ey the Gilbert Islands.. - It was not reputed. '' ' - ,

As a result Of the Wiuespreau ai» luius'uaxxj ueayy Aa-ixonv xroia -
all survey patterns '(except'HQfePO-were arbitrarily executed to detect 
any areas of unsuspected fallout. In all of the 'following events,

«!KW is identical to GEORGE except for the direction of flight.
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' . ■ monitoring station reports, were used as basic criteria, in -determining

I ^
;

- Tliis was-'necessary because of the consistent upper level'westerlif

■ ■ !Rie air-survey measurements j, .extrapolated'to-ground-intensities are
,- / ■ ■■' '-plotted"in-Figures 19 thru 26'#; ■■ • .

li* Gumlative 'and-Peal; Radiation#- Cunmlatire'mdiation is listed in 
' Table: 1 fo

■ -Marshall -1 
automatic

. forimila-applied-td" the initial measurements following 
- each buret' in.the case of aerial monitoring®

- - - . The sum of.the estimated ciimilstiim iraroma at, the lif) 1 isted Tfioa+tnnelisted locations 
.for - a itia,i

' " . .' ' • ' ' / These, vdld^.'are computed for the , .'.
. ' 1 period, from the stated event until the • neit, andfor- this'reason un-*. -

doubtedly include some- carry-over of contamination*, - ' ■ ■

-The above values should'.not' be ^interpreted to relate the''total ef- ' - -
.fectiye fallout" from each of'the devices since'the same meteorological'

' . • ' conditions did not .obtain for each.event*.

■■ - ' - Peak radiation intensities following each burst, are: listed- in Table II* -
' These values apply to one island-.within each'-atoll surveyed®- In­

tensities at other islands within the same 'atoll may have been greater.
-- . .. or lesser than' stated; for any given .event.-• ' - ' ' ' ■

6. Correlation': of Gamma Intensity with Fallout Per Unit Area* At 
many of the automatic gauuiia" monitoring stations >,-gummed film samples 

- ■■ were collected daily , as part of the World Wide-Monitoring Network.”
^ ' The gu»eci film analyses are reported as beta dis/mih/ft. Conparative
P" ' '.data from the two monitoring aethocis are available' from these stations*
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'■ Tmm I

wmuTTm losis m i?est im
■ ■ (Finite Bose to.'Next • .Bvenrlrcr~~

EVENT : ROMEO ' ;

: 11 •. -

•• Aerii

gooi

'•••■.19 '

il Monitc

UNION-

. 9"'

>riHg •

9 10
. . ..

tad ^: ' ' • ' ?.5' ••• . 12 - ■ •' 12 • 7*5' • . 78 • ' 95 • •• 125
Ujlae-'.- , . • . ■ • 6'-. . A ••::32- • • I?- 9.5'. ■ ■ ■ ■■ h& . . 1.1* '' '', 111*
Wotho • .. 250-. , .2?6 110 ' ■ 55 , . ■ 95 . . 8 78ii
4ilinginae:; ' . ' ;60000* ■•••' • '' 3i|00 3300 - ' ' 8 . 800 70 67000
Rongelap • ■ ■" l80000»-: ; 11000^ ■ 8000. ' 3it00 ' 1700 ' ':30b 202000
longerft • ' ' IfOJOO* $000 :• ••• 5000 ' ' ' .'580' 1800 , . • 280 •' '• 206000
Taongi• •. •. ^ 28Q ' .60 ■ 9*5 . . •, •.. 10 ■ 10 w . • • •' 370'
Bikar 6;©000» . • ' 3000••.' • 1200: ; 850 1700 150 47000
Ptirlk ' ■ . ' 22000®• . 1200 . 700 . 100. - •■■ ,330 . 50/, .. , 21*000
Taka ; , ■ ' 1$000» ' 800 • 1000 120' ••' ■■ 380' " '50, " '17000"
Aildk • • ^ ^ §000 ' . . • '1*10 110 • . 100- ' 500 ' 20 . ' '^It# '
Jemo 1200 • • -iilG •• •• 130 . 18 ,'200'' . 20 ' A - , , ' 1978
Mkiep • • ^ ^ 1700 170 • . .80 A. • '30'' ' ,200 ••• ',' '18......... * ' "2198"'
laiik" . " • ' 1#8 •• $o 100 . 0 . 25 ", ..' '■ 0, ■ ' . 218 ,

;Ail'inglapalap , ' : 7 .2 ■ iii'0 - ,100 8 0 0 : ' ' 255 -
laiaoralc" • ; 20 , 180 70 ..' '. 2 . . 0 . 0 •, 252
Ebon • . 20 .. ,250 • 50 . . 8 25 • . 0 , .353
Kill • ; •. ^ 20 20Q-". . 70 0 ' ' 0 i*3- - ' 291
■Jalult '• • ' • 20 • 300 • • '.70 " 8 A: ■ '-b • • 2.8 '- 1*01

■ ■ ■• ■ 6o •• '160- : 200 ' ' 120. . ,'',"0 ' 1*3 • 1*1*1
Arno ' • . 60 , • 200, . • 300 , . 8 "A. . .25 ' •• , ,. 1*3 ., ■ '59i*.

• 200 ...... 200 ' ' ■ 90 .. '20 •.' '•. "O' , " 1*3 ' ' ' ' . '1*71
Aar ho ^ • :2GG- • 50 : 8^ ■ ; 1*0 , 2*6 31*1
Maledlap • 350- 120 / - '50." ' ' '/O'.. ' ■ '25 : ' ii.O ' 51*9
Irilcub • • ' • 390^ v . 20Q' . • 50 ' 0. ,■ ... 0 .' ' 8*5' ■ '' Ski
:Wotje • . ::;1800 • . 300.. . 200 .13' A , 220 • . 10 ' ' , ' 251*3.-

*Based . on arrival' estiiaatecl' "f rora Soagerik data*
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TilULE I (Gont'd)

CWUMTIVE DOSES BY EVENT Jki© LOGATIOW

» EVENT BRAVO RdiEO KOON UNION • YANKEE .NECTAR’

Days between event:.; 26 11 19 9 • 9 10 : , TOTAL

Fixed Iiistruirent Network .

Kwajalein ' ir-o ■ . !|.0O 250 ’ 12 ' 320 17 ■ ■ ' ' 1235
Majuro 165 ■ . 137 58 2 . 2 0.7" ■ 351

• .Kusalo ^ • 05 li.2 ■ 0.7 0.2 0.5 oa 90
■ Ponape' . 5.0 2o • 31 • 21 ' • 38 ■ ■ ■ 6.2: • . 122

Truk * > 'tC / * A, . 0 mH# . • ■ 2,3 ' u.9 15.1 ■ • #• 49
. lap - ■ ' ■; ■ 8.? ' U.7 4.8 . ' 18

■•• Guam • ■■ . . . ■ ■ . . «*>*»»
Ivo Jive .. , . - 6,8 12,7 . * 2,0 -
Ujel-.m.: Kj Jr ■' -- : ' 176 52 142 • w . i ■ ■ 455
¥akt; 3.d 1*5. 3,0 £*2; - 1.2 ■ 0.7 ■ : ' 12
Jolmston 

■ Oahu
llu 28 ' .. • . • 66- . - <F* • tm ' .

