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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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ABSTRACT

 During CASTLE, an offsite monitoring program was conducted in the Central
 and Southwest Pacific to document and to provide current measurements of .
the radioactive fallout. Navy‘paﬁr@l aireraft, equipped with gamma radia-
tion instruments, were dispatched over planned routes to measure fallout
 after its presence had been detected by*automatlc gamma monitors. Eleven
of these were collecting a continuous record on selected atolls in the
Marshall, Garollne, and Mariana Islands. Air survey measurements were
converted to ground intensities 1mme&1ately'up0n receipt by means of suit-
able curves, permitting appraisal of the radiological situation over a '
widespread area., Auxiliary stations nrﬁvzdlng daily gamma measuremsnts
. were lacated beyond the network ef automatmc statlons. ‘ V

Gumulaﬁive and peak radiation dosage were maasured, or computed from in-
élrect measuraments, for all islands in the automatic network and for
islands within the two aerzal survey patterns east of Baklnz in the
Marehall Islands.

BRAVO accounted fer a major part of the total cummlative radiation
measured during the program. The greatest radistion rate, extrapclated
from direct measurements, 12.5 r/hr, occurred at Rongelap after BRAVO.
Values both greater and lesser than this probably occurred at various
~ 1slanés in the Rongelap atoll., The greatest estimated cumulative radiation
 occurring from any event until the next following was 190 r at Rsngerzk ;
~‘after BR&VG. The total cumulative radiation at Roagerlk was 206

"The monztcrlng me%hod conbined fixed contimious stations and aerial surveys¢
The advantages of each method was utilized so that they were complementary;
Rapid, accurate information about radicactive fallout was provided by a

_means which yr@bably~repre$ents the maximim in economy for such extansmve

‘ ccverage. ‘ ~

The SCI%TAEETER, a aensxtmve, wide range sclntlllatlon type gamma meter
. was demonstrated to be a dependable, very'protable, faclle 1nstrument for
aerial monitoring use, . ; ~

. Tnereased aecuracy, rellablllty, and precision ean be cbtalneé for future
surveys of thls nature through certain suggested modlflcatlons.




m‘momc*zm;

1, Purposes At the request of CINCPACFLT the Health and Safety
Laboratory of the New York Operations Office organized and directed
a program to document radioactive fallout from CASTLE in the Central
and Southwest Faclflc, exclusive of the proving grounﬁs. Current
fallout information was to be made available to CINCPACFLT following
each detonation., The program was to be patterned basxcally on the
NYOO monitoring system developed for IVY.l -

The information dermved was used in the immedinte estlmatlen of radlo-
logical hazards in heavy fallout areas, The documented fallout consti-
tuﬁes a reccrﬁ of cumilative radlatlan prs&uced duflng %he test serles.

2. Grganlzatzon. The monitsrlng program was elanned and dxrected by
the Health and Safety lLaboratory, New York Operations Office and ac-
tively supported by several agencies. HASL organized the functions

of the participating agencies, developed procedures, and furnished all
monitoring instruments employed. The Director, Health and Safety
Laboratory, was in over-all charge of the program. The Project Officer
(HASL) directed operations in the forward area. Operations were ex-

 ecuted in accordance with the operating plan "HASL-15l -Operating Pro-

‘ *‘al Sﬁbﬁl?lSlOns.

_cedure, Fallout ﬁbnltcrlng for CASTLE", Monitoring instrument cali-
bration and maintenance in the forward area was performed by the HASL
staff, Joint Task Force-7 Headquarters prcvzded logistic sup@crt and
made available communlcatlcns fa0111ties in the forward arede

The 1nstrﬁment monltorlng §r0gram consxsted cf the followlng aperat10n~

“,i;‘ Pixed Enstrumant ﬁatwerk

(a) Automatlc monztormng sﬁatlcns
(b) Auxiliary muﬁzxsrmng stations

2. Aermal Survey*Mbnazorlng
;leed Ihstrument ﬁetwnrk k k

The ﬁ. S. Weather Bureau, the U. 8, Navy, and the USAF &lr‘%éather
Service operated fixed automatic gamms monitoring stations on sites
selected basically to create a uniformly distributed patiern relative
to the test area. The ayailability of facilities for the operation

of monitoring equipment was a factor which limited the rumber of atolls
which could be utilized. Uniform distribution was reasomably'well
‘achieved part1¢ularly'w1th3n the Trust Territory. ;




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'transmitfthe indicated radiation .

- data, Except for a simple briefing, none of the personnel were pre=-

ztrained in the use of these 1nstruments nor in the fleld of radla-

' tion safEty. - , :

The sites as orlglnally establlshed* were.
Location . L Operating Acency
Iwo Jima - AWS
~Guam . . AWS
Yap Usws ..
' Wake e USHB -
- Midway L. USN
Rongerik . AWS#
Majure - - - AWS®
. Kusaie - - AWS®
. Ponape B C - AWS#
;"Kwégalein - USN T
;;f‘Ujelang oo HASEEE @

" *JTF-? weather units : | T
“##jelang was unattended, Data was retrieved periodically by HASL
personnel. : o : L ‘ '

tnB +1 a portable garma instrument (Sc:nvamyter} was placed at
Johnston Island AFB to intercept the BRAVC 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 avto-
‘matic monitor removed from that site. Jolmston was the only location
east of Bikini and approximately in the same latitude as Ronger1< with
;'tacilities for monltor operation, .




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

' Tha locations of all the 1nstrum&nt mcnitorlng stations are platted
o dn Figure 1,

Aerial Monitoring

Three ﬁavy'patrol sguadrons were assxgned to sxecute aerial survey
 missions. These were V-1 at Barbers Point, Oahu, VP-29 at Kwajalein,
MJd., and V-3 at Agana, Guam. They covered dés ignated Pagific Island‘
grcu@s accordlng to the followmng patterns.:,:‘ L - ~

V?@29

ABLE

1 Kwajalein
2 lae
3 Ujae
li Wotho
5 Bikini
6 Ailinginae
7 Rongelap
8 Rongerik
9 Taongi
10 Bikar
11 Utirik
12 Takn

13 Adluk

1l Jemo
15 Likiep
16 Kwajalein

e

1 Guan

2 Rota

3 Agiguan

I Tinian

5 Saipan

6 Farralon de
Medinilla

BAKER

1 Kwajalein

2 Namu

3 Alllnglapalap
L Namorik

5 Bbon

6 Kili

7 Jaluit

8 Mili

S Arno ,
10 Majuro
11 Aur
12 Maloelap

13 Erikub

1k Wotje
35 Kwa3ale1n

EASY

1 Guan

2 Hamomiito
3 Truk

I Losap

5 Namoluk

6 Tukunor

CHARLIE

1 Kwajalein
2 Kusaie

3 Pingelap
i Mokil

5 Ponape

6 Ujelang

7 Kwajalein

FOX

‘e

1 Guan

2 Baferut

3 Faranlep
h Hest Fayu
5 Ifalik

6 Woleai
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7 Anatahan D Eewan ¥ Eauripik
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2 Midway (over 2 Ozhu {over 2 Lanai
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. ~ . . ~ ; & Oshn

. SurVey patterns are plotted in Figure 2;*
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METHODS

The program was an integration of two principles of monitoring. The
first was a network of fixed monitoring stations reporting data repu-
larly to the Task Force, The second consisted of aerial monitoring
flights by Navy patrol sQuadron axrcraft over speolfmed islands fol-
10w1ng each burste ; ;

1."Fixed Instrument Network

- General Pescription. The fixed network initislly consisted of eighteen
 gamma monitoring stations chiefly in the Marshall, Carcline, and Mori-
_ anz Islands but extending to the Philippines, Japan, Hawaii, and Alaska,

The rmumber and location of the sites were somewhat modified in the .
course of the test series. The stations, with one exception were
manned, and reports of gamma radiation were transmitted regularly to

_ the task force at six, twelve, or twenty-four hour intervals depending

_on their positions relative to the proving grounds. The twelve sta-
tions within 1500 nautical miles of the proving grounds were equipped
with 110 v AC automatic contimuously recording gamma mnnltors%'hav1ng
a range of ,00L to 100 mr/nr. 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, '

Six remote stations beyond 1500 miles were provided with portable M.
survey instruments having a range of 0,01 to 20 mr/hr. Twice daily
megsurements of local gamma acbivity were transmitted once a day from
these stations to the task force.

