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Preface

Americans hailed the first manned lunar landing as an unprecedented
technological achievement, a triumph of American ingenuity, inventive-
ness, and enterprise, and a symbol of the nation’s return to world techno-
logical preeminence. This praise for American technology obscured a
fundamental reality: that man, not the machine, was the critical variable
in manned spaceflight and that a major responsibility for controlling this
variable lay not only with engineers and mission planners, but with life
scientists as well.

In 1958, the year in which Congress established the National Aero-
nautics and Space Administration, the human factor (the necessity for
considering human well-being, health, safety, performance, and behavior
as major constraints in engineering and mission planning) was the major
concern for manned operations in space. The human factor injected into
an otherwise purely engineering undertaking an array of variables that
were, at the time, neither predictable nor easily specified. In a number of.
significant areas, normative values for predicting human physiological
and behavioral responses to the conditions of spaceflight and the space
environment and for providing specifications for the design and engineer-
ing of life support, protection, communications, and control systems were
either nonexistent or of questionable validity.

Clinicians and biomedical scientists could not predict the limits of
human tolerance to the actual and potential hazards of spaceflight. These
hazards included “‘stress factors” of spaceflight (multiple G and impact
forces, noise and vibration, isolation and confinement, alterations in day-
night cycle, abrupt changes in demands on circulatory and respiratory
systems), effects of exposure to a closed environment (artificial at-
mosphere, toxic contaminants, fuel leakage, humidity and thermal ex-
tremes), and hazards of the natural environment of space (weightlessness,
radiation, thermal extremes, oxygen deprivation). The future of manned
spaceflight hinged on the ability of biomedical scientists to identify limits
of human tolerance to these environmental and operational factors.
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THE HUMAN FACTOR

Identification of tolerance limits was considered essential not only for
the qualification of man for spaceflight, but also for engineering and mis-
sion planning. Engineers required precise information on human physio-
logical and behavioral requirements in order to design and engineer space
systems that would protect human passengers against these expected
hazards, provide for effective monitoring of critical physiological func-
tions, and, through proper placement and arrangement of communica-
tions, control, and display equipment, assure effective human perform-
ance. Precise human factor specifications were needed in order to avoid
unnecessary weight (@ major concern because of launch propulsion limita-
tions) and unnecessary complexity. Mission planners also required exact-
ing biomedical specifications in order to define mission profiles, establish
mission durations, integrate biomedical monitoring into the overall mis-
sion, and provide for safe and efficient recovery operations for man (and
machine). In short, the human factor created a need for active considera-
tion of biomedical factors and active participation of life scientists in
planning, evaluating, and implementing research, development, and
operations in support of manned spaceflight.

Given the human factor, those charged with responsibility for planning
the American manned space program recognized from the outset the need
for a multidisciplinary approach to technical and operational decision
making and for close and continuous interaction among life scientists,
physical scientists, engineers, and mission planners. This had a direct bear-
ing on space program organization and management. Recognizing the im-
portance of biomedicine to the initial manned effort, NASA’s first Admin-
istrator, T. Keith Glennan, established a biomedical group as an adjunct to
the Space Task Group, which had technical and operational responsibility
for Project Mercury, and created a special, high-level advisory group of
leading human factors specialists to advise NASA on biomedical require-
ments for the manned space program. Later, as the scope of the space pro-
gram expanded and as NASA began to plan for manned programs beyond
Mercury, Glennan’s successor, James E. Webb, saw a need to expand and
diversify the agency’s life sciences programs to meet the requirements of
an expanded, diversified, and accelerated manned (and bioscience) space
program.

Webb authorized a form of organization and management for the life
sciences that turned out to be a source of enduring internal conflict and
external controversy throughout the manned space program. He and his
subordinates viewed the life sciences as activities that should be suppor-
tive of and subordinate to the agency’s major space programs (space
sciences, advanced research and technology, manned spaceflight opera-
tions). They favored a form of organization which aligned clinical
medicine with the manned spaceflight program office, medical and
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human factor research with the advanced research and technology pro-
gram office, and space biology (“biosciences”’) with the space sciences
and applications program. This arrangement, in management’s view,
would encourage multidisciplinary coordination in areas where coordina-
tion was essential, while at the same time ensuring effective alignment of
the elements of the life sciences programs with the respective major pro-
gram offices. NASA’s top management, which included no life scientists,
made nominal provision for coordination among these three life sciences
components. No direct effort was made to integrate the life sciences into
a single office or to appoint a life scientist to a high-level administrative
position. In the view of Webb and his top administrators, NASA had a
critical need for life sciences support of its major space programs, but did
not have a need for a major program in the life sciences.

This approach to the organization and management of the life sciences
was logical, given the agency’s major responsibilities in space and its
obligation to achieve major manned spaceflight objectives in the most ex-
peditious, efficient, and economical way. Nonetheless, this arrangement
generated internal conflict and controversy and gave rise to a unique
term, “biopolitics.” Biopolitics refers to competition for life sciences
funds, resources, and program authorities and occurred at several levels:
among the three NASA life sciences offices, between NASA managers and
public spokesmen for the scientific community, and between NASA and
the U.S. Air Force.

Internally this arrangement and personalities combined to foster
divisiveness among the agency’s three life sciences offices. Dominated by
physical scientists and engineers, NASA’s top administrators believed that
the life sciences could be compartmentalized along the same lines as the
physical sciences, mathematics, and engineering, when in fact the bio-
logical sciences, behavioral sciences, medical sciences, and clinical
medicine are to some degree interdependent and often had areas of
overlap. Dividing and compartmentalizing life sciences management
resulted in little active and regular interaction and cooperation among
biologists, medical scientists, and clinicians (generally a normal activity in
biomedical settings). In the process, management inadvertently invited
factionalism and jurisdictional disputes associated with competition for
funds, resources, and authority. The effective subordination of the life
sciences to engineering and the physical sciences retarded the growth and
development of a viable program of fundamental research in biomedicine
and of an effective and integrated life sciences program, and discouraged
life scientists outside NASA from actively supporting and participating in
the manned space program.

Many articulate and influential scientists were hostile to the manned
space program and viewed NASA’s arrangements for the organization and
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management of its life sciences programs as justification for their hostili-
ty. These scientists, who viewed manned spaceflight as an unnecessary
and unjustified investment of funds and a reckless and unnecessary risk of
human life, favored a space program oriented toward scientific research
in space rather than manned space exploration. They believed that the
manned program used funds that could be better spent on unmanned
space missions. Thus they looked upon NASA’s arrangements for the life
sciences as evidence of the agency’s insensitivity to scientific research.
The life sciences, they felt, could not make important contributions to
scientific knowledge as long as they were decentralized, subordinated to
physical science, engineering, and operational programs, and devoid of
representation at the highest administrative levels. The subordination and
decentralization of the life sciences, combined with the mission orienta-
tion of NASA, would, in their view, preclude the interaction among
biologists, medical scientists, and clinicians that is normal in biomedical
research settings, discourage the development of a program of funda-
mental biomedical research, and encourage the use of man as an experi-
mental animal. Given these concerns, many scientists questioned NASA's
ability to provide adequate biomedical support for manned spaceflight.

NASA’s top management was repeatedly urged to free its life sciences
programs from subordination to engineering and mission operations.
Critics stressed the need for increased emphasis on fundamental research
and a more traditional approach to the qualification of man for space-
flight (particularly, animal research as a preliminary condition of manned
flights). Toward these ends, they recommended that NASA create a cen-
tralized life sciences research facility, an integrated life sciences program
office, and a high-level life sciences administrative position.

External criticism of NASA’s life sciences programs continued through-
out the manned space program and resulted in several congressional in-
vestigations. Except when pressed by Congress, NASA’s top administrators
tended not to respond to the hue and cry from the scientific community.
An integrated life sciences program, in management’s view, was inconsis-
tent with the agency’s major responsibilities in space. Implementation of
these recommendations, management believed, would necessitate a
major increase in the space program budget and a major realignment of
program responsibilities which could retard the pace of the manned pro-
gram. NASA suspected that its critics among scientists wanted the agency
to function as if it were a scientific research organization, comparable to
the National Institutes of Health, rather than a mission agency charged
with conducting manned and unmanned operations in space for scientific
and technological development. With a mandate to place a man on the
Moon before 1970 and to develop the nation’s capabilities for manned
operations in space, NASA could not afford, from management’s perspec-
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tive, the leisurely pace and autonomous structure of a scientific research
organization.

NASA also, in the early 1960s, was not in a political position to build up
its life sciences research capabilities and its life sciences program to the
level required to satisfy these scientists. A major expansion of in-house
capabilities in the life sciences ran directly counter to the aspirations of
the Air Force. Air Force interest in manned spaceflight began in the late
1940s. By 1958, it had oversight responsibility for all space-related
research and development within the Department of Defense and was
well ahead of NASA and the other military services in planning for
manned space operations. More important, the Air Force had pioneered in
the field of aerospace medicine, had conducted or sponsored most of the
extant research into the human factors aspects of high-altitude flight and
spaceflight, was the nation’s major employer of specialists in space
medicine and biotechnology, and had facilities for research and develop-
ment in aerospace medicine and biotechnology unmatched by any other
government or private agency. As late as 1965, the Air Force was still the
nation’s leader in aerospace medical research and development and the
training of specialists in aerospace medicine.

Given its own aspirations in space, the critical importance of bio-
medicine to manned spaceflight, and its unchallenged leadership in space
medicine, the Air Force did not favor an expanded life sciences program
within NASA. While Air Force officials had no objection to an increase in
NASA'’s capabilities in space biology, they adamantly opposed any NASA
buildup in biomedicine and biotechnology. Both political and practical
factors underlay this opposition. Politically, Air Force officials feared that
any reduction in its biomedical capabilities would justify a reduction in
support for an Air Force manned space program. In practical terms, the
Air Force feared that a major biomedical program within NASA would
preclude full utilization of existing Air Force aeromedical research,
development, and training facilities, make it difficult for the Air Force to
attract specialists in aerospace medicine and biotechnology, and deprive
the Air Force’s aerospace physicians of the opportunity to gain experience
in manned space operations. Accordingly, the Air Force and its supporters
in Congress strove to deny NASA the funds and authority to strengthen its
in-house biomedical capabilities at the same time that life scientists out-
side NASA were demanding that NASA increase these capabilities.

The history of the biomedical aspects of the manned space program is
thus a multifaceted one. One facet is the technical and operational deci-
sion making that underlay biomedical research, development, and opera-
tions in support of the manned space program. What were the biomedical
requirements and objectives at each stage of the manned space program?
How, and by whom, were these requirements and objectives identified
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and ranked? What was the nature of the research and development proj-
ects undertaken to fulfill these requirements and achieve these objec-
tives? How successful were the biomedical preparations for, and what
were the biomedical results of, each of the manned programs? What role
did the separate life sciences programs— space biology, human factors re-
search, biotechnology, and space medicine—have in supporting the
technical and operational objectives of the manned space program?

The history of biomedicine during the manned space program is also a
history of administrative decision making. How did the technical and
operational requirements of the manned space program affect the
organization and administration of NASA’s life sciences programs? What
factors underlay management decisions concerning the allocations of life
sciences resources, personnel, and authorities? What arrangements did
management make to encourage coordination and timely resolution of
jurisdictional disputes among the decentralized life sciences programs?
What were the major organizational and management problems that
emerged within the life sciences programs, and how were these problems
resolved? What factors led NASA’s top administrators, on several occa-
sions, to make changes in the organization and management of the agen-
cy’s life sciences programs?

The history of the biomedical aspects of the manned space program is
also a study of biopolitics, that is, the effect of political factors on life
sciences within the space program. What were the political considerations
that influenced decision making in the space life sciences? To what extent,
if at all, did these factors influence technical, operational, organizational,
and management decisions? How successful were NASA'’s opponents and
critics in influencing congressional decisions related to NASA’s life
sciences programs?

This historical analysis of biomedicine during the manned space pro-
gram considers all these questions. The technical and operational prob-
lems that NASA's life scientists faced as they strove to provide biomedical
support for both approved and advanced manned programs are discussed,
as well as the administrative and political problems that emerged as
NASA’s life sciences programs expanded and diversified to meet the re-
quirements of an accelerated space program. Together, the narrative and
analysis illuminate the important contributions of NASA’s life scientists to
the nation’s achievements in space, and record the difficulties and frustra-
tions these scientists experienced as they tried to create a viable, inte-
grated, and effective program in the space life sciences.
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Medicine, machines, and manned flight

The American manned spaceflight program officially began in
November 1958, when the new National Aeronautics and Space Ad-
ministration (NASA) received authorization to launch a man into Earth or-
bit. That effort, Project Mercury, was the first phase of a program that
would lead to a series of manned lunar landings between 1969 and 1972
and the Skylab missions of 1973-1974, which qualified man for space mis-
sions lasting up to 84 days. Between Mercury (which included animal
flights before single manned flights) and Apollo, the Gemini and Skylab
projects successfully launched and recovered two and three men, respec-
tively. The Skylab missions of 1973 and 1974 exposed men to a spaceflight
duration of 84 days. That the space program moved so far so quickly is a
testament to NASA’s ability to harness and coordinate a diversity of
talents and resources. It also testifies to the nation’s capabilities in
biomedicine and the behavioral sciences and to NASA’s ability to en-
courage and sustain a working relationship among biomedical and
behavioral scientists, clinicians, physical scientists, engineers, and mission
planners.

This working relationship, though unusual, was not unprecedented.
Within the military services, life scientists, engineers, and mission planners
were accustomed to close interaction. For more than 50 years before the
first manned spaceflight, these diverse specialists had worked together to
solve human factors problems in aeronautics, to identify and measure
human limitations at increasingly higher altitudes and speeds, and to
develop equipment that would enable man to transcend these apparent
limitations. Those charged with planning for Project Mercury and the
subsequent phases of the manned space program were products of this ex-
perience.
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MEDICINE AND MANNED FLIGHT BEFORE 1958

A new phase in human exploration began on November 21, 1783, when
two Frenchmen rose over the French countryside in a balloon.! Their flight
introduced men to an era in which exploration would be inextricably
bound to the machinery of exploration and to man’s ability to cope with
the conditions of unusual, and increasingly hostile, environments. Given
the role of medicine in extending the frontiers of flight, it was fitting that
one of the two persons on that first balloon flight was a physician.
Numerous physicians flew on subsequent balloon flights. An American,
John Jeffries, made several balloon flights after 1784 and may have been
the first to investigate the effects of flight on man. He recorded a signifi-
cant decrease in temperature, oxygen, and pressure with altitude and
described a painful sensation in his ears. A contemporary, British surgeon
John Shelton, discovered that nausea and irrational behavior can be ef-
fects of flight. Neither Jeffries nor Shelton understood the connection be-
tween diminished oxygen supply and diminished barometric pressure and
the observed physiological effects.?

The manner in which Jeffries and Shelton investigated the conditions
and environment of flight— using themselves as test subjects— became a
tradition that continued into the period of powered flight. Steadily in-
creasing speeds and altitudes and maneuvering capability raised new
questions concerning human physiology and performance, and these
questions naturally attracted the attention of flight-oriented physicians.
These physicians, most of whom were military flight surgeons, generally
were not research scientists, but more pragmatic, mission-oriented in-
vestigators. They sought to understand the factors that affected the health
and performance of flight crews and to identify methods for reducing or
eliminating ill effects.

Flight physicians often took heroic approaches to their investigations of
the human factors problems of flight, using themselves as test subjects.
Col. Randolph Lovelace |l gave a dramatic demonstration of this ap-
proach in 1943. Lovelace hypothesized that the decreased density of the
atmosphere at high altitudes would intensify the shock of parachute open-
ing during emergency escapes. To test this hypothesis and evaluate
several items of equipment intended to minimize the shock, he bailed out
at an altitude of 12,195 meters. He proved his hypothesis and the value of
the backup equipment: the shock nearly killed him, but the equipment
saved his life.? Other flight physicians have made comparable heroic ef-
forts. In most cases, their objective was to identify the causes of, and
develop preventive measures against, specific problems, while developing
a scientific understanding of the physiological and behavioral dynamics
associated with flight operations.
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Biomedical interest in flight was not entirely limited to flight surgeons,
however. In the 1860s, French physiologist Paul Bert began to investigate
systematically the physiological effects of diminished oxygen and
barometric pressure. He realized that he needed to be able to simulate, on
the ground, the flight environment. Accordingly, he constructed the
world’s first pressure chamber, in which he could simulate altitudes up to
10,980 meters. Using himself and dogs as experimental subjects, he con-
ducted 670 experiments in which the percentage of oxygen in the air was
constant and barometric pressure was the variable. He discovered that
heart and respiration rates and digestive gases vary in direct proportion to
altitude. Above 4,880 meters, he experienced nausea and dimming of vi-
sion. These symptoms of altitude sickness disappeared when he breathed
air enriched with oxygen.

Bert followed these investigations with inflight research on two occa-
sions. Two of his associates, both scientists, ascended to 7,991 meters in a
gondola that was equipped with bags of oxygen having special
mouthpieces. Both flights confirmed his belief that the use of oxygen-
enriched air above 1,840 meters would eliminate the effects of altitude
sickness. These experiments nearly ended in disaster, however, because
Bert did not realize that the passengers would have to breathe oxygen con-
tinuously above the critical altitude.*

Bert had correctly identified the need for supplementary oxygen at high
altitudes, but he failed to recognize that the critical factor was not the
quantity of oxygen available, but the oxygen saturation within the blood,
which in turn was a function of atmospheric pressure. Several European
physiologists discovered this factor during balloon flights between 1900
and 1903. Their work led to conclusions that became part of the
theoretical framework of aerospace medicine: man cannot survive above
7,930 meters without extra oxygen; oxygen must be force-fed through a
closed mask in order to ensure optimum blood saturation; and man re-
quires protection within a sealed structure or pressure suit at altitudes
above 12,200 meters.*

The advent of powered flight and its rapid development after World
War | augmented biomedical interest in the human factors of flight. In-
creased speeds and variable accelerations associated with maneuvering
drew attention to the effects of these factors on physiology and perform-
ance, while developments in the machinery of flight raised concern over
the possible clinical effects of noise, vibration, and toxic fumes. These and
other factors gave increasing impetus to research in biotechnology —the
application of information derived from human research to the develop-
ment of life support and protective equipment to improve human per-
formance in flight operations.® During the interwar period, aviation
medicine came under the nearly exclusive control of the military services.
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Research, development, and training facilities established by the Army
and Navy remained the primary centers for aviation and space
biomedicine through the mid-1960s. The activities at these facilities
reflected the developing interaction among biomedical and engineering
personnel and a pragmatic approach to aerospace medicine.’

The development of jet aircraft following World War 11, like the advent
of powered flight 30 years earlier, generated renewed interest in human
factors. The jet age placed new emphasis on the identification of human
capabilities and limitations, the design of systems and equipment to max-
imize these capabilities and minimize the limitations, and the definition of
standards for selecting and training the individuals best qualified to en-
dure the stresses and hazards of high-speed, high-altitude flight.® The
development of jet flight strengthened and sustained the traditions of
biomedical involvement in manned flight and mission-oriented bio-
medicine that had slowly emerged with propellor-powered flight.

While flight-oriented physicians and biomedical scientists gave primary
attention to the human factors problems of aeronautics during the
postwar period, interest in human factors aspects of spaceflight grew
steadily during the 1950s. A cadre of German specialists in rocketry,
biotechnology, and aviation medicine were the primary force behind this
growing attention to space biomedicine. Between 1946 and 1948, the
Army transferred 34 of these specialists to American military facilities, a
few to Navy facilities.®

The dean and principal theoretician of the group was Hubertus
Strughold, a physician and physiologist who had been engaged in aviation
medical research since the mid-1920s. A Rockefeller Foundation Fellow,
he gained international stature as a professor of aviation medicine and as
director of the German Aeromedical Research Institute.’® Strughold
established the world’s first department of space medicine at the Air Force
School of Aviation Medicine in 1950. Under his leadership, the school
became a major center for basic and clinical investigations into the
physiological and behavioral effects of spaceflight and the space environ-
ment. During the 1950s, researchers at the school conducted (or spon-
sored) investigations into the biodynamics of spaceflight (physiological ef-
fects of stress factors and weightlessness), human performance
(psychological, psychophysiological, and neurological effects), and
metabolic, psychological, and other human requirements in space. The
results of these investigations were regularly communicated to scientists
worldwide through publications and symposia.'

Strughold contended that the distinction between space and at-
mosphere was artificial and misleading, at least as far as human biology
was concerned. He maintained that man begins to experience “space
equivalent” conditions at an altitude of 15,250 meters, where he is ex-
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posed to most of the hazards of the space environment and cannot survive
unless protected by a sealed capsule or a pressure suit. For this reason, he
argued, manned spaceflight is a natural extension of aeronautical flight,
and space medicine a logical extension of aviation medicine. Biomedical
investigations into the human factors of spaceflight, he concluded, must
build on and extend knowledge already gained from aviation medicine."
Strughold’s views had both practical and political value. They encouraged
confidence in the nation’s fundamental capability for proceeding with
manned spaceflight, and they provided a rationale that Air Force officials
would later use to justify the claim that the Air Force should direct
manned spaceflight.

A number of other German scientists, particularly Otto Gauer and Hen-
ning von Gierke, were assigned to the Aviation (later Aerospace) Medical
Laboratory at the Wright Air Development Center. Since the 1930s, this
center had sponsored research into human physiological requirements in
flight and had applied the results to the design and engineering of
pressurized cabins, pressure suits, protective equipment (couches,
restraints, cushions), and life support equipment (for example, oxygen
masks for high-altitude flights)."*

Like Strughold at the School of Aviation Medicine, Gauer and his
associates introduced a theoretical approach to aerospace medicine at
the Wright facility. Gauer theorized that multiple G acceleration followed
by weightlessness could have serious physiological effects. He observed
that the acceleration forces encountered during spaceflight launch and
reentry would depress circulatory function and cause certain conditions
that had been observed in high-altitude aeronautical flights: pooling of
blood in the extremities and the brain (“redout”) or insufficiency of blood
supply to the brain (blackout). Weightlessness, he theorized, would com-
pound the problem since, in the absence of gravity, the blood vessels
would relax and would not perform the capillary action that normally aids
the heart in the circulation of blood. Consequently, the heart, already
overtaxed by multiple G acceleration, would be further strained by the
loss of capillary action. This combination of factors, he believed, could
lead to conditions such as heart failure, pneumonia (from pooling of
blood and fluid in lungs), or severe muscle cramps (from pooling of blood
in muscles). He suggested that this combination of factors could also
disrupt the normal processes of the nervous system, through which the
brain sends signals to the body systems in response to sensations. Because
the sensations derive from pressure exerted at various points on the body,
the multiple G and null G states, and their rapid succession, could cause
the brain to receive and send mixed or conflicting signals. This, in Gauer’s
view, would affect balance, spatial orientation, and the body’s efforts to
compensate for circulatory dysfunction.'
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In practical terms, Gauer’s theories implied that these effects could be
negated, or at least significantly reduced, if some means could be found
to reduce the multiple G forces experienced during launch. Following this
suggestion, researchers at the Wright center conducted tests of the rela-
tionship between body position and the physiological effects of G forces.
After numerous tests with a centrifuge between 1952 and 1957, re-
searchers concluded that maximum physiological tolerance results when
the forces are applied transversely perpendicular to the head-to-foot
axis.!s

The Wright center was also responsible for designing equipment that
would protect pilots of high-altitude, high-speed aircraft. This responsibili-
ty later included space crews, who would face similar, but more extreme,
hazards. The major protective devices developed were pressure suits,
couch and restraint systems, emergency escape hatches and seats, en-
closed flight cabins, and life support equipment. By the end of the 1950s,
scientists and engineers at Wright had become increasingly interested in
the modification and redesign of aeronautical equipment for
spaceflight.'®

At the Aeromedical Field Laboratory (an extension of the Wright center)
at Holloman Air Force Base, New Mexico, investigators conducted inflight
biomedical investigations. Space-related biomedical research included ex-
ploration of the effects of weightlessness and radiation on small mammals
and primates, human tolerance of the forces of acceleration and impact,
physiological and performance effects of environmental extremes (cold,
diminished oxygen, low barometric pressure), and human responses to
brief periods of weightlessness. Biomedical operations at Holloman began
in 1948 in a field then termed “space biology,” the investigation of the
space environment through observation of its effects on animals. On four
occasions, rhesus monkeys in pressurized capsules were fired into the up-
per atmosphere aboard V-2s. In each case, the monkey survived the
hazards of flight, but died when its parachute failed. From 1949 to 1952, in
the Aerobee series, rhesus monkeys and mice were launched to altitudes
above 70,000 meters on four flights. These animals were successfully
recovered, with no adverse effects attributable to weightlessness and ac-
celeration.'”

The space biology program was terminated in 1952, when the Air Force
began to give priority to ballistic missiles. By this time, Holloman had
other biomedical commitments. Fritz Haber and Heinz Haber at the
School of Aviation Medicine and Harold J. von Beckh at Holloman shared
Gauer’s anxieties about the potential hazards of weightlessness. A method
for simulating weightlessness was obviously needed. The Habers, who
were physical scientists and engineers, speculated that a brief period of
weightlessness could be created by having an airplane make an abrupt de-
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scent following a sharp ascent. In 1951, test pilots flying such parabolic
patterns proved the speculation to be substantially correct. They ex-
perienced about a half-minute of zero G and two to six minutes of low G.
Von Beckh suggested a modification of the Habers’ technique in order to
assess both weightlessness itself and the pilot’s reactions to reentry forces
following weightlessness. He suggested that immediately following the
half-minute of weightlessness, the pilot drop the plane into a steep
downward spiral.

Missions between 1953 and 1958 using the combined Haber-von Beckh
technique dispelled some concerns while raising new ones. The flights
resulted in temporary disorientation and nausea (though it was impossible
to determine whether this resulted from weightlessness or the nature of
the flight pattern), but showed that humans quickly learn to perform in the
new environment. The von Beckh trajectories provided concrete evidence
that physiological tolerance of the forces of acceleration declines follow-
ing exposure to weightlessness. This further confirmed Gauer’s theories
and reemphasized the need to keep G loads to a minimum.'®

Holloman was also a center for investigations of the effects of linear ac-
celeration and high-speed impact. Usually identified with Col. John Stapp,
who rode the facility’s high-speed “sled” a significant number of times be-
tween 1947 and 1955, these studies were intended to determine the limits
of human tolerance to the multiple G forces of linear acceleration
(straight-line, continuous force) and to high-intensity impacts. By 1958,
these studies had revealed that humans have the potential to withstand 46
G and a force of 10,000 pounds for a quarter of a second, forces that were
well in excess of those anticipated for spaceflight.'

Finally, Holloman was the center for the Air Force’s Man-High high-
altitude balloon flights between 1956 and 1961. Seven missions were flown
to measure the intensity of cosmic radiation, test the effectiveness of a
sealed cabin, and evaluate instrumentation for remote medical monitor-
ing of a pilot’s physiological responses above 30,500 meters. The most im-
portant results were in the areas of heat and humidity control and
biomedical telemetry.2°

While the Air Force was the unquestioned leader in aerospace medicine
and biotechnology, the other military services made contributions. The
Naval School of Aviation Medicine at Pensacola had responsibilities
similar to, but narrower in scope than, those of the Air Force school. The
naval school trained flight surgeons, but offered no specialized training in
space medicine. The facility did sponsor research in areas that would later
prove relevant to space medicine, such as designing and evaluating
psychological profiles for the selection of pilots, and studying the effects
of stress factors and extreme environments on the vestibular apparatus
(components of the inner ear that control balance and orientation).
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The Navy also sponsored biomedical research and development at its
Aviation Medical Acceleration Laboratory in Johnsville, Pennsylvania,
and the Naval Equipment Center in Philadelphia. The activities of these
two centers together were similar to those of the Wright center. Johnsville
had responsibility for human factors research, while Philadelphia oversaw
biotechnology. As at Pensacola, these facilities were oriented toward avia-
tion research and development with little direct interest in spaceflight
before 1957.2' johnsville operated a centrifuge to study effects of ac-
celeration and decceleration. The centrifuge, with NASA input, was
modified to simulate interaction between the pilot and a control system
that regulated centrifuge motion and G force. This dynamic motion
simulator was used to develop the space reaction control system for the
X-15 research airplane and later for tests of piloted reentries of the Mer-
cury spacecraft.

