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tudes began at Beale AFB, California in 1971, Data gathered during the

A study to measure radiation received by SR-71 crews at high alti-

first eighteen months are presented. Radiation was measured by a thermo-
~ luminescent dosimeter provided by the USAF Radiological Health Labora-
tory (AFLC). Forty-seven SR-71 crewmembers flew a total of 7000 hours
(2275 hrs. above 60,000 £t.) in latitudes from 10% to 50°N., Radiation
received by these crews was negligible. The mean dose equivalent rate
for 26 crewmembers who flew a year or longer was 1.04 m-rem/hr, above
60,000 feet. They received an average of 51.9 m~rem per year which is. .
10.1% of the maximum permissible dose for the general population. The
maximum radiation recorded for an individual in a year was 198 m-rem
vhich 1s 39.6% of the MPD for the general population, Radiation received
by crews flying at high altitudes should be acceptable in the absence of
very intense solar activity, The standards for radiation workers, recom-
mended by the International Commisson On Radiation Protection, can be
conservatively applied to military aircrews flying high altitude missions.
Personnel dosimetry should be routinely required because of the unpredict-
able nature of solar flare activity. A real-time warming system is re-

quired to advise crews flying at high altitudes of the occurrence of in-

tense solar flare activity.

i b aran

T wgoct. AR

L

e

”w”.,
-
T
T

........................
..............

PYJRIESRE PNt I IPT Wh" W e YT SRR SRS S



In the spring of 1971 a long term study was begun at Beale Air

Force Base, California for the purpose of defining the radiation hazard

at the operational altitude of the SR-71, by monitoring the immediate
environment of the crew with an accurate personnel dosimeter. Plans ;
are to continue the study for at least one solar cycle if possible ‘g
(10 - 12 yrs.). |

Previous 51'.ud.’tes1"3 suggested that the radiation doses received by

the crew of a Super Sonic Transport (SST) should be acceptable in the
absence of significant solar activity, Data gathered by sampling the
high altitude environment during a number of balloon and aircraft flights,
in addition to satellite experiments, theoretical calculations, and

ground level neutron monitors, support this impression, Hopefully the

preaent study wlll corroborate these early analyses and add to the know-

33{ ledge about radiation in the high altitude environment,

This paper presents data gathered during the first elghteen months

v -

of the study which began April 1, 1971, The SR-71 aircraft and the

medical support of the SR-71 program have been described elsewhere, 5

v .
X
"

MATERIALS AND METHODS

A thermoluminescent dosimeter (TLD) using lithium fluoride as the

' radiation sensor was supplied and calibrated by the USAF Radiological
Health Laboratory (AFILC). The 1ithium fluoride sensor uses a special

S wwew e

isotope of lithium (1ithium-7) which is inert to temperatures well above
h00OC, The TLD holder which is made of polypropolyne plastic and weighs
ebout 8.5 grams was designed by Capt. H. V. Piltingsrud. ' ,

Bach erewmember was provided a TLD which was placed in a pocket on

the upper left sleeve of the outer garment of his pressure suit. The TLD

. -y
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was worn on all flights and returncd quarterly to the laboratory for
dose determination. Replacement badres were furnished two weeks prior
to the end of each three-month period. Two control badges, kept in

the pressure sult storage room away from raediation sources, were return-
ed each period with the other badges. Results of the readings from the
dosimeters were recorded in the USAF Master Radiation Exposure Registry,
and reported quarterly tc the Aeromedical Service at Beale AFB, Califor-
nia.

During this eighteen month study (April 1971 through September 1972)
forty-seven SR-71 crewmembers flew a total of 7000 hours in geomagnetic
latitudes ranglng from 10°N to S0°N. About 32.9% of this time (2275 hrs.)
was at operational altitudes above 60,000 feet, An average of thirty

crewmembers flew each quarter. Sixteen flew during the entire study.