• ■ ■ <95
Sliomya
Anch.:tr:'igos . -3>5



1 ' ' ' I 1 'k , ' ■ '. . I .

TABLE XI'

. PEAK mm IMTEMSITI BY EVENT AND LOCATION mr/hr

BMfO ROMEO KOON .•UNION YANKEE ■ NECTAR

■ Location ■ Aerial Monitoring

Lae 0*08 0*18 0.2 0*12 1.2 0.2
Ujae ' 0*1 0.5 0.3 ' 0.2 0.8 0.03Wotho . 2.7 ■ ii.O l.l 0.9 1.6 0.03Alingime 
Rongelap■

' 1*600* ••
■ 12500*

55' .
' 155 '

57
' . 95

1,6 3
61 .

io
■ 30 ' 6

Rongerik 8000*" .130 ■ ■ 82 . ' . •• 11 3.■ , .. 2U • : ; ; 5.8 .
Taongi . 3 1.0 . ■■■■ 0-.12 ■ ' ' 0,2 ■' 0.2 0Bilcar .' ■1200* i 37 • . 20 ‘ • 3U ' ’ ' 3Utirik ■ . U90* ' 17 12 2 6 , . ■■ ' 1,0'
Taka . ■. 320* 8 8 16 . 2.U 5.6 1.0
Ailuk . ..75’ , ' 6 1.7 o.U ■ 7.7 o.U.Jemo ’ ■ • . ■ ''' 18 6 2 . ' 0.3, 3.U o.U.

Likiep 18 ■. 2.5 1.2 0.6 ■• ' 3.2 , o,3
Namu ■ 0.02 • 0.8 0.8 0 0.3 -3 . 0 .

Ailinglapalap 0.08 1.2 ' 0,8' 0*09 0 0
Namorik 0.2 - ■ i.U-.. ■ 0*6 ,■0.02 3 0 . ■■ ' 0
Ebon : ■ 0.2 2*2 ■ o.U ■ • 0,09 ■ ' 0,3 0
Kill 0.2 1 1.8 • .0.6 0 ■■■ o ■ ■.. " 0.02
Jaluit 0*2 ■ ' . 2.8 o*6 ■' 0.09 0 ■ o.oU
Mill . ■ 0*6. l.li . 1.5-.' ■■ 0.2 • O' ■ ■ ■ 0,02
Arno 0.6 1.7 2.3 ' . 0.09 ' ■ 0.3 0,02
Majuro ■ . 2®0 ■ ■" • ' 1.7 o.U ' 0*2 ■ 0 0.02'
Auk ' ■ o.U .1.7 , •. 'O.U/ ■ 0.09 - O.U O.OU
Kalgolap " 3*8 p.8 0.1i, ■ ■ . 0 ' • 0.3 0.08Krifcnb . I* ■

/ ■ _ o.U u ■ .0- ■ 0,1
*Woi.je _ ■■ ■ -

■ ’ ■; - ■ ■■ -n f
■■• ■ 3 ■ 1*8 ■ ■ ■ o.i5 •■ o r*■ ■. • o.i5

•feha: J.' •..(>>1 a.t(, 1 U- :in itud arrival based or Roibiarik data®



TABLE XI (Coni'd)

PEAK GAi-M INTENSITY BY EVENT AND LOCATION nr/hr.

Location

BBAVO . ROMEO KOON UNION

Fixed Instrument Network

YANKEE . NECTAR

Kwajalein : 'tS ; ■ ' 2- ; ' o.i5 U.5 o.U
Kajuro 1*3 ■ 1.5 0.3 0.06 0.003 -
Kusaie . v- 1«2' - o.o5 0.003 ■ O.OU
.Ponape ' 0.15 , - 0.07 o.oU 0.3 .... „ .-
Tmik . . 0.2 ' 0.01. O.ul 0.009 0.15 - ■
lap,, 0*00^,, - ■ .. '■ ... 0.009 0.03 0.03
Guaitt ¥» - , - -

I’.io Jima - - 0.07 o.l ■■■■“ 0.03
Ujelang;. "... 1*5 . : :■ ' 1.0 1.7 7.0
¥,ake 0.02 . 0.02 0.05 , 0.007 . 0.007
Jolmston • ' ■ ' •' .0®2 o.U : : 0.25 .... ■ ■.«* ■■ ... .... .

Oahu : , , '0.05 ■; o.o5 o.q5 o.o5 0.05 0.05
Shemya ; o.o5 o.o5 o.o5 0.05 0.05 0.05
Anchorage . o.o5'.v- . - o.o5 ■ o.o5- o.o5 ■ • 0.05 0.05
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To establish an empirical' relationship between beta dust activity 
' on ths-ground and gamma radiation intensity'at three feet over the;' 
ground, selected .-coaparative data have been, plotted * {'Figure-'2§')* - 
The values selected are.limited: to-the first 2li hour-period of ■ , 

, significant fallout following a given tarsi® Beta activity has .been' 
extrapolated from counting date to sampling date® The paucity of 
values -'is'.-.due to tacosplete' data}--dust sasples are. missing in cer~ ' 
tain'instances .and monitor failures".occurred, at various'times^ : .

. The.'Values- presented are preliminary* - Further review of' the' available 
data'.may-disclose additional useful comparisons .and :a refinement of .
'pouputations may alter'the existing values somewhat*' ' - .
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1. ■■ Automatic Monitoring Stations- V-;. ■ . ■ ■ . ' .

A»".- 'Dlarflffid'.-Variationv--' Shortly.-alter their' mstallat ion, the...'- ■
AC operated automatic monitors displayed a regular diurnal mri- ' .
ation'apparently'due to-:-.taBperature-change,'.lmaijdity, or both® ■' .

^ fhe variat-idn .was as .great as an order of magnitude''in some in- .
' ; ■ ■ stiuments* '^forthis reason, the'practical lower^llmit of detec-pi 

tion was about '6«l..|!ir/lir although; the design.limit was- 0*OOE1 mr/hr:.
■ Ihterpretatid'h 'of. .'radiation Intensities less- than' 0,1 mr/hr ms .; ■ 

difficult and on one occasion,'.fallout of.low intensity was un­
noticed tiien it ..'occurred.,; k later, careful-'analysis 'of Ihe data 

: . revealed .that,'.0*15 mrAr occurred-., at Pompe -'after .'10IS0. Had this 
Men known, a'''CHAKI«'lE.'survey would, haye beeh'-®cecuted'and it is 
possible that significant'fallout may have been detected at other ' 
atolls in the area* ' ■ ■ ■ ';

A;-review of the data and. ;the.. instrumentsr behaviour has'-indicated 
that, the late night 'insiruaent reading was :'ih' most cases a re- ' '' . 
liable measure of low intensity radiation. Xn ■ several instances 
of" light fallout, (Ponape-ROMIO, Trufc-BRAV6,-.Truk-XA«EB) only 
the 180G-Z value was used for plotting time graphs® Similarly,

, :• at: several stations- only the 1600 Z values were used''-in' computing
cunttlative radiation*. ■''■ ■ '

Hie .diurnal variation was consistently so high at -Guam that .none 
of those data, all oi* ^^hacix are low level, are - consrdered. val3d.

