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FOREWORD 

This test «-as conducted early in 1964 in \n underground llinutemaa 
launch control facility at the Boeing Pacific Test Center, Vandenberf 
Air Force Base. The test was conducted jointly by the toeing Company 
and the URAF School of Aerospace Medicine under the direction of the 
Ballistic Systems Division of the United States Air Force. Participation 
by the School of Aerospace Medicine involved a brood range of psychologic 
and psychiatric approaches to operational pioblema of aerospace crew 
efficiency.   This report was prepared by— 

BRYCE O. HARTMAN, Pb-D.* 

DON E. FLINN. Lieutenant Colonel, USAF, MC* 

A. B. EDMUNDS, M.K.t 
F. D. BROWN, MAT 

J. E. SCHUBERT. BÄf 

•USAF SWul ,.< «rn»p>rr M«<lviiir: ITW Bath« C*m<p»*f. Snltlc Wn>i «till 

Like all studies conducted in the field on operational systems, the 
üupjx>rl of many personnel was requirtnl. We wish to acknowledge 
particularly the assistance of Major Robert DiVall at BSD and Captain 
Jacob T. Chachkes, and other members of the 392d Medical Group at 
VandenberK Air Force Ba.se. 



ABSTRACT 

IVM arflua wbjecU mummMkr tompiUti JO 4*j» * «nbroke« 
in aa andpr^rouiul Minutetnan launch control center with an open-loc? air auppljr. 
Lofittic upplie* were Mtf-contained. Durinf the teat, they ate. alept, and performai 
duti«« (imilar to those that would be required of as operational crew ia • poetauclear 
attack enriroDment Their performance score waa high (99.75^ level) witfc a* 
critical error*. Morale throughout the U«t was excelleat, with minimuas af inter- 
personal friction. No physiologic or psychologic change* were obsenred which would 
compromise the integrity of the weapon system. Alterations ia sleep patterns attained 
were coosistcpt with predictions based on worh leveia. 

This technical documentary report has been reviewed and is approved. 
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HRttl nciOBS ASPECTS OF » 30-DAY OIEH0 SMMYAKUn 
IBI Of IK MMUIBttl HISSII 

1. INTRODUCTION 

The United States Air Force has entered 
into an era of highly reliable advanced inter-
continental ballistic missile (ICBM) systems. 
The men who operate these systems may be 
required to participate in an extended survival 
mode that will closely resemble the isolation 
and confinement aspects of space cabin studies 
that have been conducted by the School of 
Aerospace Medicine (1-4). Whereas the space 
cabin studies were conducted in the laboratory, 
the Minuteman Test Program at Vandenberg 
Air Force Base gave researchers one of the 
first opportunities to monitor subjects confined 
in an actual ICBM underground launch control 
center under simulated but realistic postnuclear 
attack conditions. 

The Minuteman Weapon System is a hard-
ened and dispersed complex of solid propellant 
ICBM facilities under the command of a series 
of manned underground launch control centers. 
The centers are designed to enable the effective 
launch of programed missiles after nuclear 
attack. The system also incorporates features 
that allow for extended survival of the opera-
tional crewmen, who must be able to perform 
required operations many days after the start 
of confinement. The following 30-day study 
was carried out to demonstrate the capability 
of personnel to satisfactorily survive for a 
portion of the survival period for which the 
system was designed. 

2. METHOD . 
Four Boeing Company employees (2 life 

scientists and 2 engineers), selected from * 
group of volunteers, were s?nt to the USAF 
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School of Aerospace Medicine (SAM) after 
initiel medical screening at the Boeing Com-
pany. At SAM the candidates underwent * 
comprehensive medical and psychologic* 
psychiatric evaluation. This evaluation waa 
described in detail by Lamb (5). In essence, it 
is an intensive medical examination designed 
for personnel being considered for special, high-
priority programs. 

Minor modifications were made in the 
psychologic evaluation. Tests administered 
were the Wechsler Adult Intelligence Test, the 
Rorschach, the Thematic Apperception Test, 
the Draw-a-Person Test, the Bender Visual-
Motor Gestalt Test, the Edwards Personal 
Preference Schedule, the California Personality 
Inventory, and the Gordon Personal Profile. 
Test findings were integrated with the 
psychiatric evaluation to select the 2-man crew 
from the 4 candidates and to provide baseline 
data against which to evaluate psychiatric 
problems, which might arise during the test, 
and to evaluate change in personality function-
ing, occurring as a result of the test. 

In addition to these procedures, there waa 
a brief interview with each of the 2 subjects 
just, before the 30-day test commenced, and 
some psychologic tests were administered when , 
the 30-day study was completed. These post-
test measures included parts of the Wechsler 
Adult Intelligence Scale, the Thematic Ap-
perception Test, the Edwards Personal Pref-
erence Schedule, the Minnesota Multiphasic 
Personality Inventory, and the Draw-a-Person 
Test. 

All 4 candidates were found medically 
qualified for the test. The candidates, in ad-
dition to their high level of general fitness. 
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understood the function and operation of the 
Minuteman Weapon System. All the candidates 
were college graduates. On the basis of the 
psychiatric findings, the candidates were paired 
into 2 teams—I and II. Team I was given 
first priority and participated in the test. The 
men on this team had not met before they were 
selected as test candidates. One was a life 
scientist and the other was an engineer. Prior 
to the test, Team II stood by as the alternate. 