The Army had no active program in aviation and space biomedicine,
though it did staff a bioastronautics office at the Army Ballistic Missile
Agency within the Wernher von Braun group at Huntsville, Alabama. The
Army also had a major physiological research facility, the Armed Forces
Institute of Pathology in Washington, D.C., which sponsored a wide-
ranging program of basic research. Finally, the Army and Navy cooperated
in 1958-1959 in a series of biological investigations in space with rhesus
monkeys. These flights, launched by Jupiter missiles, provided additional
evidence that higher organisms could endure the rigors of spaceflight if
adequate life support was provided, and they were important for testing
and evaluating biomedical monitoring techniques, instruments, and
operational procedures.?2

SPACE BIOMEDICINE IN 1958

As the United States prepared to respond to the challenge presented by
the Soviet Union’s successful launch of Sputnik 1 in October 1957, few
within the American aerospace community doubted that the nation could
place a man into orbit and return him safely, possibly in advance of the
Soviets. The military services had the basic capabilities for launch, opera-
tions, and recovery. Biomedical investigators had evidence that man
could tolerate the G forces and brief periods of weightlessness anticipated
for an orbital mission. The hardware for sustaining man in near-space
already existed and could be modified to meet the requirements of an or-
bital mission. Perhaps most important, the military services, the National
Advisory Committee for Aeronautics, NACA (NASA’s predecessor), the
aerospace industry, and many universities collectively had the scientific,
biomedical, and engineering talents and the research, development, and
operations facilities required for the task.
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Nonetheless, manned spaceflight remained a formidable challenge, and
the human factor was a major element in that challenge. Adapting and
modifying hardware, techniques, and knowledge derived primarily from
aeronautical research posed significant engineering and operational pro-
blems, problems that were exacerbated by a dearth of hard data on
human capabilities and limitations in space. While biomedical scientists
were certain that humans could tolerate the conditions and forces of
Earth-orbital flight, the precise short-term and long-range clinical and
behavioral effects of spaceflight were not predictable. Nor could scien-
tists provide the engineers with the baseline (normative value) specifica-
tions required for design and development of space capsule protective,
life support, communications, and control systems.?3

Physicians were particularly concerned about the environmental
variables of space (radiation, weightlessness, magnetic fields), the
spacecraft (toxic contaminants, fuel leakage, artificial atmosphere, abnor-
mal pressure), and the spaceflight experience (acceleration, isolation, con-
finement, discomfort, disruption of day-night cycle). Among these, the
most worrisome was weightlessness, because it could not be simulated ef-
fectively for sustained periods. So little was known about the effects of
prolonged weightlessness that a broad range of possible debilities had
been predicted, including disorientation and circulatory failure.
Biomedical scientists were also worried about interactional factors, that
is, the combined effect of two or more stress and environmental factors.
The severe problems predicted by Otto Gauer were early examples. In ad-
dition, there was an apparent correlation between the level of oxygen in
the bloodstream and tolerance to G forces. Biomedical scientists feared
that weightlessness, by upsetting the normal rhythm of the circulatory
system, would reduce tolerance to the multiple G forces of reentry. That,
in turn, could degrade the ability of flight crews in a critical portion of any
mission.24

In the absence of predictive values, space physicians realized that flight
crews would have to be selected on the basis of exceptional physical and
mental health and then carefully trained. Consequently, the selection and
training of astronauts was a major area of biomedical concern. This would
not be a simple task, however, given the absence of consensus on the
physiological and psychological parameters that should be measured, and
the unproved reliability of the instruments that would be used in making
these measurements.?>

The absence of hard biomedical data had a direct bearing on engineer-
ing and operations. To develop a space capsule that would meet human
requirements without exceeding weight limitations and without unduly
complicated systems, engineers required precise human factors values.?¢
Mission planners, too, required precise biomedical data to ensure that the
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duration, configuration, and progression of missions would not exceed
human tolerance. Since weightlessness was the major unknown variable
and could not be simulated effectively, flight plans would have to be con-
figured to increase gradually the duration of exposure. To do so, planners
needed to know the levels of ““acceptable risk”” for each mission and
decide which biomedical functions should be made part of overall
monitoring procedures.?’

The human factors requirements as known were fully documented by
Dr. W. Randolph Lovelace Il, a retired Air Force flight surgeon and inter-
national expert in aerospace medicine. Between February and October
1958, Lovelace chaired a Working Group on Human Factors and Train-
ing—a committee of aerospace physicians, human factors engineers, and
test pilots who met under the auspices of the NACA-sponsored Special
Committee on Space Technology (Dr. H. Guyford Stever, chairman). This
group issued a report, authored by Lovelace, in which biomedical pro-
blems were cited as major obstacles to manned orbital flight. An “im-
mediate requirement’’ exists, Lovelace wrote, for ““detailed information on
human tolerance limits”’ to prolonged weightlessness, isolation and con-
finement, linear and variable acceleration, and space radiation, as well as
the application of this information to the “verification of space capsule
design.” This required, in Lovelace’s view, a multidisciplinary approach to
human factors research and applications and a coordinated national pro-
gram of research in space biology and medicine.2®

COORDINATION OF THE MANNED SPACE PROGRAM

Although in early 1958 the United States had the resources and facilities
needed to provide research, development, and operational support for
manned spaceflight, these capabilities were dispersed among different
agencies and the various space-related activities were largely uncoor-
dinated. Between January and July 1958, President Eisenhower, key
members of Congress, and leading scientists and spokesmen for the
aerospace community became increasingly aware of the need for direc-
tion of the national space program by a single agency. In January 1958,
Eisenhower authorized establishment of the Advanced Research Projects
Agency within the Department of Defense to seek means for coordinating
the nation’s space programs and to recommend a single agency to carry
out the task. Subsequently, the three military services and the NACA vied
for authorization to manage and direct the space program, particularly
the manned effort.

The Air Force seemed the likely choice, inasmuch as it had launch
capabilities superior to those of the other military services, major launch
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sites on both coasts, and the most experience in launch operations. It was
also the unquestioned leader in the field of aerospace medicine, with
three times the biomedical personnel and four times the biomedical
research and development budget of its closest competitor, the Navy.?
Perhaps most important, the Air Force had shown more interest over a
longer time than had any of the other claimants, and it could argue that
this interest evolved logically from its historical role as the nation’s prin-
cipal aviation agency. The Air Force, as its space-oriented officials pointed
out, had always been moving toward space: “From the first aircraft to
enter the inventory to the futuristic X-15, Air Force goals have changed in
degree only; the basics have been constant— greater speed, longer range,
and higher altitude.””3° ,

The Air Force was also the most advanced in manned spaceflight plan-
ning and development. It had three separate programs at different stages
of development, but each was conceived as an integral part of the overall
Air Force space program. The X-15 rocket-powered research airplane, a
joint NACA-Air Force project intended to “fly to the edge of space,” was
the most recent in a long series of high-performance research aircraft
flown since 1947. Although it was plagued by development problems the
X-15 was promoted by the Air Force as the first step in its plans to place a
man in space.

The second Air Force program, Dyna-Soar, was still on the drawing
board in 1958, but the Air Force argued that it was a logical extension of
the X series of research aircraft. With design features similar to those of
the X-15, Dyna-Soar was to be a lifting body. Launched into orbit by a
missile, it would be capable of maneuvering in orbit briefly to set up its
reentry and glide to Earth. The Air Force was also proposing a third
manned program, Man-in-Space-Soonest (MISS), an extensive program
that would achieve both military and civilian objectives in space. MISS
was planned to begin with a series of unmanned biological satellites, pro-
ceed to a manned orbiting satellite (@about 1960), a manned orbiting
laboratory (about 1963), and conclude with a manned lunar landing in

1965.3!
Neither the Army nor the Navy could set forth a comparable claim to

the space mission. The Navy had excellent biomedical, human research,
and biotechnology resources and facilities, but it lacked the Air Force’s
launch capabilities and lengthy experience in high-altitude and
astronautics research, development, and planning. Moreover, the Navy’s
lone proposal for a manned spaceflight project, Project MER (for Manned
Earth Reconnaissance), was overly ambitious, requiring the development
of completely new hardware and systems. Further, the Navy’s failure to
place an unmanned satellite (Vanguard) in orbit cast doubt on its ability to
sponsor a successful manned operation in space.’?
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The Army had launch capabilities and experience to match those of the
Air Force. Its Ballistic Missile Agency, led by von Braun, probably had the
best launch organization outside the Soviet Union and had been responsi-
ble for the United States’ first successful orbiting satellite. However, the
Army had limited capabilities in aerospace biomedicine and
biotechnology, as was evident in its manned space proposal, Project
Adam. Adam was simplistic in conception: a man would be hermetically
sealed into a capsule atop a ballistic missile. The missile would launch the
capsule into space; the capsule would orbit once and reenter as its orbit
decayed. In terms of biomedicine, the plan required only that the
passenger be protected against the more obvious hazards and forces. No
effort would be made to monitor the passenger’s physiological reactions
in flight or to test human performance capabilities.?**

The NACA was the least likely candidate for authorization to manage
the manned space program. It had no launch capabilities or facilities, no
biomedical resources, no tradition of space-related research and develop-
ment, and no clearly defined proposal. What the NACA had, however,
was an extensive and effective aeronautical research and technology
development team, several decades of experience doing advanced
research on the ground and in flight (i.e., the X series of research aircraft)
in support of military and civilian aeronautical technology development
programs, and an intense interest in expanding the scope of its activities to
include astronautics. Perhaps most important, the NACA was a civilian
agency.?*

President Eisenhower, concerned that a national venture in space would
nourish the growth of a politically powerful “military-industrial complex,”
was suspicious of military ambitions for a space program. Key members of
Congress, leading scientists, and other influential public figures shared
Eisenhower’s concern. It was also believed that an open space program
under civilian management would illuminate the contrast between the
American and Soviet governments. Many scientists feared that a military
space program would stifle communication among scientists and subor-
dinate legitimate research to weapons systems development.3s

On April 2, 1958 President Eisenhower recommended that Congress
Create a new agency, structured around the NACA, to manage the national
space program. Congress did so on July 16. The National Aeronautics and
Space Administration became operational on October 1, 1958 and re-
ceived formal authorization to direct the manned orbiting satellite pro-
gram (soon to be named Project Mercury) several weeks later.?* How this
new agency, with no biomedical personnel, no biomedical research
facilities, and little experience in human factors research and engineering
(with the exception of aircraft flight control), would manage a program
that depended so much on biomedicine, remained to be determined.
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Human factors of Project Mercury

The salient features of NASA’s biomedical program, as they were set
down in Project Mercury and remained throughout the manned program,
were summarized in 1963 by Dr. Charles Berry, chief of the Manned
Spacecraft Center Medical Operations Office. “The nature of the
challenge,” Berry observed, required that “the simplest and most reliable
approach be used.” This involved, first, adapting biomedicine ‘‘to
engineering and operations,” using ‘“off the shelf items wherever
possible,” basing medical operations on mission operations, and using
“engineering analogies” to communicate biomedical information to
engineers, astronauts, and mission controllers. Second, it entailed a
“direct approach” to the qualification of humans for spaceflight:
“thrusting” man into a “truly unknown environment,” providing him with
“the best protection and monitoring capabilities within the operational
constraints of the mission,” and using the observations of man in flight as
“a means for evaluating the next step into space.”’ This approach was sup-
ported by NASA’s engineering management and depended on the military
services for the biomedical support of Project Mercury.

Initially, biomedical support requirements for Project Mercury could be
satisfied through a small medical unit attached to the Mercury project of-
fice. However, as NASA began to look beyond Project Mercury, its ad-
ministrators foresaw a need for a broadened biomedical program. This led
to a reassessment of the initial organizational arrangements for
biomedicine, and of the agency’s dependence on the military services,
which eventually brought NASA into direct conflict with the Air Force.

Concurrently, a small but articulate and influential group of scientists,
including some life scientists, began to question the wisdom behind the
manned space program and the adequacy of the biomedical support for

13
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Project Mercury. Generally unfamiliar with the practical aspects of
medical operations and strongly biased in favor of basic research, these
scientists were disturbed that NASA did not intend to conduct anintensive
biomedical research program (including an extended series of animal
flights) before proceeding to manned flight. They were convinced that
NASA planned to expose astronauts to unnecessary risks and that NASA
management was more concerned with engineering and mission priorities
than with human health and safety.

In Project Mercury NASA faced a fundamental question that would en-
dure for some time as a source of controversy in the manned space pro-
gram: How to organize and administer a life sciences program that would
meet the technical and operational requirements of the agency’s major
programs, be consistent with the agency’s overall program administration,
and be acceptable to scientific interests outside NASA.

BIOMEDICAL ADMINISTRATION OF PROJECT MERCURY

The requirements identified by the Working Group on Human Factors
and Training (the Lovelace committee) and others posed challenges for
NASA’s management that were administrative as well as technical and
operational. From the NACA the agency inherited personnel experienced
in the physical sciences and engineering and facilities equipped for
research in aeronautical engineering and the physical science aspects of
aeronautics. It had no physicians or biomedical scientists on the staffs of
its permanent headquarters ar its centers.2

Nor did NASA have specific funds or authority to build capabilities in
biomedicine. In the initial NASA authorization hearings, members of both
the military and Congress had expressed opposition to any duplication of
existing programs or facilities.3 Given Air Force capabilities in bio-
astronautics, NASA could not expect support for a large program in
human factors research and development. Moreover, NASA Administrator
T. Keith Glennan opposed any major increase in the -number of NASA
employees or the size of the NASA centers. A fiscal conservative, he
shared Eisenhower’s view that the space program should be small in scale
and limited in its objectives.*

Finally, those who had studied the agency’s human factors re-
quirements were recommending a biomedical program to support long-
range objectives and underestimated the pressure on NASA to place a
man in Earth orbit at the earliest possible time, preferably before the Rus-
sians. If many Americans shared Eisenhower’s opposition to a “space
race,” many more believed that an active space program was essential to
national prestige and security.

NASA therefore had little choice but to rely on the military services for
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biomedical support. The use of military personnel and facilities would
provide the support required for manned spaceflight without creating con-
flicts with Congress or the military services and without exceeding the
limits set by Glennan and Eisenhower. It would contribute to the achieve-
ment of Mercury objectives quickly and economically, and it would allow
NASA to use NACA personnel and facilities without disrupting existing
personal and organizational relationships.

Because NASA’s biomedical objectives at the outset of the space pro-
gram were limited to technical and operational support for Mercury, Glen-
nan established a biomedical team under the authority of the director of
the Space Task Group (STG).* Since biomedicine was initially only an ad-
junct to spaceflight development and operations, both of which were the
responsibility of the Space Task Group, this arrangement made good
sense. It also did not require significant revision of existing authorities or
transfer of NASA personnel.

The biomedical team for Mercury was composed entirely of military
personnel on detached assignment. Initially, Glennan and his top ad-
ministrators viewed this as a temporary arrangement and gave the team
the designation “aeromedical consultants.” Six months later, in April
1959, Glennan responded to advice from his staff and converted the
biomedical team into a permanent operational component of the Space
Task Group although it would continue to be staffed entirely by military
personnel on temporary assignment.” The initial group of aeromedical
consultants consisted of Dr. Stanley C. White, an Air Force lieutenant col-
onel, physician, and specialist in human factors engineering and
biotechnology; Dr. Robert Voas, a Navy lieutenant, psychologist, and
specialist in flight crew selection and training and human engineering; and
Dr. William S. Augerson, an Army major, physician, and specialist in
human physiology.8

Although NASA had no immediate requirement for biomedical ad-
ministration outside the Space Task Group, Glennan and his staff needed
input to ensure effective coordination with the military services, to ac-
curately apprise Congress and the President of life sciences requirements
and developments, to provide life scientists outside NASA with a point of
contact within the agency, and to deal with the important and politically
sensitive issue of astronaut selection. Since Glennan was averse to
creating new programs or enlarging the staff, he sought to resolve the pro-
blem by using consultants. He also formed a Special Advisory Committee

*The Space Task Group was the project management center for Mercury. Although
physically located at NASA’s Langley Research Center in Hampton, Va., it was an
autonomous organization. When manned spaceflight operations were relocated to
Houston (1962-1963), the Space Task Group evolved into the Manned Spacecraft Center,
later, Johnson Space Center.
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for Life Sciences, which he hoped would substitute for a life sciences pro-
gram office. As he saw it, this committee would give NASA regular expert
advice from leading specialists in space biomedicine without increasing
headquarters personnel or changing the organization. Toward this end, he
selected as members of the committee persons who were recognized
leaders in the field and who held high-level, full-time positions outside
NASA—in short, persons who would have no compelling reason to carve
niches for themselves within NASA or to promote a permanent life
sciences office.?

The chairman of this committee, W. Randolph Lovelace I, was possibly
the most famous specialist in space biomedicine; he was internationally
recognized as an expert in both the theoretical and practical aspects of
the field. He was influential, having extensive and important contacts in
Congress, the military services, and the scientific community. Moreover,
he had nothing to gain from a permanent NASA position; his political con-
tacts ensured that he could influence space program planning whether he
worked for NASA or not, while his position as director of his own research
corporation provided a considerably greater income than he could have
earned at NASA. Lovelace then had precisely the biomedical expertise re-
quired for Project Mercury, the political clout required to ensure that
NASA received the level of biomedical support required for Mercury, and
no ambition to create a position for himself. Collectively, the other
members of the committee had status comparable to that of Lovelace, if
none equaled his prominence in the field.'°

The Life Sciences Advisory Committee assumed many of the respon-
sibilities of a life sciences program office. Glennan expected it to provide
liaison between NASA and the other government agencies, particularly
the military services, and between NASA and the scientific community,
while serving as a link between the biomedical staff at the Space Task
Group and top management at headquarters. It would review biomedical
planning for Project Mercury and make recommendations to Glennan and
his key administrators, but it would have no line authority.

Glennan considered creating an official program-level life sciences
position on the basis of recommendations from Lovelace, other scientists,
and some members of his staff. Lovelace foresaw a continuing need for
life sciences input into the space program and favored a high-level life
sciences office and a centralized life sciences research facility.'" Respond-
ing to this advice, Glennan directed a staff assistant, W. L. Hjornevik, to
review NASA’s capabilities and requirements in the life sciences.
Hjornevik concluded that NASA was underestimating the importance of
biomedicine. He pointed out that the reliance on consultants was in
marked contrast to practices in the physical sciences and engineering,
where consultants were used rarely. Hjornevik contended that the
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biomedical area was “potentially at least as important as the hardware
development area” and that the “management concepts adopted in the
engineering field” should be “applied in the aero-medical field.” He
recommended that Glennan appoint a “senior medical advisor” to his
staff, create a permanent “biomedical unit in the space development
headquarters organization,” and establish “a small biomedical research
laboratory” at one of the field centers.'?

Although Glennan agreed to make the Space Task Group’s aeromedical
consultants team a permanent organizational component, he believed
that the other recommendations required further study."* For the im-
mediate future NASA could rely on the Life Sciences Advisory Committee
for input at headquarters. From November 1958 through July 1959, ad-
ministration of biomedicine remained the exclusive responsibility of
Space Task Group management. The Life Sciences Advisory Committee
continued to provide advice and recommendations, but played a major
role only in the selection of the Mercury astronauts.'

BIOMEDICAL SUPPORT FOR PROJECT MERCURY

The biomedical tasks for Project Mercury were in three primary areas:
selection and training of astronauts; design, development, and evaluation
of life systems; and provision of medical support for flight operations. Ac-
cordingly, NASA selected three military specialists in these areas as the
biomedical consultants to Project Mercury. The nominal head of this
group of consultants was Lt. Col. Stanley C. White, who was selected
because of his acquaintance with key members of the Space Task Group
staff and his activities as a member of the Man-In-Space-Soonest team at
Wright-Patterson Air Force Base."”

A physician, White had more than 10 years of experience in human fac-
tors research and engineering. At the time of his detail to NASA, he was
director of aeromedical research at the Wright Air Development Center,
Wright-Patterson AFB, where he had been closely involved in research and
development related to spaceflight life support systems and protective
equipment. He was also serving as project leader of the spacecraft design
group of the Air Force’s Man-in-Space-Soonest planning group.’® White
selected Army Maj. William Augerson and Navy Lt. Robert Voas as his
assistants.

Augerson, also a physician, was a specialist in human physiology and
clinical medicine. Although he had very little experience with manned
spaceflight, he had worked briefly with White at Wright-Patterson and had
been involved in flight operations as part of the biological program of the
Army Ballistic Missile Agency. In the latter capacity, he had monitored the
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physiological responses of monkeys in a series of Thor-Able flights.!”
Augerson’s appointment assured representation from each of the services
on the biomedical team; moreover, he was fully qualified for the position,
bringing to NASA a strong medical background and an intense interest in
the space program.'8

Voas, a psychologist, also had a keen interest in the space program,
especially the selection and training of flight crews. He began his career as
a specialist in human engineering, a new field of psychology applied to the
design of the workplace, procedures for improving worker motivation and
satisfaction, and techniques for identifying and selecting management
trainees. He came to NASA from the Naval School of Aviation Medicine,
where he had devised a psychological testing program that had resulted in
a sharp decrease in the rate of failure among pilot trainees.2

ASTRONAUT SELECTION

The aeromedical consultants began their assignment during the first
week of November 1958 and concentrated on two tasks: the development
of environmental and life support systems, and astronaut selection.
Following the ground rule that the selection program should identify “in-
dividuals who would require a minimum of training in order to fulfill the
Mercury job requirements,”2! they concluded that the job required per-
sons with a high level of intelligence and physical stamina, exceptional
health, advanced training in science or engineering, and psychological
capabilities for effective performance under stress.22 In addition,
engineering constraints dictated that the astronauts be light in weight and
not too tall. The consultants recommended the following basic re-
quirements: maximum age, 40 years; maximum height, 5 feet 11 inches; ex-
cellent physical condition; bachelor’s degree in engineering or a physical
science; graduation from test pilot school; and a minimum of 1,500 hours
flying time as a qualified jet pilot.23

The consultants then faced the task of identifying prospective can-
didates. Initially, they favored an open selection program, with applica-
tions sought and accepted from all interested persons who met the basic
requirements. Volunteers were so numerous, however, that they soon
decided to conduct a closed program and extend invitations only to
carefully screened individuals. Ultimately, President Eisenhower directed
that they limit their search to test pilots within the military services.24

The consultants first screened the medical records of 508 military pilots
who had graduated from test pilot schools, identifying 110 who met the



HUMAN FACTORS OF PROJECT MERCURY 19

basic requirements. This group was reduced to 69 on the basis of recom-
mendations from command personnel and instructors at the test pilot
schools. These 69 were interviewed by a team that consisted of the
aeromedical consultants, Space Task Group Associate Director Charles
Donlan, civilian test pilot Warren North, two military psychiatrists, and a
psychologist from NASA’s personnel office. Thirty-two of those inter-
viewed volunteered to undergo intensive testing.?>

The final phase of the selection program began in February 1959.
Testing included medical and clinical evaluations at the Lovelace Founda-
tion for Medical Research and Education in Albuquerque, New Mexico,
and physical and psychological stress tests at the Air Force’s Wright
Aerospace Development Center. The selection team wanted data that
would show degrees of physical and mental soundness so that they could
evaluate each candidate in comparison with the others.26

Before testing began, physicians at the Lovelace Foundation analyzed
the medical histories of the candidates and established a composite pic-
ture of the clinical norms (baselines) that should be expected in the typical
candidate. Norms were established for each of the body systems (e.g., cir-
culatory, nervous, musculoskeletal), major organs (e.g., eyes, heart, lungs,
ear-nose-throat), and primary physiological functions (e.g., blood pressure,
heart rate, pulmonary function). Data for each of these areas were ob-
tained by subjecting the applicants to a broad range of procedures, in-
cluding tissue cultures, blood and urine chemistry, x-rays, examinations by
specialists, and general internal medical examinations. Subsequently,
each candidate was assessed in terms of his degree of deviation from each
of the norms.?”

In the second part of the testing program, Air Force personnel at the
Wright Air Development Center conducted tests to measure “body effi-
ciency” in terms of heart and pulmonary function, physical response to
stress, and psychological performance. Stress tests included responses to
acceleration, heat, isolation, depressurization, and extreme exertion.
Psychological and psychiatric tests were intended to provide measures of
intelligence and special aptitudes and assessments of personality and
motivation.?8

In late March 1959 the selection committee reviewed the test results
and concluded that 18 candidates were comparably qualified in terms of
medical and psychological factors. Instructed to reduce this number to 6,
they reevaluated the medical results and individual technical qualifica-
tions, but could not reach a firm decision. Subsequently, final selections
were made by NASA’s top management.?®

From a purely medical standpoint, the selection program ran very
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aircraft.””32 Vehicle weight and capsule design were the second considera-
tion. Available launch vehicles made strict control on weight essential.
Because of the pressure to achieve mission objectives at the earliest possi-
ble time, engineering design and development had to emphasize simplici-
ty, with minimal use of new hardware. These two considerations dictated
the approach to biotechnology. Wherever possible, life systems would be
modifications of existing hardware. New hardware would be developed
only if nothing was available to be modified, or the old hardware would
not provide the “adequate margin of safety.” Further, as long as the “risk
hazard’’ was not in question, life systems would be selected on the basis of
engineering considerations (weight and simplicity). Finally, life systems
would be designed and developed with a minimum of redundancy.33

The off-the-shelf approach was most apparent in components that were
related to flight stresses, that is, protection against acceleration, reentry,
and impact forces. The capsule was to be designed so that the couch
would hold the astronaut in a supine (back down) position with his lower
extremities elevated approximately 20 degrees from the horizontal. This,
White believed, would provide maximum protection against the multiple
G forces expected during spaceflight. The couch, cushion, and impact
restraints were to be modifications of similar equipment that had been
designed for high-performance military aircraft and tested extensively in
Air Force facilities.34

The pressure suit was a modification of a test pilot’s high-altitude
pressure suit, the Navy Mark V. Evaluation by Mercury contractors
resulted in numerous modifications. To minimize redundancy in the
overall life systems, the suit would be designed to serve as the backup en-
vironmental system should the capsule life support system fail. This
meant that it would have to provide for oxygen, atmospheric pressure,
temperature and humidity control, and waste disposal. To meet weight
limitations, it would be fabricated from a lightweight material. For the
astronaut’s comfort and performance, the suit would have to be flexible
and capable of accommodating fittings for pressure gloves, helmet, and
environmental control connections.35

The environmental control system of the capsule was not so much a
modification of existing hardware as an amalgam of features and com-
ponents of environmental systems from submarines and high-altitude air-
craft. Like the pressure suit, the capsule would have to meet the en-
vironmental requirements noted above and be subject to the same basic
engineering constraints related to weight and simplicity.

Those constraints were most apparent in the areas of atmospheric
pressure and air conditioning. At the outset, there was disagreement about
whether the capsule atmosphere should be ‘““‘normal” atmospheric air at
sea-level pressure or highly oxygenated. The former was preferable in
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terms of safety, as oxygen in high concentrations poses a serious fire
hazard and can cause hyperoxia (oxygen intoxication) if the pressure is not
properly adjusted. However, normal atmospheric air would complicate
capsule engineering; heavier materials would be needed to hold in the
higher pressure, and scaling the capsule would be more difficult. In addi-
tion, a normal atmosphere would increase the possibility of hypoxia
(oxygen deprivation) in flight, necessitating the inclusion of sensors to
monitor the partial pressure of oxygen in order to ensure an optimum level
of blood oxygen.3¢

NASA'’s engineers were not alone in favoring an oxygen-rich at-
mosphere. White believed it had physiological advantages that out-
weighed the potential hazards. As a flight physician, he knew that hypoxia
was a far greater problem at high altitude than hyperoxia. The low-
pressure system would be within weight constraints, yet would provide a
partial pressure of oxygen sufficient to maintain the proper blood oxygen
level. He also reasoned that a pure oxygen atmosphere would ensure the
availability of the oxygen required during emergencies. In particular, it
would minimize the effects of emergency decompression.3’

MEDICAL SUPPORT FOR FLIGHT OPERATIONS

While White concentrated on human factors and biotechnology, Auger-
son worked on the design of a medical plan for Mercury operations. This
involved three major responsibilities: medical maintenance of flight
crews, preflight and inflight assessment of astronaut health and per-
formance, and postflight evaluation of astronaut response to spaceflight
and the space environment. Each of these supported a specific Mercury
objective. Linked with astronaut training, medical maintenance should
enhance an astronaut’s ability to fulfill his responsibilities as a Mercury
pilot. Preflight assessment and inflight monitoring would provide mission
controllers with information needed to determine whether a mission plan
should be followed or modified. Postflight evaluations would contribute
to mission planning; physiological and performance data from one mis-
sion could be used by operations personnel in planning subsequent mis-
sions.

Although the Mercury missions involved more complex tasks and more
sophisticated equipment, Mercury physicians had the same basic respon-
sibilities as the flight surgeons for test pilots, and they could adapt tested
techniques. Like their aeronautical counterparts, Mercury physicians
would be maintaining, monitoring, and evaluating the physical and mental
health of abnormally healthy individuals placed in an abnormally
unhealthy environment and would not be able to base their assessments
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on normative physiological values derived from a general population. As
former jet pilots, the astronauts had an abnormally high tolerance for
physical and mental stresses. In addition, for most spaceflight stress
parameters (e.g., cardiac function relative to null G) there were no
validated normative values and hence no proven methods for determining
whether an astronaut was approaching the threshold of tolerance.

