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DEDICATION 
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who gave his  life on the 18th day of May, 1956 in the prosecution of this work. He did 
much of the work of assembling the material  and planning all the details necessary to 
the proper conduct of the project., May this report  and the value of this work stand as 
a small evidence that he did not die in vain. 
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Twenty-seven penetrations of six radiation clouds from multimegaton-range detonations 
were made a t  t imes  ranging f rom 20 to I8 minutes af ter  detonation and a1 altitudes rang- 
ing from 20,000 to 50,000 feet. Sixteen of these penetrations were e a r l i e r  than 45 min- 
utes and seven were ear l ie r  than 30 minutes. 

flights yielded total radiation doses to the crew of 15 r. 

a 100-percent-fission-yield detonation would be: 

Maximum radiation dose ra tes  as high as 800 r/hr were encountered, and several  

I t  wxs found that t h e  average radiation dose rate  in the mushroom of the cloud from 

b = 1.0 1 0 5 t - * . 7  

Xhere: D = average dose rate ,  r , ' h r  

t = time after detonarion, minutes 

This relationship holds for  t imes frolr  3 to 6 0  rrmutes af ter  detonatlon. 

to  be less than the dose rate  i n  the mushroolr, by a factor of f rom f ~ v e  i o  ten. 
ar i@n uose rare i n  the cloud is independent of ~ i e l d ,  but is proportional to t h e  ratio of 
fission yield to total yield. 

I n  a high tropopause a r e a ,  a flight through a cloud from a 1@0-percenl-fission-~ield 
m<:irimegaton-range weapon in a high-performznce aircraft  may be made at 45,000 feet 
a! a rime of 20 minutes a f t e r  detonation. The average mission dose of this flight \r.ould 
be 2 5  r. .At 3(1.@@0 feet ,  a penetration of the stem of the cloud may be made as eariy a s  
1 0  minixes af ter  netonation w i t h  a radiation dose of the same magnitude. 

The dcsage received on the return to base flight because of contaii>ination on the 31r- 
C r L i f t  i E - j i B )  \vas f o m d  to be about 15 percent of the total mission dose  for i ; l ph t s  laat-  
i n %  t!Jr.TI 5(1 n:inutes a i ter  the cloud penetration. 

(G!:d~cred. 
insipndican! c o m p a r e d  t o  the  external hazard. 

The average dose rate  i n  t he  s tem of the cloud f rom water-surface bursts  was found 
The radi-  

.+E in\estigaiion of t h e  interna! radiation hazard encomrel-ed b! the fiight c r e u s  \ \ a s  
The resal ts  a r e  given in  .Appendix C .  The inrernal hazard \ \ a s  iuund to br  
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This report presents the final resul ts  of one of the projects participating in the mII I tae-  
effect programs of Operation Redwing. Overall information about this and the other 
military-effect projects can be obtained from UT-1344, the “Summary Report of the 
Commander, Task Unit 3. ” This  technical summary includes: (1) tables listing each 
detonation with i ts  yield, type, environment, meteorological conditions, etc. ; (2) maps 
shouing shot locations; (3) discussion of results by programs; (4) summaries of objec- 
tives, procedures,  resul ts ,  e t c . ,  for all projects; and (5) a listing of project reports  
for  the military-effect programs. 
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This was done by means of measurements in the human counter and 
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Chopfer I 

1 NTRODUC TloN 
1.1 OBJECTIVE 

The objective of this  project was to measure the radiation dose and dose rate one 
would experience in flying through the cloud resulting from a megaton-range weapon 
and some factors  affecting personnel safety in the event of an operational situation re- 
qui rhg  flights through such clouds. 

Specific information was sought on the radiation dose ra tes  inside the cloud, the- 
total dose received in flying through such a cloud, the total dose received on the return 
flight after flying through the cloud, the internal radiation dose due to inhalation of fia- 
sion products during such flights, and the conditions of flight inside the cloud. 

planning to insure the most-effective utilization, consistent with crew safety, of air- 
craft  in cloud areas. 

1.2 BXCKGROCXD ATD THEORY 

This information was needed by the operational commands of the Air  Force  in their 

During Operation Greenhouse the f r r s t  significant data on gamma dose ra tes  within 
alornlc clouds were collected. 

,at t imes of f r o m  3 to 25.minu~es after detonation. Reference 1 s P;- ows 
co!lected by drgne a i r c ra f t  floun through t h e  clouds from devices ranging in yiel 

Gerage gammadose  ra tes  within the cloud to be of the o r d e r s  of IO' r h r  f rom 3 to 5 
minutes after detonation and 350 r;hr a t  20 minutes af ter  detonation. 

Further measurements of gamma dose ra tes  within atomic clouds were made during 
Operation I'pshot-Knothole and reported in Reference 2. Dose-rate-measuring inStrU- 
menis were mounted i n  parachute-borne canis ters ,  and  t h e  dose-rate instruments pre- 
\.loUsl!. used by the Saval Radiological Defense Laboratory (SRDL) during Operation 
Greenhouse (Reference 1) u e r e  mounted i n  QF-80 drone aircraft .  

[he QF-t;O's passed through only the head, o r  mushroom, of the clouds resulting 
L ~ G m  aevices ranging in s ize  f r c m  11 to 26 kt. 
"jea%l.ed f r o m  2 to 6 minutes after detonation. 

t i o n  of lime a f t e r  detonation I S  presented graphicaily i n  Reference 2. 

'ne a?Proximate time af ter  detonation at  which the airplane o r  canister entered the 
'loud. 

These a r e  reported in Reference 1. The data wer - 

Both the canis ters  

Dose ra tes  of t h e  order  of IO' r/hr w e r e  

A Compilation of the Greenhouse and Upshot-Knothole average dose rates a s  a func- 
These points a r e  

Inclucied i n  Figure 3.2 of this report .  The time after detonation for each point i s  

A leks[-squares analysis of the data showed that the best-fit line had t h e  equation: 

= 1.31  h 1 0 5 t - 2 . 0 6  (1.1) 

where: lS = average dose rate .  r / h r  



. ae 

t = time after detonation, minutes . 

Consideration of Reference 2 led to the following generalizations which were used 
as guides in the initial planning of this project: (1) The dose rate in the cloud is rela- 
tively independent of yield. (2) Within a factor of two, the average dose r a t e  in a cloud 
is given by Equation 1.1. 

The f i r s t  manned penetrations at  early t imes af ter  detonation (17 to 41 minutes) w e n  
made during Operation Teapot. These penetrations were made through clouds from de- 
vices ranging in yield f rom 8 to 30 kt. The average dose r a t e  in  the cloud as measured 
during these penetrations is shown graphically in Figure 3.2. 

The gamma radiation dose rate  within the atomic cloud resulting from kiloton-range 
weapons has received theoretical consideration in References 3, 4, 5, 6. and 7. The 
outstanding features of many of these calculations were the very-high gamma dose rater 
predicted for  very  early times because of small  cloud s ize  pnd high fission-product 
concentration. -.-.._ '*~' 

." 
~> ~ . --. 
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Chapfer 2 

Five 8 - 5 7 8  a i r c ra f t  which were instrumented to measure gamma radiation dose 
rate, integrated dose, and conditions of flight were flown thr ugh the clouds resultipp: 
from the detonation of six devices ranging in yield from about 

installed in the a i r c ra f t ,  and readied for  use. The flight c rews  were briefed on the 
desired flight pattern, altitudes and t imes of penetrations, and forecast  development 
characterist ics of the cloud. These character is t ics  included size,  stabilization levels, 
and drift.  

All a i rcraf t  took off a t  predetermined t imes  in order  to permit proper  positioning 
a-,:~ %at shot time. After the shot was fired, the cloud was surveyed visually by the director 

%%%; ~ ;,in .. the lead a i r c ra f t .  Positions and t imes of penetration were then established. Pene- 
This 

time spacing permitted some of the resul ts  of the f i r s t  penetrations to be used in plan- 
ning the succeeding penetrations. 

cloud was approached in  straight and level flighi. 
pilot either executed a standard 160-degree turn and made his exit o r  continued on a 
straight course through the cloud. The type of maneuver to be employed was decided 
pr ior  to  the penetration run. Ho!vever. the aircretvs n e r e  briefed on emergency pro- 
cedures which permitted changing from the straight-through to the 160-degree-turn 
maneuver at their discretion if excessively high dose ra tes  were encountered. A dose 
raf t  two t imes greater  than the predicted dose rate was considered excessive. Upon 
exit f rom the cloud, the a i r c ra f t  returned to base and the records were removed immed- 

i J 
s 8 

- ,--L . -- a On the day prior to a shot, all the instrumentation was ch&%ed for proper operation, 

. =;v7-, 

.I 

.. -I trations were made at  intervals of f rom 4 to 1 0  minutes and at varying altitudes. 

.~ 

T~vo types of maneuver \yere utilized in the penetration phase. In both cases  the 
After entering the visible cloud, the 