The facility used was the Minuteman Wing 
III Launch Control Facility at Vandenberg 
AFB, consisting of an underground launch 
control center (LCC) which housed the crew 
and their display—control equipment and sup-
port items; an underground launch control 
equipment building (LCEB) which contained 
the standby diesel generator (for electrical 
power) and the environmental control system; 
an above-ground support building which served 
as the monitoring center; and the interconnect-
ing tunnels and an elevator which connected 
the various facilities (see fig. 1). 

The Launch Control Center also contained 
a standard Air Force bed, an electric oven-
refrigerator-freezer, two custom-built operator 
chairs, a water-flush toilet, and a lavatory basin 
with hot and cold running water. Although the 
water supply was limited to the capacity of the 
facility storage tank, sufficient water was 
available for drinking, food preparation, per-
sonal hygiene, and periodic toilet flushing. 
Other support and personal kit items are listed 
in appendix A. Safety equipment was provided 
both in the Launch Control Center and im-
mediately outside the capsule door. Emergency 
medical support was available from the VAFB 
Hospital at a moment's notice. Instrumenta-
tion for measuring the environmental parame-
ters of the Launch Control Center was provided 
in the monitoring room of the Support Build-
ing. Ga3 samples were drawn from the Launch 
Control Center via an interconnecting nylon 
tubing and were analyzed. Because of the high 
reactiveness of ozone and oxides of nitrogen, 
the measuring instrumentation was installed 
directly in the capsule with remote readout. 
Parameters measured were as follows: oxygen, 

measured every four hours; carbon dioxide, 
measured every two hours; carbon monoxide, 
measured every half hour; combustible ex-
plosive gases, measured every half hour; and 
ozone and oxides of nitrogen, measured con-
tinuously. Grab samples were taken every few 
days and analyzed. Measurement procedure* 
and instrumentation are described more fully 
in reports from the Boeing Company (6, 7) . 
Basically, however, they were those used In 
industrial hygiene programs. No significant 
amounts of acid gases, reducing gases, or 
halogenated hydrocarbons were found b e f c s 
the test. 

Simulated weapon system displays and con-
trols for operation by the crewmen were com-
bined into two special console and installed 
adjacent to the respective operator chairs in 
the Launch Control Center. This constituted 
the "duty simulation," which was nearly 
identical to the actual operational equipment. 
Umbilical cables provided continuity between 
these units and a master simulator program 
and monitor console located in the monitoring 
room of the Support Building. The simulator 
system was designed so that the aboveground 
monitoring team could continuously monitor 
the status of each of the remote consoles and 
program and initiate status changes on the 
remote consoles. The subjects' simulator duties 
included: .message encoding and decoding; 
monitoring status changes (indicator l ights); 
selecting switch positions; actuating various 
types of switches; recognizing and resetting 
audible and visual alarms; and making deci-
sions and cooperating in actions to be takeu. 

Other duties consisted of routine inspection 
of capsule electronics, inspection and adjust-
ment of facility mechanical equipment, and 
keeping personal diaries and other test records, 
including a daily report on sleep. 

The food supply consisted of 90 food packet, 
in-flight individual meals with varied met 
and a 15-day research food kit, which was 
specially prepared for the test. The research 
food kit was nutritionally balanced and con-
tained a large proportion of freeze-dried meats 
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and vegetables.1 The schedule for using the 
food supply was: days 1 to 10, in-flight meals; 
days 11 to 20, research food kit meals; days 
21 to 30, combination of remaining in-flight and 
research food kit items, ad libitum. Typical 
menus for both are listed in appendix B. Utec- 
sils for preparing meals wer« included. 

The week before the test started, the dub- 
jects received training in the operation of the 
duty simulator and the other simulated or real 
weapon system functions and duties. Simulator 
training was carried out until error-free per- 
formance was obtained. The subjects were also 
trained in the preparation of meals, safety, 
firet aid, and emergency procedures, and in 
tV "ise nt self-contained breathing apparatus 
and photographic equipment. The monitoring 
team also received training in first aid and in 
the use of the 2-man resuscitator located out- 
side the capsule. 

A series of isotonic and isometric exercises 
was used by the test subjects as a means of 
maintaining a "net level" of physical fitness 
throiiRhout the confinement period. These ex- 
ercises were developed at Washington State 
University and have been recognized by the 
Congress ot Physical Medicine as an effective 
means of maintaining motor fitness with a 
minimum of time, space, and equipment. The 
isotonic exercise proK'ram consisted of four 
»elected motor fitness exercises which were 
selected to maintain strength, speed, agility, 
balance, endurance, and power. The exercises 
used were: (1) situps (modified), (2) pushups, 
(3) squat thrusts, and (4) forward bends 
(modified). The isometric exercise program 
consisted nf seven silected static muiu'le exer- 
cises. These were: (1) scapular adduction and 
hold, (2) h.iml opposition and hold, (3) knee 
extension and hold, (4) brachial flexion and 
hold. (5) scapular elevation and hold, (6) hyper- 
extension of vertebral eclumn and hold, and 
(7)   static nbdominal  flexion  and  hold.    The 

subjects performed one set of isotonic and 
two sets of isometric exercises per day. 

