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value to the reader In his study of effecu data derived principally from nuclur  weaponr 
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b 1 .0x lo  5 t -L7 

Ubazv: 5 = Average dose rate, r/hr. 
t = Tims srter detonation, W b S o  

Tim average dose rata In tha 6 t e m  of tha cloud fbxn uatSr-surfsce 
burst8 Uaa found to be lese  than the dose rats h tbe muahmom by a fac- 
tor of f h m  five to tsn. 
pndent of  yield, but is proportional to the ratio of  f l ss lon yisld to 
total Pield. 

Tbe radiation dose rate in tb, cloud is ipd6- 

& a hlgh tropopause m a ,  a f l ight  through a cloud f'rom b 
p-nt-fiaalon-yield mltlxegaton-range mapon I n  a hlgh-perforrmrmcs 
* a f t  may bs msdb at u,ooO feet at a time of 20 minutes afbr &to- 

. Mtdon. The average mlzxilon dose of t h i a  f l ight  w u l d  be 25 r. A t  
3QtW feet, a penetration of the stem of the cloud may bs mado aa 
o m l y  a8 10 mlnutee aiter detonation with a radiation dose of  the 8- 
m-0 

Tba doasgs zvcalved on tbe =turn to kme f l lght  due to contamina- 
t ion cm t h e  aircraf't (B-57B) v u  found to be about 15  percent of the 
total miasion dose f o r  f-ta lasting about j0  minutes after tbb cloud 
pmtrst ion,  
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T b  rrrthora wish to acbulsdge  ths aaabtance of a large number of 

The follavlng membm*of the Air Force Spec id  Weapons Centsr, 
prSozlS I h O  C a t r i b u t e d  to the 8UCWS8 O f  Project 266, 

lir POIXX m e ,  Nev k d c o ,  contributed mabridUy to tbe ex- 
ocution of general o r  epeciiic parta of the p j e c t :  Major J, L Dick 
~ K I  r(/sgt J. H. pulliam who assisted In t h e  film measumnrsnts of t o t a l  
dobe and of cantadnation on the &raft, and Capt R F, brian, mt 
)G V. Barlov, Jr,, l&t D, L Endsley, mt R L, Capener, and )rJSgt 

ala i z s t d l e d  these instruments in the aircraft pr io r  to each shot and 
mad out tbe data after each shot. 
Jam8 m-d ereellent zwarecbelon b@6tdC support to tbe prpject, 

rdvioe an tbe elecltmnic lnstntmentation at tbe test site. 

mnt of fbs airaraft and the sehction of exr=eptlondly fbe  offlcera 
md Olaintenarr~ persopl~el to support the illght rnquirements of the 

L t  h l  U. B..Arnaan, p r f o m d  an outatandbg job of !aalntdd% and 

. O O ~  aad men for their  con+xiht ions to the succ8ss of the flights d, 

. Po sch8u8 Sr. , d o  contributed to the d e w l o p n t ,  maintenance , a;rrd 
Tbe lame lndividu- . .=psated callbration of tbe elsatxudc instnuaenta. 

L t  Col L A. U e y  and 1/Lt Y, C, 

)b.. G. E. Koch W d  the project mater- by 

Ths pmject is indebted to the Tactical Air Command for tbe assign- 

technical . 

' 

. p j e u t .  officers and mn of the flight elemsnt, under c o d  of 

these airr=raf't. Tbe projeot officers am grateful to these offi- 

bnr=e, tbe ~ X V X S ~  a t w d  the  project, . .  
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1.1 OBTGCTZVE 

'pbs objective of this project vaa to meaam the radiation dose and 
dose rate o~be vould exprience in ilm through the o&ud msulting 
iron a msgaton-raage mapon and eo- factor8 affecting personml safety 
In tbs m a t  of an operatiom3 situation llequlrhg f l i g h t 8  m h  
- 0  

S p u l f i c  Information YBB sought on the radiation dose rate8 Mid4 
tbs a&ud, fbe b t a l  dose mceiwd in flwg through uuah a-uloud, the 
total Qse moeived on t h e  return flight aftsr flying through fbs cloud, 
and the oopditions of  flight inside the cloud. 

Thin infcrrmation I s  meded by tbe operational command8 of tbe AIS 
poF136 in their phmdng to irmm the mst-effective utilization, uon- 
ristent with c z w  sefety, of aimraft in cluud areas. 

mackrg Operation GIEENHOUSE tbe first 8ipniCfcaat data on gsnnna dose 
rats8 within atonic clouds WIW collectsd. Tbese am =ported In  Refer 

10 Tbs &b W= col lecbd drpne &raft f low tbe 
clouds f k m  wapm ranging in y ie ld  snd St -8  Of 
h 3  to 2$ minutes after detonztion. kfenmce 1 show a w w  gamma 
dose rates vithin the cloud to be of t h e  orders of Idr r/br rzWn 3 to 
5 ~ ~ l n u t e a  after detonation and 350 r/hr at 20 minutee after detonation. 

Further-msasurements of g'annna dose rates uithln atomic clouds lam 
nrade In Operation UPSHOT-ENOTHOI.3 and reported in Rafemnce 2. Doee- 
ratelpeaauring - a n t a  warn mounted 3n parachute-bo- casistera, and 
tbe doae-rata l .mtruPenb previously used by the Naval Radlolo ca l  
Defeme Laboratory (NRDL) in Operation CRERIHOUSE (Reference 1 r uere 
mounbd in QF-80 drone aircraft. Both the canisters and the @-80'8 
passed through only the head, or mu~hroom, of the clouds msulting f h a  
w pons rang- in size. d r/hr wm memumd from 2 to 6 minutes after detonation. 

rate8 ~ 1 9  a function of t b  after detonation is pxsented graphically in 
hference  2. 
Pod.  
after detonation at which the a i q h n e  or canister entered the cloud. 
A h-t-square analysis of the  data 8howd that the best-fit lh 
the equation: 

Dose rates of tbe order of 

A compilation of the GREENHOUSE and UPSHOT-KNOTHOLZ average dose 

These points a m  a l s o  included in Figure 3.2 of t h i ~  re- 
The t h  after detonation for each point is  the approadmate time 

had 

I U b 1 9 1 5  u. DOEIHQ 



- 5 -2.06 D = 1.31 x t 

Consideration of Refemnce 2 l e d  to the folloulng generalizations 
vhich 
T h  dosa rafa in the cloud is mlatively independent of yield. 
yithin a factor of two,. the average dose rate in a aloud i s  @Yen by 
Qutioa l.1. 