RESULTS

Twenty-four crewmembers recorded total flying time and time above
60,000 feet over a six-month period. These data are summarized in Ta- > 4
ble I. An average of 32.5% of the flying time in the SR-71 is above
60,000 feet, This factor is applied to total flying time throughout the
study to estimate flying time at operational altitudes. If the data in
Table I are graphed on a histogxram two peaks are obvious. The first
occurs between 15.7% and 23.0% and involves new crews checking out in the
SR-71. A greater proportion of the flying time during training is spent
at lower altitudes practicing approaches and landings. Training flights
average about 20.0% of the flying time above 60,000 feet. The second
peak between 31.6% and 51.2% involves operational missions. These flights

2 %
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are generally lonzer in duration and are umunlly terminated by a deccent
and lan?ing, withou! practice arproactes et lover altitudes., Operation-
al flights averasge about 42,0¢ of the [lying tire above 60,0.0 teet,

Tables II throurh VIT present thoe re2n done cquivalent retec in
millirem (m-rem) per hour above 60,000 feet recorded in each three-month
pericd., Mean valucs for ecach crew member and caech quarter are given.
The lowes* values otserved were in the third ard sixth quarters (Tables
IV and VII). The mean values for each of these periods were 0,30 m-rem
per hour. The highest individual dose rate recorded during these two
quarters was 1,22 m-rem/hr. Only four out of fifty-six crev members
flying during this time exceeded 1.0 m-rem/hr,

A mean dose equivalent rate of 2.13 m—rem/hr. was recorded during
Jaruary through March 1972 (Table V). This was the highest quarterly
value observed during the study. The highest total millirerms for an
individual during the study (176 m-rem) vac recerded in this quarter.

R ]
The naxirum permissible dose (MPD) for radiation workers established by
the Internationel Commission On Radiation Protection (ICEP) is S rem
per year or 3 rem per quarter,6 The MPD for the general populailon is
0.5 rem per year (500 m-ren/&ear). 176 m-rem is 5.9% of the quarterly
MPD allowed for radiation workers.

The highest mean dose equivalent rate observed in a quarter for an
jndividual wvas 17.06 m-rem/hr. (Table VI). The maximum time an SR-71
crew member would srend above 60,000 feet in a year would only rarely
reach 100 hours. If the dose rate of 17.06 m-rem/hr., was applied to
thris number then the erew nember would receive about 1706.0 m-rem

(1.? rem) in a year. This is 34.1% of thc MPD ellowed for radiation

3
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e workers per year (5 rem), Actually, thic individual (crew no. 11 in ~}E

; Table ' and VIII) received 190 m-rem for the eighteen-month period

: which is only 25.3% of the MPD for the general population, |
Tadble YIII summarizes the total flying time 21d millirems received

by twenty-six crew members who flew twelve months or longer during this

. study. They flew an average of 153.9 hours a year of which about 50

[T

were above 60,000 feet. They received an average of 51.9 m-rem per year

vhich is only 10.4% of the MPD for the general population, or 1.0% of

P A,
I

N ] the MPD for radiation workers. The highest totel m-rems received by an

individual in a year was 198 m-rems, which is 39.6% of the MPD for the

R 2.

general population. This crew member (crew no. 21) also had the highest

dose equivalent rate (3.81 n-rem/hr.) observed in a twelve-month period.

Lr-A1

The mean dose equivalent rate for this group as a whole was 1,04 m-rem

per hour above 60,000 feet,

o9

23 Table IX summarizes total flylng time and radiation exposure by

quarter and for the study as & whole, The SR-71 flew 7000.1 hours durihg

5} the eighteen-month period. About 2275,0 hours were flown above 60,000 | "
}i feet. The TLD recorded a total of 2238.5 m-rems. The mean dose equiva-

lent rate for the entire study was 0.98 m-rem per hour above 60,000 feet. ;1

.x " -
.« 4 3

DISCUSSION

]
R

4 Ay 84S

The radiation encountered by SR~71 crews during this study was

)

# negligible. The mean dose equivalent rate for twenty-six crew members
who flew & year or longer was 1.04 m-rem/hr. above 60,000 feet, It 4
would be unusual for an individual to fly operationally in the SR-71

program for longer than five years, or exceed 500 hours above 60,000 B

feet. A crew member, participating maximally in the program, would
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receive 520 m-rem in a five vear perinl al the dose rate indicated

above, This is only 2% of the 'PD for radizlion weorkers. The maxi-

mun dose equivalent rate recovdeld for an individual in a year vas 3,01

m-ren/hr. A crev membor vould receive 10046.0 m-rem in five years at

this dose rate. This is 7.&/ and 76.2:» of the MNPD for radiation

vorkers and the general population respectively.