Augerson and his colleagues could rely to some extent on procedures
and techniques used by flight surgeons who monitored high-altitude
flights in balloons and high-performance aircraft. However, the Mercury
undertaking demanded greater sophistication. Augerson believed that
physiological data derived from aeronautical flights would not provide
adequate predictive values for Mercury missions. Rather, physiological
norms would have to be derived for each astronaut and used in evaluating
the inflight status of the individual astronauts. These norms were to be
based on numerous measurements made during centrifuge runs and flight
simulations and would encompass both the physiological factors to be
measured in flight (heart action, respiratory performance, body
temperature, urine output) and the clinical assessments to be made later.
During flights, medical monitors would use the individual norms as a basis
for inflight clinical assessments. After each mission, Augerson’s team
would use the norms to evaluate their postflight clinical findings.38

Augerson also foresaw a need for almost continuous monitoring of
astronaut health and performance during missions, a task beset by both
technical and nontechnical difficulties. In technical terms, spaceflight re-
quired remote clinical assessment with bioinstrumentation, which was not
completely new, but few physicians had any experience with it. Some
bioinstruments— such as pressure cuffs for taking blood pressure and sen-
sors for recording changes in body temperatures— had been used during
high-altitude balloon flights conducted by the Navy and the Air Force in
the 1950s. While such instruments could serve as prototypes, their
reliability was unproved and very few physiological responses could be
measured with confidence.3? Invasive techniques (implantation and inser-
tion) were more likely to produce reliable measurements, but there was
strong resistance to their use. Surgical implantation would cause discom-
fort and might introduce infection or interfere with pilot performance.4
Moreover, the astronauts feared that a faulty instrument or misinterpreted
data would be cause for grounding, while the engineers were concerned
that elaborate instrumentation would complicate design problems, par-
ticularly those related to the pressure suit.4

Augerson decided to minimize the use of bioinstruments and to limit
the number of inflight measurements to functions that seemed to be
critical indicators of physiological distress and for which reliable, nonin-
vasive bioinstrumentation existed or could easily be developed. These
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functions included (in the early flights) body temperature (measured rec-
tally),* respiratory performance (monitored through an instrument im-
planted in the microphone pedestal of the flight helmet), and cardiac per-
formance (measured through special electrodes and a pressure cuff linked
to the helmet microphone). These measurements would be transmitted
from capsule to monitoring sites by radio signal.*?

Augerson planned to have specially trained medical monitors at each
station of NASA’s worldwide network of tracking sites. The monitors
would record the biometric readings as the astronaut came into radio
range and compare them with the known baseline values for the
astronaut. If the monitor discovered significant deviations from the
baseline, he would radio this information to the next monitor down the
line and to the center medical operations team (White, Augerson, and
Douglas). This pattern would continue until a decision was reached about
the future of the mission. If the monitors did not discover significant
deviations, the flight would continue and the recorded data would be re-
tained for future reduction and analysis.*?

The medical monitoring plan was based on the assumption that signifi-
cant deviations would be accepted as justification for early termination of
a flight mission, although Augerson knew that this was unlikely. He
himself had little confidence in the reliability of bioinstruments and knew
that it would remain open to question throughout the Mercury program.
Moreover, he realized that guesswork would play a major part in opera-
tions, since it would be impossible in advance to establish precise correla-
tions between degrees of deviation from baseline values and actual
physiological dysfunction, and in any event the functions being monitored
were not reliable indicators for all possible health problems that could
develop in flight. Personally, Augerson favored a systematic program of
basic medical research to establish these correlations before manned
flights began; however, he accepted the fact that the time constraints and
economics precluded this.** Thus, in fact if not in design, the principal
value of the bioinstrumentation would be to test the instruments and
monitoring procedures themselves and thereby contribute to the design
and development of reliable devices for use in subsequent flight pro-
grams,

Because of the limitations of the bioinstruments and the likelihood that

*The use of the rectal thermistor bordered on being an invasive technique and was a source
of tension between astronauts and physicians. At the beginning of Project Mercury,
however, instruments for measuring temperature orally were unreliable, and rectal ther-
mistors were used during the first four Mercury flights. An oral thermistor was developed
for, and evaluated during, the later Mercury missions and became standard equipment for
subsequent manned flights. This development is described in Chapter 4.
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reliable instruments would not be available for use in the early Mercury
flights, Augerson planned to rely primarily on health indicators for inflight
medical assessments. Initially, he lobbied for inclusion of a television
camera in the Mercury capsule so that physicians could make visual in-
spections. The idea was quickly rejected by the operations team because
of the design problems it would introduce.*® Instead, Augerson and his col-
leagues relied on voice assessments and medical interviews as health in-
dicators. In the first mode, monitors would listen closely to the astronaut’s
voice for indications of physical distress (e.g., labored breathing) and
neurological or behavioral dysfunction (garbled or slurred speech, discon-
nected word patterns). Besides being crude, this procedure was limited by
distortions inherent in the communications system and by the high level of
subjectivity involved. In the second mode, monitors would pose, at
specified points during the flight, a series of questions that would lead the
astronaut in making a personal assessment of his own physical condition.
This had the obvious limitations that the astronauts were not physicians,
and, more important, were not likely to volunteer information or admit to
any problems that could lead to early termination of the mission.*¢

In an effort to minimize the biases of these modes, Augerson, in
cooperation with Douglas and Voas, incorporated the training of medical
monitors with the training of astronauts. First, the medical monitors would
gain experience in procedures, familiarity with the astronauts, and a
technical understanding of the Mercury missions by monitoring the
astronauts during centrifuge runs and flight simulations. Second, in an ef-
fort to increase astronaut cooperation, basic physiology and clinical
assessment would be made part of the astronaut training program.4”

Following reentry and recovery, the astronauts would receive an exten-
sive clinical evaluation. It would begin with an immediate assessment of
the astronaut’s present health. During the ensuing 24 hours, physicians
would conduct a series of examinations to determine whether the
spaceflight experience had caused physiological changes. These examina-
tions would include urine and blood chemistry, vital signs (temperature,
pulse, respiration, blood pressure), body mass and weight, body fluid
volume, fluid intake and output, and general physical health and stamina.
Physiological changes would be detected through comparison of these
data with data obtained from similar examinations during preflight
preparations.48

Augerson also faced a troublesome problem unrelated to medicine. It
would be logical to draw medical monitors from the military services
because military physicians could be mobilized and transferred easily,
worked at a pay scale far below that of their civilian counterparts, and
were accustomed to working in an operational environment. Moreover,
few civilian physicians had a practical knowledge of flight medicine. The
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use of military physicians, however, posed a delicate diplomatic problem,
since many tracking sites were on foreign soil. Augerson therefore pro-
posed that NASA obtain some physicians from the Public Health Service.
Although technically civilians, Public Health Service physicians were
organized along military lines, holding rank and receiving pay equivalent
to that of military physicians.

Augerson’s work was directly linked with that of the Astronaut Medical
and Training Office. William K. Douglas, chief of the office, worked
primarily as the astronauts’ personal physician, providing medical care
and coordinating with Augerson activities that involved the astronauts in
tests and measurements.

Robert Voas, Douglas’s assistant and the astronauts’ training officer,
faced a major challenge in the astronaut training program. He was
charged with training the astronauts to respond effectively to hazards that
could not be predicted and preparing them for an environmental condi-
tion— weightlessness— that could not be simulated meaningfully. In addi-
tion, he had to develop procedures through which they could learn to
operate a vehicle that was in the process of development. Since he could
not anticipate or prepare them for all possible emergencies (with some
notable exceptions, such as emergency decompression), he took the posi-
tion that the training program should emphasize basic education and
familiarization through repetition, including instruction in the sciences
that underlay spacecraft design, spaceflight operations, and medical
operations. In this way, he hoped to provide the astronauts with a body of
information on which they could draw in an emergency, whether the
emergency occurred in relation to spacecraft systems, the mission plan, or
the pilot’s health.50

Three aspects of the training program had the purpose of instilling in
each astronaut an instinct for spaceflight, and each emphasized
familiarization through repetition. The first was regular aviation flight
training in high-performance aircraft to maintain basic skills. The second
was “familiarization’” with the “conditions of space flight,”” which was in-
tended to acclimate the astronauts’ nervous systems through repeated ex-
posure to spaceflight stresses (G forces) and discomforts (vertigo, heat,
pressure). Voas hoped that this aspect of training would help the
astronauts learn to cope with the effects of spaceflight and prepare them
to respond instinctively to emergency situations. The third aspect was
flight simulation in the Mercury capsule. Again, the intention was to make
vehicle operation an instinctive action and the astronaut a functioning
part of a man-machine system.5!

Voas applied his knowledge of human and industrial engineering in the
training program. Realizing that workers are most comfortable in an en-
vironment which they understand and feel they control, he encouraged
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the astronauts to participate directly in the development and evaluation
of the Mercury capsule and its component systems. In this approach,
which became a standard feature of all subsequent manned programs,
each astronaut monitored the development of a specific Mercury system
or subsystem. He was expected to deal regularly with both contractor and
NASA development engineers and to train the other astronauts in his
specific system. This task had the primary purpose of giving the astronauts
such a detailed understanding of the capsule systems that in the event of a
systems failure, they could conceptualize the engineering problem, in-
dependently devise corrective action, and assist ground personnel in
analyzing and solving the problem. Voas also believed that understanding
the engineering principles involved in an emergency situation would
reduce the astronaut’s level of tension, since one fears most that which
one cannot understand. In addition, he was convinced that many design
and development problems could be avoided with the help of those who
would be piloting the vehicle and would be alert to defects that might not
be apparent to an engineer. In this sense, he was using an approach that
was common in the aerospace industry, namely involvement of test pilots
in engineering design and development .52

By mid-1959, Voas, Augerson, White, and the other members of the Mer-
cury medical team had made significant progress in providing biomedical
support for Project Mercury. They had identified the critical biomedical
problems, implemented plans and procedures for dealing with these prob-
lems, and achieved an effective integration of biomedicine with the
engineering and operations components of the project.

PROBLEMS OF ADMINISTRATION

The arrangements for administering the Mercury medical program
seemed sufficient, given the limited objectives of Project Mercury (i.e., to
qualify man, life systems, and operational procedures for Earth-orbital
missions lasting up to one day). But by early spring of 1959, NASA's top ad-
ministrators were beginning to question the adequacy of these ar-
rangements. First, the life sciences were not formally represented at the
program level; input at NASA Headquarters came solely from the Special
Advisory Committee for Life Sciences. Although able to review and make
recommendations concerning the agency’s life sciences programs, the
members of the committee had no authority to issue directives or imple-
ment their recommendations. Stanley White, the nominal head of the
Space Task Group biomedical team, did not have direct administrative ac-
cess to the director of the Space Task Group and was subordinate to the
two associate directors, both of whom were engineers. Further, the
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biomedical staff had no authority to deal with the external biomedical
community, and so, in effect, was isolated from scientists and clinicians
who had an interest in the biomedical aspects of spaceflight but who were
not among NASA’s life sciences advisors.>?

NASA’s top management—which included Glennan, Deputy Ad-
ministrator Hugh Dryden, Director of Space Flight Development Abe
Silverstein, and Silverstein’s principal assistants, Homer Newell and
George Low— consisted of engineers and physical scientists. The members
of the Life Sciences Advisory Committee, which was intended to function
as a headquarters life sciences program office, were highly respected in
the rather narrow field of aerospace medicine. However, as government
scientists their daily working relationships did not include the biomedical
scientists in academia whose support could be important to the
program.>

This organizational arrangement was based on the assumption that
NASA’s requirements in biomedicine would never extend beyond opera-
tional support for the one approved manned program. Thus it failed to
take into account the advanced research and development that would be
required to support manned flights after Mercury, if such flights were ever
approved. A small operations-oriented group of clinicians, psychologists,
and bioengineers on temporary assignment from the military services
could not sustain the basic and applied research that would be required to
support flights of longer duration. Further, these arrangements failed to
meet NASARs responsibility to support basic research in the space
sciences, including purely scientific investigations in space. While NASA’s
programs in the space sciences (then managed by the Office of Space
Flight Development) were expanding, activities were limited to the
physical sciences; a program in the “biosciences’” was projected, but as
late as March 1960 no such program had been implemented.>*

Through advice from his staff and communications from outside scien-
tists,5¢ Glennan came to recognize that NASA was in danger of becoming
totally dependent on the military services for biomedical research and
development. While this posed no immediate problem for Project Mer-
cury, it could reduce NASA’s chances of receiving authorization to
manage a post-Mercury manned program. Without its own biomedical
program and research facilities, NASA would have to rely on the Air Force
to conduct and sponsor extramural research and development in
biomedicine, and this would make it difficult for NASA to establish in-
dependent ties to universities, research corporations, and industries in the
area of biomedicine.

Glennan and his associates knew that the Air Force was girding to fight
for authorization to manage the post-Mercury manned effort, should
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there be one, and was reorganizing its commands to provide more effec-
tive control over space-related activities. The Department of Defense had
taken steps to improve coordination among the space-related components
of the military services, which strengthened the position of the Air Force.
When the Defense Department created the Advanced Research Projects
Agency in early 1958 and gave it authority to coordinate the three manned
military space programs and, eventually, to select one for official support,
it was assumed that the agency would eventually tap the Air Force.?”

Moreover, in early 1958 Secretary of Defense Neil H. McElroy gave the
Air Force responsibility for reviewing, monitoring, and coordinating all
military-sponsored research and development in support of advanced
manned space programs. Although operational control of existing pro-
grams remained with the individual services, it was clear that in the post-
Mercury era the Air Force would call the space shots for the military.>®

The Air Force was also receiving some support from scientists. While
many scientists had reservations about military control of the entire space
program,®® Science editor Philip Abelson and Jerome Wiesner of the
Massachusetts Institute of Technology, among others, expressed the view
that science would benefit if the scientific and manned components of the
space program were divided, the former under civilian control, the latter
under military. They reasoned that as long as NASA had charge of the
manned program it would subordinate space science to manned flight, but
if manned operations were transferred to the military NASA would be able
to concentrate on science.®®

The military services had much to gain and little to lose by providing
biomedical support to NASA. Their personnel and facilities would be fully
used and they could justify requests for expanded research and develop-
ment capabilities. They would receive a steady infusion of funds from
NASA, their personnel would receive valuable operational experience,
and their support would be good for public relations. If Mercury failed,
NASA would be blamed, but the services would still be able to push their
own manned space plans; if it succeeded, the chances for an advanced
manned program would be increased, and the services would be fully
prepared to compete with NASA for authorization to manage such pro-
grams.8!

In light of this situation, NASA would have to develop an adequate
biomedical program if it was going to justify a role for itself. An ““ade-
quate” program in biomedicine for manned spaceflight would have to in-
clude support for basic research. Information on the biological effects of
prolonged exposure to weightlessness, space radiations, and alterations of
biological rhythms was badly needed and could be gained relatively
quickly and inexpensively with subhuman organisms. Although NASA had
a mandate to sponsor basic science in space, only the nonscientific
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aspects of the life sciences— biotechnology and medical opera-
tions— were receiving funds.s2

By March 1959 Glennan realized that NASA’s long-range interests in-
dicated in-house capabilities in biomedicine and biotechnology and a
diversified and expanded life sciences program. He appointed Dr. Clark T.
Randt, an academic physician and clinical researcher, to his staff as
special assistant for life sciences and authorized him to make a thorough
study of NASA’s long-range requirements and capabilities in the life
sciences. Concurrently, he formed a Biosciences Advisory Committee
composed of biologists and biomedical scientists with a basic research
orientation to make recommendations concerning NASA’s role and
responsibilities in the life sciences and suggest organizational changes
that would improve the management of biomedicine and the other life
sciences. Their findings and recommendations laid the basis for NASA's
life sciences program.






Laying the proper organizational foundation for life sciences at NASA
presented special problems. Administrator Glennan realized that NASA
needed to expand the scope of its life sciences activities if it was going to
reduce its reliance on military personnel and facilities to provide
biomedical research for future manned programs. The scientific com-
munity also looked to NASA to support biological investigations in space
and basic research in biomedicine. At the same time, he was reluctant to
increase in-house personnel and facilities or to disrupt existing personal
and organizational relationships. Nor did he want to alarm the military
services and Congress. To help him resolve this dilemma, he asked Clark
Randt, a personal acquaintance, to join NASA as a special assistant and in-
vited a group of prominent biomedical scientists to serve as a Biosciences
Advisory Committee.

Randt was an excellent choice for life sciences advisor. A respected
clinician, biomedical scientist, and medical administrator, he was believed
to be an excellent choice to bridge the gap between academic life scien-
tists and NASA’s engineering- and physical science-oriented management.
At the time of his appointment, Randt was director of the division of
neurology at Case Western Reserve University Medical School in
Cleveland and was recognized for his important contributions in sensory
neurophysiology.2 Glennan was also impressed by Randt’s attitude toward
science and the space program. As a clinician, Randt perceived the value
of basic research interms of its potential applications. His commitment to
an expanded and strengthened program of basic biomedical research
within NASA was firmly linked to potential clinical uses within the
manned space program. Moreover, Randt was an enthusiastic supporter of
manned spaceflight and believed that a successful program required the
cooperation of life scientists, engineers, and mission planners.?

33
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During the time he worked for NASA, from July 1959 to March 1960,
Randt focused on three problem areas: NASA’s needs and capabilities in
the life sciences, liaison with other government agencies having
biomedical research and development programs and facilities, and
NASA’s ability to attract the support of the academic community to the
agency’s long-range objectives in biology and medicine.

In February 1960, Randt recommended to Glennan that NASA imple-
ment a life sciences program that would provide for ““sequential evolu-
tion” of life sciences ‘‘research, development and training” related to the
biomedical requirements for manned spaceflight, the biological effects of
the space environment, and the search for evidence of extraterrestrial life.
He suggested that this evolution should proceed through three phases.
Phase one, 1960 to 1963, should center on biomedical research and
development related to manned flights of short duration (2 to 7 days) in
Earth orbit (no more than 500 miles from the Earth). Biological research
should be limited to ground-based facilities with the objective of identify-
ing research problems requiring further investigation in flight. The second
phase, 1964 to 1970, should focus on biomedical research and develop-
ment related to human requirements during 10- to 30-day flights and
biological investigations of subhuman organisms in support of manned
flights (e.g., studies of the effects on cellular organisms of weightlessness,
radiation, and alterations in body rhythms). Finally, in phase three, beyond
1970, biomedical research and development should address human re-
quirements for flights exceeding six months in duration and one million
miles in distance. Biological research in this phase would be essentially in-
dependent of manned spaceflight and centered on problems related to
the origin and evolution of life and the search for extraterrestrial life-
forms.

To accomplish these objectives, Randt claimed, NASA needed to give
high priority to basic biomedical research and to integrate all life sciences
research and development. Noting that the life sciences comprise a con-
tinuum from basic research in biology to clinical practice, he suggested
that the organization and management of life sciences programs should
reflect this. In practical terms, this meant that the four primary life
sciences activities— space biology, human research, biotechnology, and
space medicine— should be administered within a single life sciences pro-
gram office. He also urged the creation of a life sciences research center
and an active program of grants and contracts to life scientists. The center
and the program would fall within the jurisdiction of the director of the
Life Sciences Programs Office.

Randt recognized that an expanded and strengthened life sciences pro-
gram within NASA would be resisted by the military services and their sup-
porters in Congress, but he believed this opposition could be quieted if
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NASA clearly defined its legitimate areas of interest and pushed for
authorization to develop in-house capabilities only where military pro-
grams were inadequate. He suggested that military capabilities were
limited to biotechnology (development of life systems and protective
equipment and the attendant human research) and that NASA was
justified in developing capabilities in other life sciences areas. He further
suggested that NASA establish a formal liaison in the life sciences be-
tween NASA and the Defense Department. This, he believed, would
enable NASA to avoid direct confrontation with the Air Force while taking
advantage of interservice rivalries. Finally, he urged Glennan to negotiate
with the Space Science Board of the National Academy of Sciences for the
formation of a life sciences committee that would be responsive to
NASA’s needs. This, in his view, would give NASA the same type of ad-
visory service as the Air Force enjoyed through the Bioastronautics Com-
mittee.*

THE KETY REPORT

While serving as Glennan'’s life sciences advisor, Randt represented
NASA at meetings of the Biosciences Advisory Committee. Glennan had
asked the committee to provide expert advice on life sciences programs
and to respond to complaints from academic life scientists. He named as
chairman Dr. Seymour Kety, a prominent neurologist and researcher with
the National Institutes of Health, and instructed him to select as members
of the committee ‘“scientists of recognized stature in the bioscience
specialties” who have had “diversified training and experience” and are as
interested in ““fundamental research” as in “applied research and
technical development.”s In short, Glennan wanted a biosciences commit-
tee that reflected the needs and interests of academic and other basic
research-oriented life scientists.6

Glennan and his staff formulated 11 “functional objectives” for the
Kety committee. These included determining NASA’s present and future
needs in the life sciences; the extent to which NASA should assume
responsibility for life sciences research, development, and training; and
the life sciences organization that NASA would need to meet its respon-
sibilities. In setting forth these objectives, Glennan wanted specific
guidelines for a life sciences program. He specified that the committee
give evidence that NASA’s biomedical objectives could be met through ex-
isting facilities and provide specifics about “the proportion of in-house to
extramural effort . . . the rate of buildup for each— [and] the composition,
organization, status and size of the NASA in-house capability.” He also
asked for hard data to justify a life sciences research facility.”
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The Kety committee conducted its investigation from June to
November 1959, presented a draft report to Glennan in December 1959,
and submitted its final report in January 1960. The report urged increased
emphasis on basic science and warned against making the life sciences
program strictly an adjunct to manned spaceflight applications and opera-
tions. It identified two broad objectives: investigation of the biological ef-
fects of extraterrestrial environments “including the search for extrater-
restrial life” and scientific investigations related to “manned space flight
and exploration.” While expressing unqualified support for the manned
space program, it stressed that the ultimate objective was to expand op-
portunities for extraterrestrial science.®

To achieve these objectives, the report continued, NASA first needed to
implement “an imaginative and long-range program” of biological,
medical, and behavioral research with clearly identified scientific objec-
tives and emphasis on the interrelationships among biological,
biotechnical, and medical research and development. The report sug-
gested three subdivisions for the life sciences:®

1. Basic biology; effects of extraterrestrial environments on biological
systems, with special emphasis on “those phenomena associated with
weightlessness, ionizing radiation, and alterations in life rhythms’ and
the search for organic molecules that “might be precursors or evidence
of extraterrestrial life.”

2. Applied medicine and biology: medical and biological research
related to manned spaceflight, including “effects of weightlessness on
human performance, radiation hazards, tolerance of force stresses, and
maintenance of life-sustaining artificial environments.”

3. Medical and behavioral sciences: “fundamental investigations’” con-
cerned with longer range human requirements in space and scientific in-
vestigation of the effects of space on human biology and behavior, in-
cluding research into ““metabolism, nutrition, blood circulation, respir-
ation, and the nervous system control of bodily functions and perfor-
mance in space equivalent situations.”

A second requirement noted in the report was that NASA take respon-
sibility for “leadership, coordination and operation of the biomedical
aspects of the national space program.” While avoiding sharp criticism of
the military services, the authors did offer two reasons why a civilian agen-
cy was better qualified to manage this area of research and development.
First, the military services were not in a position to achieve the objectives
of investigating “fundamental biological questions relative to extra-
terrestrial environments and the scientific and technological aspects of
manned space flight,” because the services “must properly give primary
attention to the development of weapons systems and the national
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defense.” In contrast, NASA was “unhampered by such predetermined ob-
jectives”” and therefore had the flexibility to pursue the broader life
sciences objectives. Second, civilian control of biomedical programs
would reaffirm America’s “international role’” as a “basically peaceful
and benevolent power” that seeks to use manned spaceflight to symbolize
“the scientific aspirations of all men” rather than “military strength.”

However, the authors recognized the legitimate interests of the military
services in space and their unique capabilities for supporting NASA’s
endeavors. NASA and the military services should form a “civilian-military
liaison committee”” for the biosciences, responsible for ensuring “max-
imum integration” and utilization of existing biomedical personnel and
facilities and to provide mechanisms for sharing scientific and technical
information.’®

The final requirement for the achievement of biomedical objectives in
space, according to the Kety committee, was a NASA organization with
authority to plan and oversee the total life sciences program. The commit-
tee recommended an office of life sciences with “responsibility and
authority for planning, organizing, and operating’ a program that would
encompass “‘intramural and extramural research, development and train-
ing.”” The director of this office should be “directly responsible to the Ad-
ministrator of NASA in the same manner and at the same directional level
as the other program directors.” The report recommended that this office
be divided into four sections, three related to the areas of research
described above and the fourth to manage NASA’s extramural life
sciences program. The director should establish four advisory committees
“made up of consultants outside of NASA“ and corresponding to the four
subdivisions of the office."

The heart of this organization, however, should be a life sciences
research center and several auxiliary facilities located at universities. The
central facility, the authors suggested, should be colocated with Goddard
Space Flight Center and serve as “the nucleus” for a ““national undertak-
ing” in space-related life sciences research, development, and training.
The proposed center would be staffed by a small group of full-time “com-
petent biological, medical and psychological scientists” who would con-
ceive and direct ““a broad and thoughtfully planned biomedical program
of research extending from the most fundamental aspects to their most
practical applications.” It should be responsive to the director of the life
sciences office and support and coordinate research at a network of aux-
iliary research institutes. The latter would be organized to conduct
research along specific lines; for example, one center would be exclusively
concerned with brain and nervous system research.'?

The report of the Kety committee can be viewed as both a serious effort
to give Glennan the advice he requested and an attempt to negotiate an
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active role for research-oriented life scientists within the space program.
The committee gave Glennan good reasons for building up the life
sciences, solid arguments in favor of civilian control of space life sciences,
scientific justification for the manned space program, and detailed
specifications for organizing and managing a life sciences program.
However, all recommendations were predicated on the premises that the
life sciences were of fundamental importance to the national space effort,
that their value was founded on basic biological and medical research,
and that the achievement of life sciences objectives depended on the use
and development of academic life scientists and facilities and the active
involvement of research-oriented life scientists in the space effort.

From Glennan’s perspective, the report was satisfying because it gave
him leverage in his dealings with representatives of both the scientific and
military communities. To scientific critics, he could point to the Kety
report as an “unbiased” justification of manned spaceflight. NASA’s sup-
port for the report also demonstrated the agency’s desire both to provide
adequate life sciences support for manned flight and to give science
status comparable to that already enjoyed by engineering and operations.
At the same time, the Kety report gave Glennan fundamental arguments
that could be used in efforts to convince the military services and Con-
gress that NASA was justified in seeking internal capabilities in the life
sciences. The most important aspect of the report, however, was that the
recommendations were fully consistent with Glennan’s own views of
NASA. While it called for a vastly expanded program in the life sciences, it
also emphasized that the in-house component should be small and should
coordinate and manage, rather than conduct, research. Glennan could im-
plement the major recommendations without a large-scale buildup in per-
sonnel and the increase in funds could be kept within manageable limits
by transferring research and development allocations from military
facilities to academic ones. Indeed, the authors of the report were not
necessarily calling for a major increase in total life sciences funding, but
simply in the amount being allocated to colleges and universities.'3

Although Glennan was prepared to accept the report’s recommenda-
tions concerning research objectives and headquarters organization, he
doubted that NASA could obtain congressional support for a life sciences
research facility in the near future. The Air Force and certain members of
Congress would view it as a duplication of existing facilities, which Con-
gress, on previous occasions, had directed NASA to avoid.'* In light of this
anticipated opposition, and because he did not believe the need for a life
sciences research center was imminent, Glennan decided not to act on this
recommendation until the new headquarters office had been firmly
established. In this way, the new office could proceed cautiously with the
development of a detailed and thoroughly justified plan before ap-
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proaching Congress with a request to construct the facility. To avoid a
premature confrontation, he did not announce the establishment of the
Office of Life Science Programs until March 1, 1960, two weeks after the
House of Representatives had completed its hearings on NASA’s budget
request for fiscal year 1961.'5

Thus NASA's aspirations in the life sciences were not a source of con-
tention during the House hearings and, in fact, were barely mentioned.
NASA did not require congressional approval for an internal reorganiza-
tion, but it did need authorization for the related operating funds. Glen-
nan’s staff accomplished this by including funds for biosciences as part of
the overall request for research and development funds. The specific re-
quests were innocuous: to transfer certain funds which had previously
been approved for use in manned spaceflight to the “Directorate of Ad-
vanced Research” for support of “university research in the area of the
biosciences,” and to provide new funds for FY 1961 to support research in
“bioscience’ as part of the overall appropriation for support of university
grants and contracts. The House approved the request with the under-
standing that the funds were to be used to encourage “the nation’s
biomedical scientists” to investigate “problems confronting man in travel-
ing through space [in the areas of] biophysics, bioengineering, metabolism,
behavior and space environment.”’1¢

NASA’s intentions in the life sciences did become a matter of congres-
sional concern after Glennan’s March 1 announcement of the new Office
of Life Science Programs, however, when the authorization bill passed to
the Senate. Perhaps because Glennan included no information related to
the new office in the materials he provided to the Senate committee
before the hearings, there was little controversy,'” but some members ex-
pressed reservations. Sen. Margaret Chase Smith (R-Maine) asked Glennan
to elaborate on NASA’s use of existing biomedical facilities and future
plans in the life sciences. Sen. Stephen M. Young (D-Ohio), in questioning
Gen. Bernard Schriever of the Air Force, implied that NASA was moving
toward ‘“an absolute duplication of the Air Force biomedical research ac-
tivities.”” Nonetheless, the Senate approved the authorization, possibly
because the funds involved were minuscule and would not be used for
construction of new facilities.'8

As mild as the hearings had been, it soon became apparent that key
members of the House and Senate wanted to look more closely at the im-
plications of NASA’s recently announced plans. Concerned over the pro-
liferation of biomedical activities throughout the government, and re-
sponding to public anxiety over Soviet advances in space and
missiles—and aware that 1960 was an election year—both houses held
hearings on biomedical activities of federal agencies in the summer.*®
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Certain key members of the House and Senate were convinced that
NASA’s seemingly modest plans would mushroom like the programs of
other government agencies.?® This, as Sen. Hubert Humphrey (D-Minn.)
observed, could lead other agencies, such as the Federal Aviation Ad-
ministration, to press for their own biomedical programs, and soon govern-
ment support for biomedical research and development would be spread
across so many offices that coordination would be impossible and
duplications would be extensive.?' Many members of Congress believed,
with Rep. Emilio P. Daddario (R-Conn.), that NASA had no requirements in
the life sciences that could not be met through the extensive and often
underused biomedical laboratories of the Air Force and the Navy. Dad-
dario argued that a NASA life sciences program not only would cause
duplication and waste, but would generate intense competition for the
limited supply of biologists, bioengineers, biomedical scientists, and clini-
cians.?? Some questioned NASA’s need for a biology-oriented program,
observing that the National Institutes of Health already had the capability
for sponsoring and directing research in the area.??