Z ’ h  tiFst manned penetrations at  early timjs aftsr detonation 
(l7 fo minutes) wm made durlng Operation TEAPOT. Tbese pelletratioae 
M nade ttrougb alouds 
T b  amrage dose rate In the aloud 8.3 nreasured during tbese penetrations 

&ton-range wapons has mceived tbeomtical consideration i n  Refer 
U m 8  3, 4, 5 ,  6, and 7, 
&tbM a m  tbe wry-idgh gamma do- ratas p d i c t a d  for ssry-early 
t b a  &e to emall cloud size and high fission-pmduct concentration. 

used as m e a  in the initial p h i n g  of WE project: (1) 
(2) 

uaapons ranging in yield. 

is f i b  @+ally ia Fi- 3.2, 
The gama radiation dose rate within the atomic Claud resulting h p m  

Tbe outatanding feskrres of many of tbese c a l -  

f U b l q - l b  
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five P57B sircratt which uem hstrumsnted to m3- geum% radia- 
tion dose rate, iatsgrabd do-, snd conditione or f l ight  wm iloun 

inylald, - 
tbe duuds resulting from tbe detonation of s i r  mapons rangW 

On t h e  day p r i o r  to a ehot, all of the btnrmsntation vm ohbchd 
for pmpr operation, installed in the aircrdt, and readied for u880 

Wt C ~ Y S  wm briefed on the desired flight pattern, s l t l t u Q 6  
.ad t l m s  of penetrationa, and forecaat d e v e l o p n t  characteristics of 
tbs cloud, ’ h s e  characteristics includsd size, stabi lhation bmb9 , 
80d -0 

All mraft  took off at pdeterrained t ins8  in order to pexmit 
pper positlonFng at  shot tinre. After the ehot was f i r e d ,  the aloud 
yry3 rmrPeyed visually by the direcbr ia the lead sircraft, PosltioPa 
aud t h s  of penetration vtxw then fin.aUzad, Peastratioaa -re mrade 
at intervdls of fha 4 to 10 minutes and at v m  altitudes, This 
tlm SpaChg p m l t b d  lome of the result8 of tbs fb8t penetrathna b 
ha used in pbmlng the succeeding penetrations. 

k. typss of maneuver w1.8 utilizad in tbe penetration phase. h 
both cases tbe cloud ma approabed i n  8traight  and beel flight, liter 
entering tbe vlaihle cloud, the p i l o t  either emsated a sfimdani 180- 
di3-e turn d mads hi8 e x l t  or continued on a 8tralght C o u r s e  tlaougb 
tbe cloud, The type of manemr b be employed vas decided prior to the 
penstration nm. HowvBr, ths airoreva were briefed on emergency pro- 
cedures which p m l t t e d  changing h.o;n tbe straight-through to t h e  m 
dems-turn -mar at  the- discretion if ercesaively high do- rates 
were encountered. A dose rate tuo t h 8  greater than the p d i c t e d  doae 
r a b  ma considered e x c e a a i v ~ .  Upon e x i t  from tils cloud, the aircraft 
retamed to bese snd the mcords wm mmwd Immdiately for craalysie, 

’ 
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The &at tw a m  not radlac devices, but are included in this mc- 
tFon f o r  conwnience of presentation, 
gimn below, 
prior to the Operat n* They uem recal lbrated intermittently at  tbs 
b a t  site using a &O source. 

22.1 KAExModelMu3 2 Automatic-RBcordinR Radiation-Rate kter 
The P-Meter vtu designed and built by the Uest Coast Elec- 4 E E L b o  ratory of the Kaiser Aircraft and Electronics Corporation 

at Pslo Alto, California, under contract  vith arod sccordFng to ~ p s c f f i -  
catlone -bed by Bir Force Special  Weapons Center (dffx). Sewn 
~xqd.ete assemblies wrw p c u r e d .  
&borne components (probe, powr supply, and compmssor-amplifier 
recorder uni t )  and one nonairbome colnponent (playback unit). A block 
-80 shoving the m l a t i o m h i p  o f  these unit8 const i tutes  =gum 2.1. 

Tb6 en- airborne assembly ya9 mounted In the nose sect ion of a 
B-578. The in8tsUmentS wm operated by the =-volt aircraft pawr 
8u@y0 
the flight by meam of  a sv i tch  in the p i lo t ' s  c o m p ~ n t .  It could 

be 8-d au tosa t lca l ly  by use of the intervalorpeter se t t ing ,  
h c e  t a m e d  on, it continued to mcord until the mcoxding uim v ~ 9  cuin- 
@ b l y  used (about 2 y 2  houra) or until the pouar ya9 tamed off. 

A description of each device 18 
dll radiation-mesuring devices wm c a b r a t e d  at  NBs 

The equipment comis ted  of m e  

The vim =corder could be s tar ted  manually at any time during 

' Bristol 
Chart 

Recorder 

lntegrot i ng 4 - Stage Wire - Circuit I Univibrator - - I Amplifier -..- Play back 
i Recorder 

DOEIHQ 



The compssor-aapl l f ier-reco&r unit received cu?.ent from (1.8. , 
supplied electrons t o )  the probe. Ihe In tens i ty  of t h i s  curmnt varied 
l i nea r ly  w i t h  the dose rate. 
biased l o r m u  t r iode (CK6152) and m e u l t s  in a logarlthmlc var ia t ion of 

g r i d  of a blocking o s c i l l a t o r  (CK5'703UA) through a high reeietance. 

arithm of  t h e  dose r a b ,  and after smpliflcation through atrotbbr CK5703UA, 
tbe output i s  impmssed on the mcording head of the uire recorder. 

