
0 4Ht'±Iijl1'5J . 
TASK GROU~ 7.1 

JOINT ASm FOBCi 1 
~· Alamoa, N8W Ksdt:o 

APPEHI>ll I 
. to 

) 
411433 

S Febl'Ul7 USJ 

CLOUD SA!U'LDll L..<'VIRl::fl!NlS POI CASTLE (LL) 

1. Introduction 

The collection ot aampl•• of a1rbome rad1oact1Y• debril from th• cloud 
resulting i'l"D!ll the explo11on of a te1t weapon or nuclear device ia of t.be great­
est value to the vupons dnelopment program.. 2ba1e aamplea IU:>POrt critical 
radiocb&mical 11eaauremente which pron.de an abaol.11te deteraiDation of th• 7i•ld 
or energy .release of the vupona ia om ot it. moat biport&Dt cbuact.eriatica. 

In ordar to pazmt timel.7 action for their 1upport, the tolloviD& 
reqtrl.rementa tor manned ain:ratt to accoru:llieh oloixl 1anplin& on CASTLE are sub­
mitted. Uiese requirementa are baaed larp)Jr i1p0n m olom 1ampl1Dc aperience 
and naulta. They are eupport.ed bJ the tact, that the UOWlt ot nd1.oact.1Ye 
material collected b7 a sampling aircntt 1e quantitatiTe~ and directl.Y pro­
portionAl to tho par!ormance o! the filter dnice uaed, \o the speed performance 
or the aircraft, to the radiation ccposure of tbe 1ampliag -personnel, ad to the 
extent or rad1oact1Ye decq which has occurred Qf"ter bunt lv the time ausplina 
1a per!ormed. The largest poss ibl• Ample for a t Sxed b1olog1call.7 acceptable 

_ radiation exposure will be obtained b)' uae ot tba highest poaaible pertormance 
tilter device, and a b.1gh pertoraance aircratt vhich aimplee u lone u posaible 

af'ter burst aa is consistent vit.h cloud diape.nal phenomaena. A• a reault ot 
IVY and Nevada teat experience, it 1a poaaibl• t.o at.ate the ample 11.zee required 
for the CASTLE devices in tenne of tbe radiaticn ezpoauree and equipaant per­
formance used 1n tbe past.. Furt.ber reduction ot IVY data and development. of O?er­
ational concepts may modify, to aome extant, the nquinmente submitted hero1no 

2. Sample Reguirementa 

a. Number 

Six pr:ima.ry eamplea are deeind or each ot t.h• m deT1ce1 teated. 
One special sample at highest. poaaibl• alUtme 1a de11red., 1n addition to the 
prb1ar7 11x, tor- at lea.at tour ot the eix dnicu. 

b. Sise BEST COPY AVAILABLE -
The aize ot each pr1Jur7 •~le vlll be atiatactory when each n­

preeenta the amount of material collected OD 1even to eight .-quan teat ot apecial 
filter paper b7' tilter. dnicea which have a performance equ1Yalent to the Fletcher 
wing tip tJP• llBed OD llT, when tu aampUng pilot apoa\11'9 on landing Sa loS 
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· lOmtiana, when an aircrati)th a epeed o! at leut o.8 aac...J. used~ and when. 

aampling is perfonnecl later than two hours attor ahot time. 

c. Collection 'l'iau 

Aa mentioned 1n ,a.ra:raph 1, the l!IOUDt of racttnactive aterial. 
collected for a fixed pilot exposure (3.SR total) increuee vith bow llUCh radio­
active decay has taken place by the time sampliDg 18 pertoned. Oppoaing delay 
in sam~ling is the risk of .tailure which mere~•· as cloud diroeraal takes place 
according to the ettecte of.the vertical veloc1Q' gradimlt and angular·1hear of 
the wine structure 1n the region ot the dqired Al.t1tudff. For Mika Shot on IVY 
a alow rate of cloud diapereal due to a favorable viDd •tructve permitted auc~ 
cessful sampling aa late aa a1x hours at about h7 ,ooo feet the altitude, vbUe 
for King Shot that portion ot tbe'llBiD body of ~· cloud tlb1ch lq 'betlfeen 38,000 
and 48,000 feet dieparaed 10 rapidl)r that aaza.>linc at theae altit.11dee waa in· 
ettective three hours atter shot tw. Later 1mnlea had to be collected at 
lower altitudes vbere the viM structure did not duperee the cloud .o rapidly. 
Al though dispersal et.rects can be estimated tna the wind at.rllcture predicted tor 
ahot time, a wind structure which 1a predicted to be unt&Torabl• 11117 not otter a 
very powerful argument tor a change in abot schedule. In order to achieve max1nnml 
aar:iple sizes, operational planning tor CASTLE cloud amp] tng 1hould be baaed on 
actual cloud penetrations conducted iA three phuea fl'IGZ" the tollovina ap?J'O~iate 
time intervalsa 

let phaaea Bl 2a00 to a/- 3:00 Boun 
2nd pbaae 1 HI 3 &00 to 8" 4 :00 Baun 
3rd phaaea H,t 4100 to Bl Sa.30 Soun 