' B® -Comparisott with- Gf ed "'Fila. -'In those ■•■instances; .of suspected 
fallout where diurnal'variation rendered monitor data-of-question­
able validity, the data:were compared'with the appropriate gaumed 

' film, analyses from the "World-Wide, Sampling letwork*2 in each case, 
the--gummed film displayed an 'increase in-activity .corresponding . ..

- to" the mositor data* 'Thus,'the monitor data..was qualitatively " ', 
substantiated* An example of-the-eomparison" of the guMmed film 
r®:sults with automatic Monitor .'.'values is shown in Figure. 29* ■

C..;,' .Aut<»aatic.lfonitoring.'instruments..-Down Time. Monitoring sta- -
-'.tiQns*»re~otrt^F"servioefoF*a5~avei^e*,,oF,^^ of the-time from"'.

. March 1 to May 20* '.Fortunately, much of the down time occurred 
; between events so that useful data was lost only at' the following 

stations during the stated-fallout periods?' .ERATO-KWajalein, .'
- Wake, -Ponape.-and Iwo 'Jimaj. ROMEOKusaie, Hjelang, lap., and-Iwo '.

' :: Jimay KO0N- 'Tap, and Iwo' Jimaj'IJK0I-, XANKES*.' AND - NB3 mR- Johnston*
. Hie. presented cumulative radiation.-values .are 'therefore, in general 

. underestimations * The values are based on the recorded data only 
'which account, on the average,'for 85>$ of the duration of CASTES.
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Radiation during down time was not. estimated except at Ujelang . 
where down tine•was in excsss q£-$0%« There the estimate is 
also low because-no■data are available for the .fallout period
ROMEO and K5CTAR. .

Peak intensities were obtained dlreetlj-from the mpnitor dataf 
Where blanks occur ia Table H, data are unavailable due to in- - 
strument failure' or incorrect calibration# ' The values listed ■ 
are. baa' greaueot iii&enaities iOXiOWixig ea^n rox'su#

Aerial Survey Monitoring ' : ■ ■ ■ ' . ■. ••

A# Fallout Arrival Time Applied to Aerial Mor.ltoring Data- Elight
ABLE. Fallout arrival times are not. gensrallj icnown for the
islands covered 'in the aerial surveys. The feu exceptioris are 
those which were autoiiiatic monitoring installations. Cumulative 
and peak radiation computations are necessarily based for the 
mat part an estimated arrival times. • -

For BHAYO, the arrival time at Rongerik is exactly known from' 
the automtic monitor record. For other atolls on the sans gen­
eral. bearing as Rongerik from Bikini,; the arrival times were 
arbitrarily assumed to be proportional to the respective distances 
from Bikini referred to.Rongerik, "Allowance was made for the 
initial rapid, lateral cloud growth in the first minutes after the 
burst. Data obtained from Task Unit-1' indicated that at ♦ 11 riruiie 
the cloud diameter had grown to 335*000'feet and the rate of growth 
had diminished to a-relatively slight amount. Peak radiation values 
were computed by extrapolating the observed intensities 'to the esti­
mated arrival times, : . ■ ..’ -

For the northern Marshall atolls on widely different bearings from ■. 
Bikini than Rongerik,. hence well removed from, the direct fallout .' 
path, the intensities observed during the aerial survey on 3 4-1 
are the reported peak values in the results. Cumulative raoiavion 
computations -are based on decay assumed, to start from these „<?»> 
intensities. • •....' '

For the other,-events, the peak values-are taken as those else- , 
on the D 1 aerial surveys unless later surveys of the sar> 
in-ii^ated additional fallout after- D 1* In these cases, - w.vl 
time was arbitrarily- ass-rsied to be 3 * 2 and tha'intensifies 
ured on the repeat- flight were e:ctr.yul-rei ta^k to D f 2. Cn: 
latiye radiation values- tvere ecxprtsi assu-J.ng ds

’peak .values. • " - ■



■ C'omla'tive ^lttes.: are. not
' residual' contapinatlon^frpm/previsxus-':' 
v'ious'. cbntaifflihaiion''. is 
and:-min, 4tnariat’";

* ;;ftteVHeglect'>of' pre-: ■

:at v.lfe^Pro daping' 'BRAVO ■
But .■aiSnicpSo^iiSd.- -.^aTival''. 'ttiaes;;were:,

; tliere ;see«:'tto^TalMi::®etliod :of relatingthese., to. the-.; arrival' ■of" :
■ fallout: at ;otKer: atolls'..'In-'.the::sOttt!iei.s§'}"M*s!ialls.J-';short''of a de~

■. tailed, attalfs'is of-the. 'pe.;rt3jient;..®eteorolpg;ieal" situation#;.. 'How^- . ■ ■ 
ever,a:: over ^.jaro,■' "BMffi. on :B; ;fI;. very nearly..ctincMed ■ with
peal"'- fallout' iKere' asiraeasure'djby; ;tle;.:.autoi!!atio. wonitbr*:;,' '"Arbi*- .' "■ 
trarily. the -peal intaisities-'for'Ml .'islands covered'-by, that■-flight' 
are talon; as - the

For BOMIGjt all -su-rvey"'vilmes - are:.-extrapolated 'to.--It -iigSin "to .-
conform with'-., the ".arrival..--at •Ifejuro"* -With the ''lacl'^of-.difinitive-:' 
datafor'' the'-'tiab'.- of '"'arrival.,-In:- all- remaining' event® 3s-"'assaae:d 
to be-D.-f 3 as' '" '" ""

«s.. S« _ _
to eadS.at'dli-'seasurefflent'while- the 'a''ireraft;:Ms-, several -miles-;from., 
'the .island®- In"'e.o®put;iiig,'Moll".radiation.-''intensities,- the-bacl- 
gronaci. value- CMich" varied"M'as. imich:'as 'an:-order pi magnitude dur­
ing .any..one";.isission"). might-be':.attributed to souroes such, .as-.navi-. -".- 

- gation ins'trumeRfcs-,.. 'aijpraft;,GoatMMation,;;:"'slyshifle, or a '.GOabim-- 
tion-, of tfiesblt':.!ias'''been'reafOned .that'';the'baelgroutld..could"be ".-' 

'.•falMly;'srtbtraetM-':.froa''the 'Moll'.'measurement'M -obtain' 'a' net. value-;
J-"'*-- were'Ccamputed';'by'this.''aea»s;:-dur-. :;:

,-Late' la-, the'series':,-'"it' came'to-bur attention ;that",sigttif'ioaM M*-,.;
. tensities.".my 'be eMtted'-.-froa' the-'ocean "surface'- for :s'everai;.:days; 
"'after-tti©'.'burst #3'."-Hi.is;:pheiio*enon-may'.be.'another bactor -in-thS:"." .; V ■' 
'measured:backgromnd.-and eannot'.be disas'sociated.'unless ..an. addi- '-1; ; 
tional .background -measureaentsuch .as at'-p-'different-, ."altitude",. ..'is-1 