Data was transmitted by administrative teletype messages from all but

. four stations which were weather observation posts maintained by the
_task force. ?allout data from these locations were appended to rou-
tine data transmlssicns to the task force weather central.

Operation. The principle reason for establishing the instrument moni-
toring network was to provide a reliable fallout detection system by
means of which aerial surveys could be selected and timed to produce
a minimum of negative flights. Incresses in radiation intensities at
the automatic monitoring stations were known at Task Force Headguarters
within a few hours after their occurrence.

#lnstruments are deseribed in Section Vi.




- The gamma 1n£ensxty at each of the automenﬂc statzsﬁs (except Ugslgﬂg}~'
was recorded at 0600, 1200, 1800, and 2400 Z daily by resident operat- .
dng personnel and transmltted to the HAbL represeptatlve at Task Force

”';Headquarters.

The‘lnstruments ware routxnely checked each y for prcper raazatlcn
- response, This test, which consisted in ob ; The meler respoase
; “tenSity:bu 8 placed near i tube, grovmded 2l
' means of detecting circuit failures. Two HASL technicians, at Cuam
~ and Kwajalein, visited - the monitering stations’ nerlodlcally to adgus*
calxbratman and effect repalvs as. requzred@, : : :

Y'Many of the. monltorlng unlts 1nstalled were Geblgned to record the

- beta dust concentration continucusly as well as gamma radiation, Un~

" fortunately, all of the beta channels failed as a result of various ;
mechanlcal and electrzcal dlfflculties after short periods of oneratlong

o L - o 'T%vse measurements
wers obtalned by scanning a small grouﬁd area from a height of three
feet, Meter readings of less than 0 .05 mr/hr were atiributed 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 operatzon and radla-‘
" tion response in a manner similar to that employed for the automatic
monitors, Faulty 1nstruments were replaced after notlflcatlon of oo

: Recezpt and Utlllzat on of Fix V : : Radlatlon 1ntensmtj
reports were tabulated cnropologlcally by dlocation as they Were re- -
- ceived at the Task Force Headquarters. When a reported increass ~as
indicative of szgnlflcant fallout, a survey flight over a pattern
which included the island from %ﬁlCh the report erglnatedj”ﬁﬂ 8- :
‘ xquested of the appropriate’ patrol squadron, From the report received
_upon completion of the survey flight, a comprehensive nreeentﬂtzon of
. fallout intensities within the selected pattern was made available to

5 the task force radsafe of;lcnr ana othe” 1nterested task force personnel.

'In,a&dlﬁlon,~the continued transm;sgza of raaxatlo% data from t%e monis
toring stations provided an accurate msasure of potential radiation =x-
 posure at these locaticns. leekly sunmaries of cumnlatmve exposuras
” were tabulated for each Sﬁatloﬂ‘ ~ T L T P :

el L e




~ “’2, iier.;al Mozz:.tcr}.ng

; ;General Qessrggtzo . éermal surveys were conéuctad by Havy patrol

. plenes equipped with 8GINTAW£TER o sersxxmve, wide range~gamma
scintillation instruments capable of measuring ground intensities
of as little as 0.05 mr/hr from altitudes of 200 ft. or greater.
Survey flights were made over ?rewéetermzﬁe& patterns designed to
achieve maximum coverage in selected areas. The patterns included
the Marshall, Caroline, na, and Hawalian Islands., Data was
transmitted to the task force occasionally from survey aireraft in

. flisht tut more generall; from the SQuadrOn base at the concluslon
_ of eaech flxght. : . ,

Ogera%lsn. The sc1ntameters were operated in flmgbt by*axrcraft
crew members trained in their use. Usually two instruments were
_carried, one reserved as a spare. The scintameter operator recorded
background readzng, posibion, 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 where the intensity
at the stated altitude over each islsnd was converted to greund in-
ten31ty'by means of a calibration curve. ,

Meaaurements were generally*made frOm an altltude of 200 ieet. Where
_ the upper range of the instrument (100 mr/hr) was exceeded at 200 ft.,
_ the measurement would be repeated at higher altitudes until a value
within the range of the instrument was obtaxned.‘;éltxtude Was meas-
ured with s radio altimeter. The ratio of grou intensity to the
xntenszty‘at the operators position W’Shlﬁ . aircraft at 200 ft.k*s
approximately h. (Scintameter calibration .
The low end of the scintameter range is 0.003 mr/hr 50 that theoreti-
cally the minimal detectable ground intensity is 0.012 mr/hr. In
_ reality, the minimal detectable value is controlled primarily by the
 gama, backgreund. This backgraund can be caused by cosmic rays, .
. navigational 1nstrumants, aircraft cantamlnahlon, and possibly resi-
dual bomb debris in the air. The Bracﬁzsal 10wer 1limit durzng CASTLE
 was in the order of 0.05 mr/ir.

; Follawlng BR&VG, survey'martles, put ashcre at several atolls in the
__area of heaviest fallout, recorded large radiation intensity gradients
in directions approximately normal to the fallout path. At Rongelap,
approximately ninety miles from ground zero, a difference of an order
of magnitude in gamma radistion was noted between two opposite ends
_of the atoll, a distance of about 20 miles. This evidence was sub-
' ﬁtantaated by'&BEE fllghts repeated on B + 3 and B é 18 durang which

‘ . *Enstmmenta are described in Sﬁecticn Vie

:~”9—




~ ff""b.ese }.arge gmézents were net anﬁlclpateci g)r:z.or to BR@WG and
_ meter operators had not been cautioned to :Lc‘ientz,fy 'the mdwm
mlands surveyed mﬁohm each atoll" ‘ ‘

casts were rea %iably :
. f:hours. “ Usually, the




. RESULTS

1. Automstic Monitoring Stations. Twelve automatic monitoring sta-
tions were originally installed for CASILE. Eleven were operated '
continuously during the seriese. These were: Iwo Jima, Guam, Truk,
Kap, Ponape 3 ?:usale 2 %3&% s Kwa;;aieln, i};;elang s Wake, and Jchnston.

i‘zamma :mtensz‘ty versus tme ai‘ter ’bursi; is plctteé in ‘%?1guz'es 3 t}zm
16, for those locations where significant radiation (generally greater
tﬁan 0.1 mr/hr) was measured follewmg 3 partlcw ar evente :

Rongemk«%?Q Barst. No monitor ,da’ba are avazlable ai‘ter B & 8 hours
when the gamma intensity exceeded the upper scale limit (100 mr/hr}.
Utilizing the ABIE survey measurement at B ¢ 32 hours, an estimation
of the peak radiation value may be obﬁamed graphically by extrapolat-
mg the automatic gamma monitor curve above 100 mr/hr and extrapolat-
ing the ABLE measurement back on a $-1.2 decay curve until the two

_curves intersect, This is shown on Flgure 17. Cumulative radiation
from BRAVO (Parapraph L below) is computed for Rongerik us:mg the peak ;
radlatmn value obtamed from tins $ynt,hetlc graph. '