Photographic coverage of test ■abject« in 
the Launch Control Center during the test was 
provided, utilizing 4 motion picture cameras (t 
fixed mount and remote controlled, 1 portable) 
and 1 Polaroid Land camera. The subjects 
were informed prior to any fixed camera fum- 
ing. Live microphones were placed in the 
capsule to provide continuous monitoring in the 
capsule for safety purposes and to allow tap« 
recording of the subjects' responses to test 
commands and any other significant verbal 
behavior. The subjects did not know that 
they were being monitored; however, some of 
their remarks during the test indies*.u that 
they were suspicious of the microphone sys- 
tem. 

At the beginning of the test, the Launch 
Control Facility was placed in a mode that 
simulated a postnuclear attack situation. The 
subjects were instructed to think of their con- 
finement in this aspe;.. 

The following levels were representative of 
the general capsule working environment. The 
sound-pressure level was approximately 80 db^ 
reference 0.0002 dyne/cm.1 with a speech in- 
terference level of 58 db. Illumination ranged 
from 25 to 100 ft.-c. on working surfaces. 
Temperature ranged from 69° to 77° F. with 
a daily average of 73° F. An approximately 
normal sea level atmosphere was provMed. The 
test configuration featured an "open-loop" 
system with fresh air being circulated through 
the air entraimnent system of the Launch Con- 
trol Equipment Building. A portion of the 
LCEB atmosphere constituted make-up aif for 
the LCC environmental control system. The 
test was conducted subject to rigid personnel 
safety test restrictions. The list of these re- 
strictions may be found in appendix C. 

<R«V«<<I>TIV th« Kj«qu«cy f in-fl «M m«»ta for <ttvt,<le4 
•urvi.al. Ih« ,urf nl th* O 4. Armf CuartfrmuUT Corp« N.«!rk 

I.ab..i«!oi/ poiM.-il t'Ut tSmt lh# In flirM rn«]« vtrrt no» n'ltri 

lu.n,ilT b«Uii-w;. b^tiiff *.-r^ low in ••rorbk «rM IK m?. ptt m^mln 
• ■'raj, **nn* I mff. prr me*( rauu I/*•< t »nj iow In vil«nitn A 

for  axnt  uf  '*-* 10  mmiM. 

The work-rest schedule was set up as fol- 
lows: Each subject followed a predetermined 
schedule consisting of 8 hours on-duty (subject 
seated in chair, other subject sleeping); 2 hour« 
off-duty   (subject  seated in chair), 2  hours 
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FIGURE t 

W»rk-rrtt tehtdute for a eompleU ti-k»uT cycle •/ the M-ctay Utt. 

en-duty, 2 hours off-duty, 2 hours on-du.ty; 
and 8 hours for sleep, personal hygiene, and 
custodial duties, phased so that there was a 
crewman on duty at all times. A complete 
cycle is shown in figure 2. 

Changes in «lecp patterns received system- 
atic attention. Each morning. Hie subjects 
filled out a sleep report (fig. 3). Although the 
form contains spaces for reporting dreams, the 
emphasis was on sleep per se. Subjects began 
reporting daily about two months before the 
test, (o provide baseline information, and con- 
tinued reporting throughout the 30-day period 
of confinement in the capsule. 

S.    RESULTS AND DISCUSSION 

General findings 

The lent ran successfully for the scheduled 
30-day period. 

'."hi" concentrations of oxygen and carbon 
dioxide did not deviate, from ambient surface 
level«. The concentration« of hazardous gases 
at no time exceeded the thresholds, safety 
limits, or oxposiirn indexes specified. No 
significsnt amounts uf acid gases, reducing 
gases, or h.ilogenated hydrocarbons were 
found. 

The performance of the subjects was satis- 
factory. Dmiiifr the test, 141 simulated opera- 
tional event« were progran-ed in a random 
fashion.    The subject« responded correctly to 

6,904 out of 6,921 possible operation« for a 
performance score of 99.75%. The 17 error« 
(subject A-7, subject B-I2) were randomly 
distributed in time throughout the test and 
none was critical. This indicated that them 
was no significant performance degradation. 

The test subjects reported that the in- 
flight, individual meals, although nutritious, 
were eaten without enthusiasm for the first 
10 days. The subjects reported that although 
there were different in-flight menus, they aD 
"tasted the same." The subject« reported 
that the research food, from the 11th to the 
20th day, was much more palatable and desir- 
able. They also reported that their general 
morale improved as a result of the dietary 
change. In-flight meals were supplemented 
with research food items (days 21 to 30) such 
as milk, spreads, citrus juices, bread, and fre- 
quent freeze-dried entrees. This supplemented 
diet was also deemed superior to in-flight meal» 
alone. 