PROCEDURE 

2.1 OPERATION 

~~~~ ~~~~ ~~~ 

lately for analysis. 

2.2 ISSTRLAIESTATIOS 

.5=- m 
f 

The following instruments and  devices were used to obtain data for t h i s  project: 
( I )  U E C  Alodel A11432 automatic-recording radiation ratemeter  (P meter);  (2) Bioscel 
(1x1-111 (XZ -1):LD) radiation ratemeter ;  (3) Sigmarron radiation-iniegrating dosimeter; 
(41 quartz-fiber dosimeters  (Bendix Models 619 and 622) ,  radiation-integrating dosim- 
eter; (5) Nationa! Burea; of Standards (KBS) film packs, radiation-integrating dosimeter; 
(61 Rad-Safe personnel film badge, radiation-integrating dosimeter; (7 )  AS/PDR-39 
( T ~ B )  radiation ratemeter ;  (8) intervalometer, and (9) photopanel. 

lence of presentation. 

.~ braled intermittently a t  the test  site using a Co6' source. 

- *, 
The last two were not radiac devices,  but were included in this section for conven- 

A description of each device i s  given below. A l l  radiation- 
They were recali- devices were calibrated at KBS prior  to the operation. 

u 15 



2.2.1 KAEC Model M1432 Automatic-Recording Radiation Ratemeter (P Meter). 
The P meter  was designed and built by the West Coast Electronics Laboratory of the 
Kaiser  Aircraft  and Electronics Corporation at Palo Alto, California, under contract 
with and according to specifications furnished by A i r  Force S p c i a l  Weapons Center 
(AFSU'C). Seven complete assemblies were procured. The equipment consisted of 
three air-borne components (probe, power supply. and compressor-amplifier- 
recorder  unit) and one nonair-borne component (playback unit). A block diagram 
showing the relationship of these units constitutes Figure 2.1. 

The ent i re  air-borne assembly was mounted in the nose section of a B-57B. 
instruments were operated by the 28-volt aircraft power supply. 
could be s tar ted manually at any time during the flight by means of a switch in the 
pilot's compartment. It could also be s tar ted automatically by use of the intervalom- 
eter setting. Once turned on, i t  continued to record until the recording wire was com- 
pletely used (about 2% hours) o r  until the power was turned off. 

The probe was the sensing element and consisted of a Scintilon (trade name used by 
National Radiac Company) sphere,  DuMont 6292 photomultiplier tube, and a r e b e d  ~&- :If . 
voltage divider with temperature compensation. This  was housed in a 21/2-inch diametsr  
aluminum tube having a wall thickness of %B inch with an added 0.01 Inch of tin outsde .. 

The 
The wire recorder  

I 
1 

I Wire Gamma 
' Recorder Scintillation Probe .- l,ooov 

8 +150v 
I 

28v de 
A/C Supply 

Automotic 
Recorder 

'0N"Conirol A/C 28v 
A/C 20v AIRBORNE UNIT 

Time Marker +15Ov 8. +28v 

4 - Stope Wire 
Univibrotor Ampli f i e r Playbock 

Recorder 
- -  

GROUND PLAYBACK UNIT 

Figure 2.1 Block diagram of automatic recording radiation ratemeter (P meter).  

the hemispherical end that covered the Scintilon. The ins ide  of t h l s  hemisphere was 
coated w i t h  zinc sulfide i n  o rder  to enhance lo\v-energy response so  that satisfactory 
perfol'mnnce \{as obtained from SO kev up to 1.3 XIev. 

The compressor-amplifier-recorder unit received current from (i. e. , supplied 
electrons to\ the probe. The intensity o f  this cu r ren t  varied linearly uith t h e  dose 
rate .  
resulted i n  a logariihmlc variation of the plate voltage of this tube. 
b a s  connected to the grid of a blocking oscillator (CK570314A) through a high resist- 
ance. 
of the dose r a t e ,  and af ter  amplification through another CK5703M'A, the OUtPut was 

--? 

This current \vas supplied by a cathode-biased low-mu triode (Cli6152) and 
This plate voltage 

The frequency of the blocking oscillator w a s  thus made to v a q  as the logarithm 

impressed orr the recording head of the wire recorder .  
The power supply consisted of six 26A7-GT tubes connected In parallel so as to 
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so a s  to  

oscillate a t  about 1,000 Cps when fed 28 volts from the aircraft power supply. The 
output of the tubes was stepped up, rectified. and regulated to result  in i 150 volts 
for B+ voltage in the compressor-amplifier-recorder and - 1,000 volts for the photo- 
multiplier tube in the probe. 

The playback unit consisted of a playback recorder  of the same type as w a s  used 
for  taking data during penetrations. The frequency-modulated output of the playback 
uni t  was amplified, pulse-shaped, and Integrated. This integrated, slowly varying 
direct current was then applied to the input of a standard 12-inch-strip char t  recorder  
(Bristol Model 1892). A logarithmic presentation of dose rates from 1 r / h r  to 5,000 
r h r  was given on the chart .  Calibration tests at NBS using Co60 indicated an overall 
read-out accuracy of i 20 percent over the range f rom 1 r / h r  to 2,000 r h r .  

2.2.2 Bioscel Radiation Ratemeter. The Bioscel was designed and built*by the 
Evans  Signal Laboratory of the U. S. Army Signal Corps in accordance with specifica- 

Control Zero-Bucking dc Ammeter 
Pone1 Current Indicator 

- 

Signol Current 

?Ion Chomber Assembly Module 

L . - - - - - - - - - -  
r ---- -- - - - - - I  

I Batteries 
I - 3-BA 1318/U ' I-BA1328AJ I I 
I I 
I I 
I - I  
I Bot iery  I 

I Ternperoture 28v dc A/C Supply 
I 
I Regulator I 
I I 
L _ _ _ _ _ _ _ _ _  J 

I 

I-Bottery Contolner Module 

I 

I 

Figure 2 . 2  Block diagram of Bioscel radiation ratemeter.  

!1Gr.s furnished b) .AFS\\C. 
Arm) channeis. Two complete Bioscels were 
ins1dl;t.d I n  each a i r c ra f t  w t h  the sensing elements located directly behind the pilot's 
Seat. Data obtained with one instrument were recorded by photographing a remote 
meter mounted in  the photopanel. The remote meter  from the second instrument was 
Placed i n  the pilot's compartment, above and to the right of the instrument panel. A s  
s n O Q  in Figure ? . 2 *  the  instrument consisted of an ion chamber,  an amplifier,  a con- 
t rol  Panel, a battery container, and an indicating meter  which presented rates from 

All  these components, except the meter  and i ts  cabling. were 

Type designation 131-111 (XE-l);TD u-as obtained through 
Twenty of these units \yere procured. 

r;hr to 2,000 r / h r ,  

17 
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contained in a cylindrical aluminum housing 3 inches'in diameter and 10 inches in length 
which had a flange at the control panel for  mounting. 

The ion chamber and amplifier were potted together in the ion-chamber-assembly 
module. The potting conipound was an epoxy resin.  which gave an hermetically sealed 
unit. The unit passed tes t s  for leakage at -55  degrees Fahrenheit and 0.1 psi. The 
ion-chamber volume was 85 cm'. The applied sweep-out voltage was,approximately 
I volts. This resulted in nonsaturated operation and produced a roughly logarithmic 
indication on the meter. Calibration was obtained by varying this voltage between 6.3 
and 8.8 volts. Zero  adjustment was made before use (or calibration) by adjustment of 
coarse  and fine rheostats in the cathode circuit ,  through which resistances a voltage 
drop  was obtained to actuate the meter. 

The battery box was a separate module from the ion-chamber-assembly module and 
was located in the end of the tubular aluminum housing farthest from the control panel. 
I t  contained three BA-1318hl and one 1328/U batteries. These were sufficient to fur- 
nish continuous operation for 200 hours. ,:**: 

2.2.3 Sigmatron Radiation Integrating Dosimeter. The Sigmatron was built by the 

a s imilar  design used by Los Alamos Scientific Laboratory (LASL) for a much-lower- &:& ~ 

Research Directorate of AFSWC. Kirtland A i r  Fo rce  Base WAFB), and was based on 

range instrument, called the Integron. 
chamber which was used w a s  designed and built by NRDL to meet specifications pre-  -- 
pared by AFSWC. The information furnished by the instrument was total gamma 
dosage, with two ranges (25 r and 100 r full scale) available by changing an internal 
connection. Two Sigmatrons were used in each airplane, mounted just behind the pilot, 
with a remote meter  for each. One meter  w a s  in the photopanel and the other was in 
the pilot 's compartment. The first prototype of this instrument tested at XBS integrated 
total dosage with a n  accuracy of x-20 percent a t  energies higher than about 125 kev. At 
80 kev the lo s s  in response was only about 25 percent. Accuracy was independent of 
r a t e  up to 2,000 r /h r .  

The instrument operated 
a s  follows: The ion chamber had a sensitivity of 1.1 x lo-' amp/(r /hr)  and insulation 
of more than lo1' ohms. T.he integrating capacitors (0.3 and 1.3 pi7 had a time constant 
of more than 3 days. 
chamber current  charged whichever capacitor was in use so a s  to reduce the grid po- 
tential of a CK5886 electrometer tube and, hence, increase the positive plate voltage 
of a CK526AX amplifier tube. This increased plate voltage resulted in an increased 
cathode current  in this tube. 
tial and caused a current to flow in the microammeter loop. It also resulted in negative 
feedback in  the input to the CK5886, since it tended to cancel out the voltage produced 
by charging the integrating capacitors. 
of effectively multiplying the capacity of the capacitors without increasing the leakage; 
hence, the dynamic range of the instrument was extended without exceeding the straight- 
line portion of the Ip versus  Ig characterist ic curve of the CK5886. 

The three instruments lust discussed (P meter ,  Bioscel. and Sigmatron) all had  a 
response time of l e s s  than 1 second for 100 percent response. 

P Eighteen of these units were built. The ion 

* 

A block diagram of the Sigmatron is shown in Figure 2.3. 

These capacitors were in the electrometer circuit. The ion- 

T h s  increased cathode current  raised the cathode poten- 

The negative feedback had the beneficial action 

2.2.4 Other Dosimeters. The integrated gamma radiation dose during cloud passage 1 
\ and on the return flight was measured by a number of standard integrating dosimeters. 

Each c r e u  member carr ied pencil-type dosimeters and a Rad-Safe film badge. 
f iber dosimeters were mounted in the cockpit to record the total dose received on the 

Quartz- 
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The A’BS packs were placed in both the pilot’s and observer’s compartments. 

The SBS Iilm packs were also mounted in the nose compartment for comparison of the 
total dose received in the nose with that received in the cockpit. 
u a s  necessar?, because the P meter was mounted in the nose compartment while the 
sensing elements of all other instruments were in the cockpit. 

The AN.’PDR-35 (TIE)  is a standard A i r  Force  gamma ratemeter  and was used to 
Iollou, the decay rate in the pilot’s and observer’s positions after completion of the flight. 
This study was continued for  12 hours. Information concerning this instrument can be 
obtained through Air Force supply channels. 

This  la t ter  comparison 

2.2.5 Intervalometer. The intervalometer, as its name implies,  was a device used 
to actuate the camera in the photopanel a t  selectable intervals. It was designed and built 

IonizatLon Chamber Eleclrometer dc Amplifier Meter Circuit 

Feedback Circuit 