On the other hand it must be noted that the majority of the SR-71
flighté in this study were in geomarnetic latitudes from 109N to 509N,
Cosmic radiation is most intense in the polar rerions at latitudes

«  pgreater than 55°N, It has been estimatcd that the dose rate encountered
at SST altitudes in poler and equatorial regions could vary by a factor
of five to six. Therefore, any significant shift in the flight profiles
of the SR-71 to more northernly latitudes could produce a different set
of data. Furthermore, this eighieen-month study represents only about

145 of an average sclar cycle of 10.5 to 11 years. The period of obser-

)
vations is too short to define with any reasonable accuracy the mean
dose equivalent rate for an entire solar cycle,

There are three types of radiation which could be encountered while

flying in the high altitude environment:
1. readiations from nuclear explosions in the atmosphere.
2. galectic cosmic radiation (GCR) %
3. solar cosmic radistion (SCR) :
The probabllity of bhelng exposed to radiation from nuclear explosions
in “he atmosphere without prior warning is remote in peecetime, Galaciic

cosmic radietion is quantitatively the most important source of radiation

for crews who routinely fly at SST altitudes. The dose rate from GCRis

5
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during a solar cyclc has been estimated to be about 1.1 te 1.2 m-rem per
hour at 65,000 feet and latitulics greater than 60°x.

Radiation from solar cosmic radiation is sporadic and unpredictable,
The average dose rate from SCR during a solar cycle has been estimated
(for solar cycle 19) to be about 0.7 m-rem per hour. Therefore, SCR is
not quantitatively as important as GCR over the long term. However, .
in February 1956 a giant solar flare was observed which generated a2 dose
equivalent rate of between 0.5 and 3.0 rem per hour at SST altitudes in
high latitudes. The dose rates from several other high energy events
during solar cycle 19 (1954-1964) varied between 10 and 50 m-rem per
hour. Fortunately intense solar events similar to the one in Feb. 1956
occur only one or two times per solar cycle., Therefore it 1s extremely
unlikely that an SR-71 crewmember would be exposed to one.

Galactic and solar cosmic radiation is primarily composed of protons
(85%), alpha-particles (helium nuclei), and other heavier nuclei. Th;é;
primary particles collide with nuclel of gases in the upper atmosphere
and prodﬁce a complex array of secondary particles. The most important
part of this secondary flux are neutrons which contribute more than half
the dose equivalent at SST altitudes. This has important implications
related to the problem of accurately recording the radlation received at
high altitudes with a personnel dosimeter such as the TLD. The response
of the TLD to neutron radiation is difficult to interpret. For this
reason the laboratory developed a neutron spectrometer-dosimeter which

is designed to more precisely measure the flux and energy spectra of

neutrons in mixed radiation flelds.” Plang are to use this device
6
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of the SR-71.
Finally, several tentative conclusions and recommendations are
offered for conslderation:

1. The initial observations in this study support the conclu-
slons of earlier studies that the radiation received by air crews,
flying in the high altitude environment, should be acceptable in the
absence of significant solar activity.

2. SR-71 crevs, as well as other military crews selected to
participate in high altitude missions, are in excellent health, Fur-
thermore, they generally do not participate in high altitude programs
for longer than five years. For these reasons the standards for radia-
tion workers, recommended by the International Commission on Radiation

Protection, can be conservativeij aprlied to military aircrews who

routinely fly in the high altitude environment.