No somatic symptomatology requiring in- 
tervention occurred during the test period. 
Subject A reported in his diary the occurrence 
of four incidences of headache (days 4, 9, 11, 
:tnd 20), occasional dryntss of oronasal pas- 
sages (apparently caused by the low relative 
capsule humidity), and a back pain in the 
thoracic region (day 26). On day 27, he re- 
ported that he felt at Mow ebb," which wa* 
followed by rising spirits the next day. Sub- 
ject B reported two headaches (days 10 and 
18), a sore throat (day 2), back pain (days S 
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to 7) and an upsnt Htom.ich (day 24). He 
toi'crtcd ffpling dopn -S.MI on day 20. This sub- 
jtxt also icporlcd that the hist 2 hour» of the 
rt-huur duty shiTl ".■itune" (subject A .«leopiug) 
vvcrf lh<» hanit.'st to complete. The period of 
sleep following this shift, however, served to 
restore his morale. 

Review of the subjeets' double Master's 
pretest and posttest eleclrofardiograms re- 
vealed nu changes that occurred as a result 
of confinement. Clinic.il pretest and posttest 
biomidical data are Kiven in appendix D. 

A review of this data reveals a decrease in 
hematocrit and hemoglobin values for both 
subjects, Without plasma volume studies, thi» 
finding is difficult to interpret, but it i« 
probably due to a decrease in red cell mass, 
sir.ee other inactivity experiments would rot 
lead one to expect an increase in plasma volume 
immediately after confinement (8). The 
change ia presumably related in some way to 
restricted activity. The blood pressure and 
pulse data and the absence of clinical symptom* 
durin* immediate posttest activity suKgcat 
that no cardiovascular deconditioning occurred 
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of a degree which would interfere with opera-
tional effectiveness. 

Psychiatric findings 

Morale was generally excellent throughout 
the test. During the first few days, while the 
subjects accustomed themselves to the duty 
schedules and developed a routine, both noticed 
some degree of fatigue and dysphoria. In ad-
dition, they had various minor somatic com-
plaints such as headache, sore throat, muscle 
aches, and upset stomach. These were con-
sidered to be due to a combination of fatigue, 
dry air, and tension. As one subject wrote in 
his diary: 

The first three days were the breaking-in 
period. Getting used to tho various sounds, the 
same old surroundings, the daily routine of cook-
ing, eating, sleeping (not too much), working, and 
in general, iust getting used to the environment. 

Within a few days they became more adept with 
routine chores, were able to organize their 
activities better, and slept more soundly during 
their off-duty time. This resulted in an im-
proved state of well-being which continued 
generally throughout the remainder of the 
test. At no time did either subject entertain 
the idea that he might not be able to complete 
the allotted time. 

Each subject considered his partner to be 
an agreeable person who carried his share of 
the load and was easy to get along with. On 
the 10th day, one subject wrote in his diary: 

seems to be very well adjust-
ed to our life here. He sings very nicely and it is t 
a pleasure to hear. I believe he is a well-adjusted 
person and adaptable. In addition he is not a 
shirker; he jumps in and gets things done. So 
far, I have not found any irritating characteristics. 

On the 4th day his partner wrote: 

and I have no personal prob-
lems with each other. He is very cooperative and 
quite willing to do his share of the duties. I am 
trying to do the same. 

There were no significant interpersonal dif-
ficulties. One subject *ro te in his diary after 
about two weeks: 

People hat! toH me prior to my coming dowa ~ 
here that a f t e r SO days, and 1 
would be sick and tired of each other. Thirty days 
haven't passed yet, but I don't think we will. We 
aren't really together tha t much. We seem to be 
living in the same pJ*c*a but bt different times. 

On only one occasion was there evidence 
of disagreement. This concerned a difference 
of opinion about a technical procedure which 
occurred on the 20th day. The engineering 
subject resented not having the final say on 
technical problems, and commented in his 
diary: 

. . . no responsibility or authority was given 
to either of ns prior to t i e test. If I were to do it 
again, this would fear* to be different. 

This type of disagreement over procedures 
was one of the common sources of interpersonal 
irritation in the Space Cabin Simulator Studies 
(9), and we agree with the subject quoted 
that clearly designated authority in an opera-
tional setting would minimize this source of 
difficulty. 

Both subjects were frequently preoccupied 
with the passage o f ' t i m e and attempted to 
combat boredom by structuring activities and 
setting intermediate goals for themselves. 
Both accomplished a great deal of planned study 
during the test, but they also found that lighter 
reading, solitaire, or oiher recreational activi-
ties were helpful. On one occasion the subjects 
temporarily relieved their boredom by actuat-
ing all the simulator lamps simultaneously, 
admittedly for the purpose of "shaking up" the 
monitoring team. One subject cataloged in his 
diary all of the ambient noises: 

MG (2 or more frequencies), air conditioning, 
air movement (macy Siigh and low frequencies), 
refrigerator-freezer <Erotor and Freon flow),diesel 
engine (throngh blast 6'JOT), alarm clock, 24-hour 
watch, mast ozone aralyzer meter, heater fans, 
sump pump, shock isolator air movement, buzzer 
alarm in simulator. rt»ce communications. 
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During the last few days, both subjects were 
aware of an increased tension. As one subject 
wrote: 

I had figured that after thia past weekend 
was over, I would relax and these last few days 
would be a snap. This is not the case. I suppose 
it is because as we get closer to the end, my 
anticipation gets the best of me. I find I am 
getting tired of our constant daily routine of 
eating, studying, reading, exercising, shaving, and 
the rest. I know that my mental guard has 
dropped. It is harder for me to suppress the 
thoughts of normal living, of being with my family, 
performing recreational activities, just being able 
to get away from these surroundings. 