Lsl  eo as t o  o s c i l l a t e  a t  about 1,OOO c p  &en fed 28 vo l t s  from the 
&raft powr supply. 
and regulated t o  result in +150 volta for  B+ voltage in the compressor 
a m p l i f l e r r e c o ~ r  and -1,003 volts for the p h o t o d t i p l b r  tube in the 

The playback unit consisted of a playback mcorder of tbe a a m  type 
88 y88 uaed for taking data during penetrations. 
cutput of the  playback unit vaa amplified, pulse-sheped, and integrated. 
This integrated, slowly v m  d l m c t  cur ren t  vas tben applied to the 
input of  a standard 12-inch-strip char t  recorder (Brlstol Model 1892). 
A logarithmic presentation of dose rates f r o m  1 r/hr ta 5,000 r/hr was 
given on the clsart. Calibration t e s t s  at N X  wing Cob0 haw indicated 
an o v e r a l l  read-out accuracy of +, 20 percent over the range f r o m  1 r/hr 
t o  2,000 r/hr* 

This curmnt  I s  supplied by a cathode- 

I tbe plate  voltage of this tube. This plate voltage l a  connected to the 

A.equency of the blocking o s c l l l e t o r  lJ9 thue made to vary as the log- 
The 

The powr supply consisted of e i x  26A7-GT t u b e  connected in pard- 

The output of the t u b s  l a  stepped up, m c t i f i e d ,  

probe . 
The ih3quencrmoddated 

2.2.2 Bioscel Radiation-Rate bter. The Bioscel waa designed and 

Type designation lM-1u. (XE-l)/LTD was obtalned 

built by the Evana Signal Laboratory of the U. S. Amy Signal Corps in 
accordance with s p c i f i c a t l o n s  furnished by tha A i r  Fame Special  
Ueapona Center (AFSW). 
through Axmy cb;annels. 
plete Bloscels mre i n s t a l l ed  in each a i r c r a f t  with the sensing elenrents 
located d i r e c t l y  behind the p i l o t ' s  seat. Data obtaFned with one in- 
struxmnt vem mcorded by photographkg a remote mter mounted in the 
photopanel. The r e m o t e  rneter from the second instrumsnt v89 placed in 
the p i l o t ' s  c o q x r t m n t ,  above and to  the right of the instrument pawl. 
As shown in Figure 2.2, tbe Fnstrurnent consisted of ah Ion chamber, an 
amplifier, a control  panel, a ba t te ry  container, and an'indicating Preter 
vhich p s e n t e d  r a t e s  f r o m  1 r/hr to 2,000 r/hr. A l l  of these compon- 
en t s ,  except the meter and i ts  cabling, =re contalned in a cyl indr ica l  
allrmFnum housing 3 inches in d iamebr  and 10 inches in length which had 
a flange at the control panel f o r  mounting. 

Tbe Ion cbamber and amplifier wre potted together in the Ion- 
chamberassemhly module. 
gave an hermetically sealed unit. 

smep-out  voltage vas approximately .7 volts. 
urated operation and produced a roughly logarithmic indication on the 
mter. 
and 8.8 volts.  
adjustrPsnt of coarse and fine rheostats  
vhlch ms l s t ances  a voltage dmp waa obtained to actuate t h e  meter. 

Tuenty o f  these units sere procured. Two c o r  

The pot t ing compound y89 an epoxy resin, which 
The amit passed  sts f o r  leakage a t  

- 5 5 9  and 0.1 psi. The ion-chamber volume vas 85 c 3 . The applied 
This resul ted  In nonsat- 

Calibration w a s  obtained by varying this voltage betwen 6.3 
Zero adjustment was made bfom u e  (o r  ca l ibrat ion)  by 

the cathode c i r c u i t ,  through 

1 O b 3 9 7 9  
1 5  D 0 E ./ HQ 



The battery box is a separate module h . o m  tb, ion ohambar assembly 
mduh Lnd uta located in the end of the tubular d u d n u n  hourring 
fartbest fmrn tbs cont ro l  paml. 
1328/0 batterbe .  
for 200 houra. 

It c o n t h d  t h e  SA-l3ls/o and o m  
Tbase uom sufficient to furnish continuous o p r a t f o n  

Control Zero -Bucking - 
Panel Current 

dc Ammeter 
Indicator 

I .  

I 
I 

I 

I 
I dc Amplif ier I - 1 
I 
I 
I I Siqnal Current 

I-BA1328AJ 

- 
;-Ion Chamber Assembly Module Radiation Ion Chamber I 

I 

' I  J 1 '  

I 1  . I  

I 

I Batter ies 
Container Module 

I 
I 
I 
I 
I 

B a t t e r y  I 

Temperature 28v dc A / C  Supply 
Regulator I 

J I  

16 
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x 
capacitors (O;3 and 1.3 microfarads) had a t i m e  c o n ~ t a n t  of ~DOXW than 
3 days. These capacitors V B ~  in t he  e l e c t m m t e r  c i r cu i t ,  The ion- 
ckambr m n t  charged whichever capaci tor  vas in use so BB t0 reduce 
the g r i d  p o t e n t i a l  of a CK5886 e l e c t r o m t e r  tube and, hence, incmsse 
the p o s i t i v e  plate  voltage of a CK526A.X aPrpUfier tube. 
p la te  voltage xwsulted in an incxwaaed cathode current in t h i s  tube. 
This increamed cathode c w n t  ra i sed  tbe cathode potent idl  and caused 
a c m n t  to flgu in the microaramter loop, 
feedback In  the input to tbe C K 5 8 8 6 ,  since it tended t o  camel au t  tbe 
voltage produced by charging the integrating capacitors, The negative 
feedback had the beneficial  action of 
i t y  of the capicatore ulthout Fncxwaaing the leakage; hence, the dynamic 
range of t h e  in s l t rumnt  w 8 s  ertended vi thout  exceeding the s t r a i g h t - l b  
portion of the  Ip V e n u s  Ig charac te r i s t ic  curve of the C K 5 8 8 6 ,  

S-tron) all have a response t h  of l e e s  than 1 mcond for 100 percent 
mapme. 

amp/r/hr and insulat ion of mi- than 1013 ohms. The i n h g r a t i n g  

This i n c r e m d  

It ab0 reeul tad in negative 

e f f ec t ive ly  multiplying the capac- 

The three m t n u m n t s  just diecussed (P-bhr, Bioscel, and 

Ionization ChamSer 
. 