3. Personnel dosimetry should be required for all military  °
crevw members participating in high altitude missions because of the
unpredictable nature of solar flare activity., Results of readings from
the dosimeters should be made a permanent part of their medical records.

4, The most significant radiation hazard to high altitude air
crews 1s the infrequent occurrence of glant solar flares simllar to the
on= in February 1956. The high energy particle flux during this event
reached its peek in the earth's atmosphere twenty minutes after it was
iniilially observed. For thls reason a real-time warning system is re-
guired. Ideally, the warning would be transmitted to the crews at high
altltudes by the flight control centers which are monitoring their flight

7
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t;gzﬁrv progress. Prompt descent to lower altitudes (30,000 feet) provides

significant protectlion.
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A
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Qﬂ i Crev No. Tot>1 Tire | sheyve 69 } T thove (0 | ;4
ros 1 431 1.0 10.0 0.71 I
ii 2 42,0 13,7 10.0 0.73 2
’ 3 39,0 13.0 14,0 1.08 i
s 4 47.6 15,5 17.0 1.10 {
e 5 40,5 13.2 27.0 2.05
6 39,k 12.8 20.0 1,56
; 7 3.6 10.6 25.0 2.36
- 8 39. 8 12.9 10.0 0.78 !
! 9 39.0 12.7 8.0 0.63 |
A 10 4A.1 15.0 8.0 0.53
: 11 38,7 12.6 12.0 0.95
12 2L, 6 8.0 11.0 1.38
13 49,1 16.0 13.0 0.81
. 14 65,3 21,2 19.0 0.90
i 15 u6,7 15,2 17.0 1.12
i 16 L iy 4.4 0.0 -
: 17 43,5 14,1 13.0 0,92
: 18 63.9 20.8 18.0 0.87
i 19 40,0 13,0 16.0 1,23
20 42,1 13.7 12.0 0.88
3 21 32.9 13.0 13.0 1,00
4 22 37.8 12.3 11.0 0.89
i 23 47,2 15.3 31,0 2.03
i 24 52,0 16.9 22.0 1.30
i 25 38,2 12,4 29.0 2.34. .
: 26 19.8 6.4 7.0 1.09 "
‘ 27 41,9 13.6 8,0 0.59 ‘
. 28 31,7 10.3 8.0 0.78
. 29 38,3 12,4 11.0 0.89
; 30 19.0 6.2 17.0 2.7
s 31 25.6 8.3 11.0 1.33 !
: 32 ' 40,8 13,3 19.0 1.43 ;
1 2 40,1 13.0 12.0 0.92 !
1 34 34,0 1.3 10.0 0.90
Total 1374, 6 LA 7 1,89.0 1.09
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TABIFE ITI, MILLIPWY FWK POUR AROVE €0,000 Rl
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R Time Fe/fhr. |

Crev Yo, Totnl Tivo Aboave e 1R ___tbvove 70r)
1 31,4 10,3 15.0 1.5k
2 26.A R.h 18,0 2.00
3 .6 10,4 22,0 2.08
4 29,3 9.5 8.0 0,84
5 58.2 18,9 12.0 0.63
6 53.0 17.2 12.0 0.70
7 L0.6 13.2 10.0 0.76
R 42,9 13.9 24,0 1.73
9 43,3 15.7 26.0 1.66
49.5 16.1 13.0 0.81
33.1 10.8 2.0 0.19
58.0 18.9 15.0 0.79
43,7 14,2 10.0 0.70
18,6 15.8 12.0 0.76
24,8 8.1 4,0 0.49
38.4 12.5 10.0 0.80
38.2 12.4 L,0 0.32
35,8 11.6 37,0 3.19
47.9 15.6 6.0 0.38
26.6 8.6 28.0 3.26
41.9 13.6 9.0 0.66
26,2 8.7 2.0 0.24
4y, 2 4.5 3.0 0.21
28.7 9.3 2.0 0.22
32.4 10.5 18.0 1.71
29.3 9.5 18.0 1.89
8.3 2.7 6.0 2,22
26.0 8.5 23,0 2.71
20.8 6.8 29.2 k.29