Figure 2.3 Block diagram of Sigmatron radiation-integrating dosimeter. 

by the 4925th Test  Group (Atomic) at KAFB. One of these instruments,  along with the 
associated photopanel control box was mounted in each airplane. The intervalometer 
was placed in  the nose compartment,  and the control box was located to the right of the 
pilot. 

The actuating signals to the camera were fed through microsui tches  actuated by two 
separate cams driven by a common motor. 

minutei. 
control box. 
obtain rapid photographs i n  the radiation cloud. 
marked “atito“ which automatically changed the speed from “slow“ to “fas t”  when the . 
ambient radiation exceeded a gi\pen level, usually set between 1 and 10  r /hr .  
O f  the circuit is described in the next paragraph. 

A dynamotor driven by t he  airplane’s 28-\’olt power supply provided + 150 volts dc. 
\\hich was converted to - ; @ G  volts dc by means of a multivibrator, amplifier, and filter. 
This - i C f @  volts was connected to ground through an Anton 596O/BS-2 Geiger-hIuller 
tube and a l.2-megohm resis tor .  
t\‘O elements to  the  grid of a CKjR1; tube and, in conjunction with the r e s i s to r ,  deter- 
mined the quench of t h e  Geiger-,\luller tube. 
GeKer-Nuller tube broke down more  often, sending negative pulses through the con- 
denser to a C K j S i :  tube. 
stage and  u e r e  fed through the coil of a relay. When the repetition rate became suffi- 
cient!?. great (at a ra te  somexhat lower than the maximum allowed by the quench circuit) ,  

direct-current component of the pulses became sufficient to close the relay,  whch  i n  
closed a second relay which switched the interval control f rom I d  slow” to “ fa s t .  ” 

This  arrangement provided two speeds, 

Either could be selected manually by the pilot b?. means of a switch on the 
Two camera  speeds were required in o r d e r  to economize on film, yet 

. I  fast” (approximately 3 signals per  second) and “ S ~ O R . ’ ’  (approximately 3 signals per 

In addition, there was a third position 

This par t  

A 0 . 0 0 C l l - ~ f  condenser connected the junction of these 

A s  the  radiation field increased. the 

These pulses were amplified and inverted in a subsequent 

‘lien the radiation rate diminished sufficiently, the lnterval control reverted to “slo\r” 
automatica~~y. 

ID 
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2.2.6 Photopanel. The camera and photopanel located in the nose of the aircraft 

were used to photograph the meters from the Sigmatron and Bioscel, whose sensing 
elements were located in the cockpit. Also installed in the photopanel were a clock, 
alt imeter.  accelerometer,  and airspeed indicator. When correlated with the radiac 
instrument readings, these gave a record of t ime in cloud, altitude of penetration, and 
conditions of flight uithin the cloud. The photopanel a lso contained a small marlier 
light. This w a s  controlled by a toggle switch on the photopanel control box. Using 
this light the pilot could mark the film at specific t imes,  such as cloud entry and exit. 

The camera  used was a Vought 16-mm recording camera loaded with 100 feet of 
Eastman Special Emulsion (SO 1112) film. This film is not fogged by gamma doses of 

TABLE 2.1 SUMMARY OF SOURCES OF REQUIRED DATA 
Dau directly svnllible 1s LadicsW by z; indirectly svtllabla 1. lndlciud by 0. 

~dor-noa maid  Ouru-flhr NESFIlm Rad-Sah TIB 
Psckm Film P m e u r  I)I-1 -troa -Lm.ur, on Escb Flight 

l e s s  than 500 r. 
fo r  this special film. 

Suitable lighting was included to provide the intense light required 
The light5 and  the camera utilized the aircraft’s 29-volt power 

suppiy. 

2.3 DESCRIPTIOS OF REQLIRED DATA 

In order  to satisf?. 1he.purposes of this project, a c c u n t e  information was required 
on the following parameters:  (1) time of penetration of the radioactive cloud; (2) total 
radiation dose on the flight; (3) radiation dose accumulated i n  transit  of the radioactive 
cloud, (4) length of time required to fly through the cloud; (5) radiation dose accbmulated 
on the  flight back to base due to contamination on the aircraft;  (6)  maximum dose rate in  
t he  radioactive cloud; ( 7 )  dose rate in the c r e u  compartment immediately af ter  exit f rom 
the cloud due to contamination on the aircraft;  (8) t h e  ra te  of decay of this contamination, 
and ( 5 )  conditions of flight inside the  radioactive cloud, I. e. , turbulence and icing. 

All of these data,  except the last ,  were recorded automatically with the instrumenla- 
tion described ir, Section 2 .2 .  The items of information desired from each flight and the 
instrumenrs which were used to provide them are summarized in Table 2.1.  Nost of the 
information was available directly from the installed instrumentation. while some addi- 
tional info:-mation was obtained by indirect methods as indicated in Sections 2.3.1 
through 2 .3 .5 .  I t  should be noted that these indirect methods constituted, i n  every 
case ,  a duplicate method for obtaining a check on the same data obtained by one o r  
more direct measurements. 

In addition. the pilot (and observer when present) made observations during the 
flight on the following parameters:  (1) dimensions of the cloud at various altitudes 
pr ior  to penetration; (2 )  time and altitude of penetration; (3) type of penetration; (4 )  

. 
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. .  
length ot  time in the radioactive cloud; (5) maximum dose rate in the cloud; (6) dose 
rate in  the cockpit on exit from the cloud due to contamination on the aircraft; (7) accu 
mulaled dose in the cockpit at time of exit from the Cloud; and (8) degree of turbulence 
and icing noted during passage through the radioactive cloud. 

These observations were reported to the flight director  in the air and were tran- 
scribed from the pilot's and director 's  notes during the postflight debriefing. These 

. observations by the pilot duplicated information recorded automatically by the instru- 
mentation in the aircraf t  in all  cases except icing conditions in the cloud.. 

. 

2.3.1 Total Radiation Dose. The total radiation dose w a s  measured directly by the 
Sigmatrons, quartz-fiber dosimeters,  NBS film packs,  and Rad-Safe film badges. It 
was also obtained by integrating the area under the dose-rate-versus-time curves  
yielded by the P meter  and the Bioscel mounted in the photopanel. 

2.3.2 Length of Time in Cloud. The pilot flashed the marker  light on the photopanel 
at the times which he considered to be his entry and exit f rom the cloud. Time in the 
visible cloud was then computed by observation of the clock in the photopanel pictures.  
Time in the radiation cloud was obtained from the P meter  and Bioscel data. These 
two instruments provided curves of dose rate  a s  a function of time. For  purposes of 
this calculation, the entry and exit were considered to be those t imes at which the dose 
rate was 5 percent of the maximum rate observed. 

2.3 .3 .  Radiation Dose in Cloud. The radiation dose received in the cloud was meas- 
ured hy integrarion of the  area under the P meter  and Bioscel curves  between cloud 
entry and cloud exit. 
dose i n  the cloud. 
the marlier light occurred. 

computed b! sub~ract ing the  return flight dose which was calculated from the T I B  decay- 
ra:e veasc!.e!.--nts 11-om the total dose indicated by the film packs. 

The Sigmatron in the photopanel also gave a direct indication of 
It required only that the meter  be. observed in the film f r a m e s  where 

The NBS film packs gave an indirect measure of the dose in the cloud. This was 

2.3.4 Dose on Return Flight. The radiation dose on the return flight was measured 
dlrectl!. by t h e  P meter ,  Bioscel, and  Sigmatron. In each instance all  that w a s  neces- 
sary was to subtract the dose in the cloud f rom the total dose. The difference was the 
dose received on the r e t u r n  flight. 

A n  indirect method of obtaining that portion of the radiation dose received af ter  exit 
from the cloud and during the return flight u a s  by extrapolation of the decay-rate curve 
measuwd b! the T1B a f l e r  the a i r c ra f t  was on the ground back to cloud-exit time and 
inrek'ra:lon O f  the  a r e a  w u e r  the curve from cloud-exit time to time of landing. 

:d 
n 
trn . 
Jn, 

3- 

1 "  - ne 
the 
31- 

-.J.J l : 3 s lmcm Dore Rate i n  Cloud. The maximum dose rate  in the cloud w a s  taken 
uil.ectl!. f I - G r ,  tne P meter and Bioscel curves.  
dose r31e indicated by the Bloscel meter in the cockpit. 

The pilot a lso observed the maximum 

I 
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2.3.7 Dose Rate at Cloud Exit. The dose rate .a tc loud exit due 
the a i rc raf t  was taken directly from the P meter and Bioscel curve 

to contamination on 
!s. It was also derive 

by extrapolation of the decay-rate curve from the T I B  decay measurements. 

2.3.8 Decay Rate on Refurn Flight. The decay rate of the conti 
return flight was obtained directly from the P meter  curves. I t  wi 

imination during the 
is also obtained by 

extrapolation of the decay rate  curve from the T I B  decay measurements made during 
the f i r s t  few hours af ter  the a i rc raf t  landed. 

2.3.9 Contamination Factor.  The contamination factor i s  expressed in percent per 
minute in  the cloud and is defined as: 

x 100 Dose r a t e  in  cockpit at cloud exlt 
(Average dose ra te  in cloud)(Minutes in cloud) 

It is a measure of the degree to which this  type of aircraft (8-578)  becomes contami- 
nated by flight through the cloud as reflected by the radiation dose ra te  in the crew 
compartment after exit from the cloud. It is significant in predicting that portion of 
the total dose which i s  derived f rom contamination on the a i rc raf t  during the flight back 
to base. It is calculated directly f rom data recorded by the P meter. 

The contamination factor  was computed also using the dose rate  at cloud exit asde-. 
rived from T1B measurements and the average dose rate  in  the cloud indicated by the 
XBS film packs. 

2.4 hL-ZSTER D.4TA SHEET 

The large mass  01 data was summarized on a master  data sheet. 

Some additional data on radiation dose r a t e s  in the cloud a t  t imes later than 1 hcur 

One of these sheets 
was filled out fo r  each penetration flight. A typical sheet i s  shown in Appendix A. 

af ter  detonation were obtained through the courtesy of the Test  Aircraf t  Unit .  
data were collected during the cloud-sampling operations of this unlt. 

These 
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Chopfer 3 
R€SUL TS and DISCUSSION 

i 

Twenty-seven penetrations were mTde through the clouds resulting from the detonation 
of six devices ranging in total yield f r o  

penetration varied generally f rom 30,000 feet to 50,000 feet ,  with one penetration being 
made at  20,000 feet. Penetrations were made through clouds from land-surface, water- 
surface, and air  detonations. 

Maximum dose r a t e s  as high as  800 r h r  were encountered in same of the ear ly  pene- 
trations, and several  flights yielded total radiation doses to the crew of 15 r. On other 
flights, the whole-body radiation dose as measured by Rad-Safe film badges was as low 
a s  100 mr.  The dosage authorized by the Surgeon General of the Air  Force and the Com- 