‘ Beta E}ust Concerztratlon. ; ?39 bei;a dus*t concentratzons x@ere obta}.ned
from the manned automatic stations. At Ujelang, the unmanned station,
beta dust concentrations were obtained only for ROMEOQ (Figure 18).
Though the eight head dust sampler was serviced prior to each event,
a variety of operational and instrumental dlfflculﬁmes generally
rendered the mstrument meffectual. -

;,2. &uxﬁl&ar r Monitor:m’ Sﬁatw 1S « Remote stations at Oahu, Shemya s
and Anchorage reported g‘ radistion daily throughout CASTLE. No
_ significant radiation was deteated, :L.e. there were no meamremen‘t;s
: greatez‘ than O. 05 m-/hr. , : ;

3. Eerlal Mamtorin . ’I‘hmrtywthree aerlal survey missions were i‘lewn .
. during CABTIE, Of ‘hhese s f:&i’teen followed ;:rat%;ern ABE@ and seven fol-_, ~
loweé ?attem BAKER. . ; , ; ;

%ﬁlth the excentmn of pattern Kiﬁ\%, a},}, survey patterns were des:tgned
prior to the test series. KING was improvised foll owmng BRAVO tc sur-
vey the Gllbert Islands. It was rzot reneateda. ‘ ;

 As 8 resu},t of the Wldespmad and umsually heavy fallout frem BRA‘}E)
. all survey patterns {except HOW:) were arbl‘cram‘iy executed to ciei;ect
any areas of unsuﬁpectad fallaut. In 211 of the following events,

¥HOW 1s identical to GEORGE except for the direction of flight,
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o monzﬁsrlng statlen reports were used as basic crmterxa in determlnzng
_the need of flights for all patterns except ABLE. With the elimina-
. tion of Rongerik after BRAVO, there was no monztsrlng station in the
ABLE pattern, Consequently ABLE was flown on D ¢ 1 after each event.
Tﬁls was necessary‘because of the consiétent upper 1evel'wesﬁerlies.

~ :The air survey'measurements, extrapolated to greund 1ntensmtles are
| ‘pl@tted in Flgures 19 thru 26. ; ,, ;

h. Gumulat:ve and Peak Radiation. Curmlative radiation is listed in
Table 1 for all atolls in the ABLE and BAKER patterns (all of the ‘
Marshall group east of Bikini) and for the islands comprising the
automatic monitoring network. The wvalues at atolls within the other
survey patterns amounted to so little that they are not included ex-
_ _cept for those with automatic monitors. (For 1nstance, the total
cumulative radiation ab Ponape, in the CHARLIE pattera, was less than
5% cf the permissible expasure for tha test serles) ; ;

The cmmulatxve values ware derived elther by 1ntagratlon of dlreet

measurements in the case of the fixed stations or by use of the Way-
; ; Wigner ﬁecay formila applied to the initial measuremenﬁs follcwzng
. ;  each burst in the case of aerial men:s.tor.mg.

The sum ef the estimated cumulatxve camma at the hO listed locations
for the 26 day period between BRAVO and ROMED accounts for = a major
part of the total egtimated for the entlre serzes.k ~ L

; ; M‘are computed for ﬁhe
period from the stateé event until the next and for this reason un-
éoubteély znclude some carrywover of contamlnatlon'

The above values should ﬁot be 1nter§reted to relate the tetal ef- ;
fective fallout from each of the devices since the Ssane meteorologzcal‘
conditions did net obtain for each events ‘

Peak radlatlon 1ntensltles follow1ng each burst are listed in Table 11,
These values apply to one island within each atall surveyede In-
tensities at other islands within the same atoll may have been greater
or lesser than stated fer any glveﬁ eveat.f ,

S¢ Isodose ﬁhazt' ?lgnre 27 is an 130&03@ chart of the Marshall ;
Isiands baged on total camulatlve ra&:atlon from GAST&E at eaeh 1s1and.‘

6. Correlation of Gamma Intensmtz‘wzih\Fallout Per Unit Area. A%
many of the automatic gamma monitoring stations, gummed film samplgs
were collected daily as part of the World Wide Monitoring Network.

The gummed film snalyses are reported as beta dis/min/ft. Comparative
data from the two monitoring methods are available from these stations.
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CUMJLATIVE DOSES BY EVENT AND TOGATION
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To establish an emplrlcal relaﬁzsnshlp between he@a dust actlvlty

_on the ground and gamma radiastion intensity at three feect over the
ground, selected comparative data have been plotted. (Figure 28).
 The values selected are limited to the first 2L hour period of

_significant fallout following a given burste. Beta activity has been
extrapolated from counting date to sampling date. The pauc1ty of
values is due to incomplete data; dust samples are mlssxng in cer-
taxn instances and monitor fallures occurred at various tlmes, :

;The values preaented are prelxmlnary.~ Furﬁﬁer rev1ew ef the avallable‘f
_ data may disclose additional useful comparisons and a refinement of .
‘eompuﬁatlcns may'alﬁer the exzatzﬁg values $omewhat. ,
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Ty, mcm%s Rﬁ:mm%@‘ 10 DATA INTERPRETATION "

&ntematxckﬁonitorln Statzons

AL Diurnal Varmatlon. Shor@ly*after thelr 3nstallatzen, the ;
ic operateﬁ automatic monitors displayed a regular diurnal varl-‘ 1
ation apparently due to temperature change, humidztyg or bothe
The variation was as great as an order of magnitude in some in-
, ~straments. For this reason, the practical lower lamlt of detec-
tion was about 0.1 mr/hr although the design limit was 0.001 mr/hr.
~ Interpretatlsa of radzatlon intensities less than 0,1 mr/hr was
difficult and on one cccasion, fallout of low intensity was un~
noticed when it occurred. A later, careful analysis of the data
 revealed that 0.15 mr/hr occurred at Ponape after ROMEO. Had this
been known, a CHARLIE survey would have been executed and it is
passzble that 51gn1flcant fallout may'have been deteated at other
atells in the area.

A rev1ew*0f the data and the 1nstruments' behav1our has 1ndxcated
that the late night instrument reading was in most cases a re-
liable measure of low intensity radiation. In several instances
of 1light fallout, (Ponape-ROMEO, Truk-BRAVO, Truk-YANKEE) only
the 1800 Z value was used for plotting time grayhs. Slmllarly, ;
__ ab several stations only the 1800 Z values were used 1n ccmpuﬁlng
- cumulatzve radlatlon. ;* ~ ~

The diurnal variation was consistently so high at Guam that none
of those data, all of whlch are 1ow level, are coaszdered valxd.