In short, the Office of Life Science Programs began formal operations
faced with a dilemma. To satisfy its critics in the scientific community,
NASA would have to press for a life sciences program whose scope and
nature would be unacceptable to many in Congress and would be strongly
opposed by the Air Force. Clark Randt, the first director of the office,
would spend most of his time in an unsuccessful attempt to resolve this
dilemma.

OFFICE OF LIFE SCIENCE PROGRAMS

Organized along lines proposed by the Biosciences Advisory Commit-
tee, the Office of Life Science Programs was equal in status, on paper at
least, to NASA’s other program offices. The director held a line position
equivalent to that of other program directors and, like them, reported
directly to the NASA associate administrator.*

According to the official NASA statements, the life sciences office was
to become ““the focal point for a national and international effort” in the
space life sciences.?* Responsible for implementing the recommendations
of the Biosciences Advisory Committee, the office’s long-range functions
were divided between basic research and research in support of manned
flight. It was to develop a program of basic research with objectives that
included knowledge of the biological effects of the physical factors of

* Relevant organizational charts are contained in the appendixes.
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space, new information bearing on biological evolution, and the search
for evidence of extraterrestrial life. It was also to establish a program of
biological and medical research in support of long-duration manned
spaceflights.

At first, Glennan and his staff gave Randt strong support and seemed to
fully endorse the recommendations of the Biosciences Advisory Commit-
tee.2® They generally supported Randt’s efforts to make the Office of Life
Science Programs a viable organization. In mid-March, Randt requested
that all funds for bioscience grants and contracts ($2 million for FY 1961)
be placed under his direct control. Heretofore, such funds had been ad-
ministered through the Office of Advanced Research Programs. Following
the recommendation of Associate Administrator Richard Horner, Glennan
approved the request—a significant concession.?®

Glennan also indicated that he approved of Randt’s efforts to make
NASA’s life sciences programs independent of the military services. He
agreed with Randt that coordination of life sciences matters with the
military services should be at the Defense Department level, rather than
with the individual services. Randt believed that this would improve
overall coordination and help reduce Air Force influence within the space
program. He also approved Randt’s recommendation that NASA support
the formation of a life sciences committee within the Space Science
Board, a move that, in part, was also intended to reduce Air Force in-
fluence. In late 1959, the Air Force had backed the creation of an Armed
Forces-National Research Council Bioastronautics Committee to facilitate
communication between military agencies and life scientists in academia.
Randt was pressed by key members of this committee to have the commit-
tee advise NASA as well. He rejected the idea and successfully avoided a
situation that would have worked against NASA’s independence in the life
sciences.?”

Glennan also encouraged Randt to locate an appropriate site for the life
sciences research facility recommended by the Kety committee and to
prepare a strong case for presentation to Congress. By late June 1960,
Randt had identified the Ames Research Center and the newly constructed
Goddard Space Flight Center as candidates for the facility. Although Glen-
nan did not make a firm commitment, he indicated that he would do so in
the near future and would select Ames as the site.28

During his first six months in office, then, Randt had reason to believe
that the Office of Life Science Programs would evolve into the organiza-
tion envisioned in the Kety report. Accordingly, he focused on the creation
of an effective organization and the rationalization of a long-range life
sciences research and development program.

Following the recommendations of the Kety committee, Randt divided
the office into three parts: space biology, flight medicine and biology, and
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space medical and behavioral sciences. The division of space biology
would be responsible for planning and implementing the biological
research program, including developing the technology required for in-
flight biological investigations. The flight medicine and biology division
was to have, in the post-Mercury era, responsibility for applied research in
support of manned spaceflight. It would sponsor and coordinate human
factors research in support of the engineering and operational re-
quirements of advanced programs and its activities would be directly
linked to those of the agents responsible for manned spaceflight projects.
The division of space medical and behavioral sciences would promote the
basic research in human physiology and behavior which would identify
man’s qualifications and requirements for long-duration spaceflight and
support efforts to plan for advanced manned programs.

Randt wanted the three divisions to function as an integrated unit.
Ideally, information gained from biological research on subhuman
organisms would guide those in space medicine in planning basic research
in human biology and behavior. The knowledge gained from space
medical research, in turn, would contribute to the planning of applied
(human factors) research, which, in the end, would provide the basis for
design and development of spacecraft and planning of mission opera-
tions. Randt was trying to give NASA's life sciences organization a pattern
which was generally typical of biomedical research organizations such as
the National Institutes of Health and university medical centers, and
which reflected a view common among life scientists that biology,
medical science, and clinical medicine were parts of an integrated and
coordinated whole.?

Randt also oversaw the formulation of a “Ten Year Plan” for the Office
of Life Science Programs intended to show how life sciences research and
development would support the overall national space program, identify
facilities required to support the program, and provide estimates of the
costs involved. The bulk of the plan focused on the support the office
would provide to the manned space program. While the plan for the space
biology division called for activity in exobiology, it emphasized study of
the effects of space on lower biological organisms, with specific attention
paid to weightlessness, ionizing radiation, thermal extremes, electro-
magnetic fields, and alterations in biological rhythms (e.g., the day-night
cycle).3° Research in space medical and behavioral sciences would be
directed toward assessing the effects on human physiological systems of
long-term exposure to the space environment. Human metabolism would
be studied to determine requirements for food and water, as would the
disposal of solid and liquid wastes. Psychology was to be the third area of
research, for such factors as isolation and confinement were likely to have
significant effects on human behavior and performance during long-
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duration spaceflight. The final area of research, sociology, would explore
interactional behavior in confined spaces.?'

The research plan for flight medicine was premised upon a post-
Mercury manned program leading to a circumlunar flight or lunar landing.
The first objective would be to obtain enough information about human
requirements in flights of “7 to 60 days” for engineers to design life
systems so that “weight [would] be minimized and reliability maximized.”
Specific areas of concern would be control of atmosphere, temperature,
and humidity; radiation; metabolic requirements; crew comfort and safe-
ty; and human requirements related to weightlessness and acceleration.
Second, flight medicine would establish requirements for optimum in-
tegration of man and machine, such as the characteristics and placement
of control and display systems and the nature and-mechanics of human in-
formation processing. The goal was to ensure that the spacecraft operator
would have no difficulty in determining what was happening at any given
moment, the position of his vehicle in space and time, and what to do in
an emergency. Finally, the flight medical area would sponsor research in
the development of scientific instruments for flight crews.32

Randt emphasized in the Ten Year Plan that while he intended to
“utilize to the maximum extent possible’” existing military, industrial, and
academic research facilities, the objectives set forth in the plan could not
be realized unless NASA established a strong internal capability in life
sciences. The heart of this capability would be a research facility to ““pro-
vide the necessary internal competence for over-all management and pro-
gram competence,” ensure coordination among the “diversified”
organizations conducting life sciences research for NASA, and stimulate
research and training in the space sciences.33 That capability depended as
well on an adequate research and development budget, which he
estimated would have to rise from the 1960 level of $2 million to $50
million in FY 1963 and $100 million by the end of the 10-year period.
Likewise, the evolution of the program necessitated a buildup of in-house
life sciences personnel. He estimated that by FY 1963 the Office of Life
Science Programs and the life sciences research facility would require a
staff of 75, about half of whom would be professionals.34

By late September 1960, Randt had completed his preliminary organiza-
tional work. He had filled the key positions and established channels of
coordination with the military services and the Space Science Board. Most
important, perhaps, he had presented a long-range program for the office,
including a strong justification for a life sciences research facility. He was
ready to move on with the development of the program. However, he was
beginning to doubt Glennan’s commitment to the program.

The first indication was a change in Glennan’s support for Randt’s staff-
ing plan. In March, when Randt had projected a buildup of 32 to 38 staff



44 THE HUMAN FACTOR

persons by the end of FY 1961, and 60 by the end of FY 1962, Glennan had
made no objections. Subsequently, Randt presented these numbers to
congressional committees. In late July, however, Glennan advised Randt
that the projection might have to be scaled down, and in September, Glen-
nan said the total life sciences staff could not exceed 20 at the end of FY
1961 and 38 at the end of FY 1962. This effectively halved the capabilities
for which Randt had planned, and he viewed this decision as stopping “the
progress of this program soon after it was initiated.””35 At the very least,
the life sciences Ten Year Plan might no longer be realistic.

Glennan’s reasons for making this decision are not known.* It may have
been a response to criticisms from members of Congress concerned with
possible duplication of facilities and competition for personnel. Con-
gressman Daddario, in particular, strongly opposed the staff projections;
he doubted the need for so many people, and he was certain that, given
the limited supply of scientists and engineers in space-related biology,
medicine, and bioengineering, NASA could build up its life sciences staff
only by attracting specialists from the military services.3¢ There is no
evidence that Glennan acted in response to such complaints, but he
himself was not in favor of large-scale internal buildups.3”

Randt continued to press Glennan for approval of his original staff plan
and in October, at a staff meeting, he issued an ultimatum: that Glennan
approve his requests or fire him. Glennan was inclined to release Randt,
but members of the staff encouraged Glennan to work out a compromise.
In the end, Glennan agreed to increase the staff complement to 30 in FY
1961 and 50 in FY 1962, which Randt found acceptable. Glennan relented
because he realized that Randt “had a hard row to hoe because he had to
deal with a bunch of engineers who had no real empathy for the life
sciences.”’38

Randt was also beginning to wonder whether he would ever receive a
firm commitment for the research facility that he considered the key to
the whole program. Glennan had expressed support for the concept as ear-
ly as March and had reaffirmed this support on various occasions.3® His
reluctance to make a firm commitment stemmed from factors unrelated
to the life sciences.

At the time the Office of Life Science Programs was formed, it seemed
to Glennan, his staff, and Randt that Ames Research Center would be the
ideal site for the life sciences facility. Ames had personnel experienced in
the area of biotechnology and hardware who would be useful in human
factors research. Further, Ames was underused and its management made

*Glennan does not recall this specific decision and has no references to it in his diary.
Available documents shed no light.
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a strong bid for the facility. Most important, at least to Randt, Ames was
located near many medical schools, medical research centers, univer-
sities, and major aerospace industries. By June, Randt, Associate Ad-
ministrator Horner, and Glennan were all agreed that Ames was the
logical choice.#°

However, more was at issue than the location of the life sciences facili-
ty. From the outset, everyone involved had assumed that the facility
would be near the principal manned spaceflight activity, to encourage
regular interaction between those engaged in life sciences research and
development and those involved in biomedical operations. Initially, this
did not seem to be a problem, as Glennan suggested basing the Space
Task Group in California.#’ He made no formal commitment, however,
and directed Randt to continue investigating Ames as a possible site.

In the interim, Glennan learned from members of his staff that reloca-
tion of the Space Task Group and construction of the life sciences facility
in California could encounter “political resistance.” Virginia politicians
were upset by rumors that the Space Task Group would leave Langley, and
politicians from several states, including Massachusetts, Florida, Texas,
and Maryland, had expressed an interest in having the manned spaceflight
facility built in their respective states. Studies by Glennan’s staff sug-
gested that Ames posed a “political problem” due to a ‘“rather large
buildup of federal activities there in recent years.” However, the staff
assessment was that the life sciences facility could be moved to California
without political repercussions, provided the manned activity went
elsewhere.*?

There being no obvious solution to the problem, Glennan tabled the
matter for his successor to resolve.*> He was preparing to resign, having
agreed to serve as NASA administrator only until the end of the
Eisenhower administration, and a new President would be elected in two
weeks. It seems likely that he was also anxious to avoid any suggestion
that he was allowing politics to influence his decisions. Glennan was a
Republican and an Eisenhower appointee. The Republican candidate,
Richard Nixon, was Vice-President and a Californian. A decision by Glen-
nan to locate the two facilities in California might well have raised suspi-
cions.

Randt, not surprisingly, was greatly upset. Not only did the future
development of the life sciences program depend on this facility, his abili-
ty to devise a strong budget presentation was weakened. To be sure of
congressional authorization for construction funds, he had to have a
strong justification. He felt that the strength of that justification depend-
ed on his knowing where the facility would be located and how it would
be related to the manned spaceflight center. He continued to press for a
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commitment from Glennan, but without success. When Glennan resigned
in December 1960, the issue remained in limbo.**

A final source of frustration during this period was the relationship of
the Office of Life Science Programs to the biomedical components of the
Space Task Group. When Randt accepted the directorship of the office,
he understood that biomedical preparations for Project Mercury were well
under way, but he assumed that his office would have some involvement
in the biomedical activities. The Biosciences Advisory Committee, which
NASA had sponsored and whose recommendations Glennan appeared to
endorse, had recommended that “the biomedical aspects of Project Mer-
cury be placed squarely under the jurisdiction of the Office of Life
Science Programs and that it be coordinated with other aspects of the life
sciences program.”’*s

Randt, however, quickly discovered that Glennan, Horner, Deputy Ad-
ministrator Hugh Dryden, and Director of Space Flight Programs Abe
Silverstein were firmly opposed to this recommendation. They believed
that its implementation would disrupt established channels of com-
munication and lines of authority, create internal dissention, and interfere
with the progress of Project Mercury. Accordingly, Dryden, acting for
Glennan, prevailed on Randt to cosign with Silverstein an agreement that
“the interests of NASA are best served by retaining the full authority for
the biomedical aspects of Mercury” in the Office of Space Flight Pro-
grams. In agreeing to this, Randt understood that his office would be con-
sulted by the Space Task Group staff and that the arrangement would not
apply to post-Mercury manned activities.** Nonetheless, his office had
been shut out of NASA’s only active life sciences project, one which
employed 80 percent of its life sciences personnel and received nearly 70
percent of its life sciences research and development funds in FY 1961.47

In September 1960 Randt decided to press for more involvement in the
biomedical aspects of the Space Task Group. Having discovered that
Glennan’s commitment to the life sciences program might be wavering,
Randt began to doubt that his office would be allowed to participate fully
in the biomedical aspects of post-Mercury manned programs. In July Con-
gress had authorized NASA studies of a manned lunar project, and respon-
sibility was allocated to the Office of Space Flight Programs and the
Space Task Group. Since the biomedical aspects of this study would be
conducted by the biomedical component of the Space Task Group, Randt
saw that his office could be shut out of the biomedical aspect of the new
program for the same reasons that it had been shut out of Mercury.*®

A number of other events also alerted Randt to the deteriorating pros-
pects for a life sciences program. First, Dr. Stanley White, the head of the
Space Task Group’s Life Systems Branch and nominal head of all Mercury
biomedical activities, had told Randt that biomedical personnel were not
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being brought into the decision making.** Second, Randt was troubled by
recent complaints from some prominent scientists that NASA was in-
capable of providing adequate biomedical support for Project Mercury.
Fearing that NASA was ‘recklessly endangering” the lives of the
astronauts, they succeeded in convincing the President’s Science Advisory
Committee to sponsor full-scale investigations of Project Mercury and the
biomedical aspects of the space program.*’

Randt was also disturbed by activities in the Air Force. Recently, the Air
Force Systems Command had sponsored a study of the space program
under the direction of Trevor Gardner. The resulting report had strongly
favored a twofold space program, with NASA managing the scientific
aspects and the Air Force managing the manned program. The Air Force
had also instituted a major reorganization, one aspect of which was the
centralization of Air Force bioastronautics (life sciences) programs within
the Aerospace Medical Division of the Air Force Systems Command.®'
Clearly, the Air Force was planning a major effort to gain congressional
approval to direct post-Mercury manned programs and was prepared to
use its capabilities in the life sciences as part of its justification.

For these various reasons, Randt decided to press his case. In December
1960, he proposed four changes to the new associate administrator,
Robert Seamans: granting the Office of Life Science Programs responsibili-
ty for “recruiting and productively employing human factors and medical
personnel” prior to their assignment to the Space Task Group; consolida-
tion of the four separate biomedical activities at Space Task Group within
the Life Systems Branch; elevation of the Life Systems Branch to division
status; and creation of a third associate directorship at the Space Task
Group and placement of a life scientist in this position.>?

Not surprisingly, Randt’s proposals were unacceptable to Silverstein
and Space Task Group Director Robert Gilruth. Commenting for himself
and Gilruth, Silverstein reminded Seamans of the agreement Randt had
signed the previous March, implying that Randt had already given up any
claim to authority within the Space Task Group. Silverstein further ad-
vised Seamans that the Space Task Group had already made changes that
satisfied Randt’s second and third recommendations. The final recommen-
dation was impractical. The associate directors, Silverstein noted, must be
able to fill in for the director on occasion, and he claimed that life scien-
tists lacked the ““training and skills” to do so. The implication was that
associate directors must be engineers.?*

Seamans asked the NASA Office of Programs and Evaluation to in-
vestigate the matter. The resulting staff study seemed to endorse Silver-
stein’s position, and it recommended retention of the status quo.
However, the study was actually a victory for Randet, since it specified that
he was to be consulted about all current biomedical planning for the
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Apollo program and that, once the Apollo organization became separate
from the Mercury organization, a biomedical associate director for Apollo
should be appointed.s*

This small victory, however, was insufficient to overcome Randt’s sense
of frustration. In January 1961, he was no closer to having a life sciences
facility or the requisite budget than he had been in October 1960. The life
sciences program was in limbo. Glennan had resigned, but a new ad-
ministrator had not been appointed. The new President had yet to give any
indication of his plans for the space program. A group of scientists, com-
missioned by President-elect Kennedy and chaired by Dr. Jerome Wiesner,
had issued a report that was highly critical of NASA. Believed by many to
reflect Kennedy’s views, the report recommended that NASA be enjoined
from any further expansion of its in-house capabilities and be denied
authorization to prepare for further manned programs until it had com-
pleted Project Mercury. Though generally opposed to a large manned pro-
gram, the Wiesner report stated that such a program, if authorized, should
be under the direction of the military services.s* Obviously, none of this
boded well for the Office of Life Science Programs.

Randt’s apprehensions increased as January passed into February. Ken-
nedy had appointed an administrator, James Webb, but Randt had been
unable to gain access to Webb’s office. For all practical purposes, NASA
management remained in the hands of Deputy Administrator Dryden, who
in Randt’s view, was unsympathetic to the life sciences and personally
hostile to Randt. Moreover, Randt was beginning to suspect that someone
on his staff was leaking information about life sciences budget plans to
the Air Force, allowing Air Force personnel to come to NASA authoriza-
tion hearings fully prepared to challenge NASA’s requests. 5

In spite of these frustrations, Randt made one final effort to salvage the
life sciences program. In late February, he submitted to Seamans a de-
tailed ““Proposal to Consolidate the Total Life Sciences Program,” which
was essentially a restatement of the Kety recommendations and a reitera-
tion of Randt’s views about the program. He hoped his paper would pro-
vide NASA with leverage against the Air Force in the upcoming congres-
sional hearings and would contribute to NASA’s efforts to convince the
new President to support a post-Mercury manned program under NASA
auspices.>” Seamans passed the report on to Dryden, but what happened
to it thereafter is not known. Failing to receive an acknowledgment,
unable to gain an audience with the new administrator, and believing that
copies of his proposal were given to Air Force representatives, Randt
handed in his resignation and made arrangements to return to academia.’®

Future events would justify Randt’s misgivings. In early March 1961,
Congressman Daddario released a lengthy statement castigating NASA for
its life sciences plans. He charged that NASA needed neither a life
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sciences program nor a life sciences facility, since the military services
could meet NASA’s requirements. Thus, he contended, NASA’s impending
budget requests related to the life sciences represented a waste of tax-
payers’ dollars. His comments were read into the NASA FY 1962 authoriza-
tion hearings and he raised the same issues when questioning NASA
witnesses.>’

Nevertheless, Congress authorized funds for the Office of Life Science
Programs and for the construction of a life sciences research facility at
Ames. It did so primarily because the chairman of the House Committee
on Science and Astronautics, Overton Brooks, was adamantly opposed to
military control of the space program. Brooks had used his influence with
Vice-President Lyndon Johnson, a fellow Texan, to gain a commitment
from Kennedy that NASA would receive the post-Mercury manned pro-
gram and a larger budget than it received in FY 1961 .%° The congressional
authorizations, however, did not salvage NASA’s faltering life sciences
program.

The new director of the Office of Life Science Programs, Air Force Gen.
Charles Roadman, was a hardworking bureaucrat, experienced aerospace
physician, and dedicated supporter of the space program. He did not,
however, share Randt’s vision for life sciences. He was as dedicated to the
military model of biomedicine as Randt had been to the academic model.
A former flight surgeon and commander, he was mission-oriented rather
than research-oriented. He recognized the importance and value of basic
research in biology and medicine, but did not believe that basic research
on animals had any relevance to manned spaceflight. Nor did he believe
that NASA was the legitimate setting for research in medical science. Con-
sequently, he favored a life sciences program that separated space
biology from space medicine, and he recommended that the former be
placed with the space sciences, the latter with manned flight programs.®'

In April 1961 the committee selected by the President’s Science Ad-
visory Committee to investigate Project Mercury issued its final report. Its
chairman, Donald Hornig, reported that the consensus among members
was that NASA’s biomedical preparations and capabilities for Project Mer-
cury were fully adequate. Hornig was satisfied that NASA had considered
all relevant human factors in designing the spacecraft and planning the
mission operations and had taken every precaution to ensure the health
and safety of the astronauts.* In the two months after Hornig’s report,
NASA conducted two manned suborbital flights; neither gave any reason

*Though satisfied with NASA’s biomedical preparations for Mercury, Hornig considered
them inadequate for longer duration manned missions and was sharply critical of NASA’s
use of the “aeromedical approach” to the qualifications of man for spaceflight.



50 THE HUMAN FACTOR

to doubt the adequacy of NASA’s biomedical preparations for Project
Mercury.?

Thus NASA’s Office of Life Science Programs was moribund during the
last six months of its life. It had no strong supporters among NASA’s top
management, and it was directed by a man whose priorities in relation to
the life sciences were completely different from those which the office
was intended to promote. Finally, the pressure from the scientific com-
munity, which had provided much of the impetus for establishment of the
office, had diminished, partly because NASA had demonstrated its ability
to use the life sciences in support of manned spaceflight. Few mourned
when, in August 1961, the Office of Life Science Programs passed out of
existence.

Many reasons have been given for the short life of the office: inade-
quate funding, insufficient authority, inconsistent support from manage-
ment, resistance from NASA’s engineers and physical scientists, congres-
sional and military opposition.®* While these were contributing factors,
the fundamental cause lay in the relationship of the office to the overall
NASA organization.

The rationale that underlay the formation of the office was inconsistent
with NASA’s immediate requirements. In 1960-1961, NASA's primary
responsibility was to place a man in Earth orbit, and its requirements in the
life sciences were basically operational. Although NASA gave con-
siderable support to physical science and astronomy investigations in
space, it showed little interest in the biosciences and had formulated no
major inflight biological studies. Basic research in medical science and
human factors, though recognized as important for the future, was not
perceived as a pressing concern. Given the uncertainties about the post-
Mercury manned program and the prospect that Mercury would be the
primary manned effort over the next two or three years, there was no
strong justification for extensive research in support of advanced manned
programs. The human factors research and development required for Mer-
cury were already under way in the Office of Space Flight Programs. In
short, the Office of Life Science Programs met requirements that either
did not yet exist (in relation to the approved Mercury program) or were so
limited in scope that they did not justify a major commitment at the pro-
gram level.

The organization and research programs were not attuned to the cur-
rent orientation of the space agency. The office and its programs were
basically patterned after a biomedical research center model, one more
suitable to an umbrella research organization such as the National In-
stitutes of Health or a university medical center. This model assumed that
research and development priorities would be established by life scientists
and that researchers would not be constrained by such matters as the ap-
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plied value of their work or the necessity of meeting deadlines. NASA, of
course, was patterned on the engineering research and development
model of the National Advisory Committee for Aeronautics, in which
engineers and physical scientists decided research and development
priorities. Moreover, NASA’s major mission depended ultimately on con-
cepts developed by engineers and physical scientists; and it was under
pressure to meet specific deadlines. In effect, the Office of Life Science
Programs was a square peg trying to fit into a round hole.

The office was oriented more toward the interests of external scientists
rather than to the needs of NASA. Biomedical scientists outside NASA
preferred to expose humans to experimental or risk situations only after
extensive research on lower organisms and mammals. Such an approach
assumed that time and expense were not major factors; but for NASA time
and expense were critical. In 1960-1961 NASA was engaged in a space
race and was expected to compete, successfully, with a minimal invest-
ment of time and money. It could not afford to hold back the manned pro-
gram until it obtained unequivocal evidence that man could endure the
ordeal of spaceflight, especially when there was no direct evidence to
preclude a manned mission of the Mercury class. Thus, NASA favored the
approach long used by the Air Force, one in which carefully selected men
were exposed to increasingly greater levels of risk for increasing durations,
with data derived from each step used in planning the next step. For NASA
the flight medicine approach to the qualification of man for spaceflight
seemed to be the best compromise between the need to safeguard human
life and the need to meet mission objectives.



The human factor in long-duration
manned spaceflight

Astronaut Cerald P. Carr (left) and Edward G. Gibson (floating) demonstrate zero-g effects on weights,
in the forward experiment area of Skylab 4. The crewmen lived in the weightless environment for
84 days.




In the two years and five manned flights following the suborbital flight
of Alan B. Shepard, Jr., in May 1961, the American space program under-
went considerable change. Shortly after Shepard’s flight, NASA responded
to President Kennedy’s call for a manned lunar landing before 1970 with
its manned lunar landing program, which included two major series of
manned flights, Projects Gemini and Apollo. By the time Gordon Cooper
made the last Mercury flight on May 15, 1963, NASA’s manned space pro-
gram had changed from a small-scale project with limited objectives into
a large-scale, multifaceted program representing a major national effort.

This expanded program posed major challenges for NASA’s biomedical
staff. The Mercury flights carried a single man into low orbit, and the
flights were no longer than one day. In Gemini and Apollo, life systems
would have to accommodate two and three men for up to two weeks. The
space capsule would have to provide protection against radiation and
higher rates of acceleration sustained for longer periods than experienced
during Mercury. Finally, longer flights would require attention to personal
comfort, food, waste management, sleep, and physical mobility. Other
concerns included prolonged exposure to weightlessness, 100 percent oxy-
gen atmosphere, atmospheric contaminants, physical confinement, and
altered circadian rhythms. While the Mercury flights gave some con-
fidence in man’s ability to survive and perform effectively in space, ques-
tions remained about long-duration flights.?

BIOMEDICAL LEGACY OF PROJECT MERCURY

From a biomedical standpoint, Project Mercury was an unqualified suc-
cess. Stanley White, head of aeromedical consultants, observed:

53
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The astronaut learns and adjusts quickly to his environment. His body senses of
vision, hearing, smell, and touch appear to be unchanged. His kinesthetic sense is

present. ... Being inverted or flying backward has been described as being surpris-
ing but of no consequence to the astronaut. Motor sensations appear
unchanged. . .. Eating, drinking, and urination appear normal. The performance

of flight tasks by the astronauts has been highly successful on each flight. . . .
gastrointestinal absorption and renal excretion have shown results comparable to
preflight controls. In addition, no positive physical or significant biochemical
change has been measured in the preflight-postflight studies.?

Dr. Charles Berry, from 1963 the director of Center Medical Operations at
the Manned Spaceflight Center and the astronauts’ physician, added that
the Mercury flights revealed that, in spite of “numerous stresses,” the
spaceflight environment “produced no unmanageable physiological
overload,” and the missions indicated that weightlessness and accelera-
tion forces would be of little consequence in subsequent missions.*

Project Mercury had two primary biomedical objectives. The first was
to provide the medical support necessary to enable man to fly safely in
missions that were not to exceed two days in duration. This objective was
met through astronaut selection and training procedures, the environmen-
tal control system, and medical maintenance and monitoring programs.
No significant problems related to astronaut health and performance, life
systems, or medical operations arose during any of the Mercury flights.

The second objective was to investigate human physiological and per-
formance reactions to spaceflight, which would contribute to planning
future manned missions. Specifically, physicians wanted to know how
long man can be exposed to the spaceflight environment without signifi-
cant physiological or performance decrements, the causes of any observ-
ed changes, and preventive measures or treatments that should be used to
counter any decrements.® Since Project Mercury had no provision for con-
trolled inflight biomedical research or experimentation, the required data
were obtained through medical evaluations before, during, and after
flight.