mander of Joint Task Force Seven for the a i rc rews  on th is  project was 50 r ,  with a lim- 
iting planning dosage of 25 r for any single penetration. NO penetrations were made in 
which the maximum dose to be expected, as measured by Rad-Safe film badges, would 
exceed 25 r. 

this project were obtained. The data are presented in Table 3.1. The sections which 
follow discuss  the resul ts  as they appear in the table. 

.]These penetrations were 
. made at  t imes of f rom 20 to 78 minutes ii ter detonation. -.The indicated altitudes of 

The experimentai plan proved to be satisfactory,  and data to satisfy the objectives of 

3.1 TIME AKD ALTITCDE OF PEIiETRATION . 
The times of penetration varied a s  indicated above. The first penetration OD each 

shot \vas through the s tem of the cloud. Succeeding penetrations were at h g h e r  altitudes 
through the intermediate tone between the s tem and mushroom o r  through the mushroom. 
All penetrations below 40,000 feet w e r e  considered to be penetrations of the stem. Pene- 
trations between 40,000 a9d 45,000 feet  were intermediary between the s tem and mush- 
room. Penetrations above 45,000 feet were in general through the mushroom of the cloud. 
During Shot Cherokee, a 5,000-foot air detonation, the top of the s tem was above 43,000 
feet. 

3 . 2  LESGTH OF TIJ IE  I N  THE RADIOACTIVE CLOCD 

The length o f  time in the cloud recorded i n  Table 3.1 represents  the period of time 
from t h e  moment the  radiation 1n:cnsity reached a value of 5 percent of the maximum 
intensity noted i n  the cloud until the intensity subsequently diminished to this 5 percent 
value. 
the time i n  the xis ible  cloud reported by the pilot. However, in penetrations just below 
the  altiruue of the mushroom, the length of time in the radiation field was usually longer 
than that in  the vis ible  cloud by a factor comparable to the time the plane w a s  beneath 
the overhanging mushroom but u a s  not in the visible cloud. The length of time in the 
radiation fleid IS used in Table 3.1, since the dimensions of the radiation field are of 
greater interest  in this report  than the dimensions of the visible cloud. The  time re- 
quired to p a s s  through the radiation cloud varied from 1 minute for  s tem penetrations 
to about 5 minutes fo r  the mushroom penetrations of the clouds f rom the higher-yield 

In penetrations of the s tem o r  mushroom, this time corresponded closely to 
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detonations. More-detailed information on cloud r i ze  as a function of tlme af ter  dew- 
nation, yield of detonation, and altitude a r e  presented in a later section of this report. 

3.3 RADIATION DOSE RATES I N  THE CLOUD 

The maximum and average radiation dose rates recorded for  each penetration by 
the various instruments previously described are given in Table 3.1. The maximum 
dose r a t e  recorded on each flight through the cloud was about twice the average dose 
r a t e  recorded for the total period in the cloud by the same instrument. The average 
dose rates  in the cloud recorded by the P meter  and Bioscel were generally 100 per- 
cent and 15 percent, respectively, higher than that determined by film dosimetry. 
Since film dosimetry is more widely accepted as an indicator of whole-body radiation 
dosage, the film data were used to give dose rates o r  dosages in a l l  figures and tables 
presented in this report ,  unless otherwise specified. 

Appendix B shows a typical plot of the dose rates in the cloud recorded by the P 
meter and Bioscel, together with data which were extracted therefrom for p r e s e n t a 6 n  
in Table 3.1. - =  

The radiation dose r a t e s  observed in the cloud were a function of three primary fzu?-,->y: ' 
t o r s  : (1) the nature of the yield of the detonation, i.  e. , the ratio of the fission yield ~ - 
to the total yield; (2) the altitude at  which the penetration was made with respect to 
position o r  height of the mushroom; and (3) the length of time after detonation at w ~ ~ T - S  

- 

- 
-. - 

the penetration was made. .**: 
% 

* 

d.d.2 Haaiation Dose Rate versus Altitude of Penetration. It was observed i n  these 
penetrations that the dose r a t e s  at the louer  altitudes (30,000 to 40,000 feet) were con- 
siderably lower than at higher altitudes i n  o r  near the mushroom. 
active fission-product particles a r e  much more concentrated per  unit volume in the 
mushroom than in the stem. Data on average dose r a t e s  versus  altitudes f rom three 
shots in  which penetralions were made at widely differing altitudes between 30,000 and 
50,000 feet a r e  shobn in Figure 3.1. In this figure all the dose rates  a re  adjusted to 
100-percent-fission yield and to a common time of 20 minutes af ter  detonation. I t  is 
concluded from these data that the dose rate  in  the stem of clouds from the water-surface 
o r  a i r  detonations of meKaton-yield devices a t  an altitude below 40,000 feet is a factor of 
one-fifth to one-tenth that in the mushroom. ~ 

diameter than the mushroom, one can fly through the stem as early a s  10 minutes a f te r  

Evidently, the radio- 

Smce the s tem i s  also much smaller  i n  
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detonation without receiving a large radiation dose. The mean f r e e  path of gamma ra- 
Alation is proportional to the density of the atmosphere. Hence, radiation dose rates -.. 

be expected to be a factor of two l e s s  at  35,000 feet than at  50,000 feet for equal 
of fission products per unit volume of cloud. This  factor would explain 

APACHE 
DAKOTA 

n- NAVAJO 

I 
i 

35 40 45 50 
F-7- 

0 
30 

Altitude, Thousonds of  Feet 

Figure 3.1 Dose rate versus  altitude for three shots corrected to 100-percent 
fission yieid and at a time of 20 minutes after detonation. 

only a S K ~ !  p:'i of the  difference noted between dose rates  in the  mushroom and in the 
stem. 

The tropopause in  the locale where these detonations occurred a\.eraged about 55,000 
feet. I t  is  possible that in an a rea  of much lower tropopause the major activity in the 
mushroom \\auld be constrained to somewhat lower altitudes than suggested by the data 
Presented here. 11 is the opinion of the authors that the distribution of activity w t h  re- 
spect to altitude in clouds f rom megaton-range detonations would not be greatly altered 
by a loner tropopause. 

A s  noted f ron ,  the slope of the curves shoun in Figure 3.1, the change in dose rate 
wi th  alritudt \$auld remain essentially constant untii the mid-altitude of the mushroom 
is  reachsu. .Above this point the dose rate  uould tend to decrease.  

- 

3.5.3 Radiation Dose Rate versus Time A f t e r  Detonation. The average radiation 
dose rate obtained the \ a r i o u ~  cioud-penetration flights and s h o r n  i n  Table 3.1 were 
a.1 -lusted i n  accordance with the ratio of flssion to total yield for each shot and then 
plOt&U against time of penetration. 
'lie s?mbois a r e  used to differentiate the dose ra tes  obtained in various par t s  of the 
cioud, e.  g . ,  t h e  Stern o r  mushroom. The average dose rate5 measured in clouds a t  
variC4S times af ter  detonation during Operations Teapot (manned T-33 penetrations). 

knE"ratiOns) are also plotted In f igure  3.2. A line, determined visually, neglecting 

The results are presented in Figure 3 . 2 .  Distinc- 

Ice 

Of-1  Lpshrlt-f<nothoie (canis ters  and drone QF-80 penetrations), and Greenhouse (drone B-17 
f 
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ht to the more recent data, d r a m  
through these data points indicates that the average dose rate in the mushroom of clouds 
f rom 100-percent-fission-yield detonations at t imes f rom 3 to 80 minutes af ter  detona- 
tion is given by the equation: 

(3.1) IS = 1 x 10~t -1 . '  

This equation does not differ markedly from Equation 1.1 obtained in clouds of kilo- 
- 7  

-_ - 

ton \yeapons at  t imes f rom 3 to 20 minutes after detonation. 

a factor of two above and below the line defined by Equation 3.1. 
air oetonations, data obtained in the stem of the cloud falls below this line by a factor 
of f ive  to ten,  a s  noted in Section 3.3.2.  
collected In clouds from detonations ranging in yield from a 

indepen&nt of yield over this range of yields. 
i n  t h e  cloud-sampling operations of that unit in Operations Castle,  Teapot, and Redwing 
at  t imes from 1 to 5 hours after detonation suggest that ,  over this interval of time, the 
slope of the average radiation-dose-rate-decay curve may be a s  great as  - 3  to - 4 .  
This is probably due to the macrodispersion of the radioactive cloud by the winds during 
t h i s  later time period. At t imes of l e s s  than an hour after detonation, the w i n d s  UsuallS 
have not effected macrodispersion of the cloud. 
found at the e a r l i e r  penetration t imes at  which data for  the present project were collected, 

The average dose rate measured in individual penetrations of such clouds varies by 
For water-surface o r  

Since the data presented i n  Figure 3.2  were 

i t  can be concluded that the average radiation dose rate in these clouds i s  
Data obtained by the  Tesl Aircraft  Lnit 

. 
Hence, a slower decay rate function is 

- 

1 
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3.4 RADIATION DOSES . .  
The total gamma-radiation dose received on a penetration flight can be broken d o n  

into two parts: the dose received in the cloud and the dose received on the return flight. 
The return flight dose for the B-57B was found to be approximately 15 percent of the total 
dose when the return flight was of about 50 minutes duration. Section 2.3 of this report  
explains the various direct and indirect methods used to measure the‘dosage received 
by the crew,  both in the cloud and on the return flight. Data collected by these various 
methods i s  presented in Table 3.1. 

The maximum total dose received by any crew member during a penetration flight 
associated with this project was approximately 16 r ,  as measured by film dosimetry. 
It i s  significant to note that the highest radiation doses received did not correspond to 
the ear l ies t  penetrations. The dose received in  the cloud was a function of the average 
dose rate  in the cloud and the time spent in the cloud. For each shot the first penetra- 
tion usually was made at the lowest altitude, and succeeding penetiations were made at 
higher altitudes. 

This plan was followed so that in the event turbulence was encountered, it could be 
tolerated better at the lower altitude. Thus the ear l ies t  penetrations were made through 
the stem of the cloud. Since the dose rate in tbe stem was lower than the dose rate  in 
the mushroom at the same time after detonation and since the diameter of the stem was 
a third to a half of that of the mushroom, lower dosages were received by the  crews W _.. 
made the ea r l i e r  penetrations of the stem of the cloud than by those crews who made later’-- 
penetrations of the mushroom. This  w a s  t rue  for all shots. 

3.5 CLOCD DIhIEKSIOKS Ah’D TRANSIT DOSES AT VARIOUS ALTITUDES 

The total dose received in  transit of a radioactive cloud i s  dependent on two factors: 