Electrometer dc Amplifier Meter Circuit 

2.2.4 O t h e r  Dosinretern. The integrated gamma rad ia t ion  dose during 
cloud passage and on tbe return f l i g h t  was m s m d  by a number & stand- 
ard l n b g r a t b g  dos lmte ra .  
eters and a Rad-Safe film Quartz-fiber dosimeters mounted In 
the cockpit .to mcord the total dose mceived on the mission. 
packs tam placed in both the  p i lo t ' e  and obeemert8 compartnmnb, The 
NBS film packa wen also mounted in the  nose compartment for cornparlaon 
of the total doee received in the 11088 w l t h  that =wived  in the cockpit. 
T h i s  l a t t e r  comparison vas necessary, because the P-f.Seter YBB mounbd in 
the nose compartment while the seming elements of a l l  other  inatIuxm3nts 
wre in the cockpit. . 

used t o  f o l l o v  tbe decay rate in tbe p i lo t ' a  and observer's poaitiona 
after completion of &e flight. 
formation concerning t h i s  instrument can be ob ta lmd  through A i r  Force 
BUpply C d b .  

Each cmw member  carr ied pnc i l - type  doein- 

The NBS 

The AN/PDR-39 ( T U )  ia a e t a n d m l  dir Force ganma rate mster and vas 

This study continued f o r  I 2  how. In- 

Ai 

2.2.5 Intervalometer. The interndometer, as ita LWEI inrpl les,  
.urn a device used to actuate the camera In tbe photopanel a t  Beleatable 

It YBB designed and built by the 4925th Teat Group (Atomic) 
One of these instnunents, along Vith tbe a e o c i a t e d  photopanel 

htervaLe. 
a t  KAFB. 

17 



2.3 CeSCBDTION OF REQUIRED DATA 

In o a r  to' S a t i s f y  t b e  purposes of this pro jec t ,  accurate informa- 
t i o n  ma mquirad on the folloving parsmebrs: (1) tinre of  penetration 

18 
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of t k e  radioactive cloud; (2) t o t a l  radiat ion dose on the f l Q h t *  (3) 
radiation dose accumulated i n  t ramit of the radioactive Cloud; t4)  
length of t h  mquimd to fly through the cloud; ( 5 )  rsdiation dose ac- 
cumulated on the f l i g h t  back t o  base due to contadnat ion on fbe airCr&j 
( 6 )  maximum dose rate in the rad ioac t im cloud; (7) dose rats 
compartmnt immediately after e x i t  from tbe cloud due t o  contadnat ion  
on the aircraft. (8) the rate of decay of this contamination; ami (9) 
conditions of flight inside the radioactive cloud, L e . ,  turbulsnce and 
ic-. 

uith the lmtrurrrentation described I n  Section 2.2. The i b m s  of l.nf0~'- 
mation des imd  h - o m  each fl ight and the ina-nte which Mm w e d  to 
provide t h e m  am s u x n a r i a d  in Tam 2.1 b 8 t  of tbe information VBB 
available d i m c t l y  from tbe i n s t a l l e d  i n s t r u m t a t i o n ,  while 80m3 addi- 
t i ona l  information w m  obtained by lndLmct rmthoda aa Indicated in Ssc- 
tiona 2.3.1 through 2.3.9. 
methods const i tuted,  in every case, a duplicate method for obtaining a 
cheak on the same data  obtaiasd by o m  or  mom U c t  1 ~ ~ m u r e m ~ n t 8 .  

In addition, the p i l o t  (and obeezwr wbn preeent) made observation8 
during the f l i g h t  on t h e  follouing paranmtsrs: (1) dimensions of the 
cloud a t  various a l t i t udes  pr ior  to penetration; (2) t inrs and atikrds of 
penetration; (3) type of penetration; (4) length of t h  in fbs radio- 
active Cloud; ( 5 )  maJEimum dose rate in the cloud; (6) dose rat4 in the 
cockpit on 8dt from the cloud due tc contadnat ion  on the aircraft; (7) 
accumulated dose in t b  oockpit a t  the  of exlt  from tbe cloud; and ( 8 )  
d s p e  of turbulence and icing noted during p8s66@ through the  radio- 
actiw cloud. 

Them obmrvat ions wm reported t o  t he  flight d i r ec to r  in the rir 
and WIYI t ranscr ibed h - o m  t he  p i l o t ' s  and d lmc to r l e  notes during the 
post-f l ight  debriefing. 
forraation'mcorded automatically by the  instnunsntation in ths aircraft 
in all cases exlcept i c ing  conditione in the cloud. 

C m W  

AL1 of tbese data ,  except tb last ,  wm mcordad a U b m a t i O d Y  

It ehould be noted t h a t  these i n d i r e u t  

These obsematioae by the p i l o t  duplicate in- 

2.3.1 Total Radiation Dose; The total radiat ion dose was mea8-d 
d i r e c t l y  by the Sigmatrone, quartz-fiber d o a h f a r e ,  NBs f i l m  packs, and 
Rad-Safe fllm badges. 
tbe d o s e - r e t e - m r s m - t b  cu~v88  yislded by the Pbter and t h e  Bioscel 
mounted in the photopanel. 

It vas also o b t a b e d  by intepating tbe ares under 

on 
exl 

2.3.2 length of Time'Fn Cloud. Tb, p i l o t  flasbed tbe -hr light 

Timb in tbe redin- 

the photopanel a t  the t b s  which be considellsd to  be hi6 entry and 
t h - o m  the cloud. T h  in tbe visible cloud vas tben computad'by 

observation of the clock in the  photopane1 piCtUre8. 
t ion  cloud uaa obtalned from ths Fbtsr and Bioecel data. 
instruments 
purpoaee of this calculat ion,  the ent ry  and exit mra conaidered to be 

Them two 
For provided o w m e  of dose rate aa a funation of time. 

tho- t b s  u t  which tbe do& rate uta-5 percent of 
obsemd. 

2.3.3 Radiation Dose I n  Cloud. Tbe rad ia t ion  
cloud uas maeured by integrat ion of the m a  under 
Bioacel m e  betwen cloud en t ry  and cloud e a t .  

19 1 5 b 1 9 8 3  
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. .  

photopanel a l so  gave a d l m c t  Indication of dose in the claud. 
quimd only  t h a t  the mter & observed in the film fT-8 Vbem the 
marker l i g h t  occurred. 