Thea• tines are cboaen on the buie of taTorable cloud diepenal 
aad radiation 1ntenaitie1 aa the miniaum U.s to reach an iQ.cloud radiation 
exposure equivalent to a total eJt?C)8ure of 3.SR OD land'"I• lD. the •Tent ot 
un.fevorable wind structure, the tirst night vU1 certaJ.nl7 collect tbe df8ired 

· •ample•, the second wUl orobablJr do 10, and it mceaaa1"7 the third can be 
now at other, ~aaibJi iower, altitude~ where tU cloud peraata longer. On 
the buia that the above aiDiaua time tor tba third tlJ.ght. M7 tnquent17 be in• 
suf'!icient under operatioaal conditiom, a longer night tiae would be desirable. 
Since cloud dis;>eraal appears to be less. ra;>id at SO,CXX> fMt or ~a. a higher 
altitude would alao be duirable tor t.hia .tligbt, 1.t th1a were poeaible. An 
alternative to the above schedule, 1n the event ot an extrcel7 unfavorable wind 
condition, would be to at.art to obtain all sam?l.ea at not later than two boun 
att.er shot time and to aacritic• a possible increase in '•maple aize. 

d. Collection Altitude• 

The degree to vbich a 1ulle 1a repreaentat.in ot the total bomb 
debris ia normally fowxi to depend on how tar below the main cloud mus it 1a 
collected. For thia reason, 1 t 1a duirable to oolleot samples either in the 
main cloud ma.as or u close to it a• possible. For bombll with Jielda up to SOO 
kilotona, and perhaps to 1000 kilotons, aatiatactory 1amp11Dg of the main cloud 
11&86 can be achieved at altitudes up to about 4S .. ooo feet. true (u\l&ll7 not lower 
than 3S,ooo teet. ezcept tor very amall 11eld•) on test.a conclucted at the Emwetok 
Proving Ground where tbe mean t.ropopauee height u about SS,000 feet. For t.ho 
higher Jielda of tbe really "super" device• the d•irable-•ampling altitude 1hould 
be at least .5.5,000 feet to permit collection ot ut.erial more repreaentatiTe ot 
the main cloud aasa. 
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3. Operational fte:tuiraeat,• 

a. Aircraft 

· 1. SampUDg •ircn.tt..are ~ ~ pl"Orida_tbe ·~~ Nmpln 
am ~·-. ep~~al- 1am2l• de1_cri!>8'.d -~ ·par~gz-apb _2~. TIM a1roratt ror the 1Sz primarJ' 
1amplee should have t.be 1'lich' t1M oapabWtiea iD ta. ~Snit7 of th• ololld 
•tated ill parqraph 2c an4 ool"J'98?0rxlina al t.it.\111• oapabW.t7 atated in paraanpb 
2d. lA order to lliJWd.s• exposw• d'UJ'i.a: retm'D to bue, the•• aircntt •boal.d 
ue axial tl.ov eng1D81 with turbine and air intake looated net le11 t.baD ten teat 
from crew compartment. 1he7 abould haft a ·apnd performm• of •?Praximatel.7 o.8 
ll&Ch and be capable ot caJTJinc high perfOl"llBDCe tilt.. dnic•. Th•• dnicea 
should be equipped with ra!.D?root ftlvu and vit.ll a N111ple ndiation ~ 
imtrument to be read 1n th• oockpit. Their location on t.be aircntt and t.be de­
aign of the tilter eleaent. should ain1mise onv,nd1at1oa and perait. ale l'UIOTal 
of the iAtensely radioactive •terial8 coUeoted ad tM t.ranSport.at.ioD of thee• 
uteriala. The desiga ol the tilter el.ant abo'Qld al.80 be i.Dtep-ated vlth n­
quiremeota bued o.n laborato17 handling open.tio1111. ill air eater1ac tbe arw 
ocapartaont tor bu.t1ng, ftlltilatiq and pres1unsaU= parpoaea abould be tiltend 
t.o prevent the entr81'lCe ot radio&ct.1•• cloud put.iclea. 1- Al.amoe Sc1ent.U1o 
Laborato17 also bu a c•naral requirement t.bat t.t'9 Hll?11ns a1roratt be capable 
of c~ gaa umpli.Dg equipment. Aa a· ruult. ot a oooperat1ft &rnngemeDt lt. 
Sa expected that. deta1l.a regarding th.ta ~nt w U1 OOM from aotber agenc7. 
It. ret.aina, howner, the greate1t 1aport&noe to thia laboratory. 