the average dose rate  and the lengttf of time required to pass  through the cloud. 
la t ter  is a function of cloud diameter and the speed of the airplane. A l l  penetrations on 
this project were made with 8 - 5 7 8  a i rc raf t  having a speed of about 7 mpm. 

Table 3.3 shows representative cloud diameters  at various altitudes for detonations 
of multimegaton yields. The values given in this table a re  not those measured on any 
particular shot but a r e  average values for the six shots  in which this project participated. 
The average dose r a t e s ,  shown in  r per minute in the table, are likewise based on the 
resu l t s  of the twenty-six penetrations made a t  altitudes of from 30,000 to 50,000 feet. on 
the six shots. These average radiation dose r a t e s  have been adjusted to 100-percent- 
fission yield. The transit dose,  expressed in r ,  is based on the average cloud diameter 
shoun in the table, the average dose rate  show1 in the table, and an aircraf t  speed of 
i mpm. 

The 

I t  should be noted that a l l  the shots during t h i s  operation were under a high tropo- 
pause (abotit 50.000 to 55,000 feet) .  
project on cloud size and height for multimegaton-yield devices in an area where the 
tropopause occurs at a lower altitude. It i s  the feeling of the authors that the clouds 
resulting f rom devices of 0.5 hlt o r  larger  yields would spread out little beneath the 
tropopause and that a large portion of the cloud would push on through the tropopause. 

The information shown in Table 3.3 is based on a time of 20 minutes a f te r  a water- 
surface detonation. Assuming a decay rate  in the cloud of t - ’ ” ,  the average dose rate  
a t  1 0  minutes after detonation would be about three t imes that s h o w  in this table. A t  
40 minutes the average dose rate  would be about a third of the value shorn. Figure 3.3 
shows the comparative size,  a t  various altitudes, of the radioactive clouds at 20 minutes 

KO scientific inforrnation was  available to this 
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Assumptions: (1) 100-percent-fission-yield detonation; (2) aircrrft s p e d  ol 420 knot&) 
tropopause at 55,000 feet; and (4) water-surface or air burst. L 

Yield Weld 
Cloud Radaatlon Trmri t  Cloud ' Radlatlon Translt 

Diameter Doae Rate  Dore Dlameter D o e  Rate Dose 

milei r/min r miles r/min r 

e ' > : W  _.. .; 5 0.5 0.4 I 0.5 0.5 
-.. ---; &tS 7 0.8 0.a 10 0.8 1.2 

I *< 8"-* 10 2.5 4 15 2.5 5 

15 12 25 20 8 25 
20 10 30 35 15 1 5  - - 55 0 - 40 - 

I 

after detonation for devices. 
Considering TabG 3.3 and Figure 3.3, it may be concluded that cne may fly through 

the cloud from any yield 100-percent-fission weapon in a high-performance aircraf t  at 
an altitude of 45,000 feet at 20 minutes after detonation for an expected radiation dose 
of 2 5  r. Under the s a m e  conditions, one may fly through the cloud (stem) at 30,000 to 
40,000 feet as ear ly  as 10 minutes after detonation for a radiation dose of 1 5  r o r  less. 

TABLE 3.3 AVERAGE RADIATION DOSE RATE m DIAMETER OF. AND RADIATION 
DOSAGE IN TRANSIT OF, RADIOACTIVE CLOUDS FROM MEGATON-YIELD 

3.6 C Oh'TAhllKATIOK FACTOR 

The contirr,ination factor was defined and discussed in Seclion 2.3.9. \'slues given 
in Table 3 . 1  a r e  f rom computations made using each of the methods of calculation 
which u e r e  described. 
0.6 = 0.2 percent per  minute. Both methods of ca!culation gave about the same value. 
With a contamination factor of this magnitude. a return to base flight of several  hours  
duration a f t e r  an ear ly  penetration of a radioactive cloud would result in a radiation 
dose to the crew,  during the i e t u r n  flight, of about 2 5  percent of the total dose. 
extreme1J- high contamination factor computed for a penetration of the Shot Apache 
cloud at 20.00C1 feet is discussed i n  Section 3.8. 

The Contamination factor f o r  any particular t?pe of a i rcraf t  is a function of the d i s -  
tance betneen the c r e u  compartment and the residual contamination on the aircraf t .  In 
general, the engines a r e  the  most  highly contaminated pm-tion of the a i r c ra f t  after flight 
through a radioactive cloud. Project 2.6 of Operatior. Teapot measured contamination 
factors on several  different types of a i rcraf t  and concluded t h e  contamination factor to 
be higher fo r  those a i r c ra f t  lvhere rhe c r e u  compartment was close to t h e  engine or en- 
gines (see Reference E). 

The average contamination factor for  B-57B aircraf t  is 

One 

3 . 7  DECAY OF COST.AhIIKATIOS OS THE AIRCRAFT 

The two methods used to measure the rate of decay of gamma radiation in the cockpit 
because of contamination on the a i r c r a f t  gave essentiali). s imilar  r e su l t s ,  as ehown in 
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Table 3.1. The average slope of the line expressing the decay rate of gamma radiation 
with respect to t ime af ter  detonation for five of the six shots was - 1.6 f 0.4. This wu 
in close agreement with the gamma-decay rates found on Contaminated aircraft in Opera- 
tion Greenhouse (Reference 1).i . -  

3.8 CONDITIONS OF FLIGHT WITHIN THE RADIOACTIVE CLOUD i! 
5 
[ 

E _J 

An observation of importance made on every penetration was the characterist ic 
brick-red color inside the cloud. This indicates that for  daylight penetrations there cy==<; a visual characterist ic which distlnguishes the cloud result ing from a nuclear detona- 

Figure 3.3 Approximate diameters (in miles) of radioactive clouds from 
and 
detonation. 

weapons at variou! altitudes (in thousands of feet) a t  20 minutes after 

tion from any other type of cloud formation. This brick-red coloration is due to the 
formation of oxides of nitrogen in the atmosphere. 

one penetrations on the first five shots. 
by each of five pilots making the six penetrations on Shot Navajo. The time and altitude 
of penetrations on Shot Navajo were not markedly different f rom those used on an) of the 
other five shots. The turbu- 
lence in the Shot Navajo cloud was a short ,  bumpy type and did not endanger control of 
the a i r c ra f t ,  according to the pilots. The turbulence was not as great  a s  that encoun- 
tered in  cumulus build-ups in the southwestern Cnited States. 
opinion of the pilots making the Shot Navajo penetrations that turbulence would not be a 
seriously deterrent factor in making a penetration of such a cloud a s  early as  10 to 15  
minutes after detonation. 

existing at  the t ime of the Shot Savajo detonation and the turbulent conditlons in the 
cloud. 

Slight to no turbulence was reported by all  of the pilots who made a total of twenty- 
Moderate to severe turbulence was reported 

KO apparent explanation is available for this discrepancy. 

I t  was the unanimous 

It is felt that some relationship may possibly exist between the weather conditions 

High cumulus build-ups were prevalent in the area at  the time of and subsequent I 
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. .  
to the detonation. However, no turbulence was experienced just  outside the radioactive 
cloud during the penetration flights. 
’ 

detonations. Evidently the radioactive cloud was warmer than the surrounding air and 
was saturated with moisture carr ied up from the surface. This  was also suggested by 
the moisture clouds which formed around the radioactive cloud after these detonations. 
Uhen the relatively cold aircraft fl ies into the warmer  saturated radioactive cloud, 
moisture condenses and freezes on the aircraft .  From 30,000 to  45,000 feet, this icing 
caused no problem with these aircraft .  However, a t  50.000,feet. near  the maximum 
altitude capability of these aircraf t ,  this icing was sufficienll to resul t  in overheating of 
the jet engines and made it necessary to reduce pawer and descend after only a couple 
of minutes in the cloud. It is not known whether this Icing condition would exist  i n  the 
cloud from a land surface or air detonation. 

was made at 20,000 feet ,  53 minutes after detonation. The maximum dose rate in the 
cloud. as measured by the P meter ,  was 0.4 r per minute; the time in the cloud w a s  20 
seconds. There was a large amount of moisture and mud present in the s tem of the cloud 
at this altitude. The leading edges of the aircraft became covered with a visible muddy 
contamination, which was sufficiently dense on the forward part of the windshield and 
canopy to obstruct good vision for the pilot. At cloud-exit time the dose rate in the 
cockpit. because of contamination adhering to the a i r c ra f t ,  was equal to the maximum 
dose r a t e  experienced inside the cloud. The contamination factor on the a i r c ra f t  for 
this penetration w a s  calculated to be 300 percent per minute. This was possible, since 
so much contamination stuck to the aircraf t  during the brief time it  was in the cloud. 

The aircraf t  was flown through a rain shower about 20 minutes after exit f rom the 
radioactive cloud, and the contamination on the aircraft was reduced by a factor of three. 
L’lsibility through the nindshield returned to normal. 
flight was 99 percent of the total mission dose for this  penetration. 

of the cloud f rom a water-surface detonation. A penetration made at  an ear ly  t ime, 
where the dose rate  in the cockpit af ter  exit-from the cloud might be quite high, could 
result i n  a large mission dose, even though the a i r c ra f t  was in the cloud for a very short  
time. I t  can also be noted that flying through a rain shower a s  soon as possible after 
cloud exit i s  an effective means of reducing the dosage received on the total mission. 

Icing was encountered in several  of the penetrations of clouds from water-surface 

A penetration of the s tem of the cloud from the Shot Apache (water surface) deionation 

The dosage received on the return 

The results of this penetration point out the inadvisability of flying through the stem 

3.9 E F F E C T I V E S E S S  OF IKSTRU>lESTATIOS 

Xot all of the instrumentation installed in the a i r c ra f t  operated satisfactorily on 
every flight. However, in no case did an a i r c ra f t  penetrate the cloud uithout sufficient 
instrumentation functioning properly to provide the necessary data to satisfy the objec- 
t ives  of t h i s  project. Film methods were 100 percent _ _  ~ s u ~ c e s s f u l  in measuring the total 
dose received by the a,&eu on the  mission. The photopanel functioned on every pene- 
tration, \wit, good pictures resulting from each instrument. 
Set the camera  speed on the “ s l o u ”  position. resulting i n  one picture every 20 seconds 
while i n  the cloud, instead of the desired rate of three pictures per second. 

The automatic recording instruments were designed to measure radiation rates up 
10 2,000 r:’hr. On penetrations where the dose ra tes  were quite low, continuous data 
were not obtained on the return flight. In these cases  the total mission dose was always 
less than 2 r. The P meter  failed to function on only two of the flights. Thus,  satisfac- 
tory operation of this instrument w a s  obtained in more than 90 percent of the flights. On 

On one penetration the  pilot 
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the two occasions where the P meter failed to function, the f a k t  ,was in the method of 