. available.# ^For "any'.given'"-.itfeasuremeht>' therexiststhe 'possibility. 
:in one extreme that" substantially the:.entire''baofcgr.Ottnd";is"'4ue'''to:.: 
-ocean surface-'inteBSity,. :'fhis:'..value-:w>uM'''not' be-.' subtracted from .- 
the'latoll'beasureaent;®,.... In'the .other .extr:@tie'.,,":th.e entire.', value of .' .. 
-baokgrduad.-'-amst besubtracted., as- was."-done '.in. reporting 'data'during' - 
the''series*- '-'In''no case,dM.the','baclcgrb.und-:value exceed .a.ground-; 
measuresient as.:"sight "'bypothetically occur ■ if --currents;., mved-pon-' 
'taminated- sea'water 'sear an.-'nncontam'inated'."island# " . -i :



I
-j

-. - '

■

i on, Figures' 3 'ttiru" 17 and;used■ in coasting . ; " 
cuimlatire^aad, peak'radiafcioE :are^. nel radiation'walnesj''i.e#; '■ ■ ;

' backgromnd/fias;been;sabtraeted; fro* the observed atoll'inte--5'4-"-''
’T4- %*■*% ' ■#* T t*■»+• /*»*nc5 t 4,*tr trrs*1 *n£se» ■ms’t.r /K/r*

/iaea@Tired\atoll intensity* ■ ; . . . . .. ■

C*:; Relation- of Serial. lea^snreiaebts to Ground level Intensities*" '■
. i Certainly one dntransio;'faetor\liaits: the-agreeaent,which aay be:'-" .

' . . «cliiered'-betfeen":aiiy particalar-'pair, of corresponding, aerial\and 1'
, ground' Measurements* ; -is-" the, yast difference "-in the'" effective

- ' -areas'"spanned-' by^tfie-two, methods.''-■.of' -surrey* ■■.■■-^-single, -ground rlevel 
: - - »ea:'smreSeat:;.witS a "portable,gaumB:-testruiaent''registers,-activity-

' -.; . : emitted';froiii'; van,; area vof'a few,,sauare'yards'-while'-'the-'SCllfilEiSI':-'
' ". at an altit'ttde'- of'V2-CB; feet, or more' sees .an- 'area;of perhaps-'10,000';-.- 

■ .to 1^.000;square-'yards• ■ ■■ " i -"i-'-

■ ' 'It 'is' well- known that Measurements-' on the-ground 'will sRpw.ieony. .
- - ' sMemtole variation. ;.:bver".,"a'-relatively-SMall. -area'*- .This ...was'.part'!-'- ■■

, eulariy evident ©a-'Iniwetok. (-Parry) after"'the late, fallout..-carried-- ■ 
;'. back - toy - the low level "trades after ROMEO. .'-"GaMa'-intensities .in-'

■ -the open over horizontal surfaces were up. to 'two'..times greater
- -. than'-'''intensities in'thev-iee"-of'large''obstructions'* ■ ''Similarly,'

.BieasureMe-nts: hear, the.-".wipdw'ri sM©'.of. vertical..surfaces;>were ■■'; ■■
' 'greater-■tha,n-mea.sur^ments'"byer...open frori-zontal'-surfaces* ' - ' '

’■ "In- the. like manner, .aerial.measur®Jients .can.-toe distorted by uneven
- - t.Arwann- ansirmlntr thA w'nftws.wi'-'of*- a.'i»n«nt,ainniis Island -

Generally, one - aerial;aeasmrepeat should -approxipate 'the:average""'
;'' -- of .-many .-ind''iyidual;.outts'id'e- ground "aeasureaents' taken;.over -the saiae

.

'ble '.instruments'- .other'

-'T&'e characteristics -.-of the-'-ANA1®®' 27C-.ar.e .somewhat. less.'«»if0M--"bnt: - 
'above.'0*3 Mev 'are-.reaso.Batoiy flat. -SGlITAffiTSR, "on, the .-other '

i '. hand-,- peaks'.at 'about '0*25"Mey'-and has' a unifonnly-decreasing -'re-''
..sponse from the peak as the ganaa energy.increases-* ' "The-ch'a'racter-- ■
istics-of ;.the-"three instruaents are plotted-' .in'Figure,30*■ ..'Sf-'the''- '- 
instruments'are-all ''calibrated;witfi 'Co°0 or radimi'source,-as in''-":

,
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Figure 30,* the response ' of the SGHTUIETEE'at 0,7-Mev?'* the aver­
age of gawraa fission product-activity,- is: about 60% .greater than, 

'both -Hie, TIB and the 27C internal probe and abcfut-1.00^ greater 
than the 27G external probe*

Thus, it can be'.readily-understood that readings of t«o. different 
instrttnents.in the same gamma field-may be different and'even two
overlapping scales .of the'same'instrujnent Bay. not agree# ' - -

The -size of the.: islands surveyed within the. range of this study . ■ 
apparently does not effect the validity of the altitude to ground 
intensity conversion, curve. Calibration'for the SdBITAMlJflS. was 
performed over'areas of various sizes-including botH: small.and 
large islands''in'the Eniwetok and Bikini atolls® Bata from these 
several locations agreed very closely®'- . .-■ ' ' ■

Obviously, judganent is needed in evaluating radiation intensity - 
in terms of potential exposure .whether, ground measurements-or 
aerial measurements are .the. source-of data*', - ' - ■■



¥* . mwm'Txmms of ^omitorhg program ■

: ' 'Ike* ; «sri *mrmm - and *KIia att+.Atna+.ir* nAf^tm4f twaiof.- -

5 or the'-.<
: each of the surrey patterns' from D 

:'■ days; fpiloting ©aclx ^ererit*;" ■

" ■. . If is .T-mfiftimf! +.ha+. f.tiA mnnitfcrinEr n-nftsrr*am did RiiReftss-fwI'l ir ftilf'-m ■

; X; . mdiafion In those areas* ' /Hie 'Infomation^ developed by this' system
; ;;;, ;;;;;following burst, is an excellent xllustration of its effec- ■ / " .
^; : :: 'y; .:tiveness'.5n performing the'former function**' . I

«« p aotr. +>0 «i+.nwta-f-.ir» .HOiiiior.Gn Rongerik, 130 W last ; .

^ the of

; ■_ •

'/ -•■■iMlt. I51i0,'ft-.'on. B day,- the .autoioatic
' inia;:went"nff scale*' is-100 ar/hr)* ; " "

;' -• , This': inforaation, received at the Task,'Force'Headquarters aboard-the
,' , ' Estes at about 1600 M, was the first indication, of - excessive fallout .

cmtside of the shins -of the'Task Force-and-Bikini ' 'of/ '' cmtside. of the ships -of : itself* A
^i^it on

had be

;.' . , the Gilbert Islands and.the"-extent and severity'of contamination in. the
■ ' ' .' ' . ' 'Pacific were clearly defined* : ^ ' ' " . • ' - '

.

.