Procedures for obtaining biomedical data changed little during the Mer-
cury series. Preflight evaluations were used to determine the readiness for
flight and to obtain medical data for comparison with postflight data.
Three to five days before each launch, specialists in neurology, op-
thalmology, aviation medicine, psychiatry, and radiology conducted
thorough physical examinations that included electrocardiograms,
audiograms, electroencephalograms, biochemical studies of blood and
urine, and tests to assess the condition of the astronaut’s vestibular ap-
paratus (control of balance and orientation by the inner ear). Results were
compared with the astronaut’s medical history, including data from
simulations and centrifuge runs. On the day of launch, physicians made



LONG-DURATION MANNED SPACEFLIGHT 55

general assessments of the astronaut’s mental and emotional state,
measured his vital signs (pulse, blood pressure, oral temperature, and
weight), and checked for changes in lungs, eyes, ears, nose, or throat since
the previous examination. The same checks were repeated after the
flight.®

Inflight monitoring was performed to keep mission control apprised of
the medical status of the astronaut and also to provide medical data of
research interest. Since Mercury physicians doubted the reliability of
bioinstrumentation, they relied primarily on voice assessments and the
astronaut’s own personal observations for inflight medical evaluations. At
the same time, attempts were made to improve the instruments, and
bioinstrumentation was the only aspect of medical operations that under-
went significant change as the Mercury missions progressed. The initial
plan, which was followed during the suborbital flights of Shepard and
Virgil Grissom, involved use of three bioinstruments: an electrode sensor
applied to the chest to produce electrocardiograms, a respiration sensor
mounted within a microphone in the helmet, and a rectal thermistor to
measure body temperature. For the orbital flights, a decision was made to
develop instrumentation for measuring blood pressure.’

At the very beginning of the Mercury project, Stanley White had hoped
to measure blood pressure in flight, but acceptable instruments were not
to be found. Available hardware “was either not compatible with the
other data links or could not pass the qualification testing.” Consequent-
ly, plans for blood pressure testing were “tabled temporarily,” though ar-
rangements were made to ‘‘review progress” at six-month intervals.® As
events unfolded, the interest of biomedical spokesmen outside NASA
forced an accelerated effort to develop the instrumentation that became
known as the blood pressure measurement system (BPMS).

Before Alan Shepard’s flight, some biomedical scientists had expressed
concern over the rapid heart rates recorded during flights of the X-15 ex-
perimental aircraft and during astronauts’ runs on the Johnsville cen-
trifuge. These concerns led to an investigation by the President’s Science
Advisory Committee, which concluded that medical preparations for Mer-
cury were adequate. Nevertheless, some investigators were disturbed by
the heart rates (180+ beats per minute) and the absence of instruments
for measuring blood pressure. Fearing that these concerns might cause a
delay in the Mercury program, Space Task Group Director Robert Gilruth
directed the Life Systems team to devise a reliable instrument for measur-
ing blood pressure before the first manned orbital flight.®

The BPMS posed a major bioengineering challenge because the
pressure suit and space capsule systems were not designed to accom-
modate such an instrument. Designing the pressure cuff itself was not a
significant problem as it could follow the principles that govern the
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sphygmomanometer, an inflatable cuff that records systolic and diastolic
pressure in the brachial artery of the left arm and is used to measure blood
pressure under normal circumstances. The chief difference would be that
a microphone, rather than a physician or nurse, would monitor the sounds.

A number of complications were involved in adapting the pressure cuff
to Mercury systems: its effect on movement of the astronaut’s arm, com-
patibility of the inflated cuff with the pressure suit, and addition of new
leads into the telemetry channels without unduly complicating the elec-
trical systems. In addition, physicians and engineers had to establish the
accuracy of an instrument that is normally used on a passive subject in a
quiet environment, but would now have to be adapted to work on an ac-
tive subject in a noisy environment.'®

Through a crash program, the BPMS was ready for the first American
manned orbital flight. However, the instrument did not work because the
astronaut, burdened with numerous inflight tasks, failed to turn it on. An
automatic BPMS installed for the next flight was not accurately
calibrated. Accurate readings depended on calibration matched to the
baseline values for the individual astronaut. Exact calibrations were made
for the last two Mercury missions, and excellent readings were obtained. '

As the flights progressed, a minor change was made in the method for
measuring body temperature. During the first five flights body
temperature had been measured rectally. Given the length of the final
mission, planners decided that oral measurements should be used. This in-
volved no changes in the electronic leads or telemetry channels; the ther-
mistor was simply moved to an earmuff.'?

In the four orbital missions, an effort was made to evaluate man’s abili-
ty to absorb food in the weightless state. Toward these ends, each
astronaut ate a cube of xylose (a sugar) during weightlessness. This test
revealed that the astronauts could eat in flight, but that great care had to
be taken to avoid crumbling the food. Xylose is quickly absorbed and ex-
creted, and it was expected that urine samples would provide a measure
of absorption rates during the weightless state. The test proved invalid for
the first two flights, since it was impossible to separate the preingestion
urine samples from those obtained after ingestion. Minor engineering
changes made such separation possible in the final two flights, and
resulting data demonstrated that the space environment does not in-
terfere with intestinal absorption of food.

Overall, the Mercury missions increased the physicians’ confidence in
man’s physiological and psychological capabilities for long-duration
spaceflight. However, some physiological abnormalities were revealed.
First, in all four orbital flights the astronauts experienced dehydration;
unusual amounts of water were needed and urine output was higher than
anticipated. This was especially evident in the 10-hour flight of Walter
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Schirra and the 1-day flight of Gordon Cooper. However, physicians were
uncertain whether dehydration was an effect of weightlessness or a conse-
quence of the artificial environment. White, for example, was convinced
that it resulted from “inadequate control of the suit environment within
the air-conditioning system,” yet he and his colleagues recognized that
other factors might have contributed to the problem.™

A second and potentially more serious abnormality appeared im-
mediately after the Schirra and Cooper flights. When they first stood up
after leaving the recovery craft, the astronauts experienced orthostatic
hypotension. This syndrome involves fainting, or near-fainting, and is
brought on by an abrupt drop in blood pressure and a sharp increase in
pulse rate as the cardiovascular system fails to provide sufficient blood to
the brain. Here again, it was impossible for physicians to identify with con-
fidence the predisposing cause or causes of this condition. While unwilling
to rule out spaceflight stress factors, they believed that the cause was pro-
longed physical immobility, since the syndrome had often been observed
in persons who experienced prolonged bed rest. Nevertheless, the car-
diovascular system would require close investigation during long-duration
spaceflight.’®

Physicians were also troubled by some minor indications of potential
physiological and performance degradation. Cooper was so fatigued, ap-
parently because of lack of sleep, that he required dextroamphetamine
sulfate before reentry.'® Lack of sleep could impair performance and the
Gemini and Apollo missions would require far more crew involvement and
control of the mission and spacecraft than was needed in Mercury.
Fatigue would be a special concern during reentry.

Finally, postflight analyses revealed imbalances in blood and urine elec-
trolytes (the chemical ions normally present). Calcium and phosphorus,
the principal elements in the skeletal and dental systems, were present in
unusually high concentrations. This indicated some demineralization of
the bones and possibly the teeth and required further investigation.'’

Thus, despite the success of Project Mercury, NASA’s physicians faced
the Gemini and Apollo missions with some apprehension. First, the
anomalies just described indicated a need for more precise information on
cardiovascular function, electrolyte changes, and performance decre-
ments. Charles Berry convinced NASA management to make two changes
in the projected Gemini program, increasing inflight experiments (perform
controlled studies) related to the abnormalities observed during Mercury,
and reducing the first manned Gemini flight from the planned eight-day
mission. NASA changed the first manned Gemini flight to a four-day mis-
sion.'®

There remained the need for more reliable bioinstrumentation. White
concluded from the Mercury experience that the frequency of direct voice
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contact with astronauts would decrease in proportion to the length of the
missions, and bioinstrument reading would become the primary means of
evaluating inflight medical status. Since this would depend on periodic
transmissions, he foresaw an associated requirement for improved
methods of data handling and storage."

Finally, physicians were concerned about new or magnified stress fac-
tors: longer exposure to acceleration forces, radiation fields, and the
natural and artificial stresses of the spaceflight environment. These fac-
tors warranted a continuation of the incremental approach to qualifica-
tion of man for spaceflight; improved (and approved) methods for gather-
ing, storing, and analyzing biomedical data; and provision for inflight
biomedical experiments.2°

BIOMEDICAL REQUIREMENTS FOR MANNED LUNAR LANDING

NASA had been studying the technical requirements for a manned mis-
sion to the Moon since 1959. By late 1961 the means of getting there had
been selected: lunar orbit rendezvous, in which a compound spacecraft
orbiting the Moon would separate, with one component (two men) going
to the surface while the other (one man) remained in orbit. Later, part of
the landing vehicle would rejoin the orbiting vehicle, after which the crew
would return to the Earth. This scheme was selected over the direct flight
of a single vehicle from the Earth to the Moon because the problems of
rendezvous in space were considered easier to overcome than those of
building the large launch vehicles (Earth and lunar) required for the more
direct operation. Orbital rendezvous nevertheless posed significant
engineering and operational challenges, not the least of which would be
the need for the astronauts to control spacecraft maneuvers.

Project Gemini was authorized in 1962 to develop the equipment and
procedures needed to rendezvous in orbit. It became an active project in
1963 and, though viewed as part of the lunar effort, was managed
separately from Apollo. By the time Gemini became operational it had the
specific objective of demonstrating that man could operate in space for
up to 14 days, the time required for a lunar journey.?' From a biomedical
standpoint, Gemini was the key to the manned lunar program, since most
of the biomedical stresses and variables that would affect the Apollo
crews could be evaluated during the Gemini missions. Gemini and Apollo
would differ in engineering systems, launch vehicles, crew size, and flight
plans, but medical operations would be essentially the same, and stresses
experienced by the Apollo crews, though somewhat different, in the main,
would be represented by those experienced by the Gemini crews.

The critical variables that physicians anticipated for Gemini (and
Apollo) included acceleration, weightlessness, radiation, space capsule
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environment, food and water, waste management, and performance fac-
tors (isolation and confinement, sleep, man-machine integration). Each
was considered significant because of the mission configuration (higher
orbits, longer exposure to acceleration forces), the mission duration, and
the possibility that two or more of these variables could interact to
degrade physiology and performance.

ACCELERATION

The Mercury flights had revealed no decrement in physiology or per-
formance that could be attributed to the acceleration forces experienced
during launch and reentry. While the peak acceleration and deceleration
forces anticipated for Gemini would not exceed those of the Mercury
flights, they would be maintained longer to propel the capsule to the
higher orbits, and due to the higher speed at reentry, would necessitate a
longer period of deceleration.?? Physicians were most concerned by the
combined stress of the abrupt shifts from sustained launch acceleration to
weightlessness and from weightlessness to sustained deceleration during
reentry. Long before the first Mercury flight, physicians had been dis-
turbed by the implications of the theoretical Henry-Gauer effect—that is,
inability of the cardiovascular system to respond quickly to such abrupt
shifts, causing astronauts serious trouble during reentry.

This syndrome had not appeared during Mercury, but then exposure to
weightlessness had been relatively brief. NASA physicians feared that, for
Gemini, longer periods of weightlessness could subject the cardiovascular
system to serious stress in the launch and reentry phases. They also
suspected this cardiovascular stress could contribute to more severe or-
thostatic hypotension when the returned astronauts resumed an upright
position.2*> Medical preparations for these contingencies included the in-
troduction of cardiovascular conditioning routines in the astronaut train-
ing program, expanded research into the cardiovascular effects of pro-
longed bed rest, efforts to develop bioinstrumentation that would func-
tion during launch and reentry, and design studies to improve the couch,
restraint, and escape equipment. Physicians also devised inflight ex-
periments to obtain more precise data on cardiovascular response to
spaceflight. These were to be performed on all flights up to 14 days, but
were considered most critical in the 4- and 8-day flights.?*

Three medical experiments were planned to measure cardiovascular
performance. A cardiovascular conditioning experiment (later designated
M-1) was designed to test a procedure for minimizing the reduction in
blood flow during weightlessness. A pair of pneumatic cuffs on the lower
legs, inflated to 70 to 75 millimeters of mercury for two minutes out of
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every six, should increase venous pressure above the cuffs, thereby reduc-
ing “pooling of blood in the extremities” and increasing ““the effective cir-
culating blood volume” following exit from weightlessness. The cuffs
were to be tested during controlled studies on subjects immersed in water
for extended periods before the experiment was flown.?5

A second experiment with an inflight exercise was intended both to
measure cardiac function and to reduce the effect of prolonged immobili-
ty on cardiovascular performance. The exerciser consisted of two bungee
cords connected to a handgrip and a loop for the feet. At prescribed inter-
vals, the astronaut would place his feet in the foot loop and pull upward
on the handgrip. Full extension of the handle (26.4 centimeters) would re-
quire 70 pounds of force. During exercise periods, heart and respiration
rates and blood pressure would be recorded on magnetic tape and also
telemetered to ground control.?¢

The third cardiovascular experiment was a combined electrocardio-
gram (electrical heart activity) and phonocardiogram (mechanical heart
activity). A sensor for measuring electrical output and a transducer for
measuring vibrations caused by heartbeats would be affixed to the
astronaut’s chest. Together, the instruments would provide data on car-
diac function in flight and report the medical status of the astronaut from
launch to recovery.?’

Development of these experiments would require close coordination
between physicians and other members of the spaceflight team. Major
responsibility for development of bioinstrumentation and integration of
instruments into spacecraft systems rested with the Life Systems (later
Crew Systems) Division of the Manned Spacecraft Center. Interaction with
this group was not expected to cause any difficulties, since the physicians
and engineers in that division had been working together closely and ef-
fectively from the beginning of the space program. The real problem
would be the reluctance of the astronauts to cooperate in the ex-
periments. Besides the inconvenience and discomfort involved, the
astronauts were concerned that the bioinstruments would uncover infor-
mation that could lead to their being grounded. This was a continuous
source of tension throughout the manned program, as the astronauts
recalled how Deke Slayton, one of the original seven astronauts, had been
grounded after it was found that he had a minor (to the astronauts) ar-
rhythmia of the heart. The astronauts’ cooperation was gained through
diplomacy, tact, and appeals to higher authority from Charles Berry.2®

WEIGHTLESSNESS

The data from Mercury, though crude from a scientific perspective, sug-
gested that the human body adapts to the weightless state and that man
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can perform effectively in null gravity. Physicians were more worried
about the problem of readaptation to the Earth’s gravity. They were con-
cerned about changes in the cardiovascular system in particular, but also
about changes in body fluid electrolyte balance, body fluid volume, and
vestibular function. Consequently, they were anxious to investigate the
physiological changes that occur during prolonged weightlessness and to
measure the time required to return to normal.

Since weightlessness could not be effectively simulated on the ground,
inflight experiments were the only means of investigating these problems.
Toward this end, Berry and Lawrence Dietlein, the medical research direc-
tor at the Manned Spaceflight Center, convinced NASA management to
include medical experiments during the 8- and 14-day flights. The desired
experiments included studies of the cardiovascular system, fluid elec-
trolytes, fluid volume, bone demineralization, and vestibular function.

Three experiments were developed for the study of electrolyte changes.
One (eventually designated M-5) involved preflight and postflight
biochemical analyses of blood and urine and analysis of urine samples
collected in flight (collection of blood samples in flight was considered
impractical). The preflight-postflight analyses were intended to identify
changes in the body fluid electrolytes that would indicate the
“physiological cost to the crewman in maintaining a given level of per-
formance during space flight”” These analyses were also expected to
reveal the length of time required for the astronaut’s systems to return to
normal, as blood and urine samples would be drawn at prescribed inter-
vals during the 72 hours after the return to the Earth. The urine samples
collected in flight would also be analyzed for electrolyte balance, to pro-
vide some indication of the physiological changes that occur during
weightlessness, and their volume would be compared with fluid intake to
help physicians understand the dehydration experienced by Mercury
astronauts.?’

Two other experiments to measure electrolyte balance as a function of
changes in the muscular and skeletal systems were intended to assess “‘the
effect of prolonged weightlessness and immobilization”” and the length of
time required for these effects to disappear. Experiment M-6, a study of
bone demineralization, involved making a determination of changes in the
density of two bones (one in the left foot, the other in the left hand)
through analysis of x-rays taken at specified intervals before and after
flight.?* M-7 would be a biochemical analysis of the urine samples col-
lected before, during, and after flight. Excreted calcium and nitrogen
would be taken as indications of demineralization of bones and muscles.
Controls for this experiment would be urine samples from subjects
undergoing prolonged bed rest and samples from the individual astro-
nauts before flight.*'
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Because the physicians were as much concerned with the astronauts’
performance as with their physiology, two experiments were planned to in-
vestigate factors that might affect performance. Experiment M-8 would be
an analysis of sleep patterns in flight. Electroencephalograms would be
taken during preflight periods of sleep and used as baseline values.?? In ex-
periment M-9 the performance of the otoliths (the part of the inner ear
most directly involved in balance and orientation) would be assessed by
determining the ability of the astronauts to “estimate horizontality” in the
absence of visual and gravitational clues. This would help predict the
possible effect of prolonged weightlessness on otolith function.??

Here again, close cooperation and coordination—as well as tact and
diplomacy—were needed to ensure the integration of experiments with
space capsule systems and the cooperation of the astronauts. The sleep
study in particular was anathema to some of the astronauts, who feared
that the electroencephalograms were really intended to measure their
psychological reactions. However, this experiment was planned for the
14-day mission, which was to be commanded by Frank Borman, who
recognized the value of medical experiments and supported the medical
program.?*

RADIATION

The Gemini and Apollo astronauts would encounter radiation from
several sources: the Van Allen belt, outer space, and solar flares. Protect-
ing them against radiation was primarily a problem for physical scientists
and engineers, since it involved the development of shielding that would
provide adequate protection, yet not impose severe weight penalties or be
incompatible with spacesuit and capsule design. Biomedical personnel
did have a role to play, however.

Before shielding could be developed, engineers required specifications
on maximum permissible exposure (cumulated dose, intensity times dura-
tion) to the different types of radiation. NASA’s biomedical personnel
planned to approach this problem in two ways. First, in ground-based in-
vestigations different types of tissue would be exposed to radiation to
determine how much could be absorbed before there was evidence of
deterioration in the tissue mass or changes in the composition of the

Astronauts Edward G. Gibson and Gerald P. Carr demonstrate zero-g effects on weights.
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chromosomes. Second, tissue would be flown into the Van Allen belt and
changes would be noted. Subsequently, engineers would test different
shielding materials to identify those which kept radiation beneath the
maximum permissible level. In addition, mission planners intended to in-
clude dosimeters (instruments to measure radiation levels) on all flights to
warn the astronauts of shielding failure. Physicians also hoped to identify
drugs that would either provide protection against radiation or reduce the
effects of exposure.3*

SPACE CAPSULE ENVIRONMENT

Like radiation protection, the environmental control system (the term
encompassed capsule life support systems and spacesuits) was primarily a
matter of concern to engineers. Physicians had to provide the specifica-
tions necessary to ensure integration of biomedical instrumentation into
capsule and suit systems, maintenance of a 100 percent oxygen at-
mosphere at a pressure range of 3.5 to 5.0 pounds per square inch, and
maintenance of suit and cabin temperature and humidity levels within
comfort and health limits.3®

Physicians were concerned, however, with matters associated with the
environmental control system, specifically possible physiological and per-
formance decrements resulting from prolonged exposure to the space cap-
sule environment. The astronauts would be breathing 100 percent oxygen
for up to 14 days, and the long-term effects were unknown. Ground-based
studies had revealed some changes in blood volume and composition in
subjects exposed to comparable environments for prolonged periods, and
such changes could have serious effects during long flights. Discovering
such decrements in the early Gemini flights would allow time to devise ef-
fective countermeasures before the problem became serious.?’

Another concern was the possibility of exposure to atmospheric toxins.
The corrosive products of oxidation (especially the oxidation of heavy
metals such as mercury, lead, and copper) can be highly toxic. Natural ox-
idation does not normally pose a health hazard because oxygen is only 20
percent of atmospheric air and the corrosion products quickly disperse.
However, in the sealed environment of the space capsule with its 100 per-
cent oxygen atmosphere, the oxidation rate would increase dramatically
and the corrosion products (toxics) would quickly become highly concen-
trated.

Besides the oxidation of capsule materials, the other obvious source of
atmospheric toxins was carbon dioxide from respiration. This was not ex-
pected to be a significant problem, since the Mercury experience had
shown that the carbon dioxide could be removed by drawing it through a
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sion planners. From a medical standpoint, the astronauts required suffi-
cient food and water to ensure optimum performance. The food had to be
nourishing, produce no undesirable physiological effects (nausea, diar-
rhea, or flatus), and have a composition so that it would be ingestible in
flight. The engineers were interested in storing the food and water in as
small a space as possible. Weights were also important.

The responsibility of physicians and biomedical scientists in this area
was to establish precise metabolic requirements for men who would be
largely immobile, but who had to be fully alert and physically capable of
exerting the energy required for extravehicular activities. Physicians
planned to develop preliminary specifications through metabolic studies
on two different types of subject: those confined to prolonged bed rest
and those made to perform strenuous work while immersed in water. The
exact metabolic costs would be determined by giving the subjects careful-
ly measured and analyzed quantities of food and water and quantitatively
analyzing their urine and feces. These studies would provide only general
guidelines; more precise information would have to wait until the first
Gemini flights. Some of the experiments already described would yield the
precise metabolic data needed to plan the food and water requirements of
the later Gemini and the Apollo missions. In addition, the Gemini flights
would provide an opportunity to test and evaluate different foods.*°

WASTE MANAGEMENT AND PERSONAL HYGIENE

Waste management and hygiene were not problems during Project Mer-
cury because of the short mission durations. Fecal elimination was avoid-
ed by placing the astronauts on a low-residue diet for 7 to 10 days before
launch. Provision for urination was necessary, but the weight and volume
of urine collected would not affect vehicle design or weight. Likewise, per-
sonal hygiene was not an issue since the astronauts would return before
soil on the body could lead to discomfort. In the longer Gemini and
Apollo flights, defecation could not be avoided, the amount of urine col-
lected would be quite large, and uncleanliness would be both
psychologically troublesome and physically uncomfortable.

The issues in this area were fundamentally engineering ones and did not
require much in the way of medical input. Engineers needed some infor-
mation in order to predict the amount of fecal and urine output, and such
information would become available from the metabolic studies and
blood and urine analyses. They also needed to know how much provision
should be made for hygiene in flight—for example, how often, if at all, the
astronauts would have to wash to avoid skin ailments. With these excep-
tions, waste management was strictly an engineering problem.*'
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NASA’s physicians recognized that psychological dysfunction due to
prolonged confinement was possible, but they doubted that it was prob-
able. Psychological testing and psychiatric evaluation had been critical
parts of the astronaut selection process, and anyone with indications of
emotional or mental weakness had been screened out. These tests includ-
ed questions that were used in evaluating candidates for submarine duty.
Moreover, physicians considered the test pilot background of the
astronauts to be a reliable guarantee of their psychological fitness.
Nonetheless, NASA sponsored some research in this area, including
studies of airmen confined singly and in groups for periods up to 90 days
and sociological studies of small-group interactions. None of this research
yielded data of significance to the Gemini and Apollo missions.*

Inflight illness was a serious concern; it could be disastrous on flights
that left Earth orbit because the spacecraft would have to loop around the
Moon before returning to the Earth. No Mercury astronaut had experi-
enced any significant inflight illness; but motion sickness had been a
serious problem in Russian flights. In addition, many possible ailments
could arise, and physicians insisted that the astronauts be able to treat the
symptoms of the most likely ones. The medical kit on Gemini included 12
drugs for treatment of motion sickness, extreme fatigue, aches and inflam-
mations, diarrhea, nasal and sinus congestion, irritation and inflammation
of the eyes, bacterial infection, and severe pain. The kit also included
creams for treating skin irritations and tapes and bandages for cuts.**

ANIMAL RESEARCH

In their approach to these various challenges, NASA’s physicians made
no effort to investigate the assorted problems through systematic animal
research. Many biomedical scientists outside NASA criticized this ap-
proach. In response to outside scientists’ complaints, two monkeys had
been flown in Mercury capsules prior to John Glenn’s flight, but NASA re-
jected suggestions of an animal program in support of Gemini and Apollo.
Although many scientists outside NASA found it difficult to understand
this position, it made good sense to NASA’s planners, engineers, and physi-
cians.

NASA management opposed making animal research an adjunct to the
manned program. President Kennedy had set an arbitrary deadline for a
lunar landing and since there was no evidence that the incremental ap-
proach to qualifying man for spaceflight created unacceptable levels of
risk, management saw no reason to further complicate the program. They
were not opposed to animal research per se, but felt that such research
should be conducted solely for scientific purposes and should be separate
from the manned program.**
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NASA'’s physicians opposed making the manned program dependent
on animal research, in part, due to reflection of their background and ex-
perience; with few exceptions, the biomedical personnel at the Manned
Spaceflight Center were either career military physicians on temporary
assignment to NASA or civilian physicians who had come to NASA after
separation or retirement from military service. Their flight medicine orien-
tation favored using man as the measure of man’s response to flight and
viewed animal research as useful only in studying phenomena observed
during manned flights.*®

Animal research was important in the overall space program, however.
Project Biosatellite, started in 1963, was projected to be a series of un-
manned flights in which increasingly complex organisms would be flown
for periods of up to 30 days. Although it was a scientific endeavor, it was
also justified in some agency and outside scientific circles as having the
ability of contributing information of value for manned flights. The
Biosatellite program had three flights between December 1966 and June
1969. The first and last flights were judged unsuccessful. The second, a
two-day flight in September 1967, provided some data on cells, plants, and
animals.

Ames Research Center was also developing programs in basic biological
and medical research that involved animals rather than humans. Ames life
scientists hoped to link their research programs to the manned program,
but met with little success.*” Even at the Manned Spacecraft Center the
medical research group established an animal program, but with the
understanding that the animals would be used only for backup studies or
for research that could not be conducted easily or safely on humans.*’

BIOMEDICINE AND ADVANCED MANNED SPACEFLIGHT

By 1963, both NASA and the Air Force were looking beyond Apollo. The
Air Force was under pressure from Secretary of Defense Robert
McNamara to cancel its only active manned space program, Dyna-Soar,
and Air Force officials were seeking some type of manned program that
would not duplicate NASA's efforts but would keep the Air Force involved
in space activities. By early 1964, the Air Force had tentative approval to
develop a program leading toward a Manned Orbiting Laboratory
(MOL).**

NASA no longer had any need to engage in active competition with the
Air Force, but agency officials did not want to be unprepared when the
time came to push for authorization to conduct a post-Apollo manned
program. During the year after the final Mercury flight, several planning
groups investigated possible post-Apollo programs. NASA had tentative
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plans to conduct unspecified orbital activities with Apollo systems, provi-
sion for which was included in the authorizations for the Apollo program.
One working group was set up to define the objectives and procedures for
an Apollo Extension System (later designated Apollo Applications Pro-
gram; still later, Skylab). Other groups were to study possibilities for a
manned space station and a manned Mars landing.°

Biomedical input into advanced planning during this period (1963 to
1966) fell into three categories: biomedical specifications for an orbital
laboratory, definition of biomedical experiments for advanced manned
programs, and advanced human research. In October 1963, the NASA Of-
fice of Manned Space Flight set up a Biomedical Experiments Working
Group to study the ““design and operational requirements and constraints
which would be imposed upon a manned orbital laboratory by the incor-
poration” of biomedical experiments to measure the effects of prolonged
weightlessness.>' The group identified cardiovascular deconditioning and
musculoskeletal catabolism as the “‘greatest potential problem areas”
related to long-duration weightless flight. It recommended that NASA ap-
proach these problems on two levels. First, NASA should institute a broad
and intensive program of ground-based biomedical research related to 18
different aspects of human physiology and performance, compiling
precise measurements of such functions as defecation, excretion, and
metabolism. These measurements should constitute the “minimum safety
package” that would be “integrated into any conceptual design.”” Second,
these lines of research should be continued in flight. NASA should design
the orbiting laboratory to include a physiology laboratory, a microscopy
and chemistry laboratory, an x-ray facility, and a centrifuge and to accom-
modate ‘“‘no fewer than four subjects,” as this was considered the
minimum number for orbiting valid biomedical data 52

The Office of Manned Space Flight established the Space Medicine Ad-
visory Group in late 1963 to augment the work of the Biomedical Ex-
periments Working Group. The advisory group was chaired by Dr. Sher-
man P. Vinograd, who was responsible for medical research within the of-
fice’s Directorate of Space Medicine, but its members were drawn from
biomedical research settings outside NASA. The initial purpose was to
define the specific experiments that should be flown on an orbital
laboratory. (Subsequently, the group was charged with reviewing and mak-
ing recommendations concerning biomedical experiments proposals for
Gemini and Apollo.) For the orbiting laboratory, the group designated 15
critical environmental factors: weightlessness, radiation, confinement,
social restriction, monotony, threat of danger, artificial atmosphere, toxic
substances, particulate matter, microorganisms, change in circadian
rhythms, ultraviolet exposure, infrared exposure, noise, and thermal stress.
It recommended the development of 14 experiments to measure the com-
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bined effect of weightlessness and each of the other stress factors and 6
more experiments to evaluate the combined effect of weightlessness and
combinations of the other factors. The report called for the laboratory to
remain in orbit for at least one year and have a crew of 6 to 12 persons. It
also recommended an intensive program of preliminary biomedical
research.®?

In addition to these planning activities, NASA supported ““fundamental
and applied research in man’s functions in relation to the space environ-
ment” with direct applicability to the design and engineering of
spacecraft systems. Directed by the Office of Biotechnology and Human
Research, this was an multidisciplinary undertaking in which man was
viewed as a component of a man-machine system.>* Activities in this area
fell into four broad categories. First, man-machine integration studies
were concerned with “critical points of contact of man with his vehicle,”
that is, with the man-machine interfaces that “involve man’s health, com-
fort, survival, observation, decision-making, integrative and manipulative
skills”” and the ways “‘in which man’s limitations may affect this system.”
Research in this area focused on such matters as the relationship of cabin
arrangements to mission performance and the information and control
links between space capsule systems and the human operator. The second
category, biotechnology, covered design and development of advanced
life support systems (e.g., artificial gravity and closed ecological en-
vironmental systems) and extravehicular equipment for planetary explora-
tion and repair of spacecraft systems. The third area, applied research on
animals, addressed the potential hazards of advanced spaceflight. The
final area of research centered on development of advanced
bioinstrumentation.3s Although this research was directed toward prob-
lems related to manned spaceflight, the biotechnology and human
research efforts were not conducted under the auspices of the approved
manned space program; while the research was nominally applied in
nature, its actual applications remained theoretical.