'l'he apecial au,le aircz.att •boul.d b&Te the alts.t11de am tlight 
tiae characteristics 1D the cloud Tic1n1t7 etated 1A paragraph 2d. It.a apeed . 
&Dd engine type Jll&1' be tfbatner la re.1uired. For a aed1111 epeed aircraft, it 
18 augg••t.ed that the "•hoe-box" t;ype ~ilter denoe dneloped b7 Tracerlab, Inc., 
tor AFOAT-1 be adapt-' tor ue. ll a higher apeed ~et--t1P19 ail'on.tt.. u ued 
(0.8 mach), it U auggaeted that a tUter dnice as.11ar to tm V'9 ued OD M 
'8 developed vi thill the ehape ot the viDg taDk med • the a1zwatt.. n. air entering 
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t.~e crew ·~art.ment.. on th'] special aircraft. should llkewl.J be 1'Utertxlo 

2. Scientific Control Aircraft -
The presence or ocicntitic program personnel 1n the cloud vic1nit7 

. durine the operation is essential to provide technical guidance am evaluation 
or the radiation hazard in tEll'lllS ot .cloud structure for the sampling a1rcratt. 
On the baeu ot the obsened developmmt or cloud structure, the7 locate am 

· toll.ow the position ot aect.icms or the cloud moat likel.7 to contain aignificallt 
aampl.es, and asaiat the p;rtormance ·ot the aanq>Ung mission b7 Tectoring the 
aampling aircraft to these locat1ms. 'l'hq alao operational.17 ccntrol the total 
radiation arposureo ot the sm:pling pilots according to the relatiY8 readings of 
the radiation instl"UJlenta relayed to them on the complet.1on of a cloud penetrationo 
AlthcVigh one ot ~hese personnel will be anted aircraft director, th97 are not 
direct~ responsihlu for the satet'7 of tliaht. operntions or t.be d1reetion of aircraft 
to and tram tho . gooeral aampllne area, alt.bough thq m&1' aasilt in the latter 
activity. In order to pcnnit thuse persormel to function ettectivel.71 an ~raft 
1e des1Nd with th" tollO\'Jinf gen~al requlrmeat.11 

(a) Poaiticxu In t.he iJlaediat.e ncinit.y of the cloud from 
sero time to the conclusion· ot aampliDg operatioaa. · · 

(b) Altitudes An initial tnie altitude ot 35,000 to 401000 
feet wit.h capabilit,- of climbing to 45 ,000 feet. ae required b;y the cloud structure. 

(c) Speech To m1n'm1ze navigation and 'Yectoring probleme a 
medium speed is desired. . 

(d) End\lrancei Capable ot rem~in~ aloft ttr tan (10) boura. 
(e) Personnels MaxSnm of threeJ:JJ, IKU.~t.Ulc p~raonnel 

aboard, one or whca ld.11 be a rated mcratt director. 
(t) Commun.icaticmat 

{l) Two inst.al.led 8 cbtmnel.,Vfff ~-- with euitable 
epares. 

(2) Onb HF llUon aet. 
. (3) tmEi low fretiUenc7 bcner designed for continuous operation 

with auf'1'icient powr to p£rm1t. &!lJ>roximateq a 200 mile rant,1.ng capabillty under 
operational conditiom. · 

(g) tlavigatiozu Capability or continuoua absolute d.rcratt. 
pooitioniag to within five mllea. .. 

( h) Special Personnel. F.qui.Jaent 1 Space 1n tbe a1rcraft tor 
ecient1t1c peraconcl should be located to permit direct. contact vith pilot and 
ahould bb provided with interpbone aD1 ~gci outlet.a to permit. mo"nllmlt nec•••a17 
to observe tb: cloud as required bJ" the aspect ot the aircraft relatin to cloud. It 

1lot. ·.othend1'0 · provided, means should be made available to keep .window area.a 
~•ed. :or observ&tion clear or frost. 