installation and not in the instrument itself. 

Some trouble was experienced with the Bioscel and Sigmatron. Both these instru- 
ments were battery powered. Even with frequent checks of the battery voltages, satis- 
factory performance was obtained only about 75 percent of the time. Zero drift was 
especially troublesome i n  the Bioscel, leading to poor resul ts  at low dose rates .  The 
Sigmatron was designed to measure up to 25 r on the low range. Tota1,dosages smaller  
than 1 r were not reliably indicated by this instrument. 

F i lm measurements were considered to be accurate to i 20 percent. Measurements 
made with the T1B were considered accurate to 1 5  percent. 
and Sigmatron were accurate to t 20 percent when exposed to Go". 

of two higher than film badges. 
low energy gamma radiation were thought to be the reasons for thipdiscrepancy. How- 

The  P meter ,  Bioscel, 

As pointed out in Section 3.3,  the P meter  gave readings which were about a factor 
Greater  sensitivity and response of this instrument to 

TABLE 3.4 THE RELATIVE SEXSITIVITIES OF RADIATIOh' 
MEASURING INSTRUMENTS AS A FUNCTION 
OF X- AXD GAMMA RAY ENERGY 

I: 

-. 

r .a 
Values given are normalized to the response of the P meter a t  1,250 kev. - :.  _ -  & 

6 
L I. - _  Energ? P meter  Bioscel Sigmatron Dupont 502 Film 

kev 

35 0.2 0.9 Kone <0 .1  
69 0.7 1 .-i 1.0 0.4 

118 0.9 1.3 0.9 0.8 
169 0.6 1.1 1.2 0.9 

215 0.6 I .2 1.3 
660 0.8 1.2 1.0 

1.250 1.0 1.1 1.0 

1.0 
1.0 
1.0 

el-er ,  a s e r i e s  of tes ts  carr ied out at the Kational Bureau of Standards subsequent to 
the operation have s h o w  that this w a s  not the case. 

from 36 kev to 1,250 kev. 
The data were normalized to the response of the P meter  to gamma rays of 1,250 kev 
energy (Co"). 
9. 
ect .  From Table 3 , 4  i t  can be seen that the sensitivltles of the P meter  and the fi lm 
% e r e  nearly the same. 
crepancy betueen the measurements taken by the two devices. 

properly compensated for  temperature changes. Decreasing temperature caused an 
increase in probe current ourput, i .e. ,  a higher readmg. This increase i n  output 
varied f rom probe to probe but was found to amount to a factor of 1.5 to 2.0 a t  -5OC. 

The P meter and Bioscel were exposed to X- and gamma raJ-s of effective energies 
Table 3.4 1s a compilation of the results of these exposures. 

The values fo r  Dupont 502 photographic film were taken f rom Reference 
This emulsion u a s  the component of the KBS film badge which was used i n  thls proj- 

Differences i n  sensitivity. then, could not account for the dis- 

A temperature test  revealed that the scintillation probe on the P meter w a s  im- 

1 
s4 1 



An actual fllght with the instrument produced a curve which gradually drifted upward. 
This flight was made at Kirtland Air  Force Base. It simulated an actual cloud pene- 
tration, insofar as rate of c l imb and altitude were concerned. At maximum altitude 
the outside a i r  temperature was between -45  and -5OC. A 10 mc Co" radiatlon source 
was affixed to the front of the probe and a continuous record was made of the dose rate  
from engine start to landing. The record showed an increase of 1.6 rimes the init ial '  
reading. This temperature dependence was undoubtedly the cause of the discrepancy 
between the P meter  and NBS fi lm dosimeters.  

During the Operation the Bioscel and Sigmatron read 15 percent and 25 percent higher, 
respectively, than did the film dosimeters.  Reference to Table 3.4 indicates that the en- 
hanced response of these two devices to lower energy radiation likely accounted for  the 
differences. 

The flight instruments installed in the photopanel functioned properly on each flight. 

. 

-. . kdicated altitudes were considered to be co r rec t  to t 500 feet. Times of penetration ~s: wed accurate to the nearest  minute. --me accelerometer  installed in the photopanel was not considered to be rellable LIL 
. .givldg indications of turbulence in flight. The maximum and minimum needles vibrated _ _  to= limit of the i r  movement on takeoff. Photographic record6 were available of the 

fluctuations within the cloud but could not be correlated with the verbal repor t s  
.;.n€& - .  pilots concerning conditions Ef flight within the cloud. 

-:- - 

-- - 
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Cbopter 4 
CONCLUSIONS and RECOMMENDA TIONS 

4.1 CONCLUSIONS 

Twenty-seven penetrations of six radioactive clouds from detona- 
tions were made a t  t imes ranging from 20 to 78 minutes after2etonation and at sltitudes 
ranging from 20,000 to 50,000 feet. Suteen of these penetrations were ear l ie r  than 45 
minutes after detonation. a n d  seven were ear l ie r  than 30 minutes: All penetrations made 
earlier than 45 minutes were bore-throughs in which the aircraf t  completely traversed I 

the cloud from one side to the other at the penetrating altitude. Penetrations were made 
through clouds from air, land-surface, and water-surface detonations. Mawirnum dose . 

rates as  high as 800 r f h r  were encountered in same of the ear ly  penetrations. and sev- 

Data collected on these nights and in conjunction with past  studies of conditions prc-  
vailing within clouds from nuclear detonations warrant a number of conclusions regard- 
ing the feasibility of flying through such clouds at relatively ear ly  t imes after detonation. 

The average and maximum external gamma-radiation dose ra tes  in the mushroom of 
the cloud from nuclear detonations are dependent on the penetration time and the fission- 
to-total-yield ratio of the detonation and are independent of the yield of the detonation. 
The average radiation dose rate  in.the mushroom of the cloud from a 100-percent-fission- 
yield detonation a s  a function of time from 3 to 80 minutes after detonation is given by the 
equation: 

- - era1 flights yielded total radiation doses to the c rew of approximately 1 5  r. - 
~ - 

U3ere:  b = average dose rate, r / h r  

t = time after detonation, minutes 

This average dose r a t e ,  E, may vary by as much a s  a factor of two f o r  any given pene- 
tration. 

Beyond 1 hour af ter  detonation, when the mushroom begins to he dispersed by the 
winds, a more-rapid decay of the radiation dose ra te  in the cloud is noted in which the 
slope may be a s  great a s - 3  or  - 4 .  

The radiation dose rate in the stem beneath the mushroom of clouds from water- 
surface or  a i r  detonations is l e s s  by a factor of five to ten than in the mushroom itself. 

In clouds from detonations i n  which the fission yield is l e s s  than 100 percent of the 
total yield.  the radiation dose rate IS reduced hy a factor proportional to the ratio of 
the fission yield to the total yield. 

The accumulated radiation dose that one receives in t ransi t  through the cloud is a 
function of two primary factors:  (1) the radiation dose rate  in the cloud (related to t ime 
af ter  detonation, IO the ratio of the fission yield to the total yield, and to the portion of 
the cloud through which transit  is made, i. e . ,  s tem or mushroom); and  (2) the length of 
time spent within the cloud as determined by the speed of the alrcraft  and  the horizontal 
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dimension of the cloud at the altitude of penetration. The diameter's of the stem and 
mushroom increase somewhat with greater yields. 

Considering all these factors. two generalizations. substantiated by the penetrations 
actually flown. may be made: (1) with the tropopause at 55,000 feet, one may fly through 
the  cloud from any yield for a 100-percent-fission weapon in a high-performance aircraf t  
at an altitude of 45,000 feet at 20 minutes a f te r  detonation for an expected radiation dose 
of 25 r; (2) with the same height tropopause, one may fly through the cloud (stem) from 
any 100-percent-fission weapon at 30,000 feet a s  ear ly  as 10 minutes after detonation for  
a radiation dose of the same magnitude. 

Moderate to severe bumpy turbulence was encountered in one of the clouds penetrated 
at times of 22 to 40 minutes a f t e r  detonation. Slight to no turbulence was encountered in 
the other clouds penetrated during a s imilar  t ime range. Turbulence was not a problem 
in any oI these penetrations, and it w a s  considered not likely to  be a ser ious problem in 
a penetration a s  ear ly  as 10 minutes after detonation. 

Icing was  encounwred in some of the penetrations but caused no difficulty, except 
in the case of two a i rc raf t  penetrating a cloud from a water-surface detonation at the 
maximum altitude of 50,000 feet. This k i n g  forced the pilots of these aircraft to re- 
duce power on the jet engines in  order  ta avoid overheating. 

t 0.2 percent per  minute in penetrations of clouds from a i r ,  land-surface, and water- 
surface detonations. This factor enables one to es t imate  that portion of the total dose 

: received uhich is accrued during the flight back to base after exit from the radioactive 
cloud. In the penetrations made for this project, the return flight took about 50 minutes, 
and the come-home dose averaged about 15 percent of the total. On return flights of 2 
to 3 hours duration in t h i s  a i rcraf t  the come-home dose would be no more than 25 per-  
cent of the total dose for early penelrations of the-cloud. 

In summary,  the radiation hazard i n  clouds from nuclear weapons denies to a i rcraf t  
in wartime only a small volume of sb for a short  period of time after detonation. 

4.2 R E  C 03IAIESD.ATIOTS 

f 
! 

I 
I 
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The contamination factor on the 8 - 5 7 8  aircraf t ,  as defined herein. averaged 0.6 
3i 
%!ti = 

4 

The information presented above should be used by flying operational commands in 

KO consideration should be given to the use of fi l ters i n  aircraft a i r  intake systems 
planning their defensive and offensive wartime missions. 

for  purposes of res t r ic t ing entrance of fission-product cloud particles into the crew 
compartment inasmuch as  the hazard to flight personnel from this source has been 

I proved to be insignifdcant. 



Pilo1.s name,  rank, m d  AFSN: 

Home s t a t i o n  Blytheville AFB. Arkansas  

Technical observer:  None 

Shot: Dakota T ime  and date  of shot: 0606. 26 Jun 56 

T l m e  of penetrat ion H + 42 minutes 

Type of penetrat ion Bore-through 

Indicated altitude of penetrat ion 49,500 feet  

Pilot's observations: 
a. Estimated t ime in cloud: 180 seconds 
b. Highest dose r a t e  in cloud: 350 r/hr 
c. Dose r a t e  at cloud exit: 2 r / h r  
d. Integrated dose nt cloud exlt: 11 r 
e. Degree of turbulence in c loud  None 

A/C Number: 527 

Time of exit  of c r e w  from a i r c ra f t  af ter  landing: 0134  (H+ 88 minuter)  

Instrument data: 
1. Dose r a t e  in cockpit at t ime of c r e w  exit as inmcated by: 

a .  Bioscel me te r  in cockpit: 1 r/br (+E8 minuter) 
b. 
c. T l B  in observer 's  s e k  622 m r ' h r  (t 90 minutesi 

2. Total integrated radiation dose received on misston a s  indicated by: 
a. P meter :  11.5 r 
b. Bioscel inphotopanel: E.? r 
c .  Sigmatron i n  photopanel. 9.5 r 
1. SIgmatron rn cockpit: 10 r 
e. Quartz-fiber dosimeters :  8 r 
1. KBS film packs (1) Kose compartment:  8 .25  r 