20.3 6.6 0.0 -
1088.0 — 353.0 4022 1.14 |
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Y TG 16,72 2.0 0.1z ] b
2 3,1 11.1 0.0 - :
3 20,2 7.0 0.0 -
L 1.0 13,72 14,0 1.05
5 30,2 9.8 0.0 - |
6 30.2 9.8 0.0 - :
7 3.8 11.2 1.0 0,00 !
8 36,6 11.9 1.0 0.08 '
3 9 314 10,2 0.0 - ;
1 10 38,8 12,6 7.0 0.56
{ 11 47.9 15,6 6.0 0.38
! 12 35,6 11.4 6.0 0.52
13 4o.6 13.2 0.0 -
14 3,1 1.1 9.0 0.81
. 15 29.6 9.6 5.0 0.52
16 39.9 13.0 1.0 0.08
17 30,4 9.9 0.0 -
18 20,8 10,0 7.0 0.70
19 30.1 9.8 12.0 1.22
j 20 17.8 5.8 0.0 -
i 21 37.3 12.1 0.0 -
22 41,0 13.3 0.0 -
' 23 33.3 10.8 0.0 -
{ 24 27.7 9.0 10,0 1.11
i 25 33.0 10.7 0.0 - ..
26 29,7 9.7 1.0 0.10 ‘
27 38. 5 12.5 10.0 0.80 :
28 30,0 9.9 0.0 -
Total 958, 5 311.5 92.0 0.30
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o TABLE VI, MILLIKEM Ple BOIR ABOVE G0,000 VEEP,  APRIL-JULE 1497,
- {

! T T T Ty T T T T T ”"“Tw]}:qu
L ‘ Cycir Mo, Potal Time A‘\I);.'re 603 S R 14 rbhove f"):ja
- _ 1 9.9 13,0 £.0 0.4
e 2 39,1 12,7 14.3 1,173
' 3 28,7 9.3 2.0 0.22
o2 4 62,2 20.2 6.0 0.30
N i 5 17.3 5.6 8.0 1.43
6 18.1 5.9 0.0 -
s 7 Le,2 14,7 5.0 0.34
8 28,2 2.2 9.0 0.98
9 22.6 7.3 2.0 0.27
10 51.5 16,7 4,0 0.24
11 21.0 6.8 116.0 17.06
: 12 51.5 16,7 6.0 0.36
13 18.1 5.9 19,0 3.22
14 6L, 7 21.0 11.0 0.52
15 63.8 20.7 0.0 -
16 13.1 4,3 14,0 3.26
4 17 55.8 18.1 7.0 0.39
H 1€ 15,0 4,9 4.0 0.82
19 16.3 5.3 2.0 0.38
20 3.0 1.0 2.0 2,00
21 26.4 8.6 14.0 1.63
22 26.4 8.6 9.0 1.05
23 62.2 20.2 6.0 0.30
24 7.9 2.6 32.0 12.31
25 53.4 17.4 5.0 0.29 .
26 63.8 20,7 10.0 0.48
27 56.5 18.4 6.0 0.33
28 37.1 12.1 10.0 0.83
29 37,1 12,1 10.0 0.83
Total 1045, 9 339.9 330,73 1.00