Both subjects noted periods of depressed 
spirits, usually associated with fatigue. They 
learned to tolerate them, realizing that the 
spell would be temporary and would be relieved 
by a period of sleep. For example, one subject 
wrote on day 19: 

Did the dishes and went to bed. I was very 
tired and I felt somewhat depressed. I just 
wanted to get to bed. I knew that sleep would 
relieve that depressed feeling—sleep seems to be 
man's wonder drug. I don't know if there was 
any one thing in particular which made me feel 
depressed. I probably allowed myself too much 
thought about the outside which I shouldn't have 
done. 

* On day 27, the other subject wrote: 

This seems to be a low ebb in my monthly ( ? ) 
cycle. I have done poorly on solving my cor-
respondence course questions and I am generally 
discouraged. I asked if he had 
any escapist literature and he does . . . that 
should help . . . I do not believe that being 
here in I.CC is completely responsible for my low 
ebb feelings. This happens at times—it is nothing 
of consequence—I recognize it and chart my 
course accordingly. I think it must be somewhat 
common for most people. I think I have just 
learned to cope with it or—just don't f ight it. 

Thus, although both subjects at times had 
feelings of irritation and discouragement, they 
dealt with them constructively and did not 
allow them to influence behavior or in any way 
interfere with their duty performance. 

For the most part, the subjects maintained 
a formal, impersonal relationship with each 

other. This was in part due to the minimal 
interaction imposed by their work-sleep sched-
ule. It is also consistent with our prediction 
based on the pretest psychologic-psychiatric 
evaluations and on our selection of team mem-
bers. Pretest findings showed all 4 candidates 
to be of superior intelligence. They revealed 
mixed motivations for participation in the test, 
but the motivational components were generally 
appropriate and much like the components wo 
have seen in candidates for other special 
programs. Since the test included both human 
factors and engineering aspects, it appeared 
desirable to have each skill represented on the 
team. With 2 men in the pool having each 
skill, four pairings were possible. On the basis 
of psychologic and psychiatric assessment, it 
appeared that 2 of the group had strong af-
filiation and interpersonal needs and would 
have reacted to each other in a mutually satis-
fying manner. The other 2 were relatively 
independent and autonomous in interpersonal 
relationships and would be expected to func-
tion as individuals despite being a team. Either 
of these pairings would have seemed functional-
ly appropriate. 

We asked the subjects to indicate preference 
for teammates. From a brief acquaintance, 
the subjects in their self-selection would have 
paired an individual high in affiliation needs, 
with an autonomous, imper onal subject. Per-
haps each sensed in the other something which 
he felt lacking in his own personality. Figure 4 
shows the possible pairings. It may be that 
had there been more time for the subjects to 
have become acquainted, their self-selection 
might have been different. It appeared, how-
ever, that had we followed the choices made by 
the subjects, disillusionment would have re-
sulted during the course of prolonged associa-
tion. 

It must be acknowledged~that little is known 
at present about optimal matching of crew 
members. The state-of-the-art in this area 
is discussed more fully in a literature review by 
the two senior authors (10). The test itself, 
however, provided some guide lines which could 
be used in matching up teams. Since the work-
rest schedule was such that most, of the time 
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Immcdictc preteat 
period 74 1J 

1 

Ian                       j     &4 04 rnqac^ 

Kutt 10 teat dmjt C7 04 Prcqueot                     I      64 04 Pnqae^ 

Second 10 test day« TJ 0.7 Prequeat «4 14 Ian 

Tlürd 10 t«»t dajra M 14 Freqaeot 14 0.7 ■an 

•K.o. »n    t«clu4^ la tmmtmümt I 

Sleep ruidino 

Sleep data obtained from the self-reporting 
form» (st'e fiKu.-c 3) were analyzed to evaluate 
changes in grosa sleep behavior during the 
test. On the basi.» of theoretic consideration» 
discussed in detail in a separate paper (12), 
it was predicted that the subjects would »leep 
loss in the capsule than in their normal environ- 
ment, txmfinement in th«* limited environs of 
(he capsule carries with it a concomitant re- 
duction in activity and the tota' mnou.i* of 
work performed, liurlictilurly (in this case) the 
work if locomotion In our formulation, the 
retluclion in total work performed should be 
ai-companied by a reducUun in the total amount 
of sleep. 

A period of 30 days before the test was 
selectrd to provide the normal sleep pattern for 
each rtiibject.    Mean duration of sleep during 
the two weeks immediately prior to the test 
was also calculated.   This period cannot be used 
as a ba.M-line value, however, because the sub- 
jc ts were on a standby status, due to a delay 
in the test schedule, and were not on a normal 
routine.    Three   10-day   intervals  were  used, 
while the subject» v.ere in the capsule, to cal- 

10 

culate mean sleep duration early, in the middtat 
and Ute in «be test 

The findings are presented in table I. Both 
subjects showed a reduction in the mean dura- 
tion of sleep in the capsule. Both also showed 
a decrease during the standby period just be- 
fore the test. One (subject B) slowed a con- 
siderable drop, like that while in the capsule. 
Graphic analysis indicated that he adopted a 
pattern appropriate to hi» upcoming work-nut 
schedule during the standby period, possibly in 
preparation for the test. Subject A, whoa« 
average sleep exceeded the time allotted in the 
capsule, adopted a regular routine of daytime 
naps, although his total sleep time was still 
less than in a normal setting. Although find- 
ings on only 2 subject» arc not an adequate 
test of such a broad hypothesis, the change« 
clearly support the prediction. 