B, $omgarzson wlth Gummed Fllm‘ In thsse 1nstances af suspected
fallaut where diurnal variation rendered monitor data of question-
able validity, the data were compared with the apprgprlate gunmed

film analyses from the | er&d‘%ide Sampling Network.® In each case,

the gummed film displayed an increase in actmvzty-carrespandmag ,
to the monitor data. Thus, the monitor data was qualitatively
substantisted. An example of*b,~~comparlson of the gummed film

results wlth autsmatzc msn:ior valaes is shewn in Flgure 29.~

.;;&utomatlc Monitoring Insﬁrumeﬁts Down Time. Nhnztormng sta- !
tions were out of service for an avarage of 15% 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: BRAVO- Kwajalein,
Wake, Ponape and Iwo Jima; ROMEO- Kusaie, Ujelang, Yap, and Iwo
~ Jima; KOON~ Yap, and Iwo Jima; UNION, YANKEE, AND NECTAR. Johnston.
The presented cumilative radistion 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 CASTIE.
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.jRadlatlon dhrln” dowh tlme was not. estlﬁmtEd except at ﬁgela;

~ where down time was in excess of 50%. There the estimate is

- also low because o data are avallaﬁm, for the fallcut perlcd
RGEEO and }'ECTAR. ; ' :
Peak 1n$ensztles were eb*a;r d dlrectlf frum the mcnltor data.
‘Where blanks occur in Tsble II, data are unavailable due to in=-
‘strument failure or incorrect: callbratlon. The values. listed

‘are %ﬁe greatest intensities zeiiowlng sach Dursta

'fAerlal b&rvay<mon1tcr1mg

- Fallsu$ Arrlval Tlme Agglled to Aer"al %anzteriﬁg~ﬁata~ Flight
TQBLE.~ Fallout arrival times are not generally mown for the

isiands covered in the aserial survays. The few exceptions are . '

‘those which were automatic monitoring instaliations. Cumulative
and pesk radiation computations are necess“rl* 'aased fcr the

*mcst part on est1Wnyed ”rlval tlﬂﬁse, S S

 the auﬁotatlc msﬁltcr recsrd, Ve¢ other ¢tolis on %

- eral bearing as Rongerik from Bikini, the arrival vzmeu,ﬁ

SRR , - arbitrarily assuméd to be proportional to the respecti
... . . from Bikini referred to Rongerik. Allowance was made ;or the

[ ST “initial rapid lateral cloud growth in the first minutes after the

ffthe cloud diameter had grown' to 335,000 fest and the rate of growth

" were computed by extravclat ng the observed 1nteasities”to the esti-
'kmated arrlval tlmes.g‘ i G e S SIS, oo

: For the nsrtkerp %arshalT atolls on wmdalj dle6f8z+ Deaﬂlngs fro“ .
Bikini than Rongerik, hence well removed from the direct fallout
gath, the intensities observed during the aerial survey on B + 1
S+ are the reported peak valuss in the results.. Gunulatlve radistion
oo o computations are based on decay assured to sﬁ&rt from hese peak
RRR inten51t1aa. : : S e

AFbr ﬁhe‘oth&r evenbs, the

)
]
e

¥
j
ek

= 7 [ .onthe D+l aerial suﬂveg s unless
: : o inddcated additional fallout after
. ' . time was erbitrarily assuu o be
- ‘ " - ursd on the rﬂpgat z
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@y AU
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s LR 1at1“e radiation v
‘peak values.,

e

'r7burst‘ Data obtained from Task Unite-l indicated that at + 10 “&amsés'

: naé diminished to a- ralatlvely slight amoun Peak radiation vasues:;‘ 




}:.ftrarzlyithekpeak int
are ﬁaken as %he obs

,es, tha baskw o
‘of magnlﬁude éurw .
flng any one mis
gation inst:

‘ [,measﬁred backgrou‘
_ tional background
‘:Q\avallable. For an

; ~measurement as mlght;hypoth 510a11y Gccur 1curr@n£s moved canw
~ftaw1na%ed sea water ear a umcentum1aa%‘ lané.~s;; ~ ~




preﬂenteé on Flgares 3 thm 1? anﬁ ased in caz@uﬁmg
_peak radiation are net radiation values, i.es
been su‘btracted from the observed atoll mtens:xty‘ L

. tc }.‘5 ,OGQ sq;zare yards. i

Tt is well known thai; measuremants on the ground wmll sh
 siderable variation over a relat:wely small area. -
. cularly evident on Eniwetok (Parry) after the late fallout carmed‘ .
 back by the low level trades after ROMEO. Camma intensities in

“ ::,‘the open over homzontal surfaces were up to two times greater

than mtens.atles in lee of large obstructions, szlarly, :
measurements near t ndwaré side of vertical surfaces were ~
‘ grea‘ber thaﬂ measurements cver operz hemzontal surfaces. .

In the hke manner, aem&l me ;arements can be dz.stor@ed by uneven
- terram, scanning the lee or “ndward s:a_c}e of a mounta.mous :Ls}_and ,?'

. an& perhag)s cther ;{i‘actors. o

yafter B%V% survey part es reperbed substantml *varlatlens in ou‘c* .
‘ :side radla*tmn measnremen’bs on all of the 3.slands surveyed. .

: Genera},ly, one aerlal measurement shsuld apprcmmate the ave age ;
. of many individual outside ground measurements taken over the ssme

general area, howeve the factor of irzstmeﬁtatmn mst be recog- .
nized as a varmble nergy respon e charac*bemsm:‘s of porta-

- _ ble msﬁmments ‘comn )

- sponee of the TIB, for ce, is nearly flat above 0,1 Me

The characteristics of ¢ /PDR 27C are somewhat less uniform butf, . .

above 0.3 Mev are masck ly flate The SCINTAMETER, on the e*tﬂer
. hand, peaks at about 0,2 Mev and has a um.formly decreasm

- _sponse from the peak as the gemma energy increases. The cha

- 131:105 of the three instruments are p gtteé in Figure 30, If the
s‘aruments are all callbra@ed w:a.%h Ga or radmm source, as m
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Figure 30, the resnonse of the SGZNT&METER at 0.7 ﬁev,g the aver-
age of gamma fission product activity, is about 60% greater than
both the TIB and the 27C internal probe and about 100% greater
than the 2?8 external prsbe.

'Thus, it can be. readlly'understood that readings of twb dlffarent
instruments in the same gamma field may be different and even twc
vverlappmng scales of the same 1nstrument may not agree.

The 3129 of tﬁe islands surveyed w:thln the range of this sﬁudy
apparently does not effect the validity of the altitude to ground
intensity conversion curve. Calibration for the SCINTAMETERS was
 performed over areas of various sizes 1nclud1ng both small and
large islands in the Eniwetok and Bikini atolls. Data from these
several locations agreed very closely. ‘ - ‘

Obviously, 3uégement is needed in évaiuatisg radiation intensity
_ in terms of potentisl exposure whether ground measurements or
_ aerial measurements are the source of data.‘; ~




‘v Emﬁms oF . MONTTORING ?ROGRAM -

e desz,gnecl to complement each others The pmgram was &
: ompromise between two extreme monitoring methods, one be
ing a m oring network comprised of stations on each of the islands
 included in aerial survey patterns (66 in the Marshalls, Carolines,
 and Marianas) or the other being daily or more fregquent flights over
each af t.he survey patterns from D 4- 1 repetrblvely for a number of

. It is b 'mved that the momtor:mg pmgram did sucsessfully falflll
Ll 1sic requirements of providing timely fallout information con-
the Central and So‘&‘*&%zwest Pacific and of dccumentmg cumulative
on in those areas. The informabion developed by this system
110w1ng the BRAVO burst is an excellent 111ustramen of :ubs effec— ‘
tmerzess in perfarmmg the fomer fzxnctwn.% . ;