The NBC film packs gave an Indirect meazum of the dose in the 
Cloud. 
Y ~ S  c a l c u l a b d  h m  the  T U  decayl.ate metwuxlenmnts f r o m  tbe total dose 
indicated by the film packs, 

It re- 

This W ~ S  c o a p t e d  by subtracting tbe =turn f l i g h t  dOSG which 

2.3.1, Dose on Return Flight. Tbe radiation dose on the  mtum 
f l i g h t  was measumd d b c t l y  by tbe P-Meter, Bloscel, and S l g m a ~ n .  
In each instance a l l  that YBB mwssary was to subtract the dose in the 
cloud from tbe total dose. Tbe diffellence was tb dose m c e i m d  on ths 
=turn f l i gh t .  

TBBIE 2.1 SUMMAR!? OF SOURCES OF REQUIRED DATA 

x 

- 

0 

0 

0 

0 - 
An lndlmct msthod of obtaining t h a t  portion of the radlation dose 

m c e i w d  after exit from tbe cloud and during t b e  =turn f l lgh t  UBB by 
ortraplation of the decay-rats  cum^ ms-d by tbe T1B after the 
&raft vas on the g m u d  back to cloudaxit tima and Integrat ion of 
the ama under the cume f r o m  cloud-exit  time to time of Ming .  

2.3.5 Maxlmm Dose Rats in Cloud. Tbe nuudmum dose rate in the 
cloud YBB taken d i r e c t l y  from the P - h t e r  and BIo8cel c m 8 .  
ala0 obeermd the maximum do- rats indicatsd by the Bioscel mbr in 
the cockpit. 

Tbe pUot 

2.306 Dose Rete in Cloud. Tbd avsrclga doae rate in the 

Both of tbese wm provided d l r e c t l y  by the P-bter, 
cloud was calculatad by dividing the dose llecelved In tbs cloud by tbe 
t h  In tbe cloud. 

20 
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B i o s c e l ,  md S l p a t r o n .  Since the dose In t h e  cloud vas obtained h d i -  
m c t l y  from the N3S f i l m  packs, these a m  a l s o  a i n d h c t  so;lrce f o r  
tbe averege’dose rate in the cloud. 

2.3.7 Dbse Rate a t  Cloud Exlt. The aose rate a t  cloud ex l t  due to 
contadnat ion  on the aircraft vas taken d i m c t l y  f h m  the P - b t a r  and 
Bioscel curves. 
c m  f r o m  the T U  decay measurexumts. 

It ves a l s o  derived by extrapolat ion of the &my-rete 

2.3.8 &cay Rate on Return Fllght.  The decay rata of the contam- 
ination during the =turn flight WBS obtained d i E c t l y  from the  P - b t e r  
cumes. 
from the T U  rmsummnts. 

It vas a l s o  obtained by extrapolat ion of the decay r a t e  cl?rv~ 

2.3.9 Contadnation Factor. The c o n t a c h a t i o n  f ac to r  i s  expressed 
in percent per minute in the cloud and is deflned 8s: 

Ibce rate in c o c b i t  a t  cloud exit  
x 100 

(Average dose rate in cloud)(Minutes Fn cloud) 

It is a masure of the d e p e  to uhich this type of &raft (B-57B) be- 
corns contmlnated by f l i g h t  through the cloud as m f l e c t e d  by the 
rad ia t ion  dose rats in the  crew cornpartmnt after exl t  from the cloud. 
It is s i g n i f l c a t  in pmdic t lng  t h a t  portion of the total dose vhich is 
derived f r p m  cont&ation on the aircraft d c i n g  the  f l i g h t  back to 
base. 

cloud ex i t  as derived f2’orn T U  measmrnents and the average dose rate in 
the cloud indicated by the NBS film packs. 

It is  calculated d i r e c t l y  fron da ta  =corded by the  P Y i t e r .  
The conttudnation f ac to r  uaa computed a l s o  using the dose rate a t  

2.4 MASTER DATA S W T  

The large mass of  data  w a s  summarized on a master data  sheet. Cne 

Some addi t ional  data  on rad ia t ion  dose rates in the cloud at t h s  

of these sheets vas f i l l e d  out  f o r  each penetrat ion f l i gh t .  
sheet is shown In Appendix A. 

later than 1 b o w  after detonation ~ 3 m  obtained through the courtesy of 
tbe  Test Aircraft U n i t .  
 ampl ling operations o f  thls unit. 

A t y p i c a l  

These data  wm col lec ted  during the cloud- 
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MD DISCUSSION 

W n t y a e v e n  penetrstiorw wm made tamugh the clouds r(esdting 
h.ag t he  &tosstian of u i x  weapons ranging in total yield. 

a l l y  irpm 30,OOO feet  to 50,000 f e e t ,  vith 008 penetration being W at 
20,oOO feet. W n e b a t i o n s  wm madb Wugh alorrds f r o m  land-surface, 
uatnraurfacet, d rir dstQnations. 

dose rates as high aa 800 r/hr mm sncounbmd in aoxm of 
tbs m a r l y  psmtrationa, and several ilighb pieldsd t o t a l  radiation dosea 

the azmv of 15 r, 68 msasum.d by film badges, and 35 to IC0 r, aa 
muufrbd by instrumentation mom senaitlvu to soft gaxmna radiation than 

film doairpetem. On o a r  -fa, tbe uhole-body radiat ion dose aa 
psaaumd by Bad-Safe fiLn badgea vas aa lou aa 100 mr, TIS dosage auth- 
arlmd by the Smgeon General of the A h  Pome and tbe Commander of 
Jdnt Task Pazw, Sewn far the mmws 0x1 fhis p j e c t  y89 50 r, wi th  a 
lirpiting plandng doeage of 25 r ror ~ n y  s(nriln penetration. No pem- 
fsrtions wm made In u h k h  the mxhm dose to be expected; aa mas- 
m d  Ihd-safe tilm badges, vould exxed 25 r. 

Tbe exprimbntal plan pKmed to ta satisfaatory, and data to satis- e ths objectioee ai t b l s  p m j e o t  -re obtainad. The data a m  pr(e8enbd 
in Tahle 3.1 The sectitma vfiFch follow &cuss the msulta aa t h y  
.ppear in tb6 table. 