4.   CONCLUSIONS 

This study is an example of an infrequent 
joint undertaking by biomedical and engineer- 
ing groups to evaluate an operational weapons 
system under field condition«.   A fundamental. 
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jointly shared position underlying the test was 
that man is a vital part of the system and 
that to test the system, man must participate 
and perform as a system component in the 
manner expected of him. 

The findings reported here, limited to bio- 
medical aspects, demonstrate that the test was 
succea^ful. The life-support system maintained 
the crewmen adequately and the crewmen per- 
formed their functions at a high level of ef- 
ficiency for 30 days. Physiologic and 
psychobiologic changes (i.e., decreases in 
hematixrit and hemoglobin and alterations in 
uleep patterns) were as expected, but they did 
not compromise the integrity of the system. 
On the basis of extensive studies in simulated 
space flight,  it had been predicted  that no 

psychiatric problems would occur. This predic- 
tion was confirmed. At the conclusion of the 
test, the subjects declared that they probably 
could have continued for another 30-day peiiod 
if it had been necessary. It is reasonable to 
presume that they could have succesafuQy 
completed a period that long or even longer. 

By-products of considerable value were ob- 
tained, such as information on food and 
logistics. Not reported here, but of extreme 
utility, was the identification of hardware de- 
ficiencies which probably could not have been 
revealed except in a field test such as this. In 
our experience, these hardware deficiencies are 
frequently the most valuable aspects of these 
tests. In general, the test constitutes an ad- 
ditional demonstration of the durability and 
adaptability of man to unusual requirement«. 
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APPENDIX A 

LOGISTIC ITEM* 

I.    Extended Surrival KM — Thirty-Day T«* 

Lantern, bend, battery powerad 
Apparatus, breathiof, aclf-«ontaiaad 
Water, canned—eraercency rappiy 
Food packet, in-flight, individual—IS-day «apply 
Kit, food, research—l&-day supply 
Pan, baking, 8 in. x II im. 
Tin, muffin, ft-cup 
Opener, can 
Kit, cooking, camp 
Cup, hot drink 
Knife, Uble 
Fork 
Spoon, tea 

Spoon, table 

Cup, measarinr 

Spoon, measuring 
Mitts, hot-pad type, long 
Spoon, mixing 
Pitcher, plastic, 1 qt. 
Spatula, small 
Towel, cotton, bath 
Boots, fleece lined 
Cap, wool, stocking 
Coverall», cotton, white 
Glove«, cotton 
Jacket, wool, flight type 
Shirt», cotton 
Stockings, cotton 
Swrater, wool 
L'ndcrwear, cotton, long, thermal tops and bottoms 
Mattress 
I'IIIOW, foam rubber 
Pillowcase, cotton 

Bag, sleeping, Dacron, < lb 

Liner, sleeping bag 
Washcloth, cotton 
Calendar 
Pencils 

Sharpener, pencil 
Pen* 
Tape, Scotch, large roll 
Tspe, masking. 
Clock, alarm, spring around 

Hangt r, coat 
Hammer, claw 
Battery, lantern, head, spar* 

I 
t 

1 
1 
S 
t 

M 
t 
t 
t 
t 
1 
laat 
t 
1 
1 
1 
S 
«pair 
2 
4 
2 pair (ea.) 
t 
4 
4 pair 
2 
4 pair (ea.) 

1 

2 

4 

2 

4 

• 
1 

m do«. 
i 
4 
1 
Iroii 
1 
a 
i 
a 

13. 



Bulb, Imntcn, head, ipara 
Knife, icovt 
Plier«, «Upjoint 
Plicn, frip 
Polyethylene, iheet, 6 ft ■ 4 ft. 
Rope, tash eori. 
Screwdriver — 4 in. and 12 in. («lotted head) 
Screwdriver - 4 in. and 6 in. (Phillip*) 
Shorel, etcap« 
Wire, copper, insulated. No. It 
Wrenchei — adjuatable, 8 in. and IS ia. 
Wrenches — box 1 gat 
Wrenches — open end 1 set 
Wrenches — escape hatch, 1% in. x 1>>/I( in., 24 in. handto 

n.   First Aid Kit' 

Septisol squeeze )>ottIe, 8 os. 1 bot. 
Zephiran Chloride spray, 1 os. 1 bot. 
Band-aid plastic strip, 109 1 bos 
Band-aid, extra large It 
Gauze sponges, 4 in. x 4 in., t/pkt. 6 pkt. 
Adhesive tape, 1 in. 1 roll 
Cotton buds 1 pkf. 
Klcnsette 12 
Baywipes 1 box 
Aspirin, 5 gr. 200 
Dermoplast spray, S os. 1 eaa 
Safety pins 12 
Splinter forceps % 

Test aoiquc iUna 

Clinical thermometer, oral with caa* S 
Descnex Aerosol, 6 ox. 1 mn 

Neo-propisc' Ophthalmic Solution, 15 cc. 1 bot 
Gelusil Ublets 204 
Phillips Milk of Mag-nesia, 1 pt (10 ot.) 1 bot 
Psrepcctolin Suspension, 8 oi. 1 J^t. 
M&rezlne, 50 mg. 100 

III.    Emergency Treatment Chest 

Pro«isionrl contents 

First aid manual 
Yucca padded splint set 2 sets 
Wire splint 
Bandst^, trisngular 
Bandage, Ace, 3 ia. 