~f:%’¢At 152;{3 ffi on B day, the automatlc monz'tor on Rongerlk, 130 H‘fl East
_of Bikini, went off scale. (Maximum scale reading is 100 mr/hr)e
- This information, received at the Task Force Headquarters zboard the
_ Estes at about 1600 M, was the first indication of excessive fallout
_outside of the ships of the Task For'ce;rand Bikini atoll itself. L
. radsafe monitor was sent with a scheduled m}and resupply flight on
_ the following morning to clarify the f t smtg,atmon which had been
 indicated by the automabic monitor. A 0 M on B day, a message to
 Squadron VP-29 was originated on the Estes requesting the immediate
~ executdion of flight ABLE. The request was delayed until that hour to
diminish the possibility of the survey aircraft passing thru the radzo—
_ active cloud. Due to communications difficulties, s the message did not
__ clear the Bstes for about twelve houz's after it waa arz.ginated and the
 flignt did not leave Kwajalein until about noon on B + 1 day. At 1535 M
_ on B ¢ 1 the first inflight report was received from the survey aircraft.
 The report included measurements over Ailinginae, Rongelap, and Rongerik.
It confirmed measurements of dangerous radiation made on Rongerik by the
_ radsafe monitor a few hours earlier. On his recommendation, evacuation
__ of Rongerik had begun immediately and was complete when the first in-
flignt message was received, By 2000 M the radiation intensities at all
 atolls in the ABLE pattern were known and plans were formulated for the
_ evacuation of additional north Marshall atolls. By B ¢ 5 days, all sur-
vey patterns had been executed including an improvised pattern to survey
the Gilbert Islands and the extent and sevamty of contammatmn in the
*?aclfm were clearly defined, ; ;




. Afﬁer 31%&';“9’{)‘,"g‘reaier interest developed in the extent and‘:intensity
of fallout from the bursts. Greater usefulness could be derived from

. the agerial survey‘data for this appl1catlon if fallout arrival time

and yeak fallout values were known. Cumulative radistion could then
_be more closely estimated. The installation of a monitoring device
_on each atoll would provide this information most asccurately but such
‘an enterprise would prove gquite formidable. However, good informa-
~7tlon could be obtained by a few stations supplementlﬂg those used dur-
ing CASTLE in the area of greatest interest, i.e. up to about 300
miles from ground zero. The addition of Taongi, Bikar, Likiep, and
Ujae, for instance, to the prav1ously'ut111zed Eyajalein and Rongerik,
weuld present a pattern of stations at no greater than 30° apart over
‘a 180 depree semicircle around Bikinie With arrival times at these
islands known, interpolation £0 estimate arrival times at intervening
islands would be valid, The continuous receipt of this data at Task
Force Eeadquar%ers would be desirable but the élfflcaltles in the sup=
port of operating teams would likely be prohibitive., The concepﬁ of
- the Ujelang operation could be repeated at these islands with the data
_recovered pera@dlcally‘by‘amphzbzsns aireraft or ships. Most desirable
. would be the transmission of the data by telemeter 1f a system cauid be
1 U[deve1oped for this appllcatmen. ; ~

nght survey flishts were not attemp%ed during ﬂkS?ﬁE. Had ABLE pat-
tern been flown on the evenlng of B day when the request for the flight
was originated instead of noon on B ¢ 1, the evacuation of Ailinginae
and Rongerik might have been completed more rapzdly;k The night flight

“‘7~was requested at the time because of the yetentzally'hazardous nature

_of the fallout situation even though such an eventuality had not been
; discussed with the SQE&drﬂﬁ personnel s Actually, the message request-
ing the flight didn't arrive at the squadron until the next morning

‘k,;sa the question of a night survey was never presemted to tbe squadrone

 TIn 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'éelay‘a decision for evacuation or some other emergency measure.

Therefore, the p9381b111ty of night survey flzgh%s sheuld be exp}ored
and. procedures establnshed 1f feasmble‘ ;

o 'indamental crztermsn for gudglng the wor%h of the aerlal survey ;
phase of the monitoring program is the accuracy of the measurement of
ground. radiation. dntensity. Ultimately, if the aerial survey is to

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

 to measurements taken on the ground with conventional survey instru-
_ments. The relationshxp of SCINTAMETER megsurements at altitudes of

frﬂm B0 to0 1500 ft. to measurements at 3' from the ground W th a varlety

of instruments is fully developed in Section VI. ‘There are considerable

data to indicate that the altitude to ground conversion curve which is

presented may be applied with reasonsble confldenee over different fields

of fxssxon product act1v1ty. ~



{'Tkwf@ were two l%ﬁatl@ﬁa fr6m>wh1ch repetl 1ve practlcal comgdriﬂang
‘betwsen aerial and ground measurements are available during CASTLE.
fSarv parties visited Rongerik frequently over a gerisd of many -
«'%eeks after BRAVC and racorded gamma radiation int ensities each time. . -
e ﬁ&f?ﬁﬁ-?lﬁ&, portable iordizaticn type meters, and other portable baﬂﬁi-*
meters were employed for the measurements. The averages of thoss '
o measuremaﬁts taken outside of buildings agree very clssehj with aerial
S urvny measu?eyentm ever Rangerlk. These data are plotted on Flg‘ 3&» i
osr " Lh : measurements were taken on the sare days;
- others were nots The ground measurementis taken on days in between .
 aerial measurements lla very close to the values egyected from theo=
retical ﬁ@eag @alc&lﬁt1335¢ Comparative measurements are also plotts ﬁ
~ for Ailinginase, Uiirik, end Ailuk (Figures 32, 33, and 3Lj, “although
these ave iccatze 15 -where only one set of g aund4ﬁegsuran@niﬁfﬁere'; ,
" taken, The followsup survey measurements. maéa'aftgr the D » 1 surveys
. 8how reasanahly'close agzreement with the gheeretlwal,éﬁcay curves shown
?sn these figares, For simplicity the decays were computed from each
, W nmaximum measurement. following each svent without regar& to r¢31dnm1 
[Hcaaﬁa?zﬁatz@a from previous. svents, Since t%ere was rio method of acw
- counting for the sffects of wind and rain in reducing co&i&mznatze“, :
‘fthere saemea.no rea on for nmf elaboraté thﬂoretical decay campu%a@xana.

' {At Eajure, tue sﬂuv‘af'aﬁ 2a omatzc monztcr, there are Comparatzve aata
i for sauh burst except NEC TAR. Here again, the a&r&ement between asrial -
Aand grcund‘aﬁaaurementS‘ms gocd Thssa”data may be fOREu in Table 2.

=7.The slgﬁlzicant caniumznatlon cf sea waﬁer foilawzng a burst has now
- been amply demonstrated. The possibility exists that this phenomenon
contributed to the background values recordsd during the aerial surveys
c-and that those values were 1ﬁc¢rr@ctly applied to the atoll measu sments
. din computing net intensities, Suitable procedures mst be 88+ab1&aiﬁd
%o differentiate ckyshine, water activity, and airaraft aaﬁgwr@;;i in
- future applications of the aerlal SUrveye - i S

“Several of the installed autgmaxic maﬁltorln& lﬁSt”&ﬁﬁnﬁ& were desi
 to measure and recerd. eta dust concentrations as well as gamma. < :
tisne A11 of the béta channsls failed within a-few days after their .
xnstallatzsn. The failures vesulted from various mechamical and eles~-
trical difficulties, No data was obtained regarding beta dust.
: desirabifit§jof obtaining such measurenents has probably increas
. rather than dimiﬁiaﬁﬁd'lﬁ 1ight of the renswed interest in offsits fa :
©out. ,It is desirable that the 1nsprum@nts be gerfecﬁed for fuguraiﬁestg.-,

o In éf ite uwnitorins condus tb& bj thzs sffzce for p?ﬂvzous vaada nests$
- the measuresent of beta activity in dust collectod on filter papers was
e fﬁdﬂdb‘ ‘be a more b@hwlui*u neasure - cf boﬂh Gﬁbﬁ&d aPTlVal ﬁlmm aﬁi
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aotlv:d;y than graund gamma measurament, partwularly where ffallmt

. was of low intensity. It was also found to give earlier indication
_ of arrival, this probably because of its greater sens:tthty. There

is reason to believe that these characteristics would apply in Pacific

te ts,ané might prove useful in warning of fallout arrival.