(1) Back-ups A suitable back-up 1a required. An aircraft 
111h1ch ~rt.icipates 1n other test operations may be used aa a back-up, pron.ded 
that it ms similar capabilities am can· be madll aTailable throughoilt the NmplJJI; 
operation. 

bo P.adiat.1on Instrumental 

Airborne ndiation instruments are required to permit operational 
control or radiation .:t.'«PQsure within biolog1cal.l.Y acceotable limits and to"""' 



•. '1 - l p~ot personnel ot buardo'-' radi4t1on 1ntemitie1 vb1ch ll1e,at G18t.. Tb' 
' pertormmace ot these 1mtl'D:ment1 1e crit.ical to tM auocua ot the Id.Ir· 

the radiation satet.7 ot the pilot and the operational pldance ot t.be a 
detUminod by their 'relat.iT• reacunp. lt. 1a de11nd that tbe Air Tuk, 

· . Tide the neceaS&rJ' personnel and debumid1f ied field fac:Uitiea tor the ate.. 
, ·calibration, pre-night t•t. and maintenance tor tbeee iDltrmllenta and tbe ~ 

ated electronic c1rcuitey iD the aircratt. 
~. - !• Radiation Exposure Doaimeter (IDteSJ'On) 

. W1tb thorough pN-nigbt teat.I and o•lUratiom the •int.egron,• 
dnelopad for lVY b7 IASL pl'O"f'od to be satiatacto17 for tb9 ~ratioul oontrol 
ot exposure. Thie anit 11 electrically 1elt--c0Dtained. U FBUJ airoratt are 
used, 1te position llhould be obqed to a location nearer the pilot tban ... 
uaed on lVY. · 

!• S!J!?l• ws.at.ion Izrt.w1t1 Meter (Wins !ant or Cbamber) 

The radiation rate from the eam.ll.e vb1oh la •U111'ed 1Dltan­
taneowsl.7 by an ionchamber 1D th• right viDg tank vu toUDd ill IVY to proTS.CS. 
Ter'7 valµable immediate intoraat.ion on the ettect.inm•• ot a 8ampl.1D; aircraft 
d\11'1ng it.a sampling Jlia1lon. 1'bie inatrument ~· 28 volt DC am 115 volt, 
bOO CJ'Cle AC pover tl'om the a1rcn.tt. u well u suitable v1l'1Dg between tM cock• 
pit. and wing tank. Experienoe with the electrical lelda am connectors aupplied 
ill IVY F84G aircraft indicatee that. t.be circuit.J7 tor tb1a 1Dlltrumaut 11Uat empl.o7 
water and moiature proof cable• and connectore 1D order t.o a'VO!d aerlou fuDctioaal. 
dU1'1cult1ea a.rUing from the aalt-moillture oond1t1ona tn1cal ot trop1oal uriDa 
cllmtea. lt tbe .. m 1'840•• are ued 1D CASTLE 1t Sa d•ired that all wiriDgmnll 
connect.ore be replaced u nqvJnd to assure rel'ebl• pertormanca at Enivetok. 

l• Cockpit Bad1at1on Intenaitr Meter 

Tbi.I rate l'l•tel' •uwe• the cloud radiation 1ntemit7 llDd guidea 
t.h• pilot. in t.he ~artormance ot the penetnt1ona. lt a1ao oontroll the tot.L. 
radiation e.xpoaure and d'QZ"ation ot aampl1D& b7 MUuriD& the background radiation 
btenait7 acquirec:l b7 the aSroratt as a ruul.t ~ eurtace and enpm contamination • 
.la a ruult of lack ot trop1callaat1on and ngednaaa tbe DM-72 (Juper) aupplied 
tor wse on lVY proved' to Pneral.17 1m11atiatacto17. It 18 augpeted, therefo1e, 
that the Juper be replaced b7 a more auit.able imtrument vl11ch 1a ere ragged, 
1a tropicalued, and otherviae J1Mtl the apecitioat:lom eat.abl.1.ahed for the .Jasper 
before m. . 

c. Pilot Rad1atSon ProtectioD 

Experience 1n lV! indicated that pereoDDel abieldiDg ot nom1m1 
lad equivalence :pnrddea a •ianit1cant radiation protect.ion nen tor ganma radi• 
ationa trom a pun tiaaion deri.ce. Alt.hough tbe peraonnel 1hield1.ag equipment 
prorided b7 the Air Tuk Group tor m WU ettect1T•, it.a Oumber80me nature 
appeared to give riae t.o. peJCbological d1tticul ti.a incident. to emercenc7 mt 
or bailout troa t.h• aircran. It Sa nggested• t.Mntore. that thia equSpment 
be redesigned tor CASTLE to .mine aiaplicit.7 and aatet.7 and that it be ued 
pu"t1cularly on test.a ot dericea iD 11bich tuballo7 11 a major oomt.1 tuent ml 
ti'om \mi.ch a high nu::: ot aott. gamma radiation can be mipected. lt ebould be 
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., Mntioned that nm the 3<$ reduct.ion. found tor tiasirm bombs is val.Dable in case 

ot a high accidmt.al cnvazpoaure "1ich m:1r.bt occur 1t a pilot made an earl¥ 
pem~ratian and chose a paor eacape path from the cloud. It 18 desired tbat the 
I.ASL bt consulted ~ the raleaitJJ of this lhi&ldSna • 
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