'Tkia kit -mm» ()«v«l>yp«H for mrylmjr «M- 
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Bandac«. tduorm, SVi in. 
B*ni-iii pU»Uc strip«. IM 

'\tnwt tape % im. 
Adhccbc Upt 1 te. 
A Acavt tape t m. 
Oiun, t ia. roUv 
Gaue sponra. 4 in. x 4 hL, t/pk^ 
Gauze ipoages, 2 in. i 2 üL, 100/pk(. 
Gaizcireuint packs, BAC, sterOa 
Sorripada, «mall, (terile 
Touniiquct (rubber. 2H in. z • tt.| 
Kleaaettoa 
Safety pias 
Cotton buds 
Toncue blade«, sterile 
Splinter forceps 
Septaaol (queeze bottle, 8 on. 
Zephiraa Chloride spray, 1 on. 
Neosporin Aerosol, M fm. 
Deaeoex Aernsol. 9 an. 

1 
I bo* 
IroB 
IroU 
IraO 
tralto 

Hpkt. 

2paek» 
t 
1 

M 
U 
Ipk» 

It 
1 
t 

IV.   HousekeepinK Kit 

Apron, plastic 
Ashtray, plastic 
Broom 
Brush, toilet 
Can, Karbag«, plastic, 28 (at 
Cijrarett«, butt container 
Cleanrr, scouring, powdered 
rUanvr, toilet, powdered 
Deodorizer*. Air-Wick type. 
Determent, liquid 
Detericent, powdered 
Dish pan, plastic 
'>us'. cloth, cheese «.loth 
Fire extinfniisher, COa> 15 lb. 
Kit, first aid 
FlashliKht, 2 rrll. msKnctic mount 
Batteiirt, flashliicht, spare 
Bulbs, flashliKht, spare 
Glove*, rubber 
Mirror, shavinfr, 10 in. diameter 
Mop, cellulose, self contained wringer 
Pads, arourinir luce bos 
Pail, 10 qt. 
Paper, toilet 
Plungar, toilet bowl 
Soap, toilet, castil« 

Sponge, plastic 
Towel, dish, cotton 

12 os. 
HIb. 

Pkc 

pair 

rolU 
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IC 

TW«k. p«per. 

Büket. wMti 
n.whUk 

t 
t 
4 

(PerKaal iteaa talaa M* tka I 

AatiliiitaaiM taklrt» 

Chap (tick 
DenUlOoa 

Deodontnt 
Ear p!ucB 
Foot powder 

GUuc* and eaac 

Hairbnuk 
Hair cream 
Handlotioa 
Klemex 
MenthoUtua 
Natal »pray 
Razor and bladea 
Shavinf creaa 

Shaving IcUoa 

ShavioK tale 
Soap 

Styptic pencil 
Toothbnuk 
Toothpaste 
Vitamin A and D ointaaeat 
Vitamin* 
Hnndkerchiefi 
Slipper iccka 
Sleep ahade 
Thontci (ilippen) 
Cuticle iciiaon 

Kingrmail brush 

Needles and thread 
Scissora 
Shampoo 
Books (Army comapoBdeaec) 

(Techakal — «ereral) 
(Reading - *) 

Penrila 
PocLetknifa 
Sharpeninir stoa« 

M*jKta) 

SakJaetB 

Owyatiek 
Concidia UbieU 
Dermainf 

Deodorant 

Ear plan 

Foot powder 

Glasses and caae (contaetl 

Bairbnnh 

Hair r 

Hierin moutk walk 
Pepto Biamol 
Razor and bladea 
Shaving cream 
Shavins lotion 
Styptic pencil 
Tooibbnish 
Toothpas'« 
Vieka inhaler 
Vitamin pilla 
Gloves, bather 
Handkerchiefs 
Clovea 

Sleep shade 
Wool sock* 
Glasses (extra) 

Shampoo 
KM« 
Book* — technical — S 

Book* — reading — I 
Candy — 6 rut* 

Ches* set 
Nail clipper* 
Playing card* 

Pocketknife 
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APPENDIX B 

TEST BESTUCnONI 

TW tett was ta bc tcrmMwtcd if my of UM foDowing conditiona exUtaJL   Tk* 

1. Ortgrn. Minimum concentration of 17". by TOIUOM at ae« Irvd if oot corraetabh 
witiiin fire minutea. 

2. Ctrhon Jioridt. Maximum conc«ntraÜv.. af 2% by volomc at tea lard if Bot 
ceiTcctable within thirty minutea. 

S. CtrioH monoxide. Maximum exposure index (hours of cxpotnre time» part« 
per millitn) equal to 700 over an; 8-hour period or a maximum instrument 
nading of 100 p.p.m., whichever occurs first 

1 Oiidet of nitrogen. Maximum exposure index equal to 100 oror any 3-hoar 
period or a maximum instrument reading of 20 p.p.m., whichever occur» first. 

i.   Otker toxic gte*.  Maximum coiiccntratioB for 8-hour period» aot to excee# 
values listed in ACGIH (American Conference of Government Industrial 
Hyifi-nisu) Threshold Limit Values for 1962, subject to interpretation by th« 
mediral staff and environmental  parameter monitors. 