: lcularly grat ifying ach jevement of th:x,s progmm was the atzll-

£ personnel, untrained in radiation instrumentation, for the
tmn of the automatic monitoring equipment, This represents a
eneious economy in the use of the scarce mumber of peysonne’*
ed in radiation safety techniques. It has been demonstrated

2irly comprehensive monitoring program can be continued over
ted period without tying up a large number of trained personnel.




INSTRUMENTATION

 The SCINTAMETER, General Description.# ‘e:SCENﬁﬁﬁETER, a self*
__contained, walerproof, battery operated sslmtalzatlan type gamma
_ detector with a fast response Lime, was used for all aerial surveys.
f The unit weighs slightly less than five pounds with batteries. The
_ _single meter . € is divided logarithmically enabl&ng several de- l“
~, cade$‘of radiati tensity to be read without switching arrange-
_ments., Two modes he TH-3-B and TH-3-C, have a range from 0,003
%o 100 mr/nr and er only in battery complement. A third model,
_ the TH-7-A, has a range from 0.001 to 10 r/br. This high level
*kzastrum nt was éevelamed fﬁr the use of elauﬁ trasklng alrcraft

‘nrocedure was perfcrmed for iy S%ENTA~
ry prior to CASTLE and repeated at Bikini
Simllar calzbratlon werk had been ceﬁducted

:The calzbratl@n proceﬁure conszsted flrs@ of ccnductlng a thorough

survey of the radiation intensity at 3 ft,. over an ares eontamlnated~‘~f‘

 ‘by flsszan produc%s followed by‘measurements u51ng 1aentlcal in-

adgustzng aerlal reaé;ngs taken sver areas of
_:to grcund level 1ntensxtles¢

~;,;There are several psssible errors and varlables whlch may cause

variations in the attenuation factors derived., These are: radzatzan

dins rument ErTOr, {this includes energy dependence which is dis- ‘

' in Section V), altimeter error, human error, irregular dis-

n of fission produets on the ground, fission product age,

tion in the absorption of different sections within an air-

‘nd between aircraft. (Both P2V aircraft and &elzcm@ters were

‘ ?arlatlan in the area of the radiocactive source may also
. : q;as a cause of variation in attenuation factor, however,k'

';Valthaugﬁ the islands used for calibration sites varied markedly in

- $1za and shape, the attenuation factors were not maasur&bly élffereﬁt.

. %For detalled descrlpﬁlon of 1nstrnments see ”§§51w15h, OPWR§T1¥G EPGCFDUPES,
' E%Llﬂﬁ %QNIMSRING FGR c&smgﬁ.”; : ,
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conducted in connection

 SCINTAMETER
. sCnmwETER. .
f Kuclear Ehst. Corp.261§$
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Kevada on dlfferent occasions arrree re mrkably we}.}. wz:th each -
_other but differ from both sets previously mentioned.
“ages of the GENE and Nevada data are plotted on Figure 36.
reasons for the discrepancies are not clearly understoods - Any L
ccmbmata.on of the possible errors mentioned above may be res-
ponsible, It is felt that the effects of fission prodnct age .
type of bomb, and instrument: energy dependence are factors wm.c’z
require further mvestlgatz.on. : RO

The avez‘« :

‘:‘Ck. Field Calibration.» Rachum was useci in the cahbratwn of &%e o
- low Yevel SCI NTAMETERS and low end of the high level units; Cu :
.}was nsed for checkn.ng the upper end cf t%e TH—?-A scale. G

-"_'i‘he or:.g:.nal meter sc:ale calzbramon on the TH—-B-B a.nd t’qe TE{-—?—A S
units remained unchanged: throughaut CASTLE. The TH-3-C Was found
+to saturate above 20 mr/Ir 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. ’ ﬂz.ghts or:.g:.namnc at Guam. and fk.hua

Q’ SCINTAKETER calibrat;.an was generally checked before each use b,; ,
VP-29 at Kwajalezn and WILSGH cloud trackmg a:.rcraft a.t Emwetck‘ S

Field Gal::.brata. on lefz.cnltles,

Humidigz, SGIN?AMETER mamtenance was perfomed at En:z:wetox\:, R R A
. Kwajalein, and Guam. Air conditioned. working space was available -
. only at Eniwetok, - Because of the high resistances employed in
- the circuit; the excessive humd:x.ty altered tnelr valae wz«e*;ever S
the SCINTAKETER case was opened, : »

Setting the :f.‘loat po:mt was accompllshed by %:rzal and er”oz*. iﬂmth o

- the instrument out of its case, the float point would be set so

_ that the.meter indicated the proper radiation intensity; then ths

. instrument would be reassembled with a package of desicant within

- the case and after a few hours the: error (difference between meter

i JO'( reading .and true radiation background) was noted. The. case wes

= . ' ' then reopened and the float point adjusted to compensate for ths
e U ° ‘noted error. The procedure was repeated until agreement of‘ in=.
strumnt readlng mt’n true background was ach:aeved, ’ S

Hhensver the float pomt was checked a reading was taken in 3 -
 radiation field equivalent to greater than half scale deflection .
o tq_i,.nsure} that the remmnder of the kcmzﬁcu:;.t was operating properly.



4:3‘1’(33:’&%0‘ Ou.:c* expermnce has shom ﬁha*b ’bﬁ&@ﬁ)ﬁi&.ﬁi@ﬁ .
nstrument wrbmn the azmraft zzmst be select@a “ ~

onstant. (1 , : ele
repetitive suz'veys are p}anneé, t e same posﬁ;mn mth" ‘
alrcrai’t Shoulé be useé each tme. . ,




A’h tmes e::hher alrcraft v1bratmn or rougrh haﬁél:mg affected
the vibrator-transiormer (vitran) reed adjustment causing erratic
_ behavior. To correct this, foam rubber pads were prov:_ded *:,0
,cusﬁmn the msﬁrumemt within the surve:y* alrcraft. ~

‘eratm~ }leflculmes. ; ‘fﬁnw c:.rcu:df; cizfi‘lcultles became evx-n'
dent shortly after arrival at the forward areas but these were
easily corrected. Circuit component failures were infrequent.
Faulty ccmponents were replaceé fram a a‘beck cf spare par*bs ma:m»
'*ta:med in the fomard area. ‘ ~ ; ~

; Battery repiiacemenﬁ was necessary on the average after 20 hours

_ of meter operation. Replacement necessitated opemng the instru- :‘  ~
ment case, FEach time this was done where an air conditioned room }

 was unavailable the instrument remained om: of serv:we :t‘o *xm to

. 2& hours unml the moisture had dmed.

The vz.tran rm ’che power s‘&pply was t&e source of o troubles ;
which were corrected after they were discovered. These were: ~
 failure of the vitran to start when the instrument was tu 'edk fm,
{2) noise causing erratic meter fluctuations. The first ~ :
culty was easily eliminated by a simple adjustment of the vitran -
reed. The latter problem required a more critical reed adjust-
ment or clean:.ng 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 eliminated the .

necessity of a fine adgustment of the vitran reed and a}.so gtabil-
 ized several instruments for which a noise free epem'i;mg p mt '
could not be fwnd by adgus‘b:mg ‘bhe ree&. -

F. ﬁecommended E‘%odlflcatmngu

(1) Float po:mb and gam centrale shcmld be accesslble fmm aut—w,
side the gealed c:xrau:r_‘c case, - ; ; .