Tbsm pelletrations were made a t  thns of *om 20 to 78 minutes 
- r;tbr QtoPatioa. Tbe Indicated a l t i t udes  of penetration varied gemr  

1 

.A 

03 

The length of tims in the oloud muordad in Table  3.1 ~ ~ e e n t s  
the period of time from the mmsnt t h e  radFation intensity =ached a \ 

Ltl 
22 0 

% . -- 23 4 

W m  of 5 pement of tbe m t d m m  intensity noted in the cloud u n t i l  
W 



the intenrsity aubssquently dimi-nished to this 5 psrcent v d w .  
p n e t r a t i o m  of tbe stern o r  mushroom, this t h  c o m s p o n d ~  c lose ly  to 
the t h  in the v i s ib l e  cloud reported by tbs pflot. Houemr, In pen- 
. b t i o n ~  jut below the  a l t i t ude  of the mushroom, the  lsngth Of t lm 
In the redlation f ie ld  y89 u s u d l y  longer than t h a t  in tb vlSL?-ilfj 
C l a u d  by a factor cospezable to the tlm tbe plene z t a ~  bemath tbe o v e r  
hangbg m s h r o o m  but YBB not  in the v i s ib l e  cloud. Ths length of tirns 
in the r ad ia t ion  f i e l d  i e  used in Table 3.1, a b c e  the dlmnsiona of the 
r ad ia t ion  f i e l d  are of gmater in te rna t  in this report than?the dimsn- 
8iom of the  visible cloud. 
r ad ia t ion  cloud varied k o a  1 minub f o r  a t e m  penetrations to a b u t  5 
xdnutas f o r  the mushroom pera t r e t iom of the cloucb f r o m  the higher- 
y i e ld  detonations. Horn-detailed information on cloud e ize  as a function 
of‘ t h  &r detonation, y ie ld  of detonation, and a l t i t ude  a m  pmsented 
in (L later section of t h i s  report. 

In 

The tbm mquired to pes8 through the 

D05E RAm IN ‘m CXAJD 

The mxhm and average radlatlon dose rates moorded f o r  each 
penetrat ion by the verloua inatrumenta p v i o u s l y  deecribed am given 
in Tahle 3.1. The m z h n n  dose rate mcorded on each Ilight through the 
cloud YBS about tuice the average dose rats =corded f o r  tbe total per- 
iod in the cloud by the SBP*) iastruzPent. The average dose rates In the 
cloud mcorded by the P&br and B i 0 6 ~ 8 l  wm generally l00 percent and 
4 p s m n t ,  mspec t ive ly ,  higher than t h a t  debrained by f f i  dosiaatry. 
T k d ~  la  due to film s e n s i t i v i t y  of this e h c t r o n l c  instmxrantstion t o  
l w m r g y  gama radiat ion ta W h  tbe film l 8  only dnbnfdly respon- 
siv13. Since film d o s h t r y  FS =re videly acceptsd a8 an indicator of 
uhole-body r ed la t ion  doaage, the film da ta  wm used to give dose rates 
o r  dosages 5x1 a l l  figums and tables pmsentad in th l a  report, unless 
otherviee speciPied. 

various I n s t n m n t a  to various energies of gama radiation in compari- 
bon t0 tbe msponse of t h e  film t o  the s a m  energies. & t a i l e d  result8 
of thia study vill Is included ln the final (UT) mprb f o r  this project, 

A p p n d l x  B s h m  a typical p lo t  of  tfie dose rate0 In tbe cloud re- 
corded by the Pbter and Bloscel,  together v l t h  data which wm ex- 
trachd t h e m f b m  for p a e n t a t i o n  tr Table 3.1. 

The radiation dose rates o b s e m d  in tbe cloud -re a function of 
thmo (1) tbe nature of t he  *Id of tbe d e b u t i o n ,  
L e . ,  tbe  ratio o f  the flseion yisld to the total *Id* (2) tho 
altitude a t  v h i c h  the p e m t r a t l o n  is made v l t h  respect  & the  po’sitlon 
o r  belght of the  uuxshroom; and (3) the length of t h  aStsr detonation 
at which the penetration is made. 

A furtbr study be made to dBhXZIhe the I.eSpIlS8 Of the 

factors: 

3.3.1 Radiation Doso Rates in the Cloud V B ~ U B  Nature of  tb 
Yield. since fission y b l d  IEI tbe primary contr ibutor  to rcd ioac t iv i ty  
p v a l l l n g  in the cloud, it I s  to be expected that the dose ratm noted 
in t h e  cloud wuld be p r o p r t i o n a l  to the r a t i o  of tbe f i ss ion p~ld to 
the total yi~2.d. Thus, if two separate detonations of e a m n t i u y  tbe 

23-27 .O OE /HQ 



T b  total garma-radiation dose x c e l v e d  on a p n e b s t i o n  f l i g h t  can 
be b r o b n  down into tvo parto: 
dose received 01 the =turn  flight. 
B-57s y8s found to b a p p r o m t z l y  15 percent of the t o t a l  dose when 
the m t u r n  f l i g h t  was of about 50 minutes duration. 
-port e x p l a l n s  the varioaa dlxvct and l n d i m c t  mt3ods used to masum 
tbe d o s a p  m c e i w d  by the cmw, both i n  tbe  cloud and 03 tbe =turn 
flight, 

T b  mdmun total dose received by any cmw m s b r  d u r a  a pne-  
t xa t ioa  flight associated v l t h  t h i s  pro jec t  was approxLmately 16 r, as 
nmasumd by film d o s h t r y .  
h a t m n t 8  more sens i t ive  to  soft gama rad ia t ion  t h a n  f F l m  d o s h t r y ,  
It i s  s ign i f i can t  t o  note t h a t  tbe highest radiation doses received do 
not  c o r n s p a d  t o  the ear l ies t  penetratio.?a. The dose received in the 
d0.A is a funct ion of  t b e  average dose rafx In t k e  c l o d  and tbe t lm  
spent in the clo-ad. 
made at the l ows t  altitude, and succeeding penetrations imm mads a t  
hlghr altitudes. 