SUMMARY

From 1962 to 1966 NASA’s life sciences programs underwent major ex-
pansion and diversification. During the early years of Project Mercury, life
sciences requirements were limited almost exclusively to medical opera-
tions, with very little research and development. By the end of the project,
NASA’s life sciences programs encompassed basic biomedical research
and applied research and technology development as well as medical
operations which expanded concurrently. In Mercury, the life sciences
had a single objective: contribute to ensuring human health, safety, and
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performance in short-duration spaceflight. By the end of Mercury, the ob-
jectives included basic biological research; basic and applied medical
research in support of both approved and advanced manned programs;
planning of inflight biological and medical experiments; development,
testing, and evaluation of life support and protective systems for ap-
proved manned flights; operational support for approved manned flights;
and collection, reduction, and analysis of biomedical data obtained in
flight.

These expanded objectives, combined with the priorities of the manned
lunar landing program, had important implications for the organization
and management of life sciences programs. The life sciences had to be
organized to support the lunar landing program while meeting a diversity
of new obligations. Coordination had to be arranged among biologists,
physicians, psychologists, and engineers. In-house capabilities for sup-
porting these activities had to be provided. Finally, in meeting its new
obligations in the life sciences, NASA had to generate support— or at least
minimize opposition—from Congress, the military services, and the scien-
tific community.



Life sciences management in an accelerated
space program

The goal of placing a man on the Moon in nine years forced NASA to ac-
celerate the pace and expand the scope of the space program. For the
post-Mercury era, NASA would require an organization and a style of
management that would be equally responsive to the research, develop-
ment, and operations requirements of both approved (current) and ad-
vanced (long-range) manned programs; effect a balance between scientific
investigations and manned spaceflight; and encourage integration of
basic research, applied research and development, and manned opera-
tions.

On November 1, 1961, NASA Administrator James Webb announced a
major reorganization that was intended to strengthen the agency’s
capabilities for satisfying these requirements. The new organization would
remain fundamentally unchanged for the next 10 years and probably was
a significant factor in attaining the lunar landing goal. The restructuring of
the headquarters organization and implementation of new management
procedures created unanticipated problems, however. Strong criticisms
came from parts of the scientific community, tensions between NASA and
the Air Force were aggravated, and internal factionalism increased. These
problems were amplified in the life sciences programs.

RESURRECTING THE LIFE SCIENCES PROGRAM

Webb decided to restructure the headquarters organization after con-
cluding that existing arrangements were incompatible with NASA’s new
responsibilities. A compatible arrangement, he believed, would create a
balance between centralized direction of the overall space effort and
functional autonomy for specific space programs. Such a balance could

73
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be achieved by “placing increased emphasis and clearer focus”” on NASA’s
major programs (space science, advanced research and development,
manned spaceflight), by providing program directors with “the authority
and freedom necessary to accomplish their program objectives,” by en-
couraging close coordination between program directors and center direc-
tors in decision making, and by making NASA’s top management (Webb,
Deputy Administrator Hugh Dryden, and Associate Administrator Robert
Seamans) responsible for directing the overall space effort and coor-
dinating and integrating the major programs.

Webb abolished the existing program offices, which he considered too
task oriented (e.g., focused on launch vehicle development, administra-
tion of grants and contracts), and replaced them with offices that were
oriented toward major program functions. The program office directors
were to have complete autonomy to plan, budget, and manage the pro-
gram functions of their respective offices. The head of the Office of Space
Science was given authority to direct the research, development, and
operations required to support a program of basic scientific investigations
in space. The Office of Advanced Research and Technology received
jurisdiction over research and technology development in support of ad-
vanced aeronautical and manned spaceflight systems. Authority to plan
and direct approved manned space programs (including development,
testing, and evaluation of life support systems; selection and training of
flight crews; and management of manned spaceflight operations) was
vested in the Office of Manned Space Flight.*

Webb hoped, through this reorganization, to improve channels of com-
munication between NASA Headquarters and the field centers, to clarify
lines of authority connecting program and project elements, and to pro-
mote close coordination between program directors and center directors.
Previously, NASA had followed management practices that had been
established within the National Advisory Committce for Aeronautics. The
centers, which managed research and development projects, had been vir-
tually autonomous in technical decision making, but had not taken part in
program decision making. Program directors had handled program
budgeting and planning without directly involving the center directors and
had rarely become involved in project management. This arrangement
was satisfactory for the NACA, which was project oriented, primarily con-
cerned with applied research and engineering, and generally not responsi-
ble for operational system design, development, and operations. It was

*Initially, Webb also created an Office of Applications, which had responsibility for com-
munications and meteorological satellites, but this office was combined with the Office of
Space Sciences in 1963.
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also satisfactory for NASA during its early years, when the agency’s pro-
ject responsibilities were few and relatively narrow in scope. To Webb, the
arrangement was not suited to an agency that had responsibility for major
programs and a diversity of supporting research, technology, and develop-
ment projects that included several large manned spaceflight projects.
Those responsibilities, he believed, necessitated integration of program

and project management.
To encourage close coordination between program offices and centers,

Webb made the center directors line officials and authorized them to par-
ticipate in program decision making. He assigned each center functional
responsibility over research, technology, and development activities that
corresponded to the functional requirements of the major programs. Each
center director reported directly to one of the three program directors. In
short, the center directors were to be directly involved in preparing pro-
gram budgets and plans, while program directors were made accountable
for monitoring the projects supporting their programs.

Dryden and Seamans were to provide overall direction and integration
of space programs. Dryden became responsible for overseeing the
management and coordination of technical activities. Seamans, as general
manager, oversaw the day-to-day activities of the agency, including the
coordination of program budgets and plans and the resolution of inter-
program disputes.’

In authorizing the reorganization, Webb appeared to give no special
thought to the life sciences. For all practical purposes, life sciences had
lost program status in NASA with the departure of Clark Randt in March
1961. The life systems and medical operations staffs at the Space Task
Group had been outside the authority of the Office of Life Science Pro-
grams. A few life scientists at Ames were trying to organize a project of-
fice, but were hindered by uncertainties concerning the approved, inade-
quate funding and the absence of a life sciences laboratory and of clear
guidelines.?

Randt’s successor, Air Force Gen. Charles Roadman, was a mission-
oriented, practical-minded physician who did not share Randt’s belief that
space biology, human research, and space medicine belonged in a single
program office. Instead, he saw three unrelated fields with different, often
incompatible objectives. Believing that space medicine was the only life
sciences activity of immediate importance to the space program, he made
no real effort to strengthen the rest of the program. He urged the replace-
ment of the Office of Life Science Programs by a Directorate of Space
Medicine under the spaceflight programs office.>

Following the reorganization, the new program directors began to press
for clarification of this ambiguous situation. Dr. Brainerd Holmes, head of
manned spaceflight, responding to recommendations from Roadman,
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asked Seamans for authority to create a space medicine directorate.
Holmes suggested that this directorate could absorb most of the staff, pro-
grams, and contracts of the defunct Office of Life Science Programs. He
added that the space medicine director could easily function as the
spokesman for NASA’s life sciences programs.*

Concurrently, Dr. Homer Newell, head of the Office of Space Science,
believing that space biology was being badly neglected, sought Seamans’s
approval for the establishment of a biosciences division, which would ab-
sorb the space biology staff and programs of the Office of Life Science
Programs. Like Holmes, Newell believed that his own life sciences subor-
dinate would be the logical point of contact for life scientists outside
NASA.> The center directors at the Space Task Group (soon to be
redesignated the Manned Spacecraft Center) and Ames were also in-
terested in divining the future course of NASA'’s life sciences programs.
Space Task Group Director Robert Gilruth had plans to elevate the life
systems branch to division status and to appoint a space medicine coor-
dinator to his own staff. He wanted to know how these offices would be
connected with the program offices. Gilruth also wanted assurance that
his group would retain authority over the biomedical research and
development required for approved manned programs and would not
have to go outside the manned spaceflight chain of command for critical
biomedical support.®

Gilruth’s counterpart at Ames, Smith DeFrance, wanted firm com-
mitments from headquarters that would energize the moribund life
sciences component at Ames. DeFrance feared that a buildup of
biomedical research and development capabilities at the Manned
Spacecraft Center would deprive Ames of an active role in the agency’s

life sciences effort.”
Seamans had to deal with these contradictory recommendations. Aware

that key administrators wanted the life sciences problem resolved, that a
disorganized and uncoordinated life sciences effort could retard the
manned space program, and that the organization and management of the
life sciences had to be compatible with the overall NASA organization,
Seamans formed a group to study NASA’s needs in the life sciences and to
make recommendations about the organization and management of ““an
integrated Aerospace Biology and Life Support (Aerospace Medicine) pro-
gram.” Seamans appointed Bernard Maggin, from the Office of Programs,
to chair this Life Sciences Working Group.®

Maggin’s committee included representatives from each of the head-
quarters program offices and from the interested centers (Goddard,
Manned Spacecraft Center, Ames). This group completed its study in
March 1962 and issued a report that contained recommendations for
reorganizing the life sciences programs. The report identified three life
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sciences program requirements: biological investigations in space, in-
cluding research on the biological effects of the space environment and
search for extraterrestrial life; human research, the “utilization and life
support” of man in advanced aerospace systems and operations; and
biomedical research, life support systems development, and medical
operations in support of approved manned spaceflight programs. These
requirements, the committee believed, coincided with the responsibilities,
respectively, of the Office of Space Science, the Office of Advanced
Research and Technology, and the Office of Manned Space Flight.

The Maggin committee noted that the overall effectiveness of these life
sciences programs would require high-level coordination and a nominal
degree of integration of the separate components. Otherwise, overlapping
responsibilities, internal jurisdictional disputes, and duplication of efforts
in the life sciences programs would ultimately reduce the effectiveness
and increase the costs of the total space program. To make coordination
possible, Maggin’s committee recommended that the life sciences have a
“programming capability” at headquarters, that is, a capability for plan-
ning and coordinating the overall life sciences effort. With this capability,
the three life sciences directors could devise mutually acceptable pro-
cedures for allocating responsibilities and resources and resolving jurisdic-
tional disagreements.

In the committee’s view, the best way to do this would be to designate
one of the three life sciences divisions as the office responsible for coor-
dination of the overall life sciences program. That division would assume
the former responsibilities of the Office of Life Science Programs: review
and approval of research and development proposals, budgets, and plans;
integration of life sciences programs; and liaison with life sciences com-
ponents of the military services, industry, and universities. The Working
Group report identified the Office of Advanced Research and Technology
as the logical locus for life sciences program coordination. With respon-
sibility for applied research and development related to advanced
manned systems, the office was a middle link between scientific and man-
ned operational programs.

The report also pointed to a need for ‘“a reasonable technical capability
in the field” and recommended that it be centered at Ames. NASA should
triple its request for funding for facilities and make a commitment to ex-
pand and strengthen the existing life sciences component at Ames. This
component, the report suggested, should have responsibility for managing
all in-house life sciences research and technology development projects

and for monitoring all related grants and contracts.®
Seamans approved the general recommendations of the Life Sciences

Working Group. Between March and June 1962, he authorized Ames
Director DeFrance to hire a life sciences director for Ames and directed
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the Office of Advanced Research and Technology to establish a Direc-
torate of Biotechnology and Human Research. However, he did not give
this new office the breadth of authority recommended by the Maggin
committee. Its responsibilities were to include management of research
and development related to ““the fundamental understanding of man per-
taining to and directly related to his utilization and life support in
aerospace flight and operations,” review of all life sciences research and
development proposals, and representation of NASA’s life sciences on
committees coordinating the space-related research and technology
development of NASA and the Defense Department. The director of the
office would make recommendations to Seamans only on changes that
should be made in the life sciences programs outside his jurisdiction.'®

In limiting the authority of the new position, Seamans was responding
to objections from the other program offices. Homer Newell and his direc-
tor of biosciences, Dr. Orr Reynolds, doubted that an agency oriented
toward applied research and engineering development would promote the
growth and development of basic biological research. They also ques-
tioned the ability of the Office of Advanced Research and Technology to
communicate effectively with biological scientists. Holmes and Roadman,
from the Office of Manned Space Flight, feared that the pace of the ap-
proved manned space program would be retarded if its biomedical
aspects were regulated by an outside group agency.'' Seamans agreed
with these objections, and further limited the office’s program jurisdiction
to research and development required for advanced, rather than ap-
proved, manned programs.

ORGANIZATION AND MANAGEMENT OF LIFE SCIENCES PROGRAMS
DURING THE PROJECT GEMINI ERA

NASA resurrected its life sciences programs in 1962, but did not revive
its life sciences program office. The reorganization that followed the
report of the Life Sciences Working Group created three separate, func-
tionally independent life sciences components and placed them under the
management jurisdiction of three program office administrators. The ad-
ministrative arrangements in this new organizational scheme are depicted
in the chart on the next page.

NASA management believed that this reorganization would augment
life sciences support for each of the major programs while furthering the
objectives of the NASA-wide reorganization of November 1961: functional
autonomy for program offices and overall coordination of programming.
The life sciences divisions were to function independently, and each life
sciences director was to have autonomy in his own program. Ideally, each
director would design a program that was compatible with the mission and
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objectives of his program office. The director of Biotechnology and
Human Research would review the research and technology development
aspects of all three programs to ensure that they were free of unnecessary
duplication and did not overlap jurisdictional boundaries. Subsequently,
the several program office administrators would review their respective
life sciences programs and give final approval for their integration into the
overall program office plan. Finally, the life sciences programs would be
reviewed by Seamans and Dryden as part of their review of the major pro-
grams.

Management realities did not follow the management ideal, however.
Genuine coordination of life sciences programs was difficult to achieve,
and jurisdictional disputes were frequent and difficult to resolve. The life
sciences directors did not work in harmony toward a coordinated pro-
gram. NASA’s top management did not give the human research division
the authority it needed to enforce program coordination. Seamans alone
had that authority, and he had neither the time nor the inclination to func-
tion as the de facto director of life sciences programs. Equally important,
the life sciences program directors designed their programs to satisfy their
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respective interests, rather than to achieve a coordinated program. When
program office requirements conflicted with overall life sciences program
interests, each life sciences director backed parochial concerns rather
than support broader agency responsibilities. In short, the collective life
sciences programs management system was plagued by the problem that
had plagued the Office of Life Science Programs: responsibilities without
authority.

While these organizational assignments and allocations of responsibili-
ty made sense in terms of overall space program requirements, they did
not function effectively in the real operating environment and with the
personalities within the life sciences. Management assumed that biology,
medical science (human research), and clinical medicine could be easily
compartmentalized; but these fields have broad areas of natural overlap.
NASA management failed to issue guidelines that would clarify jurisdic-
tional boundaries within these gray areas or provide any office or in-
dividual with the authority necessary to resolve questions and programs
involving these boundaries. '

The problems emerging from this situation were most apparent in the
relations between the human research-biotechnology and biosciences
divisions. On paper, the responsibilities of each were clear. The former
had responsibility for human research (basic and applied studies of man
and his physiological and psychological reactions to spaceflight), human
factors engineering (application of human research to man-machine in-
tegration), and biotechnology (application of knowledge gained from
human research to design and engineering of life support, control, and
protective systems). The responsibilities of the latter encompassed en-
vironmental biology (basic research into the effects of the spaceflight en-
vironment on physiology and behavior of subhuman organisms) and ex-
obiology (search for extraterrestrial life). In theory, basic research in en-
vironmental biology would complement the applied research sponsored
by Biotechnology and Human Research.’

In reality, the exercise of responsibilities was not so clear, and jurisdic-
tional disputes developed. In part, these disputes can be attributed to the
presence of two directors, Dr. Orr Reynolds and Dr. Eugene Konecci, who
were strong-willed and highly motivated science administrators. Reynolds
was a physiologist with experience in both basic research and administra-
tion. He came to NASA from a high-level position in the Department of
Defense with the understanding that he would have a free hand to
develop a bioscience program comparable to the DoD programs with
which he was familiar. Reynolds assumed that his office would promote
basic research that would both contribute to scientific knowledge and in-
vestigate problems of concern to “manned spaceflight and exploration.”
He also assumed that his program would encompass research on the entire
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span of subhuman organisms, from plants and lower animals to primates.
He did not view basic biology as an isolated field of inquiry, but as the first
link in a chain of research that culminated in clinical medical applica-
tions.'

Konecci, educated in medicine and engineering and experienced in
working with both physicians and engineers in industrial settings, was
strongly attuned to the biomedicine-engineering interface. He was also
strongly oriented toward the systems approach to problem solving, and he
believed that systems analysis was the logical way to approach life
sciences problems of manned spaceflight. He did not view the life
sciences as a continuum, but rather as modes for analyzing systems. In his
view, the spacecraft was a total system consisting of numerous machine
subsystems (e.g., environmental control system). Likewise, man consisted
of numerous subsystems. The ultimate objective of life sciences research
and development was to optimize the integration of man and spacecraft
in terms of their subsystems.'s

Konecci believed that each spacecraft subsystem should be designed
with three sets of parameters in mind: human, environmental, and
machine. The purpose of basic research was to increase knowledge of
human parameters; of applied research, knowledge of human
physiological and performance limitations relative to environmental fac-
tors; and engineering research, knowledge of the factors necessary to
design machines that were compatible with human factors. For Konecci,
the starting point for life sciences research and development was not a
field of inquiry such as biology, or a style such as basic research, but
rather a specific system (or subsystem) that required analysis. The end
point was not clinical medicine or clinical applications, but the integra-
tion of man and machine in terms of the specific system or subsystem be-
ing analyzed.'®

Given these differences in viewpoint and philosophy and failure to
follow the intended division of activity between the two offices, conflicts
between the two were inevitable. The most frequent disagreement con-
cerned primate research. Reynolds, believing that his office had authority
over all basic research on subhumans, insisted that ground-based research
and inflight experiment involving primates fell within his jurisdiction.
Konecci countered that distinctions between basic and applied research
were irrelevant so far as man-machine systems were concerned. Moreover,
primate research was a natural adjunct to human research and therefore
within his jurisdiction.

These differences were really only surface manifestations of a more
substantial and deeper problem: the two were struggling to create viable
programs in the face of sharply limited resources. On paper, NASA’s
separate life sciences programs had a major place in the space program,
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but in reality they were treated as low-priority items. Reynolds, Konecci,
and the director of space medicine (Charles Roadman, 1962; George
Knauf, 1962-1964) were competing for limited funds, flight projects, and
research facilities, and to a degree Reynolds and Konecci were also com-
peting for control of a single flight project and a single research facility.

NASA'’s life sciences programs were grossly underfunded relative to
other program areas. Some $8.5 billion was appropriated to the agency for
research and development from 1962 through 1964. The amount for the
three life sciences areas was $157 million, or 1.6 percent. Within the
specific life sciences programs, this was broken down as shown in Table
1.17

NASA management did attempt to obtain larger sums for the life
sciences, but Congress refused the requests. In 1964, for example, Con-
gress reduced the total life sciences research and development request by
31 percent (from $67.1 million to 45.4 million). The space medicine request
was reduced by 35 percent (from $16.7 million to 11.0 million), the human
factors request by 28 percent (from $18.2 million to 13.2 million), and bio-
sciences by 41 percent ($32.2 million to 21.2 million). No other area of
research and development in any of the three major program areas had its
budget request reduced by more than 18 percent, and on average the 20
other line items were reduced by 6 percent. Congress justified the reduc-
tions for space medicine and human factors on the basis of the availability
of comparable capabilities in other government agencies and offered no
explanation for reducing the biosciences request.'®

It is not surprising that the life sciences directors engaged in intense
competition for funds, or that they sought to tailor their funding request
to the high-priority item of the 1960s, Apollo.' Reynolds’s office, for ex-
ample, had a total research and development budget of approximately
$24 million for 1964 and pegged 67 percent of it for research in en-
vironmental and behavioral biology on problems directly related to
manned spaceflight: weightlessness, acceleration forces, alterations in
day-night cycle. Similarly, Konecci’s office committed 53 percent of its
$18.2 million to basic and applied research in environmental and
behavioral studies.?®

The work of the two offices overlapped, most obviously in the area of
primate research. Reynolds believed that his office could, and should, ex-
amine environmental and behavioral problems systematically, moving
from lower organisms to primates. Konecci assumed that primate studies
were within the jurisdiction of his office, believing that primates were
natural analogues for human research. Without top management resolu-
tion of the issue, the two offices pursued independent, often duplicative
programs.?'

This conflict carried over into the only approved, purely life sciences in-
flight research project, Biosatellite. Conceived by the Office of Space
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Table 1. Research and Development Appropriations, 1962-1964*
(in Millions of Dollars)

Life Sciences as percentage

Mai . )
ajor program Life Sciences Program of total office program
Office of Manned 42 0.8

Space Flight (5,600)
Office of Space Science (1,793) 71 4.8
Office of Advanced Research

and Technology (1,120) 44 38

* 1964 was the final year in which space medicine was listed as a line item. Subsequently, space medicine received
funds from several different sources

Science in 1962 and strongly supported by academic life scientists,??
Biosatellite was to be a long-range project that would begin in 1966 with a
package of biological experiments containing cellular organisms. Subse-
quently, three to six missions were to be flown, progressing toward
primate flights of 15 to 30 days. The objective was to study the effects of
weightlessness and acceleration forces on terrestrial organisms.?* The
human research and biotechnology directorate also wanted a flight pro-
gram, but failing to obtain approval, insisted that it should have a major
role in the management of Biosatellite. The rationale was that the
development of advanced technological systems fell within its jurisdic-
tion, that it had a need to test out biotechnological systems, and, most im-
portant, that it should have priority over inflight experiments involving
primates.?*

To resolve this issue and get Biosatellite moving, Seamans, Newell, and
Raymond Bisplinghoff, the associate administrator for advanced research
and technology, agreed to set up a joint Office of Space Science-Office of
Advanced Research and Technology Biosatellite Working Group, which
was to consist of the program associate administrators, directors of bio-
sciences and human research and biotechnology, and representatives
from Ames. The group began meeting in January 1963 and agreed that the
Office of Space Science would manage the development of “basic
spacecraft and recovery systems” for flights not involving primates and
the basic research that did not involve primates. The Division of
Biotechnology and Human Research would develop “advanced life sup-
port systems for later flights involving primates” and manage applied
research related to biotechnology.?®

This effort at cooperation failed. Newell and Reynolds claimed that
Konecci refused to attend group meetings or to communicate with Office
of Space Science representatives. The joint committee was dissolved and
the two offices went their separate ways.?® Because the Office of Space
Science had responsibility for the early flights, it eventually gained
primary control over the entire project. After Konecci’s resignation in
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1964, his successors lost interest in Biosatellite and began to plan a
separate flight program with a frog’s otolith as the object of study.?’

Limitations of facilities also aggravated relations. Nominally, Goddard
was within the jurisdiction of the Office of Space Science, Ames the
jurisdiction of the Office of Advanced Research and Technology. This
meant that the center responsible for unmanned flight operations was
divorced from the center responsible for life sciences research and
development. In practical terms, the Office of Space Science could con-
trol flight scheduling for unmanned flights and give priority to flights
within its jurisdiction. Conversely, the Office of Advanced Research and
Technology had jurisdiction over the center where the life sciences
laboratory was located and could coerce Ames into supporting the type of
research that would support its objectives. This, in fact, is what Konecci
attempted to do; in early 1963, he made a major effort to have the Ames
life sciences group concentrate on biotechnology and human factors
research rather than biosciences.?* This had the unintended effect of caus-
ing divided loyalties on the Ames staff.?°

The difficulties at Ames were another manifestation of the absence of
clear, integrated responsibility and authority for life sciences. The
laboratory at Ames had been created as a biotechnology laboratory; it
was expected to provide research and development for the manned space
program, and the nucleus of its staff was to be drawn from specialists in
human engineering and bioengineering.*® However, after the dissolution
of the Office of Life Science Programs, the management of the laboratory
was placed in the hands of life scientists who were interested in basic
biological and medical research. As a result, an internal division between
bioscientists and bioengineers developed. This division was aggravated by
the fact that the former were new to Ames, while the latter had been with
Ames since the NACA years. The former tended to look to the Office of
Space Science for direction, the latter to the Office of Advanced Research
and Technology.

By early 1963, the Ames life sciences program was in disarray. The
laboratory director, Webb Haymaker, was a brilliant scientist who avoid-
ed administrative involvement. His second-in-command, Siegfried
Gerathewohl, had no authority to deal with the growing factionalism. As a
result, the various factions went their separate ways.*' When Konecci tried
to direct the Ames staff to concentrate on biotechnology he was within his
rights, since Ames was within the jurisdiction of his office; however, his ef-
forts only aggravated the internal factionalism. This situation continued
for more than a year. Resolution did not begin until early 1964, when
Konecci resigned and Ames hired a director of life sciences, Harold Klein,
who was both a scientist and an administrator.3?
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The second problem at Ames also stemmed from unclear lines of
authority. Without decisive direction from headquarters, individual scien-
tists initiated research projects based on interest rather than program
value.?* Some of the projects were poorly conceived. At the same time,
Ames decided to go ahead with plans for an animal research program, in-
cluding the creation of a primate colony. This raised the hackles of the Air
Force and its allies in Congress, since Ames was violating an agreement ac-
cepted by Deputy Administrator Dryden a year earlier. During the FY 1963
authorization hearings, Dryden had assured Congress that NASA would
forego development of its own primate colony and rely instead on the col-
ony already operated by the Air Force. Although Ames was ordered to ter-
minate its efforts in this direction, Air Force suspicions about NASA’s in-
tentions in the life sciences had been raised.**

The absence of effective coordination in the life sciences was also evi-
dent at the Manned Spacecraft Center. Since its inception as the Space
Task Group in 1958, the center had enjoyed virtual autonomy and was not
accustomed to seeking support or guidance outside the manned
spaceflight chain of command. Its biomedical components reported to its
director and had limited contact with headquarters. The space medicine
directors at the Office of Manned Space Flight, Charles Roadman and
George Knauf, were both satisfied with this arrangement. As a result, the
biomedical staffs at the center proceeded as if they had the authority to
pursue their own independent programs.

Expressing the view prevalent at the Manned Spacecraft Center,
Richard S. Johnston, chief of the Crew Systems Division, asserted: “We are
not flying man to determine biological effects ... [but] to determine his
capabilities in the space environment.” With the exception of exobiology,
Johnston claimed, the sole function of life sciences in NASA was to sup-
port manned spaceflight. Research along these lines belonged with those
responsible for manned spaceflight, and “basic research in medical
science, physiology, biology, etc., is the responsibility not of NASA, but

the NIH.””3
Accordingly, the Manned Spacecraft Center began to establish its own

biomedical research program. In 1963, Dr. Lawrence Dietlein, a medical
scientist, was hired to head a new Space Medicine Branch within the Crew
Systems Division. Dietlein’s office assumed responsibility for the basic
and applied research required by crew systems and for designing the in-
flight medical experiments for the Gemini and Apollo missions.*¢ Concur-
rently, the center allocated a major portion of its total aerospace
medicine budget to research. Of $31.5 million allocated for aerospace
medicine research, development, and operations for 1962-1964, 74 per-
cent was allocated for basic and applied medical research and design and
development of inflight medical experiments.?” The program was larger
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than the related Office of Advanced Research and Technology program.
By mid-1965, the center’s biomedical research capabilities had become so
significant that its director integrated all biomedical components into a
division-level Directorate of Medical Research and Operations.*®

The Manned Spacecraft Center steadily increased its medical
research capabilities over the objections of the Ames life sciences staff
and of the associate administrator for advanced research and technology.
It was able to do so because, until late 1964, management had issued no
specific directives outlining authorities for biomedical research.
Moreover, it could easily justify this buildup on the basis of its need to in-
vestigate in a timely fashion the abnormalities discovered during the Mer-
cury flights. Finally, it could pursue this independent course because no
one in authority prevented it.

A final organizational weakness was the failure to identify an official
life sciences spokesman for the agency. Nominally, the Office of Ad-
vanced Research and Technology filled this role. However, the key ad-
ministrators were specialists in human engineering, flight medicine, and
bioengineering and had industrial and military backgrounds. None was
familiar with research problems of interest to biologists and medical scien-
tists or sensitive to the concerns of academic life scientists. Consequently,
life scientists from colleges and universities preferred to communicate
with the Office of Space Science biosciences director, Orr Reynolds. This
arrangement was such that NASA seemed to speak with two different
voices, and it was frequently criticized by academic life scientists.?®

The military services were also confused by this situation. Officially, the
Office of Advanced Research and Technology represented NASA in deal-
ing with the military. However, when the authority was given (June 1962),
NASA’s coordination with the services was limited to a single agency, the
Aeronautics and Astronautics Coordinating Board, a single level of coor-
dination (NASA and the Department of Defense), and a single area, sup-
porting research and technology for manned spaceflight. Subsequently,
NASA had occasion to deal with DoD on questions of space biology and
with the Air Force on bioastronautics (space medicine). Reynolds assumed
responsibility for space biology coordination, and George Knauf (Office
of Manned Space Flight) dealt with the Air Force on matters concerning
bioastronautics.*°

The result was internal strife, particularly between Konecci and Knauf.
NASA was under increasing congressional pressure from April 1962 to late
1963 to work out specific agreements with the Air Force that would
preclude duplication in their space medicine and bioastronautics pro-
grams.*' Since this issue concerned only manned spaceflight, Webb
directed the Office of Manned Space Flight to negotiate with the Air Force
Systems Command. George Mueller and his Air Force counterpart subse-



LIFE SCIENCES MANAGEMENT 87

quently formed a Space Medicine-Bioastronautics Coordinating Commit-
tee to allocate research and development responsibilities between the two
agencies, share personnel and facilities, and formulate a joint space
medicine-bioastronautics budget.*?