{2 Battery changes ahould be possxble without ées*bmymg the
moisture seal of the circuit case. Grealest utility could be

realized if batteries could be integrated in a case that could be

 plugged into the circuit case such that a spare battery set could .
be easily mterchanged in the i‘lelé by a non-—tra:med cpera*bora -

(3) The vitran SHould be zasdlfled, zmssa.bly by shock mounting or
eliminated in favor of s more stable power supply if one cauld; ‘oe, ~
fc:unci with ccmpam%ale h:t,gh efi‘m :Lency. ; ‘




i (h) & Béans should be devised fo flatten'th@ energ respense
eaaract@rzstics. RN S ,

2. ,»Fixed Instrument Network |

Ce e Each automtlc mom.tom,ng s’c.atlon was equipped w:.th one aor tao
St each of four types of automtic gamma monitor., In addition, -

oo oo o geveral stations close to the proving grounds were eguipped with
-~ .. AN/PDR-18 Bs, portable gamma survey instruments. The unmanned -
o - station, U;;elang, was equipped with an automatic eight head air

.- sampler as well as a battery operated automatic gamma mstrnmnt,
. The auxiliary monitoring stations were each equipped with two

" 'fi_”ﬁuclea.r Instrument Cerpn I-iodel 2610A portable gamma. survey mstmren us,

A Description of Instrumnts*

Tha automtic garrma nonitors cons:i.sted of~

i (3.) o units of NYO type TN-1-4, 2 110 volt 60 cycle Q@ tube
oo gamma monitor with a qnas:.-loganthmc response allowing a range
e ’of 0@01 to 25 mr/hr to be recorded on a llnear 0-1 ma reccrder.f’ .

(2 Ten um.t.s of NYO type TN-3A, a 110 volt 60 cycle combmawon'
. monitor alternately measuring (1) the beta radn.oact:.vz.ty from dust
* . collected on a filter paper and (2) surrounding gamma mtens:,ty is .
. recorded for fifty minutes every hour during which the dust is col-
- lewgted on filter paper. The beta from the dust sample is counted
-~ for 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 (% tubes and the circuits ars logarithmic with
" . the gamma range from 0.0l to 100 mr/hr and the beta range from
100 to 10,000,000 dpm. The recorder .'.LS‘ a standard 0.1 ma linear
: recording mll:.ameter.‘ : R S A T

~(3) Two units of NYO type TN-h-A a 110 volt, 50'c~}¢1e Gt “tube ’
. gamma monitor with a logarithmic response allowing a range of O.1
- to 100 nr/hr to be recorded. in a l:.near 0-1 ma. recorder..

V (h) Two um.ts of NYO 'bype TN~2~A: a battery ,opera‘bed gamma moni-~
~tor with a logarithmic response allowing a range of 0.01 to 100
-~ mr/tr. The surrounding gamma intensity is recorded for five miv:tes
. each hour on a 0-1 ma. linear recorder. : S

, *For det:u?ﬁed descript:.on of 1nstruments see ”HASL-—}.Sh s OPE:%.ATI. G PROCEDURE, -
UL e FALLOUT MONITORING FOR CASTLE." S S




- The battery operated eight-head air samplers, NYO type TN=5-4,
- bake eight consecutive one hour dust samples on one inch dz.ametez‘
- filter papers. - Dust sampling begins automatically when the sur-
i rounding gamma radiation exceeds a predeteruned value 3 .‘l mr/nr

was used chr:.ng CASTLE. « , .

. The ﬁ__}lz DR-}.BB sclntlllat:.on type survey meters manufactured for
the Navy have full scale ranges of 0.5, 50 and 800 »/hr. These
- were provided to certain automatic mmtorlnb installations to
.- supplement the automatlc um.'bs :x.f radxatz.o‘l z.ntensn_tles exceeaed.
o200 m/hr. : , | ! .

" The I*Fuclear Instrumept Corp, zviodel 2610}3. survey neter uses a G
~ %ube, Three scales provide maximm readings of 0.2, 2.0, and
20 mr/wr. These instruments were sent from the Y00 via AFOAT-1 -
- channels to the auxilz.ary stations. No maintenance on these ine . -

\ strﬁmnts was. performd m the forward area.. RS

B. Field i‘}al:f.‘(:uf:a:i;:..ona The automatlc mom.torlng mstrum°nts were
, assemb}.ed ‘at Parry Lsland for maintenance and calibration prior
. %o their distribution to the monitoring stations. ' The remarks
.y;'»’,,,'made prevmously concerning the effects of sources on SCINTAMETER
o cal:.bratmn are equally appllcab}.e to the automat:.c umts,. AR

: -'G F:Leld @eration

o VDiurna}. Variat:wn, The T“@—Z-A, T?i-l;—A and the gamma channel of

. THe3<h exhibited a diurnal variation in radiation reading which

- . adversely affected the dependablllty of the radiation measurenents
" below 0.1 mr/hr. This was a continuous source of difficulty dur-
- ing GASTLE. Field tests were conducted without success ‘during the
: ,_mnitcnng prcg‘am to determ:.re uhe causa, : s , A '

o fv'l'he lmestlgatz.on was continued at HASL, New York where the re-'
- gistance of the bakelite insulation on the base of the Anton 310
o vGK 'bube was fonnd to ‘change wzth temperature. ~ .

e There are cther fa.ctors likely to contnbute to the dlurnal vari-
- .7 ation although specific information is as yet unavailable. The
ST ‘effect of mumidity is strongly suspected. The (M tube and ceriain
: , "high resistance components are sealed in a tubular casing wm,cn
e e constitutes the probe on the aubomatic instrument, Since thi
= . tube is not disturbed during normal maintenance, the hwmd:.ty has
o - no immediate effect on calibration as is the case when SCINTAMETERS
. ' . 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 meter: J.nd:x.catz.ons mam.fested in ‘the. 3.3.-» '
urnal vanat:wn. , el




N . resistance to the point where sufficient current flowed from

_I_{;i;glz',?oltage'Bbards," Akiféilure,’comz};on to ‘these'uniis dycc;iurredt_ :
- in the high voltage boards. These beards were also bakelite and
- -apparently the high humidity encountered reduced the insulation -

* high voltage points to ground to-burn the board, The leakage reo‘
. ‘actance of the transformer in the 4.C. units (TN-3-4 and TN-Lp—A)
- wag high enough to prevent excessive current in the primary so

! - 2t e =S
- that the short would burn through @Wh;s.t the circul’ breaker

" opening., In the D.C. unit (TN-2-A) the excessive current drawn
. discharged the battery. Bakelité boards should not be used in
- the high valtage sactn.on of empmnt i:o be used :.n h::.gh humdity

areas.

. age and fre*:guency wWere 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

o operatmn conditions may have been Worse due tc the fuel shortage ,

~at several stations. .

¥ fWater damage caused. tenqaorary fallure of. several instmmn%s. n
.~ Water entered the instruments due both to heavy wind driven rain

L and condensation. - The former was the greater factor and was elin e

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 stoppe@

- but this alone did not cause any instrument failures.

i TN-2-A, Several mercury ba‘bter:.es (Mallory 3081:1;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 several cells were removed to obtain Be voltage. Evidently

~

“the stress placed on the cells by this dperation is excessive and
~ another method of varying B # should be devised, A few of these

o ‘batteries were received with the polar:.ty 5 a8 zndicated on the
) ca.sing, reversed. ‘

',fThs two bars suppor‘b:.ng the recorder are not. strong emugh and

--under the weight of the recorder, pressed on the batteries cutting ’

" their casings. Glyptal paint, which was used to insulate rivets.
- from the metal base plate did not stand up and several shorts '
voccurred., ' , - :

secficm. The paper dr:.ve mecham.sm broke - down m almst every

o U‘nregulated La.ne Voltage.' At most of the installatwns, ls.ne vol’c~ e

>

: TN;3-A. The major fan.lures in t‘q:.s type um.t occurred in the beta‘ .



every unit. The contributing factars‘ here were the tendenéy of

- the friction gear to tighten up against the munhng plate and =
metal corrosion. The former prevented feeding of the filter paper

£ which stal}.ed 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 mom.tor out of camm.ss:.on unt:.l
the motor could be repla.ced. - . : ,

TN«S—A. : Before be:.ng placed on U,]elang, the dust san‘plers were

- preset to trigger at 0sl mr/hr.  On subsequent visits after bursts,
~ the background was often greater than the trigger settmg» In oo
order to ready the instrument for the following event, the trigger
setting neceasarlly had to be raised above the curreﬁ background .
~value. An existing control on the instrument. permitted accurate
adgustment only by cumbersome trial and error procedure utilizing

‘2 portable source and gamma survey instrument,  Generally, there
be::.ng insufficient time for this procedure, the setting was adgustedix
- to some value, only approxmtely known, suc¢h that the unit would

 nob ‘trigger in the gamma field., Because of this, the samplmg tlme U

for the nex'b event could not be accurately establ:.shed. o

: D Reccmen&ed I{adificat:.ons.