countered, it could be tolerated tetter at ths lower alt i tude.  
the earliest penetrations wre made through the s t e m  of  the cloud. 
since the  dose rate in the stem w a s  lower than the dose rate in the 
mushroom a t  the s a m  tirns after detonation and since the diameter of 
the stem w a s  a third t o  a half of t h a t  of  the mushroom, l o w r  dosages 

atem of the  cloud than  by those emus who mde l a b r  penetrations of 

the dose received in the cloud and the 
The =turn f l i g h t  dose f o r  the 

Sec t lo3  2.3 of taus 

Data col lected b7 these various methods is pmsented in 
TABU 3.1, 

Doses 83 high as 40 r wm mconied by 

For each shot  tbe f lmt  penetration usually u s  

This plen vas followed so t h a t  i n  the event turbulence w e s  en- 
Thus 

mceivad by the crews who made the earlier penetrat iocs  of the 

the mushroom. __ This w a s  -- - true f o r  alLLho-t_s._ - -- 

Tb6 oontamlnation faator vm defined and discussed in Section 
Values given in Table 3.1 8113 f r o m  computations made -- wing . eech - __ 23.9.  

of tbe zmthode-of &dculatiom uhbh wm &scribed. The amrage con- 
t r u r l 4 t i o n  factor for B-J’IB -raft l a  0,6 t 0.2 percent per &uta. 
Both math& of ca lcu la t ion  gave abut the d a m  value, Ulth a contanr 
Ination faotor of this magnitude, a return to base flight of several 
b u r a  duration aiter an early penetration of a r a d i o a c t i n  oloud ~ u l d  
msult in a midlation dose to the omu, durfng the =turn flight, of 
b u t  25 percent of tbe total doae, 

-- 

con-tion tictor fo r  any particular type of aircraft IS a 
funct ion of the distance be twen  tb cmw compartnsnt and the msidual 
con tadna t ion  on the  aircraft, 
highly conta!nlnatad portion of the aircraft after flight through a redio- 
a t i v e  cloud, 
factors on several d i f f e r e n t  types of aircraft and concluded .tb contem- 
h t i o n  factor to b higber f o r  those aircraft uhere tbe cmv compart- 
ment vas close to the engine o r  engima, 

In general, the t311gb~38 em the moat- 

Project  2,8 of Operation TElLHyT msasumd contmlnat lon 
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3.9 EFFECTNZIESS OF I N S T R W T A T I O f J  ' 

/ 

Not all of tb bs t rumsnta t ion  i n s t a l l e d  in the aircraft operated 
s a t i s f a c t o r i l y  on every f l igh t .  
penetrate the c l o d  without s u f f i c i e n t  Instrumentation h c t i o a  pro- 
per ly  t o  provide the nacessary data to s a t i s f y  the  objectimjs Of this 
project. Illetboda wm 100 percent SuCCeSSfd IU3aSUr- the  
t o t a l  dose mceived by the a i r c r e w  on the mission. 
t ioned on every penetration, with good pictures  msulting from each in- 
a t m n t .  
"slow" pos i t ion ,  E s d t i n g  in  one picture  every 20 seconde vhile in the 
cloud,instead of the desired rate of t h e  pictures  per second. 

The automatic recording FnstruImnts wem designed to 
t i on  rates up to 2,ooO r/hr. 
quite low, continuous da ta  uem not o b t h d  on the return f l igh t .  
these cases the total mission dose w a s  a l w a y s  less than 2 r. 
bter failed to function on only two of tbe flights. 
o p r a t i o n  of this i n s t r u m n t  waz obtained i n  pore than 90 percent of the 
flights. On t he  tu0 occasions wbem the Fhter f a i l e d  to function, the 
fault vas in the mthod of i n s t a l l a t i o n  and not in the i n s t r u m n t  itself. 

of these F n s t m n t s  WI'B bat te ry  pornred. 
of t he  ba t t e ry  vol tages ,  s a t i s f a c t m y  prfonnance was obtained only  
about '75 percent of the tim, 
in the  Bioscel, leading t o  poor results a t  lou dose rates, The Signa- 
trori w a s  designed t o  measure up ta 25 r on t he  low r w e .  Total  dosages 
smaller than 1 r uem not m l i a h l y  indicated by this i n s t w n t .  

Film Plsasummnts mm considemd to be accurate t o  t 10 percent, 
kesurenzents made v i t h  the TlE were considered accurats to +, 10 percent. 
The Fkter, Bioscel, and Sigmatmn wm considered to give an accuracy 
of t 20 percent. 
h & S  about a factor of two higher than film &vices. Cmater sensitiv- 
ity and mspon~e of the P-&tar to gamma rad ia t ion  of low energies 
~ P P -  to be the E m o n  for this discrepancy. 
Eioscel and Signatron mad 15 p e x e n t  and 25 percent higher respect ively 
than d id  the f i l m  dosimeters. 

P r l y  on e a c h  f l i gh t .  Lndicated altitudes uum considemd to be c o m c t  
t o  TFmes of penetration were accurate to tbe nearest  minute. 

t o  be r e l i a b l e  in giving indicat ions of turbulence Fn f l i gh t .  The max- 
i m m  and minimtun needles vibratod t o  t t m  limit of their movemnt .on 
t d a o f f .  Phot0graiM.c records wxw avai lable  of the  m b r  f luc tua t ions  
within the cloud but could not be correlated with the verbal n3poz-t~ of 
the P u O b  ConWmhg conditions of f l i g h t  within the cloud. 

H o w m r ,  in no case did an -raft 

The ph0tO-l 

On one penetrat ion the p i l o t  set the carera speed on tbe 

radia- 

h 
On penetrations uhem the dose rates were 

The P- 
Thus satisfactory 

So= t rouble  w a s  experienced with the Bioscel and Sigmtron. Both 
Even with f h q u e n t  checks 

ik ro  d r s t  ua3 espec ia l ly  t roublesom 

A8 m n t i o m d  in Sect ion 3 .3 ,  the %Meter gave read- 

On the average, the 

The f l i g h t  hstrllmenta in s t a l l ed  in the photopan81 functioned pro- 

5 0 0  feet. 
The acce le romte r  Fnstalled i n  the photopanel w a s  not considered 

1 0 8 1 9 8 9  
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COIIC U S  IONS AND ilECO14ME3?DATIONS 

CONC U S  IOIG 

Twnty-seven penetrations of six radioactive clouds f rom 
multlrmgaton-yield detonations were made a t  t b s  ranging f r o m  20 to 78 
minutes after detonation and a t  altit.Jdes rang& from 20,OOo t o  50,000 
feet. Sixteen of these penetrations w5-e earlier than 45 minutes aftor 
detonation, and seven wm ear l ier  than 30 minabs. A l l  penetrations 
made earlier than 45 minutes wxw bom-tkcoughs h vhich tbe  aircraft 
completely t raversed the cloud f i c o m  one side to the o t h r  a t  the pen- 
etratm altitude. 
eurfaca, and water-anface dSto=lations. 
800 r/hr w m  encountemd in 8om of the ear ly  penetrations,  and sev- 
eral f l i g h t s  yielded total rad ia t ion  doses to the c m v  of  15 r (111383- 
m d  by film badges) and 35 to 40 r ( E a s u m d  by instrunrentation so= 
sens i t i ve  t o  s o f t  radiation).  