Konecci vehemently protested this arrangement, insisting that all
NASA-military coordinations should go through the Aeronautics and
Astronautics Coordinating Board. He did not want to provide Knauf and
the Air Force with data on medical research contracts sponsored by the
Office of Advanced Research and Technology, or Ames life scientists to
engage in the coordination effort. He reasoned that the authority of the
Space Medicine-Bioastronautics Coordinating Committee was limited to
approved manned programs and that the committee had no legitimate
authority over advanced research and development. Knauf replied, and
management agreed, that coordination had to encompass the biomedical
aspect of both approved and advanced manned programs, since the Air
Force made no distinction between the two. In the end, Konecci
cooperated fully.*3

TOWARD A COORDINATED LIFE SCIENCES PROGRAM

By late 1963, it was obvious to NASA’s top management that some
changes had to be made in the organization and management of NASA’s
life sciences programs. Clearly, the life sciences directors and offices were
working at cross-purposes. Equally important, the disorganized state of
the life sciences programs was impeding NASA’s efforts to attract the in-
terest and support of academic life scientists and to improve relations
with the military services. Between February 1962 and February 1964,
NASA’s management of its life sciences programs was the object of in-
creasing criticism from Congress and the scientific community.

Life scientists outside NASA conducted four reviews of NASA’s life
sciences programs during this period, and all reached the same general
conclusions.* The programs were disorganized, and the disorganization
stemmed from the absence of decisive leadership at the top management
levels. Without decisive leadership, the programs lacked purpose and
direction, were ineffective, and were incapable of promoting confidence
among, or support from, high-quality scientists in colleges and univer-
sities. This situation would continue unless NASA appointed a respected

*The President’s Science Advisory Committee conducted an investigation of biomedical
programs during the summer of 1962. The Space Science Board of the National Academy
of Sciences, supported by NASA funds, surveyed the agency’s life sciences programs that
same summer. In late 1963, Nello Pace, hired as a consultant by Webb, examined the agen-
cy’s life sciences requirements.



88 THE HUMAN FACTOR

life scientist to a high-level position (preferably as a deputy to the
associate administrator) and gave him the authority to plan and direct the
overall life sciences program and to represent NASA in its relations with
life scientists outside the agency.**

Concurrently, Congress monitored NASA’s efforts to effect a coor-
dinated life sciences program with the military. Congress was particularly
concerned that NASA and the Air Force work out specific agreements
related to space medicine and bioastronautics in order to avoid un-
necessary duplication of programs and facilities, prevent competition for
the limited number of specialists in the field, ensure adequate military
support for the biomedical aspects of the manned lunar landing program,
and ensure that NASA would give fair consideration to proposals for in-
flight experiments submitted by the military services. Here again, lack of a
single spokesman and lack of decisive internal leadership were cited as
factors working against effective coordination.*s

Seamans had anticipated the need for improvements in the manage-
ment of the life sciences programs as early as March 1963, when he decid-
ed to hold periodic reviews of the programs. By requiring the life sciences
directors to come together to explain and justify their programs to him,
Seamans hoped to improve his capabilities for resolving internal
disagreements and providing direction for the overall programs.*¢
However, he lacked the time or the professional qualifications to serve as
a de facto director of life sciences programs, so he urged the life sciences
directors to begin meeting informally. At one meeting held in August 1963,
the “Senior Biomedical Representatives” agreed on the need for a
cooperative effort “to insure the development within NASA of a well-
conceived, comprehensive, overall biomedical program.”*

Program reviews and informal meetings did not solve the problem,
however. Seamans was not particularly pleased with the program review
presentations,*® and the directors apparently were unable to meet regular-
ly on an informal basis. Subsequently, Seamans authorized a formal Life
Sciences Directors Group to be headed by the director of space medicine
and gave him the authority to represent the associate administrator at
meetings of the group. The chairman was to report directly to Seamans,
rather than to his own program office administrator, on matters of con-
cern to the life sciences program as a whole. The group was to devise a
coordinated life sciences program, prepare a coordinated budget, resolve
jurisdictional disputes, and recommend changes in the overall program.
Decisions reached by the group were subject to Seamans’s approval.*®

The formation of the Life Sciences Directors Group can be seen as an
attempted compromise between the centralized life sciences office
desired by scientists and the decentralized arrangement that was most
compatible with the program offices and the overall needs of the
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agency.’° At the time the group was established (June 1964), W. Randolph
Lovelace Il had agreed to become the director of space medicine.
Lovelace had the influence, personal and professional prestige, and ex-
perience to be an effective spokesman to both the scientific community
and the military services. He could provide direction to the life sciences
and encourage cooperation among the life sciences directors. Moreover,
Lovelace had the personal authority necessary to keep the program office
administrators from interfering in life sciences program decisions.
Although nominally subordinate to the associate administrator of the Of-
fice of Manned Space Flight, he had a direct though unofficial line to
NASA’s top management. Finally, his influence extended to Congress and
the military, so that he could be expected to promote NASA’s interests
successfully in negotiations with Congress and the Air Force. With
Lovelace as director of space medicine and chairman of the Life Sciences
Directors Group, NASA could maintain the integrity of its organization
while having a de facto director of life sciences.®’

In 1964, NASA management also tried to better coordinate the planning
of experiments for manned flights. Proposals for inflight experiments were
coming from three different quarters: the Office of Space Science (OSS)
through its Space Sciences Steering Committee, the Office of Manned
Space Flight (OMSF) through its Space Medicine Advisory Group, and the
Manned Spacecraft Center (MSC) through its Space Medicine Branch. The
OSS was proposing experiments in both the physical and life sciences,
OMSEF in the basic medical sciences, and MSC in medical experiments
linked to specific operational problems. In addition, the military services,
with no approved manned flights of their own, were pressing NASA to fly
experiments related to military requirements.

Clearly, some method had to be found to select from the many pro-
posals a finite number of experiments that could be flown on any one
flight. Considerations of weight and space, engineering, time required of
the crew, and the astronauts’ reluctance to perform experiments were all
limiting factors. In early 1964 Seamans directed Mueller to form within the
Office of Manned Space Flight a Manned Space Flight Experiments

Board.5?
The board was actually inspired by the efforts of Homer Newell and

George Mueller to establish guidelines for selecting and incorporating ex-
periments proposed by the Office of Space Science into manned flights.
Mueller had de facto veto authority over such experiments, since the Of-
fice of Manned Space Flight had authority over experiments packaging for
manned flights. They agreed that OSS should select the experiments, and
then OMSF would decide the order in which they would be flown. The
board formalized the agreement reached by Newell and Mueller. In addi-
tion, a Defense Department representative was added to the board to en-
sure that the military would receive fair consideration.**



90 THE HUMAN FACTOR

Subsequently, at the request of Lovelace, Mueller agreed to establish a
Medical Experiments Panel within the board. Such a panel was deemed
necessary by Dr. Sherman Vinograd, chief of medical research at the Of-
fice of Manned Space Flight, to ensure input from biomedical scientists
outside NASA and coordination between OMSF and the Manned
Spacecraft Center. Unofficially, Vinograd was worried that the center,
with actual control over flight operations, would give preference to ex-
periments proposed by its own staff and low priority to those recom-
mended by the Space Medicine Advisory Group. The panel was also view-
ed as a means of drawing the astronauts into experiment planning.®*

SUMMARY

Management decisions related to the organization and management of
life sciences programs had the primary objective of augmenting
biomedical support for NASA’s major programs within an accelerated and
diversified space program. However, factors other than technical and
operational requirements were significant in shaping these decisions. In-
ternal disputes over jurisdiction and responsibilities showed that ar-
rangements for organizing and managing the life sciences programs were
defective. The evidence forced NASA management to develop a new
management structure that would contribute to a better coordinated life
sciences program while maintaining the integrity of the overall organiza-
tion.

Management decisions concerning life sciences programs were also in-
fluenced by external forces—the scientific community, Congress, and the
military services— particularly from 1961 to 1964. The role of these forces
in shaping the organization and management, as well as the growth and
development, of NASA’s life sciences programs was significant
throughout the entire manned space program.
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The biopolitics of manned spaceflight

NASA’s efforts to establish a life sciences program to support the ac-
celerated space program after 1961 produced conflict with two external
groups. Certain spokesmen for the scientific community viewed the
decentralized life sciences program as evidence that NASA was subor-
dinating basic biomedical research to biotechnology and flight medicine.
Air Force officials who were interested in space, and their allies in Con-
gress, viewed the same phenomenon as an effort to build up NASA’s in-
house biomedical capabilities at the expense of the Air Force’s
bioastronautics program. In short, NASA was caught between one group
of critics who thought it was doing too little in life sciences and a second
group who thought it was doing too much.

NASA AND THE LIFE SCIENCES COMMUNITY

NASA’s relations with the scientific community were generally satisfac-
tory. Many scientists, particularly physicists and astronomers, saw in the
space program genuine opportunities for expanding the scope of research
in their fields. With physical scientists like Dr. Homer Newell in key ad-
ministrative positions, their research interests early received high-level
support.’ In addition, prominent scientists served on advisory committees
for the agency. Indicative of NASA’s willingness to seek the advice of
reputable scientists was the agency’s support for the Space Science Board.
The board operated under the auspices of the National Academy of
Sciences, but received most of its financial support from, and provided
most of its advisory services to, NASA?

By contrast, scientists who viewed themselves as spokesmen for the
scientific community in its dealings with federal agencies, the Congress,

91
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and the President were generally critical of NASA and its management of
the space program. They most often expressed their views through formal
bodies such as the President’s Science Advisory Committee and ad hoc ad-
visory groups such as the Wiesner committee. Although their views were
not necessarily shared by the majority of practicing scientists, and groups
like the Science Advisory Committee had no real authority over NASA,
some of the critics were close to the President and the National
Aeronautics and Space Council and their opinions received serious atten-
tion in Congress.

The President’s Science Advisory Committee was the principal forum
through which scientific criticisms of Project Mercury were aired. It sup-
ported several investigations into NASA’s management of that project and
made clear, early on, its position that the space program should be
““geared to the interests of science” rather than manned flight and that
NASA should function as a ““research-oriented space agency” rather than
one oriented toward engineering and operations.? Influential present and
former science advisors, such as George Kistiakowsky and Jerome
Wiesner, were opposed to the manned program and urged Presidents
Eisenhower and Kennedy not to support it. In early 1962, the Science Ad-
visory Committee played a major role in raising public concern over an
alleged ““bioastronautics crisis”” and in the subsequent scrutiny of NASA’s
life sciences programs. Concurrently, NASA was reorganizing its life
sciences programs to make them more responsive to major space pro-
grams.*

The bioastronautics crisis surfaced in February 1962 with the publica-
tion of a report by the Science Advisory Committee’s Bioastronautics
Panel. The panel had been organized in August 1961 in line with recom-
mendations in a report prepared under the direction of Donald Hornig.
Politically, the panel was created to answer questions raised by Con-
gressman Emilio Q. Daddario in March 1961. Daddario, who favored a
strong military space program, had called for a “central bioastronautics
authority” and a “comprehensive national program” in bioastronautics.
He had asked for a “prompt study” of the nation’s capabilities and re-
quirements in bioastronautics and had enjoined NASA to delay further ex-
pansion in this area until such study was completed.®

In spite of its scientific pretensions, the February 1962 report of the
Bioastronautics Panel gave little attention to research and development
issues. It focused on questions of organization, management, and coor-
dination, and found NASA'’s life sciences programs ‘‘totally inadequate.”
Shortcomings included the decentralization of life sciences components,
the absence of a biomedical administrator at “‘the highest administrative
and decision-making levels,” the “lack of coordinated use of government
personnel and facilities,” especially those in the military services, and
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reliance on “part-time advisory groups” as a substitute for ““full-time ef-
fort by competent people.” The panel recommended:

1. Appointment of ““a national leader in biomedical sciences” as a depu-

ty to the associate administrator, with ““responsibility for long-range

planning of the biological phases of a national program” in
bioastronautics.

2. Coordination between NASA and the Department of Defense to en-

sure use of “DoD biomedical personnel and facilities in the conduct of

project Gemini and Apollo.”

3. Cooperation between NASA and the DoD to “build up national

biomedical competence in fields essential to a long-range program,”

with the DoD having major responsibility to “fund and encourage the
development of a long-range basic research program.”¢

The first and third recommendations were partly contradictory. Further,
the timing of the report was unfortunate, as the agency was in the midst of
a reorganization. Whatever the rationale, the report created a flap.
Although it did not mention the National Aeronautics and Space Council,
it implied that the council had been ineffective in overseeing the total
space program. Like NASA, the council had no high-level biomedical
scientists.” Its staff (which reported directly to the President, was chaired
by the Vice-President, and was nominally responsible for overseeing both
civilian and military space programs) was disturbed by the report and
urged action to avoid “embarrassing council members.”

The National Aeronautics and Space Council took no immediate action
in response to the Bioastronautics Panel report, presumably because it
preferred to keep out of the fray during annual authorization hearings.
Congress could be expected to take up these issues soon. Because NASA
was reviewing its life sciences program, the council may have preferred to
see whether NASA would make an effective response. Finally, the council
was aware that NASA and the DoD were engaged in informal coordination
of bioastronautics when the panel report appeared; and it may have been
reluctant to take any actions that might interfere with these negotiations.

NASA’s management of its life sciences programs did not become an
issue during the FY 1963 authorization hearings. Congress was more in-
terested in overlaps between NASA life sciences and DoD bioastronautics
programs. Nonetheless, several NASA witnesses sought to justify the
decentralization of life sciences programs.?

Although Congress paid little attention to NASA’s internal ar-
rangements, the National Aeronautics and Space Council continued to do
so. In June 1962 the council’s executive secretary, Edward C. Welsh, asked
Seamans what NASA was going to do about the Bioastronautics Panel’s
recommendations, particularly those related to appointment of a high-
level biomedical administrator. To emphasize his interest, Welsh submit-
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ted a list of biomedical scientists whom he considered qualified to serve in
such a position.®

Seamans reviewed the situation and concluded that finding an in-
dividual “with competence in fields ranging from fundamental biology to
life support technology” was unlikely. Followed to the extreme, he
argued, such a rationale would warrant deputy associate administrators
for “propulsion, electronics, and a variety of other disciplines that cut
across program lines.” He decided the problem was not that a decentral-
ized life sciences program hindered the agency’s work, but that it gave
NASA ‘““a fragmented image” that was not ‘‘reassuring to the outside
bioastronautics community.” Biomedical scientists probably wanted a
high-level biomedical position not to enhance the space program, but to
represent their own interests. Consequently, in his reply to Welsh,
Seamans temporized.'®

Welsh let the issue rest for the time. In the interim, however, the Space
Science Board joined the President’s Science Advisory Committee in
recommending a “focal point” for NASA’s life sciences programs. In early
August 1962 the board held a summer study in which “Life Sciences
Management” was a matter of special interest. A special committee
recommended that the NASA Administrator “appoint a scientist of highest
competence and soundest reputation” in the life sciences to a position as
a deputy to the associate administrator, with responsibility and authority
to make decisions that would contribute to effective “internal and exter-
nal coordination” in the life sciences and augment support for “research
and technology relating to the life sciences.”'" The committee members
doubted that NASA management would give serious attention to life
sciences unless a life scientist held a high-level administrative position.'?

In conveying these recommendations to Webb through Seamans, Ex-
ecutive Director Norton Nelson of the National Academy of Sciences ap-
parently tried to minimize the scientific concern over this matter, but he
did express the firm conviction that it would be in the best interests of
both NASA and the biomedical community if the recommendations were
adopted. At the least, appointment of a “senior biomedical advisor” to
review all NASA “projects that relate to the life sciences” would defuse
the criticisms expressed by a “rather small, but vocal group” of
biomedical scientists.'?

Webb, Seamans, and Dryden again concluded that a deputy to the
associate administrator for life sciences was inconsistent with NASA’s
“broader programs.” Webb informed Nelson that the absence of a life
sciences office had “not proven to be an obstacle.” Rather, existing ar-
rangements had made the life sciences more “responsive to the needs of
the program directors.” However, Webb recognized a need to improve
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NASA’s relations with the scientific community and would give serious
consideration to hiring a life sciences consultant.™

Additional pressure for a life sciences spokesman came from an unex-
pected quarter. In October 1962, David Vinson, executive secretary of the
Texas Academy for the Advancement of Science, complained to Vice-
President Johnson that, in the view of some members of the prestigious
Aerospace Medical Association, NASA was accepting too much
“guidance” from academic life scientists. Vinson urged that NASA pay
more attention to the “industrial life scientists” who were acquainted with
the “practical, operational” problems of spaceflight. In direct contrast to
the Bioastronautics Panel, he criticized NASA for not making greater use
of life sciences consultants. Although Vinson’s views were repudiated by
the president of the Aerospace Medical Association, Webb could not ig-
nore the advice inasmuch as it had reached the Vice-President’s desk.'

The concerns expressed by Nelson and Vinson reawakened the interest
of the National Aeronautics and Space Council. In November 1962, Welsh
again suggested to Seamans that NASA create a high-level life sciences
position. This, Welsh said, “‘might accomplish the dual purpose of
strengthening your staff and stilling criticisms” from the scientific com-
munity. Seamans refused, repeating earlier arguments, but added that he
recognized that NASA’s “relationship with the biological and medical pro-
fessions is not altogether satisfactory” and conceded that ““a consultant to
general management” might be a “beneficial step.”'®

NASA’s top management was still considering the matter when, in
January 1963, an event at Ames tipped the balance. In late 1962, Webb
Haymaker, life sciences director at Ames, had hired Ralph Gerard, a
University of Michigan physiologist, as a life sciences consultant. By the
time Gerard started work, Haymaker had resigned. After a month’s in-
vestigation, Gerard concluded that the life sciences effort at Ames was a
shambles and cited inadequate coordination, absence of direction from
NASA Headquarters, and unjustified research as major problems. He sent
copies of his report to Ames Center Director Smith DeFrance and to
Seamans. Although DeFrance dismissed the report as the product of an
“opportunist,” it received Webb’s attention and served as one more
reminder that serious problems existed in the life sciences."’

In an effort to deal with these various criticisms, Webb hired (in April
1963) Dr. Nello Pace, a University of California physiologist, as a tem-
porary consultant to the associate administrator. Webb asked Pace to ex-
amine NASA’s overall life sciences program and make recommendations
concerning organization and management.'® Pace served in this capacity
from July to November 1963.

Pace’s findings and recommendations, contained in eight reports, dif-
fered little from the conclusions reached in earlier external reviews. Pace
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observed problems of communication between research-oriented life
scientists and development- and operations-oriented engineers. He found
that NASA’s support for life sciences research in colleges and universities
was minuscule compared with the support given to physical sciences and
engineering.’”” He found that both the Manned Spacecraft Center and
Ames had inadequate basic biomedical research capabilities and were led
by biomedical scientists whose research abilities were in doubt.2°

Pace’s major recommendation was that NASA create a Directorate of
Biospace Missions, whose director would be a deputy to the associate ad-
ministrator and coequal to the program associate administrator. He would
retain the Directorate of Space Medicine within the Office of Manned
Space Flight, to be responsible for medical support operations. The
biospace missions director responsible for life sciences research and
development would represent NASA life sciences in dealings with external
agencies, but would have no authority over medical operations in support
of manned spaceflight.?!

Pace made some useful observations, but failed to do his historical
homework (a common failing among those who reviewed NASA’s life
sciences programs). The projected biospace missions office did not differ
significantly from the Office of Life Science Programs and NASA's
management viewed the record of the latter as one of failure. A com-
parable office would be “on the outside looking in” and would not “fit
into the direct operating structure of the agency.”? Equally important,
Pace failed to indicate what this new directorship would mean for NASA’s
other two life sciences programs. The biosciences and biotechnology and
human research offices were functioning, and NASA management was not
willing to make an abrupt “about-face” and eliminate them. Seamans did
not implement Pace’s recommendations.

By the time Pace completed his assignment (November 1963), the
“bioastronautics crisis” was over and NASA was receiving little criticism
from the scientific community. NASA, the Defense Department, and the
Air Force had made significant progress in their bioastronautics negotia-
tions. This removed the major source of congressional concern over life
sciences management. The opposition of the public scientists was further
blunted by the success of Project Mercury. When Pace submitted his final
report, NASA had completed six successful manned orbital missions in
which biomedical support had obviously been adequate.

The scientific issue was also defused by internal changes. By November
1963, NASA had succeeded in separating its biological programs from its
medical-operational ones. The biosciences office was established and
under the leadership of Dr. Orr Reynolds. An exclusively biological flight
program, Biosatellite, had been authorized. While the Manned Spacecraft
Center was becoming the locus for medical research, Ames was emerging
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as the center for biological and medical investigations. Affirming this,
NASA had appointed Dr. Harold Klein, a biologist, to head the Ames pro-
gram. For these and perhaps other reasons, NASA enjoyed a hiatus from
public scientific criticism from late 1963 to early 1967.

NASA AND THE MILITARY SERVICES

NASA’s relations with the military services might have been completely
cordial had the Air Force had no aspirations in space and no
bioastronautics program of any consequence. The National Aeronautics
and Space Act of 1958 took account of military interest in space by di-
recting NASA to refrain from unnecessary duplication of existing military
facilities and provided for coordination between military and civilian
space programs.?*> Moreover, NASA inherited from the NACA personnel
who were accustomed to working closely with military personnel and to
providing research and development support for military aeronautics proj-
ects.?* Finally, NASA’s managers recognized that they needed military
support to achieve their objectives in space.

The Air Force, however, was determined to establish an active role for
itself in space. Space-oriented Air Force generals, such as Bernard
Schriever, Roscoe Wilson, and Thomas White, were adamant in their
belief that a civilian space agency could not satisfy military requirements.
They envisioned a program in which NASA would be responsible for un-
manned, science-oriented space activities, while the Air Force directed the
manned effort. Although they resigned themselves in 1958 to NASA
management of Project Mercury, they continued to plan through 1963 for
a military space program. Because the Air Force had unparalleled
capabilities in bioastronautics, Air Force officials made space
biomedicine the heart of their argument for a military manned program.

The Air Force had provided most of the biomedical support for Project
Mercury and could reasonably expect to play a comparable role in subse-
qguent manned programs. But as the Manned Lunar Landing Program
evolved, the Air Force found it had no firm commitment that assured a
role in it. Indeed, NASA was reluctant to rely too much on Air Force sup-
port and was striving to establish its own independent life sciences pro-
gram.?’

The Air Force, however, was not willing to be shut completely out of
space. With the support of allies in Congress, it began in 1961 to press for a
coordinated bioastronautics program. The initial impetus came during FY
1962 NASA authorization hearings, when, at the behest of Congressman
Daddario, Congress directed NASA to fully utilize Air Force
bioastronautics facilities. Daddario reviewed this issue in August 1961 and
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concluded that NASA’s response could best be described as “an indisposi-
tion” to use the “’skills and facilities already at hand.” He reminded NASA
Administrator James Webb that NASA was obligated to provide Congress
with ““a specific plan...to effectuate coordination of the civilian and
military bioastronautics programs.”’?¢

For obvious reasons, officials of both the Air Force and NASA wanted to
satisfy Congress. They disagreed about the level at which the agencies
should coordinate joint concerns. Air Force officials favored direct
negotiations with NASA, whereas NASA’s managers preferred to negotiate
at the Department of Defense level.?” Seamans and Secretary of the Air
Force John Rubel discussed bioastronautics on several occasions between
October 1961 and February 1962, but were unable to agree on an ap-
propriate course of action.?®

Webb and Secretary of Defense Robert McNamara temporarily resolv-
ed this impasse when they signed a series of agreements that established
procedures for coordinating NASA and Department of Defense space pro-
grams. One agreement was related to bioastronautics. Webb and
McNamara agreed that NASA “should specify the operational
characteristics and bioastronautics requirements” of the Manned Lunar
Landing Program. However, NASA and the Defense Department were to
“’jointly determine and formulate the bioastronautics R&D plan needed to
support the MLLP.” Finally, the Defense Department, on the basis of
““goals and requirements” prescribed by NASA, would ““formulate detailed
plans, manage, technically direct, and conduct” in-house bioastronautics
research and development programs in support of the Manned Lunar
Landing Program.?® In short, the Webb-McNamara agreements provided
for bioastronautics coordination at the Defense Department level.

Subsequently, Seamans directed Brainerd Holmes to work with his
military counterparts to form a ““joint DoD/NASA bioastronautics plan-
ning study group,” which would prepare an “integrated NASA/DoD
research, development, and operational support plan to meet the re-
quirements of the Apollo, Gemini, and Dynasoar programs in the field of
bioastronautics.””*° Although the agreement still indicated coordination at
the Defense Department level, the emphasis was on areas of particular in-
terest to the Air Force. Nevertheless, specific agreements concerning
NASA-Air Force coordination in bioastronautics were not negotiated, or at
least not quickly enough for Congress and the National Aeronautics and
Space Council. When the FY 1963 authorization hearings commenced in
late March 1962, Daddario and others were still not satisfied that NASA in-
tended to fully utilize Air Force facilities. Several items in NASA’s budget
request seemed to unnecessarily duplicate Air Force capabilities.

One item that received an inordinate amount of attention was NASA’s
request for funds to establish a primate colony at Ames. This was a critical
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element in the center’s long-range plan to establish a biomedical research
capability and entice leading biomedical scientists to work there. It would
satisfy scientists’ repeated complaints that NASA was not adequately sup-
porting its manned program with primate research. Internal biopolitics
also underlay the request: Ames viewed the primate colony as a way to
gain a lead over the Manned Spacecraft Center in the area of medical
research.’’ Daddario reasoned that NASA could easily obtain all the
primates it needed from the Air Force’s major—and under-
utilized —primate colony at Holloman AFB, and Congress struck the re-
quest from the budget.’? That the resolution of this basically technical
issue had required congressional action reaffirmed the need for increased
coordination and cooperation between NASA and the Air Force. Specific
agreements between the two agencies would contribute to the timely and
efficient resolution of such technical matters at a more appropriate
decision-making level.

Members of Congress were also concerned that NASA’s continuing ef-
forts to build up its life sciences capabilities would intensify competition
for a severely limited supply of available talent. Congress had expressed
on earlier occasions (FY 1958, 1961, and 1962 authorization hearings) the
fear that this would lead to two weak and inadequately staffed life
sciences programs rather than one strong one. The Air Force and its con-
gressional allies were also worried that NASA, with its lunar landing com-
mitment, would appear more attractive than the Air Force to civilian
biomedical scientists. They anticipated that, at worst, NASA would
“pirate’” Air Force civilians or, at best, obtain life sciences recruits who
might otherwise have joined the Air Force. NASA's recruiting efforts in the
late summer of 1962 seemed to confirm this fear, since it appeared to be
making a special effort to recruit in areas where the Air Force had
bioastronautics facilities (e.g., Dayton, Ohio). Although NASA was forced
to back down in these efforts and was urged by Congress to work out joint
recruiting with the Air Force, its recruiting efforts led to increased pressure
for a coordinated civilian-military bioastronautics program.*’

Negotiations between NASA and the Air Force continued to languish,
and at the FY 1964 authorization hearings, Daddario again questioned
NASA’s continuing buildup in the life sciences. He recalled that in 1960
and 1961, NASA spokesmen had asked for only a “small nucleus” of life
scientists who would complement, rather than compete with, the Air Force
bioastronautics program. In 1958 Clark Randt had assured him that
NASA’s personnel complement in the life sciences (professional scientists
and engineers) would not exceed 90. Yet in 1963 the agency was requesting
authorization to increase that number to roughly 100. How, Daddario
asked, could NASA do this, given the limited supply of bioastronautics
specialists, except at the expense of military bioastronautics programs?
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Answering his own question, he cited figures which revealed a high rate of
attrition among military life scientists.?*

Daddario was juggling statistics to make his case. He insisted that all of
NASA'’s life sciences personnel be considered as a unit, though more than
half were involved in biological and biomedical activities that did not con-
tribute directly to manned spaceflight and did not duplicate military ef-
forts. In addition, his attrition rates were drawn from all three services.
Since the Army and the Navy had no need to maintain active bioastro-
nautics programs, attrition among their bioastronautics personnel was to
be expected. In reality, the Air Force, which had the only active
bioastronautics program in the military, had experienced no attrition.
Nonetheless, Daddario made his point, and Congress made significant
reductions in NASA’s FY 1964 budget requests in all three life sciences
areas.**

The Executive Branch, too, expressed concern over the bioastronautics
situation. Vice-President Johnson and the National Aeronautics and Space
Council were particularly disturbed by the February 1962 report of the
Bioastronautics Panel, which criticized NASA for failing to coordinate its
life sciences programs with those of the military services. In August 1962,
Johnson requested from both Webb and McNamara ““a written
statement . . . on the status of coordination” in bioastronautics.’®* NASA's
reply, prepared by Dryden, and that of Air Force Secretary John Rubel,
cited considerable informal coordination (high-level correspondence) but
very little formal coordination. There was much talking and studying, but
little action.?’