T1B rn pilot's seat '  400 mr 'hr  ( -  90 minutes) 

( 2 )  Pilot's compartmenv 6.67 r 
(3) Observer 's  compartment:  7.36 r 

g. Rad-Safe film badge: 7.55 r 
3. Time in cloud as indicated by: 

a.  P meter :  165 seconds 
b. Biascel i n  photopanel: 165 seconds 
c. Alarher light in photopanel: 153 seconds 
d. Pilot 5 estimate:  16L' seconds 
Integraied dose recelved ~n cloud as indicated by. 

a. P meter:  10 r 
b. B.oscel in photopanet 7 . 5  r 
c .  S!grrdtron !n phompanel: 7 . 5  r 
d. Slgm3tron i n  cockpit: 6 r 
Intejrated dose an re turn flight a s  indicated by: 

a. P meier:  1 i r 
b. Bioscel m photopanel: 1.3 r 
c. Sigmairon Ln phoropanei: 2.0 r 
d. T I B  readings i n  cockpit extrapolated t o  cloud-ex~r t ime 

and then integrated: 0.76 r 
6. Maximum dose r a t e  in cloud as indicated by: 

4.  

5 .  

I 
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a. P meter :  400 r/hr 
b. Bioscel in photopanel: 300 r h r  
c. Bioscel in cockpit (reported verbally to director):  350 r / h r  

7 .  Average dose r a t e  In cloud as indicated by: 
a. Pmeter: 200r/hr 
b. Bioscel in photopanel: 146 r/hr 
C. Sigmairon rn photopanel: 116 r.hr 
d. Sigmairon in cockpik 220 r ' h r  
e. XES fllm packs: 114 r/hr 

8. Dose rate  at cloud exzt as indicated by: 
a. P meter: 2.9 r 'hr 
b. B~oscel in photopanel: Too low to indicate accurately 
c. Biorcel in cockp,t (reported verbally to director): 2 r h  
d. TIE readings extrapolated to cloud-exit time: 1.8 r / h r  

9. D e c a j  r a t e  of Contamination on aircraft  as indicated by: 
8. P meter:  -1.8 
b. T I S  readings: -1 .5 

10. Contamination factor computed from: 
a. P meter  data: 0.5 pct per minute 
b. X 0 S  f i lm pack data and 118 data: 0.5 pet p r  mmute 

I 



Appendix B 
7YPICAL PLOT of P Mf TER and 0lOSCEL DATA 

Shot: Dakola Time: 0606, 26 June 1956 

A/C Number: 21527 

P meter Bioscel - - 
Time in radiation cloud 185 seconds 185 seconds 
Total dose in cloud 10 r 7.5 r 
Maximum dose rate 400 r /hr  300 r/hr 
Average dose r i t e  200 r/hr 146 r/hr 
Come-home dose 1.5 r 1.3 r 
Total mission dose 11.5 r 8.8 r 
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Appendix C 

EVAL UATION of INTERNAL RADIATION HAZARD 

uhis a p p n d i x  contains the r e su l t s  of an inyestigation 
of ihe m e m a l  radiation hazard to which the pr -sonnel 
of Project 2.66 mere sublected during the course of 
Operation Redwing. It is le11 that these r e su l t s  a r e  of 
sufficient importance to be publashed a s  a pa r t  of the 
final report  for the project.  Since this  investigation 
was not a p a r t  o l  Pro jec t  2.66 as 11 u 3 s  proposed, and 
smce it  cannot easi ly  be fitted into the Project  2.66 
report ,  it is reported separately i n  this append=. 

C . l  OBJECTIVE 

Uhenever human beings a r e  exposed to fission- 
pioduct Contamination the question a r i s e s  as to the 
relative hazards  o i  external radiation exposurz and 
internal rad,ation exposure f rom inhaled and ingested 
mater ia l . ,  A n  evaluation of these two hazards is of 
great  stgnif=ance and ~ m p o r u n c e  to the U. S. Air  
FoTre inasmuch as 11 u11: affect the  d e s q n  of a r c r a f t  
pressurization sys t ems  and a i r c r e s  protecti\'e equip- 
Ten t .  

A l t h o u ~ h  a conrlderable amount of experimentation 
ac been dom n 1 1 h  smdil animals  which -ere f .osn 

I $ '  rougn nuclear clouis. the earl! c loud-psnetrat i~n 
prolect of Oper i t i on  Redump: was the first Instance in 
uhich humans .<err . ~ t u - i e d  :E a s imi l a r  SLfuation. 

C.2 BACSGROYXD ASD THEORY 

S e i e r a l  iheoretical  studies have given s o m e  atten- 
t ion to the possible hazard result ing from the Inhalation 
o i  f~ssmr. pl-o?bcrs dLring llignl through nuclear clouds. 
T a a  of these (References 5 and 6 )  have concluded that 
ihc h 3 z a r 2  I E  r.ee1igib.e. 

gathered ourme Ope~-s!iar. G r e e n h d s e .  These dara 
3 : e  i e p ~ i t e c  ~n R r i e r r n r c  lc,. I n  these  rrperiments 
m ~ e  nrrt  1 h : l n  rhmugz rnr s i e m . ~  ri  a t c , m ~ c  clouds 
I: i iei.-ien:1.3iec c q e r  UT crone d i i c : i l t  

r e ~ i . . ~ ~ . :  e\w?na: ~ a c : ~ z i . ~ n  m 6 e s  r3ng:ng from a neg- 
1i:'hie q imi ; iv  up tci Zi80 1. a s  measuieo 5! iilm-pack 
3r.d th!mJc-he:gQ!-lo:s ni.?tnous. 

Thy ei;iil31hcr a i  the TPS:U!IL \ \as  comollcated b' a 
h i g c  a n - . r , ~ ,  111 :nzi .srcd ~ c : t o t \  as a 1.esu11 of the 
n i i ~ r  : , . k ; r i ~  rhe i i  coc :~m. in i tec  fur .  
cena1nt( in :he magn~tuor  of ihis uptahe b\ ~ngesl ion,  
the total  3mou~:  01 fisslon p r o ~ u c t s  found ~ n s i o e  [he 
m ~ c e  so small  as  t ~ .  Indicale i t a t  the hazard f rom 
InrernAl expasure 1 ~ 3 s  neF!Igibie ~ t t h  respect  to the 
externai p3mma radl3:iOL oose 

The ill-st expe:.!rrental d r ~ z  on t h i s  p a i n t  Uere 

The mice 

i n  sF:tr of the Un- 

In  v)en of the uncertarnties introduced b? the d e -  
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terminate  amount of ingested activity i n  the above ex-  
periment  as well as the dilficulty In lhe extrapolation 
of r e su l t s  l rom mouse IO man. studies were made 
during Operation Upshot-Knothole using mice and 
monkeys. The r e su l t s  of these s tudies  a r e  given in  
Reference 2. 

The animals  were  placed in drone a i r c ra f t  and 
flown through the mushroom of the clouda from two 
detonations. 
f r o m  the inhalation of fiasion products  and unfissioned 
Puz" and U"' during cloud passage appeared IO be en- 
t irely insignificant compared to the external  gamma 
dose. The r a t io  of the lnternnl & external  radiation 
hazard was h u t  one to one hundred and was predicted 
to be independent of weapon yield. 

The development of the whole-body radiation coun- 
t e r  a t  Los Alamos Scientific Laboratory (LASL) (Refer-  
ence 11) provided a powerful new tool for the evaluation 
of radiation emanating Irom human beings. 
fore decided to make extensive investigation of the  con- 
tamination encountered by the flight c r e w s  of the ea r ly  
cloud-penetration prolect in Operation Redwing. These 
c r c ~ s  ~ o u l d  be the f i r s t  human beings exposed to the 
clouc from megaton detonations a t  ear ly  t imes  af ter  
detonauon. The operational detai ls  of these cloud 
penetrations can be lound an Chapter 2 of the m31n body 
of this report .  

C.3 PRDCEDL-RE 

The internal radiation hazard result ing 

It was there-  

The techniques used for  the evaluation 01 the i n -  
iernal and external contamination of human beings 
included both counting in the whole-body counter and 
the ana l l s i s  of ?;-hour urine samples .  

Beloore hls departure  for the Enrxetok Proving 
Ground (EPC,.  each man was sent t o  Los Alamos for  
counting i n  the hilman counter. These counts  e511b- 
lished a baseline to \\hich the la ter  post-penetrs!ion 
counts could be compared. A ?:-hour u r m  sample 
srds a l x  c ~ l l r c l e d  a t  this t ime,  

seten penetrations of  the clouds from five nuclear 
detonations in the  megaton range. These penen'atians 
sei-e made ai t imes f rom 20 to 79  minutes af ter  aeto- 
nation 3nd at altitudes of from 20,000 t o  ~ ~ I . ( , U P  leet. 
The a i r c ra f t  were B-SiB' s .  KO special  fhltrrs uere 
installed in the cockpit p r e s w r i z a t m n  qstern. The 
prlots and technical obse rve r s  were given free chojce 
of the setting of their  oxygen controls. 

during the 24-hour period immedrately followmg hlS 

These pilots and obse rve r s  participated i n  tuenl? - 

A second urine sample was collected from each man 



penetration flight. These  samples  were  flown to Lo6 
AIamos for  evaluation on the f i r s t  available sample 
return flight. 

Upon h16 return to the United States  each man again 
went to Loa Alamos for a second counting in the whole- 

111 the  medium-lived fission products which might pose 
M internal hazard emi t  a gamma ray of sufficient en- 
erw to be recorded on thc K'' channel. the Cs"' channel 
may be ignored In an a s s e r ~ m e n t  of the internal hazard. 

c b e l  before departure  The  me- value f o r  tbe 

rABLE C.l  RESCLTS OF MEASL'REMESTS IS  HUhlAS COL'NTER 

This  table r eco rds  the data obtained on the high e n e r m  (K") channel.' 

Column 1 Column 2 Column 3 Column 4 

Name Before After  Difference 

d i s / sec  
S h o t  C h e r o k e e :  

480 
465 
475 

S h o t  Z u n i :  

665 
545 
640 

S h o t  F l a t n e a a :  

490 
495 
460 

C h o r  A n a c h e :  

490 
550 
490 
435 
450 
430 
510 

S h o t  N a v a j o :  

470  
430 
420 
375 

4 9 0  f 50 Grand Mean \alucs 

d i s / sec  drs /sec 

505 25 . 
455 - 1 0  
440 -35  

1 7 5  110 
585 40 
590 - 50 

600 110 
595 100 

1.050 5 7 0  

85C' 400 
3 .050  2,500 

640 150 
a30 3 5 5  

1.450 l.O@(i 
2 . 5 3 7  : , loo  
1,710 1.20li 

bod, counter This second t r i p  to Los  Alamos occi;rred lor m e  EPG was 45C' = 50  dbs sec.  The m r i r  \ . i . u i  
about 5 IC, 10 da?. af ter  the pent ; raaon illghr. 

C.4 RESCLTF ASD DISCL~SSlOS 

afte? return i w m  the EPG $(as 6@ii I 1181, 01s sec. 
Thus. 11 car. be seen rhar the increase in hard p m m 3  
emar,ation i rom rhe ent i re  e r o u ~  a\eraee.: 1111 C I S  S ? C  

C.4.1 Hum.% Counter. The uhole-body Counter is 
a scintillation co,mrer which IS capable 0: aetectlng 
the gamma radiation emlttea b? the human bod?. These 
radiations are separated into tho energ\. groups. The 
loxer energ\ group IS ncmlnall!. attributed to Cs'". 
=ni le  rhe hlgher energ! group 1s attrtbuted to  K". The 
results of these counts are given m Table C.l .  Since 

" .  
A value of 210 dts  s ec  anounrs  to on:! n.C 'M v~ 01 
radioacure materia!. A s  u i l l  be seen i i l e i ,  T h i s  I S  

a who::? mrignificani amount.  
Oi perhaps more interest  and significance Has IW 

comparison of individual values before and aher pene- 
tration flights. Reierence to Column 4 of Tabie C - 1  
shows that the K'' e x c e s s  was near  the total group 
mean for all men except those who penetrared the 9 3 '  

! 



Apache cloud. In fact ,  some  showed l e s s  activity o n  
their return than before.  

Four of the individuals who penetrated the Shot 
Apache cloud showed hard gamma-excessAounts  of 
1,000 d t s i s e c  or  more .  T h e y  four w e r e  

external  gamma exposure is fair, but t k r e  is P large 
variation in  count for individuals having near ly  the 
s a m e  external  exposure.  Figure C . l  is a plot of the 
excess  count as a function of external exposure.  i t  
can be seen that f ive individuals har ina external  expo- 

A mol-e thorough 

$L.* 

. 
- 

- 
.4 

* 
- - .. . 

Y 

- i  1 I 

Ellern01 GommD DolC ,  Roenlgin 

Figure C 1 Increase Ln uhole-bod? gamma acilvhty a s  a 
fwc: )on  o! extcrr.d gzmma dose. 

c>-! . sz i  C C U I I I :  I ! U J \  az i i  pe r fn rmed  on sjie f r o m  13 r IC 16 r had 
3. a: .A:~ar . f ie  sdtaona. 1PbC:P:orIeS. 'I nls to ?,Sur' dir  sec. This 1s not surpr : smg ~n \ I ~ U  01 the 
F:& inc ica~e . !  ~ t , ?  p r c e c n ; t  of se~e1-a.1 intermediate- f ~ c l  thal 31 least some a! the con tam~na tmn  \ \ \as Imr,am 
; . \eb  f J > : ) c m  ~ I ~ ~ L I I I  le. E . ,  C?"'. Tell:, 1'". t o  be external.  A t  leas1 i he re  were no ~ n , e r s ~ o n i  and 