After greater interest developed in the extent' and intensity
fallotit'from ttie. bursts*; -Greater-ttsefulness could be derived from 

the aerialsurrey'data for-this "application if fallout arrival.; time ■
: and peak fallout values were known* Cunmlative radiation couM then 
•be' more closely-estimted# Ihe;'installation of a monitoring device 
..on each" atoll would provide this' information most accurately, but such

• an enterprise would prove quite formidable* However, good informa- ■ 
-'•tion could be obtained by a..few "stations supplementing- those used'dur­

ing GMSTSM in the area of greatest interest, i.e. up to about 300 
miles.'from grcmad-. zero* -'Ibe addition .of laongi, Bikar, Mlciep, 'and

• Hjae, for 'instance, - to the' previously" utilized 1-wajalein and'.'Rongerik, 
wcsuld present a pattern,""'of stations at no" greater than 30°.apart over

- -a''-180 degree .-semicir-cle.'around/Bikini*. With arrival-times'at these
islands-known, interpolation to"estimate arrival times at'intervening 
islands "would be.'valid'*;: the coixfeinuous.-receipt, of Hiis data at. Task 

'.- Force Beadquarters-: would be desirable'but the difficulties'-in;.tfee sup­
port of operating teams would likely be prohibitive. ' The. concept.of' ....

■ tie-Bjelang-operation.'-could be repeatat" these islands with--the data '- 
--'.recovered-periodically by aBf>hibious aircraft or ships. '-.Most .desirable 
'-.would be. the transmission'-of the data by'telemeter-.if'a system could be . 

.-.'developed'for this''appl-ication® ■ ■

survey flights -were::.:rio.t'"attei!ipted' during OASHti. Had 4B1E pat­
tern been flown on the-evening of B day when the request'for the flight 

.was originated instead; of noon'on B.4* 1, the evacuation of'Mlinginae - 
and longerik aigit have'beencompleted-. more rapMly.- The ni^it 

'-•■was'-requested at the tirae.-.because of the potentially'hazardous 'nature 
'-of the:-fallout situation...even though such an eventuality bad not'been- 
discuss^ with the squadron-,personnel*- Actually* the message"'request-. 
ing the--flight dMn*t;-arrive at the squadron until :the-'next morning

- . so.,the/question of a:''-'ni#t survey, was' never pres'ent'ei;;;to ..-the squadron.
' In' tie'later-'events,-the need for a night survcy/flight. never dovel-'

' oped* 'it-'is--'.cohcaiyaTble that S''difference'--of-.twelve hours.:could.seri- .
. 'Ously'delay.a decision for evacuation or some other emergency measure * 

-.Therefore, the possibility of night- survey flights should be explored 
and'.'procedures established .if'feasible® '-' .'- - ■■ ■■■".

; 'A.//;fftnd-araental: criterion for Judging the wrth of the-'aerial survey 
; -phase: of-the-aonito ring program’.'-is the accuracy of the measurement-of 

-gatjund-'radiation Intensity. Ultimately, if the aerial survey is to 
.be-.accepted-with confidence-* it'must .-be shown that it can be related .

:' to measurements taken on the ground''with conventional survey instru-
- . merits*'--" The relationship of SCINTAMETER measurements at altitudes of 

from $G to 1^00 ft. to measurements at 3* from the- ground mth a variety 
of instruments is fully developed in Section'll. There are considerable
data to. indicate that'the -altitude to ground conversion .curve which is , 
presented may be applied with reasonable confidence over different fields 
of fission product activity. - ■ ' ..



There were two loe&ttoixs. from which repetitive practical coBgjarisons 
between aerial and grouni measurements are available during CASTLE.: 
SiXTfsj parties visited Hongerik £requentl^ over a period of fiary 
weeks after BRA7C and recorded gamaa radiation intensities each tins. 
AIl/PDR-TJBs, portable idnizaticn tjpe inters, and other portable garsa 
meters were employed for the raeasurements. The averages of those 
lEeasurejaants taken .outside of biiildings agree vary closely with aerial 
survey measurements over Rongeriic* These data' ai’s plotted on Fig. 31- 
Cox uaxn oi was cojipara'tivc measureiaents were taken on the' ears daysj 
others' were not* The ground measurements- taker; on days in between 
aerial Esasurements lie very close to the values expected from theo­
retical dehay calculations * Comparative measurements are also plotted 
for Mlinginaej Utirik,- and Ailuk' (Figares 32, 33* and' 3U;, although ■ -

"these are locations - tihsre only'one set of ground measurements were 
taken* The follow-up survey- measurements mala after the D 1' surveys 
show reasonably close agreement with the theoretical decay curves shown 
on these figures* For simplicity the decays were computed from each 
new suximum measurement - following each event without regard to residual 
contamination from previous.events* Since there was no' method'of ac­
counting for the effects of wind and rain in reducing contamination, 
there seemed no reason fox* more elaborate theoretical decay.computations.

it Majuro, the sits of an automatic monitor, there are comparative data 
for. each burst except KECTAR, Here again, the agreement between aerial . 

-and ground aeastirersnts' is- good* These data may be found in Table 2,

The significant contamination of sea water following a burst has now 
been amply demonstrated. The possibility exists that this phenomenon 
ccritributed to the background values recorded during the aerial surveys . 
and that those values were incorrectly applied to the.atoll measurements 
in confuting net intensities. Suitable procedures mist be established, 
to differentiate okyshlna, water activity, arid 'aircraft background in 
future applicatlcma of the aerial surrey* . .

' Several of the installsd automatic monitoring instrurrBnts were designed 
. to measure and record beta dust concentrations. as well as gamma mils- - 
tlea* All of the beta channels failed'within a - few- days after their 
installation. Tha failures resulted from various mechanical and elec­
trical difficulties. Mo data was obtained regarding beta dust. Ire 
desirabir It-y of obtaining such measurements bias probably increasei 
rather than diminished, in light of the renewed interest in offsite fall­
out. It is desirable that the instruments be perfected for future tests.

In offsite monitoring conducted by this office fox' previous xfavada tests, 
tha measurement of beta activity- in dust collectoi on filter papers'was 
found to be a more sensitive measure-of bcali dsbida' arrival time and.
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activity tfcan" ground''gaiaraa^measmpement,-particularly where fallout 
; ■■ was 'of low 'intensity® . ^lt^was:a!teo fcmnci to give earlier indication ; '

. of airival,, thlsi^probahly'^ecause^of' its '.'greater, sensitivity®. 'Hiere • . 
is reason' to believe' that these characteristics would apply, .in Pacific

. ■ tests"' aiKi niight-prove' useful in wamiag-~of. fallout arrival• . . .

.-:.v':A'.pftrtxc'ttlarly'.;grati^'ing..a{Stieveffient/of'th'is.-prograffi- was the-at ill- ■■ 
zatiop "of personnel, untrained in radiation iEstrmaentation., for the 
'.operation-of ;the'automatic monitoring, equipment® This;."represents .a 

.... .tremeixlous:. economy in the use'of the ".scarce number of .'personnel: - 
....-tiained. in radiation....safety'tec!miques* It Ms teen demonstrated -.

fbbt.;a; fairly 'coiisprehensive aonitoriag ..program can be cbhtimed over..
. a.protacted period w'ifchout tying up '.a large number of trained personnel



9 ilSlLHISSSI

1 * Aerial.Surrey Mbnitoring.' ; . '

A. Tte • SC gfAMTEK..,,. Genera^ Description.» .Th'^ SClNflMETER,' a. self- 
contained, waterproof, battery" operated scintallation type ganmia' , ■ 
detector-with--a fast response time, was used'fox* all aerial surreys® 

wei#s sli#fly Ibss than fi^e pounds with batteries* Thd<
single meter'scale Is divided logaritbaically'ambling several de- ' 
cades :of: radiation;, intensity to'be read 'without 'Switehing arrange-