TN-B-A. The fm.c‘blon clutch should be made w:.th a reversed thread
so that it would tend to loosen, The paper drive motor is heavier
‘and faster than required, 4 smaller motor would allow the paper .
reel supporting plate to drop lower allowing easier loading of the
 paper, Also the slower. drive motor will ellmnate OV”I‘-I’U.I‘AII].I‘W
01‘ the datent on *&he stop can, Ll G

A method of stapplng the paper af.’ter it has traveled i:hree mches
.would increase the life of a filter paper roll from 8 to approxi-

- mately 16 days. At present, the amount of paper per sample 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 redius,
"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 trava}.. ,

Replacmg the beta GM tube or semc:mg the c1rcu1‘b mounted witiin
the lead shield is dlfflcult requiring almost a coxrplete dismantl-
ing of the monitor which is extremel,,r difficult in the field. This
whole section should be mounted to a plug in the rear of the lead
shield which is eas.lly removed wlthout d:.sassembl:.ng cther parts of
the um.t. S : , , L
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. f Te szmplif?*callbration, the common filamenz voltage contrel of
- . the beta and gamma amplifier. tubes should be elxmlnated in favor
o.of lndzvxdnal contrals.,' , :

“v,THuSqA, & calibrated control should be- provzded so.that the trlgger';r

'_,setting can,be changed ea31ly to a dlfferent known value ln the
o field. S

V';‘;',~1ncorporated 1n the sampler unlt

S Genaral.ﬁ To ease fleld malntenance dnd callbratlon of. the contznu-
L ooouB manmtors, a switch discomnecting high voltage should be incorpo--
- rated in the circuit and provision made for inserting a portable
- meter in the ocutput circuit at the monitor. - The ‘latter modifica-
“tion would be a convenience. because the recorder is usually some
, -~ digtance from the monitor and it is not possible” to adgust controls
(R and watch the recarder deflectlon 51multaneously. o

e device to prGV1§e a record of ‘the start of sampllng time shnuld be ;51




On the ba51s cf experience galned dur:.ng th:.s operatlon, the follefwing f
.. modifications are proposed for use in any. further mnitorlng prog*ams
. of this nature. : TN R : : S

' L In additxon to ne general pattern of autematic mom.tonng Std.tlons S
- included for GkS'T‘IAE, provide supplementarw stations at several atolls

e forming a semicircle oriented o the east and within 300 miles of the-
- test site. The most practical installation for these supplemental sta=
. tions would be automatic, battery operated, unmanned: equipment. If -

: possible ‘they should be equipped to telemeter. The locations should be
.+ selected on the basis of accessibility by air or. sxzrface vessel as well '

; -fas disﬁr:.bution around the test area. o

_'Heekiy or bi»-weekly visits would be necessary for ma.:.ntenance (and daf;a: L
,,recavery in the everzt telemetermg cannct be utila.zed), v o

. ﬁuplicate :.nstrumenta‘bion is essential at unmanned stata.ons anci 3.s
) strongly desirable at marmed statlons. s :

: ;‘3. ln al‘bernamve “f.‘.o #1 would be more i’requent mvey ﬁlghts cover-;
ing wore flight patterns following each event, although this would not
~ provide the same precision of fallout arnval measurements as would be

- obtained by the ground stations nor would peak values necessarllly ba

- obtained, Bally flights each of the ABLE and BAKER patterns up to
~"five or six days after each event in addition to nmormal scheduling . ,
' would suffice to detect late occurring fallcut and establish fallout .
'arr:.val t.:zme to ‘vn.tm.n a Zh hour perigd , S

D '-As a mzﬁmm requirement each fl:x.ght pattern should be executed shortly

: k",’betore 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 CAS”"L““ :
- it was found to be impossible to schednle these re-survey flights on
D - 1 because cf unpredictable delays in detonating the test devices

and :f.‘requent conflicts with the survey SQuadrcn's other commitments
- which were heaviest prior to D days .Therefore, in cases of long perisds

bdtween bursts, re-surveys at regular five day intervals are suggeszted
- to ‘ensure the currency of residual csn’cam::.nat:.on data, e :

; gh. Develep procedures for’ m.ght survey flzghts. Such procedwes 5%@ zld ,
- probahly prcvide for oma_ttmg lslands with mountainous terralm

",,_5. Bevelop procedures for dlfferentiatmg anong the several sources of
: in-flight radiation to permt proper evaluat:.on of ground lnteZZSltJ

Tl



measurenents. The sources which may obscure background measurement
for correction are skyshme and sea aci;:waty. The proper application
of shielding at the survey instrument could eliminate substantlad.}.y
all radlatlon orlgmatmg in and on the alrcrai‘t.

6. &utomat:.c fission product dust measurmg ms*truments s%zould be
perfected and utilized at statlions within three hundred mﬁes of the
test areae ~ - ;

~ k?‘ L contmuing effort. shm'xld ba made to cerrelate z‘alleut cienszfay ‘
_per unit area of ground with radiation intensity. Sampling by gummad
- fa.’im or equlvalent should be éane at mmtorlng statlenﬁ» ‘ L

B The successfui measurament Qf fallout over the open ses from. aip-
karaft has been demonstrabed o Perfection of this technique holds
great promise for accurate evaluation of fallout patterns up to two
to three hundred miles downwind from megaton range bursts, Although

 the aerial survey program described herein was not designed for that
‘pari;mular service, the nrograms cou}_d be cserdinateé for mutual beneflk i

A, Snwey almraft« enx-oute between two a’bclls can measure ses
. radiation as a corollary mission. Toward this end, survey
patterns could be modified within certam 1limits to examme
areas of particular interest without impairing the atoll
survey functions. ‘asteful overlappmg of survey mmsmns
could be avoided in this manner, ;

, &tcll radiation data would supalemenﬁ the sea surface ﬁai;a -
_ broadening the scape cf the study.

ﬁnder suitable slrcumsi:ances s the atoll da*ta wcuid pmvxde ,
3 dlrec’o relatmn between sea measurements and ground ae'b:th.y. ~

medlate exact knowledge of the fa}lout pa‘th dlrect:mn, dew
rived from sea surface measuremenﬁs, would be useful in an-
t.wmpatmg appmprlate atoll survey requzrements‘ ~

. 9. The conversmn of radmtlen measurement from the air to ground in- ;
_ tensity should be more accurately defineds Phenomenon necessary to be
studied are instrumental energy dependence, effects of fission product
age and ccmpositmn, and the relationship of ground intensities as
determined by air measurement to ground mtenmty measurment by con~
vantlonal p@rtabla suwey :mstmments.

10, Recommendations cor;cernmg mstmmentatlon are ineluded in
Section Vi. ‘ ~ ~
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