e l c . ,  unict ,  %ere en t h e  ex lema!  sl;r!ace of the boar. those having l i t t l e  external gamma exposure showed 
The g:r.~lcs: ~ o n ~ r r i l ' ; r i ~ ~ n  ,<as in rhc hair  01 tne hedd. 1 ~ 1 e  or no excess )i'O count. 

T n i i  fact  ii-,..b s;gges? that t h e  r i n t i m m a u n g  event The preceding paragraphs imply that the human 
U B E  3 pel-lou a! fal:obi r a the r  tha? cloud penetrat>on. counter measures  total external and internal contaml- 
0 0 t h  nailon from gamma eml l t e r s .  Thss I S ,  tn fact ,  the 
t techs afz?!. case.  The builders a! the counter constder i t  accurate 
Stairs.  L nfor tuna te l , .  nc, s i m l i a r  S ~ L C I ?  uas  made on to i 50 percent for  this application. The concIus~on 

, but the prss ib i i i t?  of externai  con- that can be d r a m  from the data presented in Table C.1 
r a n i n a t i o n  e x k s t ~  and c m n 3 1  be ruled out. IS that even If all the activity were internal.  the bod? 

burden of those gamma emi t t e r s  I S  negligible. 

excecses or f r o m  i o n  

uerr at the EPC for sewral  
h a d  re turned IO the Cniied 

The correlation of uhole-body K'' excess count with The 
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maximum amount observed was leso thvl 0.07 uc. 
None of the gamma-emitt ing f iss ion products except 
I l l i  have maximum permissible  body burdens of less 
than 5 wc, while most a r e  100 #c  or  more.  
mum pe rmis s ib l e  body burden for  1"' is 0.3 wc. The 
g rea t e s t  observed activity was l e s s  than one fourth of 
this. 
one half life fo r  Ii3' .  

The maxi- 

All the counts were made within the p r r o d  of 
Thus,  if a l l  the  activity were due 

the time of the vis i t  to the human counter and after 
cloud penetration were also counted in the human coun- 
ter. The results of these are shown in Table C.2. In 
w caae waa there any signif icmt amount 01 acttvity. 
Therefore .  the deg ree  of lnternal contamination wll 
be Judged from the bctn activity. 

which were collected immediately af ter  the penetra- 
B e t a  A c t i v i t y .  The 24-hour urhne samples  

TABLE C.2 GAMhIA ACTIVITY I N  URINE AS MEASURED I N  
HUMAN COUNTER (K" CHANNEL) 

Column 1 Column 2 Column 3 Column 4 

Difference Name Before After 

S h o t  C h e r o k e e  

(dis / rec) /sample (dis /sec) /sunple  * (die/sec)/sample * 

S h o t  Z u n i :  

S h o t  F l a t h e a d :  

S h o r  A p a c h e :  

S h o t  S a v a j o :  

8 
0 
3 

0 
0 
0 

0 
.@ 

2 
5 
7 
0 
0 
- - 

3 
0 

0 
- 

4 
0 
4 

12 
3 
3 

0 
0 
3 

G 
? 5  
0 

12 
4 

33 
0 

@ 
0 
0 
3 

- Sin.p!es  collected f o r  ?;-hour period. 

10 I"' ,  the bod! bcrden c o u i c  not possib!, be more 
than one hali tne mavimLm p e ) - m s s ~ b l e  amocnt The 
p s s i b i l i r ?  of  internal hazard f rom g a m z a  emirtmg 
Ilsrion producrs 15 therefore conclusivel? elirnmaled 
i n  the case of fl ights throbgh clouds f rom nliclear deto- 
natmn. these categories.  Aliquots of these urine sarxples 

tian llights were meas-red fo r  gross beta a c t i \ i t ? .  1: 
ordei- to establish some so r i  of a bnseiine f o r  norma) 
mdividuals not exposed to radmtton and icr indir.idua!c 
ai the EPG who did not participate ~n cloud peneiralloC 
fl ights,  samples  were also collected from persons I n  

were subjected to gross beta analysis. 
lected a r e  given in Table C.3. 

The data C U I -  
C 4 . 2  Acrivltvir .  L'rine.  G a m m a  A c t ~ v ~ t ? .  

The 24-hour urine samples  which were collected at 

. ' + .  - 



TABLE C.3 BETA ACTIVITY I i i  CRISE SAMPLES I I 
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 I Group, Name. Volume A s h  U1/ Total Counter Total S D e C l i l C  

I External -, Dose 24 hours lo[, ml  9 nct,raty Effxclency 3 Actirit? 9 ACII\-Il?. 

1 0 s  A l a n i o s  E m p l o y e e s :  I 

. ~~~~ 

r ml gram counts/mm pct disimin (dis/min)/ml 

L o  620 1.23 1.591 35.5 4.490 5.47 
'0 1.175 1.4.5 2.162 34.0 6,370 5.42 

2.300 1 0 5  3,036 37.0 6,200 3.56 
760 0.92 1.854 37.5 4.950 6.52 

Group Mean 6,000 I 1.300 5.24 = 0.84 

C h e r o k e e :  

600 1.26 840 35.5 2,370 3.95 

670 1.50 884 33.5 2.640 3.94 
1.050 0.58 724 38.5 1.680 1.79 a ".2 0 . 2  

I Group Mean 2.300 L 280 3.23 = 0.96 

I 
1.2 380 2.81 752 29.5 2.540 6.68 

2.1 810 2.21 1.247 30.0 4,160 5.14 
1.5 950 2.:1 693 3U.O 2,980 3.14 

Group Mean 3,230 2 620 4.95 = 1.23 

A p 3 c t.? 
I 

1.57fl 1.11 4,255 37.0 ii.5na 7.33 
14,s 6 7 0  1.19 5,990 36.5 16,400 24.5 

570 1 2 0  5.461 36.5 14.950 15.4 
< 1  1.26C) 2 . 4 5  2 , 7 7 4  3 C I . C '  9.240 6.8 

1 7  7 6 0  2 . 2 4  1,100 30.0 3.670 4.70 
, -  .a: 

soil 1.62 6.659 31~1.5 ?9.10@ 36.4 
2.lOC' 0.92 3,318 3 7 . 5  6.650 4.21 

Group >lean 13,390 I 5.8@0 14.2 = 9.6 

!, ,I, 2 15 646 3U.G 2.620 3.1: / ,  ... 
1.5 7111 1 55 6 7 5  3C'.(I 2.5111 4.12 

5.5 1 ;IC, 1 7 -  2.143 31.5 6.610 4.$3 
1.1 1.460 0.72 1,625 35.0 4.eoo 3.29 

2 . 6 3 n  161 3.551 32.5 10.900 4.14 .~ . .  
Group hlean 5.650 = 2,550 3.90 = .0.55 
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Column 1 of Table C.3 gives  the name  of each indi- 
wdual. I s  participation, and accumulated external  
gamma dose. 
explanatory and give the data  associated with the count- 
ing procedure.  

excretion 01 ti'G. The authors  of Reference I?  have 
determined the dailJ- u r m e  excretion of potassium to 
be about 3 g rams .  This  IS equivalent to 5,400 beta 
dis'min. Th i s  compares  favorably with the experi-  
mental values for the 1 0 5  Alamos employees r h o  were 
not exposed i o  radiation (6.000 4 1.3001. Column 6 of 
Table C.3 s h o w  the total number of dis/rnln observed 
lo r  a l l  urine samples .  11 will be noted that of the eight 
points which lie above the normal  range,  SUI were Irom 
Shot Apache, one was a "on-penetrating EPG control. 
and  one was an unexposed 10s Alamos employee. The  
seventh Shot Apache participant was well below the nor-  
mal  range. Kearlg all of the other  indirxduals were 
also well below this normal range. 

Since so man). 01 the values for  total beta activity 
lie below the normal  range, 11 was thought that p r h a p s  
loss of potassium through perspiration might account 
for these low values. Reference 13 gives the chemical 
composition of sweat  to be 21 to 126 mg of potassium 
per 100 ml  of s w a t  (cf. 29 to 294  mg of  sodium p e r  
IO0 mil. The m a x i m u n  rate  of s n e a t  production 15 

@ \ e n  a s  17.7 IO 35.2 nil mm. Assuming a paiassium 
concentration of 50 mg 100 ml and a s w a t  production 
01 mi n:in (not  t,nrrasar.nble a t  the EPCl ,  a man 
cou ld  excrete as mu?h as 1 grsri o i  pcrassium in about 
3 ' 1  hc,urs. 

So c z t i  are avalldble on the aCtY3:  amount of p r -  
spiralion produced by the  Individuals under consider- 
1.27 H c v e ~ e r ,  11 s e e m s  reasonable lo expect an 
i m e r ~ e  re.ationship to exis t  betueen urine volume and  
s v e - ~ t  prodJct;on. The re fo re .  the total beta activity cf 
the u r i n e  (Column 6 ,  u 3 s  divided by ihe total urine vol-  
i imr  iCa lu rnn  ?I. This quotient 15 shou-n i n  Column 7 .  

The mear. vaiue far the unexposed Los Alarnos e m -  
ployees b a s  5 . 2  = 0.' l d i s  m i n p m l .  Examination oi 
the aata revea led  i h n r  f i w  of the sexen mdtndua l s  uho 
nere abo\t Ihjs n o r m a l  range z e r e  Shot Apache pa r -  
tbcipanrs. one u z s  a Shot Zuni participani.  and one 
1\35 an unrymse,  Lcs  A13mos conll.ol. A l l  o the r s .  
including tu0 Shsi Apirhe pal-rxcipaats. u e r e  w i t t i n  

Columns 2. S, 4 ,  and 5 a r e  self-  

Almost all beta activity in normal  ur ine i s  f rom the 

cmr 5eii,li the " O l r r B i  r'2n.t. 
T n t r e  15 no ~ c r r e l i t i s n  be i ae rn  urine ac t i \ i t \  ann 

The  t n ~  p:z!s 01 urine acririt! 
eh:e:ti?; earrrr.3 dosr ~ < l . r i  e1:hi.r rncrha? a i  espresrir .g  

1s 3 !un:li ' i~ of  e ~ i ~ : n d :  pin: i r .s  u s s e  are gi!er. ir. F ,g-  
e . . :i\)t! 1s used 

a act ,o t ,  IS e*pre r sec  a 5  a iunc1,cn 
of h s rd  p r . . n : 3  e w e 5 5  cciun:s iron; the human counter  
IG F L F L ~ ~  C.4. Tnere 1s a sdgfrstmn a i  a correiaiion 
belxecr.  : h t  l n D ,  b ~ t  :I ce i laml \  is not a good one. 

The r a d i o a c l i i e  deca! of ie \erai  oi the urine sam-  
ples (11s  fa l loircc.  The apparent radiological hail  
t imes  of the acili- it? in these urine samples  were about 
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4.5 dayr  and 60 days.  Fission products having half 
l ives  nea r  4.5 days are SI**, Z m ,  and Y". Two hav- 
ing half l ives  of about 60 days  are Te"' and Ma". 
is emphasized that these isotopes were not s p c i f i c a l l y  
identified. 

All the urine residues were sent  to the Lamont 
Geophysical Laboratory o i  Columbia Cniverslty to be 
analyzed f o r  Sr". 
bund .  

The samples  were analyzed lo r  plutonium at U S L .  
The r e su l t s  are s h o w  in Table C.4. According to 
Reference 14 the maximum permissible concentration 
of plutonium in ur ine is 3 x lO-'pc/rnl o r  7 (d i s /mml /  
l i ter .  The highest valve observed here  was 0.67 (dis /  
minl/ l i ter .  w h l e  mos t  were much lower. In fact . thesc 
levels a r e  such as arc frequently character is t ic  of PO- 
ple who have had no exposure to plutonium. 

The significance of beta activity In urine can be -* 
summarized as follows: Beta activity in ur ine indicates 
activity within the body and 16 probably a true measu re  
of the amount of internal fission-product contamination 
provided that the sample is not contaminated i rom 
outside sou rce  during its collection. T h s  cantamma*_ . 
tion i s  a r ea l  possibility when the individual o r  his e R -  .- . j 
vironment has been subject to fallout. 

Except for  those individuals who participated in Shot 
Apache, a l l  the beta actrwty was attr ibutable IO t h e  ex- 
cretion of natural  ti". All o the r s  shoued no mernal  
contamination doun to the imi l  of detection. This  hmxt 
Uas about 1 x 10- ' rc  or  2.750 dis  mm. The ncrmal  
dail! ti'D excretion mas abovt 2 
ais mi". 

Apache participants owed their  actirity to external rm- 

tamina!ion, i n i s m u c h  as t u @  oi t h e  men - 
an- were k n o m  to have had consiilrrai~ie 5":- 

fare conidmination on their  bod,,,. In  any e x e n l .  the 
1ete:s observed were too IOU to consiitute M internal 
radiation hazar-d. 

It 

In  no case was any sigmfrcant amount 

I 

-.+ ~ 

% w- , -  

1 0 -  '+c  or 4 , 4 5 0  

11 15 possible that the  urine samples  i rom the Shnl 
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Ealcrnal Gamma Dose, Rocntpen 

Figure C.3 Specific beta ac t iv iv  in urine as  a function of external gamma dose.  
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lncrcose In Acl iv i ly  on K4'Chonnel, dir lsec  

Figure C.4  Speciflc beta activlt?. in urine as a functlon of Increased 
gamma ac t iv iq  as measured i n  human counter. 
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do not exhbi t  internal activily whlch is rignificantly 
different irom the ordinary pcpulntion. 

C.6 RECOMMENDATIONS 

It 16 recommended that no action be d e n  Lo develop 
filters for aircraft pressurization systems nor to devel- 
op derices to protect flight crews from the inhalation of 
fission products. 
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