Two models.,::tlie H43-B :^and .11-3-G, have a range from 0*003
• -‘j ■ > Wr/hr' 'and differ only in • battery • feotepleteent* k third model 9
the iH-T-A,.has; & '.range' fr©ia;0»00l to Itt'-y/lu** ; This'high level . ■ 
instruttenfc was developed for the use of cloud tracking aircraft • 
and wa;s-usM:' ■extensively'the 1411501 .-flights}' it was. not util-
iT-.etl in atoll ^rnreys but was, seiyicedlty HASl personnel* - '' ; , -

B. Conversion of :ierial: Heasureiaents to Ground level Intensities* ; 
An air to gioOund calibiatihh procedure was performed for the SCMfA-
.Mh'.i'dix at Erdwetok .in February prior to OASTtB and repeated at Bikini 
a few days after SMVO* Similar calibration work had been .conducted 
for the SCIN$IXf!G'il:;p.redece@sor.to the S31NTAME5ER, prior to,its...'- ." 
use during WT® :

The calibration; ptoc^ure consisted first of conducting a thorough 
survey of the radiation 'intensity-.at 3 ft* over an are® contaminated 
by fission products followed by measurements using identical in-
straments ovfe;'tie. .same area from., an aircraft at-altitudes, of .from
r»0 to 1C00 ft'*;' .-.'.'Ifeev'-ratiosbof the ;average :^,c^nd intensity to values 
measo.red at selected attitudes constitute an attenuatipn curve, 
which may be used"-' in adjusting aerial readings taken over areas of 
unknown contamination to ground level intensities* ...

There are several possible; errors and variables which may cause 
variations in the attenuation factors derived* These are! radiation 
instrument error, fthis includes energy dependence which is dis- '' - 
cussed in Section , altimeter error, human error, irregular dis~ 
tribution of fission products on the ground, fission product age,

ion-.in. the- absorption of. different, sections .within- an air­
craft and between aircraft. (Both IW aircraft and helicopters were, 
utilized), 'Variation in the area, of the radioactive source may also 
be suggested, as., a .cause of; variation in attenuation factor,'however, 
although the- islands used for calibration sites varied markedly in 
size and shape, the attenuation factors were not measurably different.

•ftRor detailed'.description of instruments see ttHASL-l51i, 'OEEM'tllG- PROCEKJRES,
FABKXJT .WUTOIHG FOE CASmidh ■ - - '
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• Nevada on different occasions -agree remarkably well with each • 
other but differ from both sets previously mentioned. The aver­
ages of-the GENE and Nevada data are plotted on Figure 36. The ' 
reasons for the discrepancies are not clearly understood# . Any 
combination of the possible errors mentioned, above may be res­
ponsible# ' It is felt that the effects' of fission product - •
type of bout), and instrument energy dependence are factors which 
require further investigation. .

C. Field Calibration. Radium was used in the calibration of'the 
■ low ismr^ummETm and low'end of the high level units> Co6u 
was used for checking, the upper end of the TH-7-A scale. -

The original meter scale calibration on the TH-3-B ■ and the IH-7-A 
units ’ remained unchanged ■ throughout CASTUI. The TH-3-C - was • found ‘ 

•to satxjrate above 20 mr/hr requiring a special calibration curve 
.for correct interpretation of the scale above that value. The 
latter unit was used only where intensities were expected to be 
less than 20 mr/hr, i.e*, flights originating at Guam and Oahu*

SCI2JT&KETER calibration was generally checked before' each use- by 
VP-29 at Kwajalein and WILSON cloud tracking aircraft at Eniwetok.

0. Field Calibration Difficulties.. ■ • - - . ' '

Hund.dity> SCINTAMETER maintenance was performed .at Eniwetok, . 
Kwajalein, and Guam. Air conditioned working space was ■ available - 
only at Eniwetok. Because of the high resistances' employed in 
the circuit, the excessive humidity altered their value whenever . 
the SCINTAHETEH case was opened. '

Setting the float point was accomplished by trial and error. With 
the instrument out of its case, the float point would be set so' . 
that the•meter indicated the proper radiation intensity3 then the 
instrument would be reassembled with a package of desicant within 
the case and after a few hours the error (difference between meter-, 
reading .and true radiation background) was noted. The - case was 
then reopened.and the float point adjusted to compensate for the 
noted, error. The procedure was repeated until agreement of -in­
strument reading with true background was achieved,.

Whenever the float point was checked, a reading Was taken in a 
radiation field equivalent to greater than half scale •deflection 
to-insure.-that the remainder of the circuit was operating properly.
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It 'times either aircraft vibration or rough handling, affected
the vibrator-transformer ■ Cvitran) reed' adjustment causing erratic 
behavior* To correct'thia* foam-rubber pads were.provided..to..
.cushion the instrn®ent with-in the survey aireraft* ' . " •. . ■

Opexatiag Diffieul'ties* 'Mibor-'circuit.: difficulties' becaMe"evi- • 
dent''Shortly after arrival'at. the forward area but these were ■ 
easily corrected* Circuit component failures were infrequent*. 
Faulty components were replaced' from, a stock of spare parts min-' 
talned in''the forward'area*;': " '

Battery-replacement was'necessary''on., the average after 20 hours 
of meter operation* Replacement' necessitated opening the instru­
ment, case* Each time fhis was done where an air conditioned room
was unavailable the instrument remained out of service for up to
2k hours until the moisture had dried®

The vitran in the power supply was the source of two troubles 
which were corrected after they were discovered* These were: (l)
failure of the vitran to start when the instrument was turned on,
(2) noise causing erratic meter fluctuations• The first diffi­
culty was easily eliminated by a simple adjustment of the vitran 
reed* The latter problem required a more critical reed adjust­
ment dr cleaning of the contact* ,. It was found that much of this 
noise .was being coupled into the circuit through a common ground 
from the vitran and filament batteries* Running’separate-ground 
leads from these two sets of batteries,.directly to the, connector. 
joining the battery section'to. the circuit section elminated the ■ 
necessity of' a fine adjustment of the vitran reed art also, stabil­
ized:'-'several instruments-for, ^iiich a:.-noise free'operating.'..point 
could-', not.'be found'by. adj'usting the--re'ed* •. .- ' v'."-! ■

F. RecoBaneanded: Modifications* ' . .- ' "

Cl) Float point-and gain controls should'be accessible-fro® out-, 
side; the sealed'-circuit base.* ' ’f .. . : - " ' , ' -

'{2") Battery changes should be-'possible without destroying the 
moisture seal of the circuit case* .Greatest utility..could be 
realized if'batteries could be integrated in a case-, that,.could be 
plugged into the 'circuit'-ease such that a spar© battery-.set could . 
be -easily'interchanged in the field by a non-trained operator*

(3) The vitran should be modified, possibly by'shock mounting or
eliminated in favor of a more stable-'- power supply if one could be 
found with comparable high.efficiency* ' . -



(U) A ikeans should be devised- t© flatten "'the energy 'response'
' '-ckaractoristics'- v - • * .