Data c o l l e s b d  on these f l i g h t s  and in conjunction with pmt 
8tudbs of coadltions prevailing within c l o ~ d s  from nuclear detonations 
uarrant a n&r of  conclusions mgarding, t h e  feasibility of flying 
through such clouds at m h t i v e l y  early’tlms after detonatioa: 

The average and maxFmum external gammaTadiatio=1 dose rates in the  
mushmom of the c l o d  f b a ‘ n u c l e a r  detonations axv depondent 03 t h e  
penetration tixm and t he  fission-to-total-yield ratio oZ the detanation 
and am Independent of the yield of th detonation. The average rsdia- 
t l o n  dose rate i n  the mushroorn of the cloud f’roa a 1 0 0 - p m n t - f i s s i o n -  
yield detonation as a ,function of  tims f’rorn 3 to SO minutes after &to- 
nat ion  ie given by the equation: 

&netrat ions wm made thro-Gh cloilds f Y o m  air, land- 
Max;Lmum dose rates as high as 

h m :  5 = Average dose rate, r h o  
t = Tims after d e t o x t i o a ,  minutes. 

- 
This average dose rate, D, m y  vary bj as much as a factor o f ’ t w  f o r  
any given penetration. 

p r a e d  by tbe winds, a mre-rapid decay of tbs radiation dose rate in 
t h e  cloud Fs noted in vhich the slope may be as great as -3 or  -4. 

The radiation dose rate in tbc stem beneath the inushroom of  
clouds from vatersurface o r  air d s t o n a t i ~ m ~  is less by a factor of 
f i v e  to t en  than in the mushroom i tself .  

Beyond 1 hour after detonatioa,  when the mushroom begins t 9  be as- 
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I n  clouds frcm dztonations in w.Uch the f i s s i o n  y i e ld  is less t h m  
100 p r c a n t  of the bt.4 yield.  t he  radiat ion dose rate I s  mduced by a 
factor p m p r t i o n a l  t,. the ratio of tb f i s 8 l o n  yield t , ~  t h e  total y h l d .  

The accuxsila+ad rad ia t ion  dose t h a t  one mcelves  in transit through 
the cloud is a f m C t i O A  of tvo primary factors :  (1) L,e radiation dose 
rate i n  the c l o d  (mlated t o  time af'ter detonation, t o  the  ratio of the 
fission yield to the t o t a l  y i e l d ,  and t o  the r t i o n  of the cloud through 
vhich  transit is &, Le,, stem o r  s u s h r o o ~ a n d  (2) t he  Lsngth of t h e  
s p e n t  within the cloud as 
the horizontal  d b n s l o n  of the c lo ld  at the a l t i t ude  of pnetrstion. 
T h  dimters of the sten and rn?rshram increa3e somuhat  v i t h  greater 
yields. 

Consider ins  all th9se factors, tvo general izat ions,  subs tan t ia ted  
by tbe penstratiozs actually f l o m ,  ma;. b d e :  
pause a t  55,000 f e e t ,  on9 nay f l y  th ro*eh  tk cloud frorn any y ie ld  f o r  
a 100-percent-fission weapon LI 8 h i g h - p r f o m x z  &raft at an alti- 
tude of 45,000 f e e t  a t  20 h u b s  after de tona t im f o r  an e x p c t e d  ra- 
diation dose of 25 r; (2 )  w i t h  the s a m  height t roppause ,  one may f ly  
th ro-Gh the  c10.d (stznn) f ron  arly 100-prcent-fission ueap.? a t  30,oOO 
feet as early as 10 miinitas after detonatioa f o r  a rad ia t ion  dose o f  

Moderate to 8evem bumpy turbulence ya3 encountezd i n  o m  of  the 
clouds penetrated a t  t h e  of 22 to Lo minutes after detonation. 
to no turbulence uas encountered in the other clouda pmtralad during 
a similar t b  razge. 
e t r a t ions ,  and it ues considemd not likely to be a serious problem in 
a penetration 83 ear ly  as 10 minutes aMsr detonation. 

d i f f i cu l ty ,  except in the case of two aircraft penetrating a cloiad f m m  
u watersurface detonation a t  the maximum altitude of 50,000 feet. 
icing forced t,% p i l o t s  of  these aircraft to reduce power on the jet 
engines in order to avoid overheating, 

averaged 0.6 ? 9.2 percsnt per minute in penetrations of clouds fram 
air, M-surfece ,  a id  water-surface detonations. 
o m  to e s t i r a b  that por t ion  of the total dose rece ived which I s  accrued 
d u r l q  the f l i g h t  back t o  base after exit froa the radioactive cloud. 

- In the p n e t r a t i o n s  Glade f o r  t h i s  pro jec t ,  the  =turn f l l g h t  took a b u t  
j0 minutes, aad the  corn-horn dose amraged about 1 5  percent of the 
total. On =turn f l i g h t s  of  2 t o  3 hours  duration in t h i s  drcraft the 
coma-horn dose uould be no more t h m  25 percent of the total dose f o r  
early penetrations of th? cloud, 

detSrmFned by the speed of the aircraft and 

(1) w i t h  t h e  trop- 

the S e m  magnitadf?. 

s l i g h t  

Turbulence uas not  a problem in m y  of these pen- 

Icing w a s  encountemd in SOCB of the penetrations,  but caused no 

This 

The contsrninRtion factor on the B-57B &raft, as defined berein, 

This factor enables 

There are no recommndatiom at 'this t h o  
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