& ComhutlMe gatei. Maximum concentratioa equal to one-fourth the lower 
combustible limit at any  instant. 

7. Medical emergency. Any condition so evaluated by the SAM-VAFB 392d Medi- 
cal Staff as a critical medical emergency. 

8. Critical crew mpport equipment failure. Any condition involving the facilitiea 
or rquipmvnt which is deemed hazardous by the test operator. 

9. Lack of eommunieation re$ponte from the eapsa'* for more than ana mittat«. 

It.    tinrirupmental control tyitem out of tolerane*. 

II.   Permanent power fnilura. 
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APPENDIX C 

TTPICAL MRNU 

r—d pmcUt. ht-fUgkt, iHiMAml 

I 

BnMt* 
Ham and ten Cream, dry 
Petn Sogmr 
Pecui CAkc rau Sah 
Instant coffee. Um Cm 

Laaek 
Boned chicken Cream, dry 
PenchM Sufar 
Pound cake Salt 
Instant coffee, tea Gum 

• 
Dinner 

Beef eteak Cream, dry 
Fruit cocktail Sugar 
Chocolate nut rofi Salt 
Instant coffee, tea Gum 

Rettarek food kit 

Breakfait Portion six« Calorie Talue 
Omelet S ot. 212 
Toaat 1 slie« U 
Jam Itba. 60 
Butter 1 pat BO 
Pineapple Juice 601. »1 
Coffee, tea, or coco« 1 nip 104 
Milk 1 cup I6S 

Total ■U7 

Lunch 
Beef macaroni 
Diced carruta 
Coffee, tea, or cocoa 

Snack 
Cheese and cracker* 

Orange juice 

* cup 
3 os. 
1 cup 

4 crackers 
1 alice 
6 oa. 

Total 

29S 
14 

104 

»4 
111 

81 

701 

Dinner 
Pork chops (frees« dried) 2 lean >00 
Whipped potato 4 os. 120 
Gravy, mushroom S tba. 121 
Green beans S os. • 
Cookies, plain 2 21« 
Coffee, tea, or cocoa 1 cup 104 
Milk 1 cup 166 

Total      1,039 
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APPENDIX D 

BIOMEDICAL DATA 

SubjM* Prttctt 

I.   Hcmatologjr 

A. ErythrocytM 
N = 6.0 millun 

B. Hemoirlobia 
N =i 16.0 era. ± 2 cm. 

C. Hemttoerit 
V = 42 to 46% 

D. Leukocyt«« 
\ = 6 to lO.OOO/mra. 

1. N«utrophili 
N = sato n% 

2. Lymphocyte« 
JV = 20 to 26% 

3. Moni>cytrt 
A? = 3 to 8% 

4. Eoiinophilt 
/' = 2 to 6% 

5. Bisophil« 

II.    Urinalyiii 

A. Specific rravitj 

B. Albumin 

C. Sugtr 

D. Abnormalitiet 

K.   Acetone 

F.   Bile 

III     Blm-1 pretiur» 

A. Sittinr 

B. Recumbent 

C. Standint 

A 
B 

4.48 rafllioa 
6.08 miUioa 

4^1ni!Ha« 
4.60niUioa 

A 
B 

16.« cm. 
16.6 pn. 

144 c«. 
14.0 c«. 

A 
B 

44% 
48% 

»% 
40% 

A 
B 

6,36t 
8,060 

6,500 
»fiOt 

A 
B 

48% 
67% 

68% 
66% 

A 
B 

62% 
41% 

38« 
28% 

A 
B 

0% 
0% 

6% 
8% 

A 
B 

0% 
2% 

1% 
1% 

A 
B 

0% 
0% 

0% 
0% 

A 
B 

1.028 
1.029 

1.020 
1.028 

A 
B 

Negative 
Negativ« 

Negativ«' 
Negativ« 

A 
B 

Negativ« 
Negativ« 

Negativ« 
Negativ« 

A 
B 

Non« 
0-t RBC 

Non« 
0-1 WBC 
2-3 RBC 

A 
B 

Negativ« 
Negativ« 

Negativ« 
Negativ« 

A 
B 

Negativ« 
Negativ« 

Negativ« 
Negativ« 

A 
B 

140/80 
148/90 

122/7« 
148/M 

A 
B 

130/60 
136/78 

134/80 
144/92 

A 
B 

114/78 
128/M 
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IV.   Pvlaanto 

A.   mttiat 

B Atltrextrrtm 

C Twomiaatca 

D. 

E. After »tenflm thw ■tnntw 

M 

111 
IM 

M 
Cf 

n 
M 

104 
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