2. , -Fixed Instrument Network ■ ■

Each automatic monitoring station was equipped with one or two 
each of four types of automatic gamma monitor. In addition,

- - several stations close to ihs proving
AN/PDR-18 Bs. portable gamma survey instruments. The■ unmanned - 
station, Ujelang, was equipped with an automatic eight head air

■ sandier as well as a battery operated automatic garana instrument, 
the auxiliary monitoring, stations were each equipped with two ^ -

- 8uclear Instrument Corp. Model 26104 portable gamma survey instruments.

- jU-;.--Description- of Instruments». . ■ ", ....

- The automatic gamma monitors consisted ofi

(1) Two units of NIO type TN-l-A, a 110 volt 60 cycle S4 tube 
gamma monitor with a quasi-logarithirdc response allowing a range 
of 0*01 to 2$ mr/hr to be recorded on a linear 0-1 m& recorder.
(2) Ten units of NY0 type TN-3-A, a 110 volt, 60 cycle combination 
monitor alternately measuring (l) the beta radioactivity from dust 
collected on a filter paper and (2) surrounding, gamma intensity is

. recorded for fifty minutes' every hour during which the dust is col­
lated on filter paper. The beta from the dust sample is counted

■ - - fbr five minutes and then the background from a clean section of
■ filter paper is counted for the remaining five minutes of the hour,. ,

. ' Both channels use CM tubes and the circuits are logarithmic with
the gamma range from 0,01 to 100 mr/hr. and the beta range, from

■ 100 to 10,000,000 dpm. The recorder is a standard 0.1 ma linear
■ recording milliameter.

(3) Two units of NY0 type TN-U-A, a 110 volt, $Q cycle CM - tube 
gamma monitor with a logarithmic response allowing a range, of 0,1 
to 100 mr/hr to be recorded in a linear 0-1 ma. recorder.

■ (It) Two units of NT0 type IN-2-A, a battery .operated gamma moni-.
tor with a logarithmic response allowing a range of 0,01 to 100 
mr/hr® The surrounding gamma intensity is recorded for five minutes 
each hour on a 0-1 ma. linear recorder, , '

♦For detailed description of instruments see "HASL-lSIti OPERATING PROCEDURE, : 
FALLOUT MONITORING FOR CASTLE-rt
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The battery operated eight-head air-samplers, NIO type TI-fj-Aj 
take eight consecutive one hour dust samples, on one inch diameter •
filter papers, - Dust sampling begins automatically when the sur­
rounding gamma radiation exceeds a predetermined value j 0*1 mr/hr 
was used during-CASTLE* . . - • ' -

The AB^FDR-lSB scintillation, -type survey meters pan\ifactured for 
Hhe Ifavy h&ve full scale ranges of 0*5> 50 and ^00 r/br*. -These
were provided to certain automatic monitoring installations to ~
®ipple«nt- the automatic units if radiation intensities exceeaed 

.-IGG nsr/far. ‘ ; : .

The Unclear Instrument Corp, Model 2610A .survey meter uses a CS-* 
iuhe* fhree scales "provide- maximum readings of 0,2,.. 2*0, and. .
20 mr/hr. These instruments were sent from the HOG via AFOAT-1 
channels to the auxiliary stations. No maintenance- on these in- .
stroments was performed in the forward area*. -

B* Field Calibration, The automatic monitoring instruments were 
assembled!' at tarry Island for maintenance, and calibration prior '

- to their distribution to the. .monitoring- stations* -'- The remarks ' - 
made previously concerning the effects of sources on SCINTAfcETEft 
calibration are equally applicable to the automatic units*

C. -Field-deration .. -. ' -

Diurnal Variation. The IN-lt-A and the gamma channel of - .
’a diurnal variation in radiation reading which - 

adversely affected the dependability of the radiation measurements 
below 0*1 mr/hr* This was a continuous source of difficulty dur­
ing CASTLE. Field tests were conducted without success, during the 
monitoring program to determine the cause*

The investigation was continued at HASL, New York, where the re­
sistance of the bakelite insulation on the base of the- Anton 310 
CM tube was found to change with-temperature.

Hiere are other factors likely to contribute to the diurnal vari-r 
ation although specific information is as yet unavailable, The 
effect of humidity is strongly suspected. The CM tube and certain 
high resistance components are sealed in a tubular casing which 
constitutes the probe on the automatic instrument. Since this 
tube is not disturbed during normal maintenance, the humidity has 
no immediate ■ effect on calibration as is the case when SCINTAtdSTERS 
are opened. However, the daily heating and cooling of moisture . 
which may seep into the' probe over a period of time may be partly 
responsible for erroneous raster indications manifested in the, di­
urnal variation. - :-v..'
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- , - ■ ' • - • - ‘r-%' . • - •

- Hi^i foliage Boards«' A - failure common to these units occurred
in the high voltage boards. These boards were also bakelite and 
apparently the.high humidity encountered.reduced the insulation 
resistance- to the point where sufficient current, flowed from 
high voltage points to ground to burn the board. The leakage re­
actance of the transformer in the A. C* . units (TN-3-A and TN-li-A) 
was high enough to prevent excessive current in the primary so 
that the short would burr, through without • the circuit breaker 
opening. In the D,C. unit (TN~2-A) the excessive current drawn 
discharged the battery. Bakelite boards should not be used in 
the high voltage section of equipment %o be used in high humidity 
areas.

Unregulated Line Voltage, At most of the installations, line volt- 
^ age and frequency were maintained at standard levels only during 
the upper level wind observations, Voltages as low as 85 volts 
were observed during maintenance visits and near the end of the 
operation conditions may have been worse due to the fuel shortage 

■at several'stations*

Water damage caused temporary failure of several instruments.'
1 ^a'Eer entered the instruments due both to heavy wind drived rain 

and condensation. The former was the greater factor and was elim­
inated by placing sheds over the. units. These sheds were usually 
constructed with the monitor packing case, .supported by four legs, ' 
inverted over the instrument, ' The condensation could not be stopped 
but this alone did not cause any instrument failures *

; ; Several mercury batteries (Mallory 308ijls.8) went bad long
before the expected end of their life and showed signs of leakage, .

’ Except for one case, this occurred only in those batteries from _ - 
which several1 cells were removed to obtain Bt* voltage. Evidently 
the stress placed on the cells by this operation is excessive and 
another method of varying B f should be devised. A few of these 
batteries were received with the polarity, as indicated on the . 
casing, reversed. ■

The two bars supporting the recorder are not strong enough and 
■ under the weight of the recorder, pressed on the batteries cutting 
their casings. Glyptal paint, which was used to insulate rivets 
trim the metal base plate did not stand up and several shorts
occurred* . ' ■ • • _ ■■■■.•• :

TN-3-&. The major failures in this- type unit occurred in the beta 
section. ' The paper drive mechanism broke down in almost every

“60-



every unit. 'The contributing factors -here 'were the tendency of
, the friction gear to tighten up against the mounting plate and . - 
■. metal corrosion* former prevented feeding of the- -filter paper - 
. ■which: .stalled the drive motor.® The overheating of the motor in 

addition to the rust caused by excessive humidity usually froze
- the motor shaft putting the dust monitor out of commission until 

the motor could be replaced®

- being placed on Ujelang, the. dust samplers were- 
preset to trigger at Oil nr/hr. On subsequent visits after bursts,

. the background was often greater than the trigger setting. In 
order to ready the instrument for the following event, the trigger 
setting necessarily- had to be raised above the current background .