- _;}/ TAREL® VIT1, MILLTIMY A0 D0V 2DV 70,000 Wi, JULY-ZECTEIEL 1972, 0‘
i

a \
- B “‘ ' T ime T ] i/, | ‘
Crex Nn, To*al Time |  Above 60m Mit Ahove 70 ‘ '
" 1 5.bL 1.8 2.0 1.1¢ .1
. 2 4,0 1.3 1.0 0.77 i
. 3 5.5 8,4 4.0 0.44 :
& 4 A 11, ] “,0 0.45 D]
e 5 52.5 17.1 5.0 0.29 !
- 6 34,0 11.1 5.0 0.45 ‘
o ? 68.7 22.73 7.0 0.31 |
i 8 91.8 29.8 8.0 0.27
. 9 65.4 21.3 5.0 0,23
b 10 79.8 25.9 8.0 0.31
! 11 47.9 15.6 4,0 0.26
) 12 83.2 27.0 8.0 0.30
13 66.1 21.5 4.0 0.19
b1 38.1 12.4 6.0 0.48
- 15 10.8 3.5 3.0 0.86
16 £1.5 20,0 4.0 0.20
17 67.1 21.8 L,0 0.18
18 67.5 21.9 5.0 0.23
19 45,3 14,7 5.0 0.34
20 20.9 6.8 2.0 0.29
21 59.5 19.3 6.0 0.31
22 76.6 24,9 4,0 0,16
23 .2 24,1 5.0 0.21
3 24 45,2 1,7 7.0 0,48
] 25 63.9 20.8 8.0 0.38 .
| 26 28.6 9.3 6.0 0.65
27 3.5 11.2 5.0 0.45
28 62.0 20.2 4,0 0.20 !
Total 1414.3 459, 6 ) 0,30 '




)}.;. ................. A Lo R 1
TABLE VIIZ. SULbalky € WLYLNG TLFW AND MILLIDEM WCR TWENTY SIX
CPESMEMIPRS,  ATRIL 1071 THRCUCH SHITHMBER 1972,
Total e | Tetal b Time Above /S
Time For Yery MR | Fer Yenr | €0rfyenr Above (Om
2190,7 14, 5 4,0 | 37,0 47.6 0.67
184, 8 123.2 L3 Ber, Lo,0 1.00
187,49 125.2 £5,0 [P Lo, 7 1.39
245.8 163.9 128.0 85.3 53,3 1.60
227.8 151.9 57.0 38.0 Ls. L 0.77
201.6 134, 4 2,0 2P0 Lr.7 0.64
260.4 173.6 55.0 36,7 56.4 0.65
286.5 101.0 84,0 5.3 62.1 0.89
245.0 1A3.3 59,0 39.3 53.1 0.74
269.9 193.3 5,0 30.7 62.8 0.49
228.7 152.5 163.0 126.7 LS. 6 2.55
277.8 185.2 56,0 37.3 60.2 0.62
249, 5 166.3 53,0 35,3 sk, 0 0.65
297.6 198,14 67.0 W, 7 6h. 5 0.69
207.0 138.0 37.0 24,7 L4, 9 0.55
225.4 150.73 35,0 23.3 48,8 0.48
107.8 158.2 27.0 21.6 51.4 0.42
182.7 146,2 120.0 96,0 47,5 2.02
169.2 135.4 55,0 Ly, 0 L4, 0 1.00
114.0 91.2 84,0 67.2 29.6 2.27
159.9 159.9 198.0 198,0 52.0 3.81
195.6 156.5 28.0 22.4 50.9 0.44
213.7 171.0 26,0 20,8 55,6 0.37
125.9 125.9 40,0 Lp,o 40.9 0.98+
172.9 138,13 77.0 61.6 4.9 1.37
26 162.5 162, 5 43,0 43,0 52,8 0.81
[ Total]&:20, & Lono 1 175,73 13K, 5 1300.7 -
: | Mean | 212,7 153.9 68.8 51.9 50,0 1.04
1 * Crew No. 1-16 flew during the entire period. Crew No., 17-26 flew
twelve months or more,
- 1
o |
R |
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A1

Time

iy e ——

.

Total

Time

Anr-Tune 77

124

Julv-Sept 71

1086.0

TOY AL GEPPRE T )

Tire
Ahiova B0

453.0

e S e s 1

MR

-t e i = e e

HR/hr,
Above GOr.

W, 0

. 1100

402.2

1.14

Oct-Dec 71

958, 5

1.5

92.0

0.30

Jan-Mar 72

1120.8

364, 3

776.0

2.13

Apr-Jun 72

1045, G

N O

339,13

1.00

July-Sent 72

154,73

450, 6

140.,0

0.30

Totals

__7000.1

2275.0

2228.5

0.98