- value. ■; An existing control on the instrument permitted accurate
: -'Adjustment only by cumbersome trial and error procedure utilizing 
a portable source..and--gamma survey instrument® Generally, there 
being insufficient time for this procedure, the setting was adjusted 
to some value* only approximately known, such that the unit would 
not trigger in the gamma field. Because of this, the sampling time' 
for the next, event could not be accurately established;

D. - Recosnaended Modifications.

TM-3-A. The friction clutch should be made with a reversed thread 
so that it would tend to - loosen® The paper.drive motor is . heavier
and faster than required. A smaller motor would allow the paper . .
reel supporting plate to drop lower allowing easier loading of the 
paper. Also the slower, drive motor will eliminate over-running 
of the detent on "the' stop ■ can* -

A method of stopping the paper after it has traveled three inches 
.would increase the life of a filter paper roll from 8 to approid.- 

* ssaiely-l6 days. At present, the amount of paper per .saiqple is 
controlled by the radius of the takeup reel which increases with 
the number of samples taken. Since it-is necessary to have the 

. drive set so that three inches is traversed with the minimum, radius, 
the open'space between samples becomes excessively long as the roll 
is used, A rubber pinch wheel assembly which would be simple in 
design could be used to fix the amount of paper travel.

Replacing the beta GM tube or servicing the circuit mounted within 
' the lead shield is difficult, requiring almost a-complete dismantl­
ing of the monitor which is extremely difficult in the field. This 
whole section should be mounted to a plug- in the -rear of the lead 
shield which- is easily removed without disassembling other parts of 
the unit* . •



fa simplify calibrattoft^ the commoa Slainent'voltage control .of, 
the beta and gamma amplifier tubes should be eliminated in favor 
of individual controls*

TK~5-iU A calibrated control should be "provided so:.that the. trigger 
setting, can be changed: easily to a different known value in the . ■ ■ 
'field, • ; -/.... •■;■■■ ; ;.

A device to provide a record of the start of sampling time should be 
incorporated in the sampler unit.

General, To ease field maintenance and calibration of the continu- 
0«S -monitors-a'.-switch -disconnecting high; voltage...should'be incorpo­
rated in. the. circuit. and provision made for inserting a "portable., 
meter in the output circuit at the monitor. The latter modifica­
tion would be a convenience-because the recorder is usually some 
distance.from the monitor.and it is not-possible'to.adjust controls 
and watch the recorder deflection simultaneously.
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On the-'basis of experience gained during this operation,, the following . 
. modifications are proposed for use in- any further monitoring programs 

- of this nature:

- X* -,1a-addition-to the general pattern of automatic monitoring stations
owaa vt 4* v**r. SwT;. included, for CASTtE., provide suppl 

forming a semicircle oriented to the east and within 300 miles of the - 
test site* The most practical installation for these supplemental sta- 

■ tions wuld-be automatic, battery operated, unmanned, equipment. If. 
possible they should be equipped to telemeter. The locations should be 
selected on the basis of accessibility fey air or surface vessel as well - 
as distribution around the test area*

Weekly or bi-weekly visits would be necessary for maintenance (and data 
recowry in the event telemetering cannot be utilized.),

. 2* ../Duplicate instrumentation is essential at unmanned stations and is . 
strongly desirable at manned stations, - '

3* to alternative to #1 would be more frequent survey flights cover­
ing ^re-flight patterns following each event, although this would not 
provide the same- precision of fallout 'arrival -measurements as would be 
obtained by the ground stations nor would peak values necessarilly be 
obtained. Daily flights each of the ABLE and, BAKES patterns up to 

'five or six days after each event in. addition to normal scheduling 
would suffice to detect late occurring fallout and establish fallout 
arrival time to within, a 2k hour period.

As a miMmom requirement, .each flight pattern should be executed shortly 
.before each event after the first to measure residual contamination in­
tensities. It is only by this means that the fallout from successive 
bursts can be accurately computed from measured values. During CASTLE 
it was found to be impossible to schedule these re-survey flights on 
D — 1 because of unpredictable delays in detonating-the. test devices 
and frequent conflicts with the survey squadron1s other commitments ' 
itoleh were heaviest prior to D- day* .Therefore, in cases of long periods 
bdtween bursts, re-surveys at regular five day intervals are suggested 
to ensure the currency of residual contamination data,

U, Develop procedures for'night survey flights. Such procedures should 
probably provide for omitting islands with mountainous terrain.

5® Develop procedures for differentiating among the several sources of. 
in-flight radiation to permit proper evaluation of ground intensity .

'?1~'



measurements* The sources which may obscure background measurement
• ■ for correction are skyshin;© and sea activity* The'proper application - /

of'shielding at the survey instrument'could' eliminate substantially 
all radiation originating in and on the aircraft*

6« " iutomatic fission product dust measuring ^instruments should be 
perfected and utilized at stations within three hundred- miles of the 
test -area* .

?. & continuing effort should be made to correlate fallout density 
--:per unit area of ground with radiation intensity# . Sampling -by gammed

/ film ■car equivalent should-be-done at. monitoring stations*- ' -

8* .The successful'measurement'qf fallout over the. open sea from air- .. 
ci-aft has'..been dmonstrated*3-. ..Perfection of this technique holds'- ' -
great promise for'acourat# evaluation of-fallout'patterns up to "two '
to-three hundred miles downwind from'megaton range bursts* -Although.-.. ' ;

. -tie'aerial survey .program, described herein'was not designed for that 
'particular service, the programs could be''coordinated for/mtual benefit!

'.-'A* Surrey aircraft enroute between two atolls can measure sea
■'radiation .as-a corollary mission® .Toward, this end,, survey .. - .:-

patterns' -could be modified within certain limits to examine ' 
areas of particular interest without impairing the atoll 
survey functions® Wasteful .oyerlapptag of'survey missions 
could be avoided'in-this'manner*- . ■ /

.. B, Atoll radiation data would supplement the -sea surface data, . . 
. broadening-the "scope-of the study® .' ■''

. C. Under suitable circumstances, the atoll data would provide
a direct relataon between sea measurements and -ground sict xvxiy®

D, Immediate exact knowledge of the fallout path direction,' de­
rived from sea surface'measurements,'would, be,useful in an-

' ticipating appropriate'atoll survey requireaen-ts*;

9* The conversion of radiation measurement from the air to ground in-
- tensity-should be'more'accurately defined* ..Phenomenon necessary.-to'be ' 

studied are instrumental energy dependence, -effects of fission product 
age and composition, and the relationship of ground intensities as 
determined by air measurement, to ground intensity measurement by con- . . .
ventxonal portable surrey instruments* ' . - '■

10. Recommendations concerning instrumentation are included in
Section VT. ■ ' - - ' ■ ' - . . -



1* Radioactive Debris From-Operation IVI, Mlf04i522, April, 1952.

- 2* Radioactive Debris From Operation CASTLE: Worldwide Fallout., - 
• (Xo be released./ •

'• '3* • Radioactive'Debris■ From Operation CASTLE? Aerial Survey of Open 
' Sea Following YAl-ffiEE-tlECTAE, MO-U618. _ • . '

5* ■ The Effects -of Atomic Meapons’ (Page 258)