In spite of Johnson’s concern, the two agencies made little progress in
forging agreements over the next five or six months. At the end of the year,
Edward Welsh suggested that NASA's internal organization might be con-
tributing to the problem. The appointment of a high-level life sciences
spokesman, in addition to satisfying the scientific community, might
speed up negotiations with the military services. NASA, in contrast to the
Defense Department and the Air Force, he said, had no life scientists in
positions of authority.’® This, of course, was correct. None of NASA’s
three separate life sciences spokesmen had the authority needed to work
out substantive agreements with other agencies.

By early summer of 1963, NASA management had accepted that direct
negotiations with the Air Force and immediate, substantive agreements
related to bioastronautics were imperative.*® In June, NASA and the Air
Force set up a joint committee on space medicine and bioastronautics. In
August, negotiators agreed on the details for a joint coordinating commit-
tee. Both agencies agreed to use this committee as a basis for
“integration” of life sciences activities related to ‘‘the approved flight pro-
gram requirements of the X-20, Gemini and Apollo Programs.” In addition,
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NASA and the Air Force agreed that the committee would work out plans
for avoiding duplication in the use of facilities and awarding of
contracts.*®

This committee provided a forum through which the two bioastro-
nautics programs were brought into alignment. Significant agreements in-
cluded a computerized life sciences information exchange (ILSE), criteria
for allocating research and development responsibilities and awarding
contracts, procedures for coordinating the research of the separate NASA
centers with those of the Air Force Aerospace Medical Division, policies
for integrating the respective program budgets, and liaison offices in the
respective organizations.*' The negotiations were so successful that NASA
and the Air Force presented joint space medicine-bioastronautics budgets
to Congress for FY 1965 and 1966, with no public disagreements over
priority in bioastronautics.

SUMMARY

By the end of 1964, as NASA prepared for the first manned flight of the
Project Gemini series, the agency had resolved its outstanding problems
related to management of life sciences programs. Internally, it had
established administrative arrangements that ensured life sciences sup-
port for major space programs. By establishing a Life Sciences Directors
Group, the agency seemingly had found a way to maintain the integrity of
its headquarters organization, while providing for coordination among its
decentralized life sciences components. Management had reached
workable arrangements for dividing life sciences responsibilities between
Ames and the Manned Spacecraft Center, for providing decisive leader-
ship at both centers, and for clarifying lines of communication with head-
quarters.

NASA had also survived trenchant criticisms from the scientific com-
munity. By placing the Ames program under the direction of a biologist
and administrator, encouraging the development of biological programs
at Ames, and assigning Ames project management authority for
Biosatellite, NASA had given biological scientists an institutional focus for
their research interests. In the decision to appoint Nello Pace as a con-
sultant, the agency received specialized advice and indicated its will-
ingness to listen to recommendations from the scientific community. It
managed this without making any commitments to implement such
recommendations or to alter the orientation of its overall programs. In
short, NASA management dealt deftly and adroitly with its external critics,
responding to their expressions of concern without letting those concerns
undermine the agency’s plans for organization.

Finally, NASA had concluded its conflict with the Air Force, while again
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maintaining its organizational integrity. It did so only under pressure from
the legislative and executive branches of government. Yet the com-
promises to which it agreed did not significantly reduce its authority over
space programs. Indeed, NASA actually benefited. While it formally
recognized the Air Force’s interests in bioastronautics and gave the Air
Force primary control over human research and biotechnology, NASA
received formal assurances of regular and timely support from the Air
Force. In addition, NASA was freed from having to commit significant
funds to advanced human research and biotechnology, and instead could
fund the areas that were of most immediate public concern: space biology
and space medicine.

While the agency benefited from these agreements, life sciences, as an
integrated, cohesive program, did not. First, NASA endorsed compart-
mentalization of the life sciences, which created a gulf between the
biological side of the space program and the medical-operational side. In
effect, space biology and space medicine were to develop as separate,
rather than complementary, programs. Second, by agreeing to accept Air
Force priority in human factors and biotechnology, NASA stifled the
growth of its third life sciences area. While the NASA biotechnology and
human research program continued to operate, it had no major flight pro-
gram on which to focus and no clear mission. Finally, by creating the Life
Sciences Directors Group, NASA bypassed the thorny problem of top-level
life sciences representation. While this decision reduced internal strife
and promoted program coordination in the short run, it did not provide
long-range viability to the life sciences program.



[

Lunar trajectories: biomedicine in the Geminiand
Apollo programs

Discussion of the organization and management of NASA’s life sciences
programs waned while Project Gemini missions were flown, March 1965
through November 1966. Like Mercury before it, Gemini was, in
biomedical terms, an unqualified success. The Gemini flights
demonstrated that man was fully qualified to perform effectively on
14-day missions, that he was capable of performing complex and arduous
extravehicular activities, and that the life support systems were fully ade-
quate for both purposes. In short, the Gemini flights gave assurance that
NASA was ready for the next phase of the manned program, the lunar
landing operations of Project Apollo.

Although Apollo depended to some extent on the Gemini experience,
the projects were organized independently and overlapped in time.
Biomedical personnel, planning operations and developing hardware,
were nearly as active on Apollo during this period as those working on
Gemini. Still other life scientists and bioengineers were attempting to
define the biomedical requirements for the first post-Apollo manned pro-
gram, Apollo Applications (which evolved into Skylab).

Concurrently, NASA’s space biologists, though functionally separated
from the manned program, were developing a flight program that they
believed had an indirect bearing on manned spaceflight. In December
1966, NASA launched the first of a projected six Biosatellite missions. Un-
manned and nominally oriented toward basic biological research, the Bio-
satellite flights were intended to provide data concerning the biological
effects of space environment factors on living matter and animals. As
Gemini came to a close, space biologists were preparing for a series of 15-
to 30-day flights with primates. With these flights, they hoped to
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strengthen NASA’s basic biology program and demonstrate its value to
manned spaceflight development.

BIOMEDICAL RESULTS OF PROJECT GEMINI

Project Gemini qualified man and life support systems for lunar opera-
tions in two stages. Through Gemini 7, biomedical interest centered on
man’s physiological and psychological reactions to, and the adequacy of
the environmental control systems for, spaceflights of up to 14 days.
Through the rest of the series, biomedical attention focused on the evalua-
tion of human performance and life support related to extravehicular ac-
tivities (EVAs).

Evaluation of the physiological and performance aspects of the Gemini
flights involved standard clinical procedures (pre- and postflight physical
evaluations, inflight monitoring) combined with selected medical ex-
periments. Special emphasis was given to the cardiovascular and
musculoskeletal systems. Measurements revealed that ‘‘some of the major
human physiological systems exhibit consistent and predictable changes”
during and after exposure to spaceflight lasting up to 14 days, but that
such changes “are completely reversible.”” In addition, the data indicated
that the “observed changes” would “not degrade human performance or
crew safety during missions required to achieve the goals of the Apollo
Program. ' Analysis of data related to ““human functional systems” that
physicians viewed as critical to manned spaceflight revealed no “flight-
related changes” in the neurological, pulmonary, gastrointestinal, or
genitourinary systems or in behavioral or metabolic functions. Physicians
identified no serious decrements in these areas that could be correlated
with the environmental factors that were of specific concern to physicians
before the Gemini flights—acceleration forces, weightlessness, radiation,
and space capsule environment.?

Similarly, observations of specific reactions to the spaceflight ex-
perience failed to reveal the adverse responses that many biomedical
scientists predicted would occur during longer flights. Table 2 summarizes
the predicted and observed reactions.

Equally important, physicians observed no significant decrease in
astronaut performance during the Gemini flights. Visual acuity tests (in-
flight sightings and descriptions of ground views) and the absence of any
evidence of vertigo or disorientation implied that long flights would not
impair the functioning of the central nervous system and the vestibular
apparatus. Data from electroencephalograms for nearly 55 hours of sleep
revealed only minor variations in the four levels of sleep compared with
baseline recordings obtained on the ground. Finally, the performance of
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Table 2. Human Response to Long-Duration Spaceflight:
Predictions Compared to Observations during Gemini

Predicted Observed Predicted Observed

Electromechanical delay None Stimulant need Occasionally before

in cardiac cycle reentry
Reduced cardiovascular None Infectious disease None

response to exercise Fatigue Minimal
@ ...... .. .. Absolute neutrophilia Dysbarism None
Reduced blood volume . Moderate Distribution of None
Reduced plasma volume Minimal circadian rhythms
(a) . Decreased red-cell mass Decreased g-tolerance None
Dehydration Minimal Skin infections and Dryness, including
Weight loss Variable breakdown dandruff

Bone demineralization
Loss of appetite
Nausea

Minimal calcium loss
Varying caloric intake
None

Sleepiness and sleep-
lessness
Reduced visual acuity

Interference (minor)

None

Renal stones None (a) Eye irritation
Urinary retention None (a) Nasal stuffiness and
Diuresis ... None hoarseness
Muscular incoordination None Disorientation and None
Muscular atrophy None motion sickness
(a) Reduced exercise Pulmonary atelectasis . None
capacity High heart rate Launch, reentry,
Hallucinations None extravehicular
Euphoria None activity
Impaired psychomotor None Cardiac arrhythmias None
performance High blood pressure None
Sedative need None Low blood pressure None
Fainting postflight None

aNot predicted.

SOURCE: Charles Berry and Allen D. Catterson, “Pre-Gemini Medical Predictions versus Gemini Flight Results,” in
Manned Spacecraft Center, Gemini Summary Conference, NASA SP-138 (Washington, 1967), p. 199.
the astronauts during the complex inflight maneuvers of Gemini and dur-
ing two emergencies provided unequivocal evidence that performance
decrements should not be a factor in the Apollo program.?

The data obtained during the 4-, 8-, and 14-day Gemini flights did point
to physiological anomalies in the cardiovascular and musculoskeletal
systems, however. As anticipated, evidence of decrements in bone densi-
ty, skeletal calcium, and muscle nitrogen was obtained, but the
decrements did not approach clinical significance for the period in ques-
tion, and all three conditions returned to normal within 50 hours of land-
ing. That the peak decrements were observed in the 8-day flight and were
significantly lower during the 14-day flight suggested that adaptation was
occurring. This remained only a possibility, however, since the pertinent
variables were not the same for the several flights. There was also a strong
possibility that mission variables (such as exercise, diet, and fluid intake),
rather than environmental ones, were the source of these changes and
their fluctuations. The absence of clearly identifiable causes for the
changes led NASA’s physicians to conclude that intensive investigation of
the musculoskeletal systems was essential before longer missions were at-
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tempted. However, they did not view these findings as matters of signifi-
cant concern to Apollo operations.*

As expected, observations of the cardiovascular system also provided
evidence of anomalies, some of which were considered insignificant. As in
the Mercury flights, electrocardiograms revealed “rare’” and “minor” ir-
regularities in the heartbeat. Variations in blood pressure were observed,
but in the critical 14-day flight, blood pressure and heart rate of both
astronauts were within ‘“the envelope of normality” during weightlessness
and acceleration.®

However, the blood pressure and heart rate readings obtained during
the 4- and 8-day flights caused some concern. Trends based on
measurements along these parameters gave projections for the 14-day
mission that were enough ‘“to scare the pants off you.” The fact that these
projections were not borne out during the 14-day flight suggested car-
diovascular adaptation to the conditions of spaceflight. Here again, the
multiplicity of variables precluded certainty.®

Oddly, orthostatic hypotension, which had been a cause of serious
biomedical concern following the Mercury flights, at first did not appear
to be a problem during Gemini. It became evident only during postflight
examinations with a tilt table (an examination table that can be tilted
about three separate axes). Once again, the absence of uniform controls
during the missions precluded precise correlation of this condition with
specific spaceflight variables.”

NASA physicians were surprised by some of the cardiovascular data,
which pointed to a potentially serious anomaly. Blood samples taken
before, during, and after the Gemini 4, 5, and 7 missions revealed
postflight deficits in red blood cell mass ranging from 5 to 20 percent.
Adding to the concern was the absence of clear evidence indicating the
specific cause. Oxygen toxicity (hyperoxia), immobility, diet, and
weightlessness were all possible contributing factors. Since the deficit
peaked during the 8-day flight (at 20 percent) and dropped significantly
during the 14-day flight (to 5 percent), it seemed likely that the body was
adapting. Since the anomaly did not appear to affect the health and per-
formance of the astronauts during these flights and the condition reversed
itself during the first 50 hours after flight, NASA’s physicians did not
believe it would pose a problem for the Apollo missions. However, as with
the other anomalies, this loss in blood cell mass indicated yet another line
of biomedical research required before longer flights.®

The Gemini flights also demonstrated the capability of the life support
systems for 8- to 14-day flights. No significant problem developed in the
functioning of the environmental control (atmosphere, humidity,
temperature) or waste management systems. The astronauts encountered
no unanticipated problems with drinking, eating, defecating, and urinating
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in flight. Finally, there were no indications that levels of radiation, at-
mospheric contaminants, or toxins in the spacecraft ever reached signifi-
cant proportions.’

While NASA’s biomedical scientists and physicians continued the pro-
gram of pre- and postflight evaluations and inflight recordings, their major
concern during Gemini 8 to Gemini 12 was the assessment of astronaut
health and performance during extravehicular activities, in which one of
the astronauts would leave the spacecraft and attempt various tasks. The
spacewalks were spectacular; the astronauts put on a good show. But
from a biomedical standpoint, extravehicular activity was deadly serious.
The spacesuit had to maintain a pressure environment and provide essen-
tial levels of metabolic oxygen (i.e., oxygen actually absorbed by the
body, as opposed to atmospheric oxygen), heat, and humidity. At the same
time it had to allow the body-joint mobility and flexibility required for per-
formance of tasks. As described by the engineers responsible for the suit,
it

.. was a multi-layer fabric system consisting of a comfort liner, a gas bladder, a
structural restraint, and an outer protective cover. To permit easy donning and
doffing . . . quick disconnects were located at the wrists for glove connections,
and at the waist for ventilation-gas connections. Suit entry and body waste
management were provided by a structurally redundant pressure-sealing zipper.
Internal to the suit, a gas distribution system directed a flow of oxygen to the
helmet area for metabolic use and thermal control, and over the limbs and body
for thermal control...[additional protective equipment] included: 1) ex-
travehicular cover layer, 2) pressure thermal gloves, 3) visor temperature-control
coating, and 4) sun visor."®

Spacesuit environmental control was provided through an Extra-
vehicular Life Support System, consisting of a chest pack (which controll-
ed heat through recirculation of gases), hoses and connectors for inlet and
output of gases, and an umbilical cord and electrical cable that linked the
suit to the space capsule oxygen and electrical systems. The functions of
this environmental control system were to provide for metabolic oxygen,
maintenance of suit pressure, removal of thermal load created by ex-
travehicular effort, ventilation gas for removing carbon dioxide (respira-
tion waste product), and emergency oxygen supply." Although the equip-
ment “‘operated satisfactorily within the design capabilities,” three prob-
lem areas were identified. First, during extravehicular activity the pilots
tended to become overheated due to design limitations in the thermal
control system. As a result, engineers took steps to increase the ““cooling
and metabolic heat-rejection capabilities” in advance of the lunar landing
mission. This was viewed as a relatively minor engineering problem. Sec-
ond, certain design features related to attaching equipment (e.g., the sun
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necessary. In addition, the astronauts apparently were fatigued prior to ex-
travehicular activity due to inadequate sleep, exhaustive preflight train-
ing, and elaborate pre-EVA preparations. In addition, the spacesuit en-
vironmental control system was designed to handle thermal levels below
those actually created by the astronauts’ activities. Prior to Gemini 12, the
system was modified to increase its thermal dissipation capability, and
changes were made in operational procedures to correct the problems
noted above. As a result, the final extravehicular experience was highly
satisfactory.'?

To a great extent, NASA’s physicians were making educated guesses
when they tried to pinpoint the causes of exhaustion from extravehicular
activity on Gemini 9A and Gemini 11. Engineering and operational con-
siderations had precluded inclusion of the type of bioinstrumentation that
would have been necessary to establish precise correlations between
workload and metabolic cost. The bioinstrumentation for extravehicular
activity was limited to one lead for electrocardiograms and one for
respiration rates. While these provided gross indications of general
physical condition, they could not accurately indicate body temperature
or metabolic energy resources. Prior to Gemini 12, Manned Spacecraft
Center physicians made a major effort to obtain accurate assessments of
metabolic costs through ground-based simulations. Results were used in
establishing the operational workload for Gemini 12.'*

BIOMEDICAL PREPARATIONS FOR THE APOLLO PROGRAM

Apollo was dependent on Gemini for assurance that astronauts could
endure the rigors of the translunar flight and perform effectively in the
lunar operations. Apollo, however, also had unique biomedical re-
quirements. First, the Apollo missions would be the first in which clinical
space medicine would be critical. As Apollo flights would take the
astronauts out of Earth orbit, inflight illnesses could become serious prob-
lems. Once the spacecraft was en route to the Moon, an ill astronaut
would have to complete the entire journey before he could return to the
Earth for treatment. As a result, Apollo required a clinical program to
minimize inflight illness and provide for inflight emergency treatment if
iliness occurred."®

The clinical program that evolved had three parts: preflight preventive
medicine, preflight paramedical training for the astronauts, and an inflight
medical kit. Prevention of illness was the major focus, and it included
identification of latent illnesses during preparation for missions, reduction
of contact with nonessential personnel, and determination of individual
sensitivity to drugs that would be carried in the medical kit. The “health
stabilization”” program was planned to go into effect 30 days before each
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mission. It relied on intensive medical screening and physical examina-
tions for early detection of infections. NASA’s physicians recommended
total isolation of the astronauts during this period; however, this was
deemed impractical.* Preflight paramedical training was designed to
enable the astronauts to recognize health abnormalities and select ap-
propriate therapeutic measures. The program covered the cardiovascular,
pulmonary, and neurological systems, vestibular and otologic functions,
human behavior, pharmacology, and preventive medicine. This training
also acquainted the astronauts with the emergency medical kit, which in-
cluded 17 drugs for various respiratory, intestinal, eye, ear, nose, and skin
infections.®

The need for a portable life support system for lunar surface ex-
travehicular activity was a second unique biomedical requirement of the
Apollo program. While Gemini had demonstated the basic capability of
man and equipment, the duration of extravehicular activity had been a
much shorter operation. The Apollo astronauts would have to carry their
life support with them as they performed a variety of activities, so the en-
vironmental system had to be lightweight and not interfere with astronaut
maneuverability.

To meet these requirements, NASA’s engineers developed a Portable
Life Support System that would operate as a backpack unit. Subsystems
supplied oxygen for both spacesuit pressurization and metabolic con-
sumption; cooled water for thermal control; filtered out carbon dioxide,
odors, and trace contaminants; warned of malfunctions; and provided
communications and telemetry. The life support system was a major com-
ponent of the Extravehicular Mobility Unit, which consisted of the ex-
travehicular spacesuit, a liquid cooling garment, an oxygen purge system,
and special visor and overshoe assemblies.!?

The third unique biomedical requirement of the Apollo program was
the need to prevent contamination of the lunar surface, as well as con-
tamination of the Earth’s biosphere by possible lunar biota. Although most
scientists considered the possibility of life (even at the subcellular or viral
level) to be remote, back-contamination had to be considered. In 1963, the
Space Science Board recommended that NASA ensure effective quaran-
tine procedures during the Apollo program. Subsequently, NASA joined
the Public Health Service, the Department of Agriculture, and the Depart-
ment of Interior in forming an Inter-Agency Committee on Back-
Contamination. Responding to the recommendations of this committee,

*A§ discussed in Chapter 10, the frequency of infections in Apollo 7 through Apollo 13 led
to implementation of a Flight Crew Health Stabilization Program that provided for com-
plete isolation.
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NASA implemented a program with three objectives: preventing con-
tamination of the lunar surface by human biological wastes, preventing
contamination of the space capsule by astronauts returning from the
lunar surface, and preventing contamination of the Earth’s biosphere.™®

To avoid contamination of the lunar surface, three vectors of con-
tamination had to be contained: waste products (feces, urine, and residual
food), terrestrial microorganisms released during lunar-landing module
depressurization, and microorganisms present in the lunar module waste
water system. Their containment posed an engineering problem—and
meant that additional weight had to be lifted from the lunar surface. It
was finally decided that the only feasible procedure would be to collect
all wastes in special bags that would be stored in the equipment bay of the
lunar module descent stage (which would remain on the lunar surface).
These bags were not expected to leak, but if they did it was expected that
the leakage would remain contained within the descent stage.

Of much more concern to biomedical scientists was the possibility of
contaminating the Earth. NASA proposed to avoid this in three ways. First,
special equipment would be included in the spacecraft to maintain
cleanliness and reduce the amount of lunar dust returned to Earth. Sec-
ond, a Mobile Quarantine Facility would be constructed to carry the
astronauts from the recovery site to a fixed quarantine facility. Im-
mediately after landing, the astronauts were to don special garments that
included respirators to filter and sterilize their exhalations. They would
wear the garment until they had entered the mobile facility. Waste prod-
ucts were to be transferred to the facility through special locks. The
astronauts would remain in the mobile facility for an undetermined period
of time (provision was to be made for 10 days) until transferred to a special
quarantine facility.

Finally, NASA planned to construct a Lunar Receiving Laboratory to
house both the returned lunar samples and the astronauts. This was to be
both a containment facility and a testing facility. The astronauts would
live there for 21 days, while scientists, using remote sensing devices and
neoprene gloves, would conduct biological and biochemical analyses of
the lunar samples and the astronauts. The receiving laboratory was con-
structed to match the specifications of the U.S. Army biological
laboratories at Fort Detrick, Maryland, which was the nations’s center for
research on biological warfare."®

The kinds of biomedical data gathered during Mercury and Gemini
would also be collected during Apollo. To further investigate the
physiological anomalies discovered or studied during the earlier flights,
detailed pre- and postflight assessments would be made. Special attention
was to be given to the cardiovascular and musculoskeletal sysems, and a
special effort would be made to obtain precise information on metabolic
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requirements. Bioinstrumentation had been refined during the Mercury
and Gemini missions. Notable changes included an instrument for measur-
ing overall body temperature through electrode sensors (as opposed to
rectal or oral temperature) and provision for comprehensive
measurements during extravehicular activity. To make the latter
measurements, NASA’s physicians and engineers cooperated in designing
a biomedical harness that wrapped around the pelvis like a belt, rather
than around the chest. This version was expected to reduce interference
with operational performance.?°

Initial biomedical planning for Apollo called for seven experiments that
~would measure reactions of the cardiovascular and musculoskeletal
systems and metabolic function to the space environment. Following the
Apollo 204 accident, a fire which killed three astronauts and led to a
20-month delay in the Apollo program, the biomedical experiments were
eliminated on the grounds that they were not critical to Apollo and could
be postponed to a later program. Public attention after the fire focused on
astronaut health and safety rather than science; in such a traumatic en-
vironment it was easy to emphasize medical preparedness rather than
medical experiments.?' Some biological and biomedical experiments were
flown in the later Apollo missions, but they did not approach the com-
prehensiveness of the program that was originally planned.??

BIOMEDICAL PLANNING FOR ADVANCED MANNED
SPACEFLIGHT PROGRAMS

Reduction and analysis of the biomedical data derived from the Mer-
cury and Gemini flights and from extensive ground-based research and
simulations led biomedical scientists, both inside and outside NASA, to
the cautious conclusion that man was qualified for spaceflights of 28
days.?* Scientists were troubled by the physiological and performance
decrements observed in these missions and were disturbed that precise
measurements had not been obtained. However, the consensus was that
the Apollo mission and support system changes would not jeopardize the
health, safety, and performance of the astronauts. Biomedical scientists
felt certain, however, that flights exceeding 28 days should not be at-
tempted until the observed anomalies had received thorough investiga-

tion.
While NASA’s post-Apollo manned missions were only vaguely defined

at the end of Gemini, NASA management assumed that the manned pro-
gram would continue to expand after the lunar landing. They expected
that there would be missions of gradually increasing duration, so that
human responses in one mission would indicate possible areas of concern
for the next. Management hoped to begin with an orbiting laboratory, pro-
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ceed to a permanent manned space station, and continue to a manned
planetary mission.*

In 1966 a space station and a manned planetary mission were little more
than visions on the horizon; however, studies of an orbiting laboratory and
firm planning were moving forward. In 1963 NASA had received congres-
sional authorization to establish design requirements for an orbiting
laboratory, using Apollo systems, and had conducted several studies to
determine both overall design requirements and specific biomedical re-
quirements. Initially designated Apollo Extended Systems, the program
was redesignated Apollo Applications Program in 1965. It subsequently
flew as Skylab. The Apollo Applications Program was projected as a two-
mission program in which flight crews would spend 28 and 56 days in orbit.
Since the primary objective was to qualify man for even longer
spaceflight, major emphasis was placed on biomedical investigations and
life support systems.?* In view of the anomalies already observed in
manned flights, management recognized a pressing need for comprehen-
sive biomedical planning well in advance of the actual missions. Toward
this end, NASA asked the Space Science Board to investigate and make
recommendations concerning the biomedical requirements for advanced
manned programs.

The board presented NASA with its recommendations in February 1966.
While satisfied with NASA’s overall management of medical operations
for Mercury and Gemini, the report noted the absence of acceptable and
verifiable biomedical measurements and pointed out that reliable data
were limited or nonexistent in several significant areas:

.. 1) the behavior of physiological and behavioral systems that respond slowly
with time, such as metabolism and smooth muscle mass; 2) the extent to which
physiological degradation or ‘““deconditioning” may occur over an extended
period of time; 3) the ability of man to adapt to the space environment, to attain a
steady state of physiological and psychological adjustment, or, subsequently, to
readapt to gravity and other planetary stresses; and 4) the possibility or likelihood
of a combination of stresses producing a response greater than the sum of the
responses to individual stresses. Finally, it cannot be ruled out that the space en-
vironment may induce totally unexpected responses.?*

The report cited three sets of factors that NASA should consider in ad-
vanced biomedical research. All could have significant effects on
astronaut health and performance as the duration of flights increased,
even though none had yet compromised health and performance. The first
set of factors, “medical and physiological,” included weight loss, body
fluid volume and electrolyte balance, calcium loss, change in blood
volume and coagulation and in red blood cell mass, metabolic changes,
compatibility of bacterial flora (i.e., tendency of normal human bacterial
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populations to undergo unpredictable and possibly adverse genetic
changes when humans are in confined spaces), space radiation, readapta-
tion to gravity, and combined stresses. The report recommended that in-
vestigation of these factors begin immediately with ground-based research
in settings that simulate spaceflight and later be complemented by
primate investigations in Biosatellite. This would provide a fundamental
base on which a plan for inflight research on men could be structured.?’

The report found that the second set of factors, “psychological and
behavioral,” was largely being ““neglected”” in the manned space program.
In prolonged spaceflight, the psychological reactions of the crew could be
more important than the physiological reactions. In spite of this, the
report said, there were few data on the long-term effects of “isolation,
confinement, monotony, social restrictions, threat of danger, noise and
silence, and the enforced proximity of differing personalities.” Research
was recommended to correlate decrements in ““crew motivation and per-
formance” with mission duration and restricted environment, to identify
physiological disturbances that might result from psychosocial factors, to
define the “levels and types of activity” needed to maintain
““physiological systems and behavioral skills,” and to measure “‘the time
required to perform tasks in space and the percentage of errors made.””2®

Finally, the report cautioned that the proven capabilities of ““current
life-support systems” did not justify confidence that those capabilities
would extend to longer missions. NASA had developed effective life sup-
port systems quickly by compromising between the engineering and
physiological requirements. This was satisfactory for missions that
depended on ““man’s very considerable ability to adapt to adverse condi-
tions.” However, advanced missions would need a more substantial basis
that stressed ‘“clearly defined optimal conditions for effective per-
formance” in space. In this regard, the report urged research and develop-
ment into space cabin atmospheres (in particular, to explore the feasibility
of a two-gas system), toxic contaminants, waste management, human
engineering, biomedical data collection and data analysis, and inflight
medical care.?®

The findings and recommendations of the Space Science Board were
consistent with those of NASA’s own Biomedical Experiments Working
Group and Space Medicine Advisory Group and provided the basis for the
biomedical research that preceded Apollo Applications and the
biomedical experiments package that was flown aboard Skylab. In addi-
tion, NASA management decided to adopt the board’s recommendations
concerning inflight animal experiments. Plans were made to use the
Biosatellite primate flights to assess a two-gas atmosphere and the com-
bined effects of weightlessness and radiation on primate circulation,
metabolism, neurophysiology, and behavior.?°
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The increasing importance of inflight biomedical investigations war-
ranted procedures for economically and efficiently designing and packag-
ing biomedical experiments. However, it was difficult to define experi-
ment packages with only vague indications of the types of missions that
would be flown and virtually no information on the vehicles. Consequent-
ly, Dr. Sherman P. Vinograd and his associates concluded that NASA
should design a flexible, modular biomedical experiments system capable
of supporting a broad range of investigations, yet adaptable to any flight
system that NASA selected. The result was the Integrated Medical and
Behavioral Laboratory Measurement System.

The integrated measurement system was conceived in 1965, when a
Technical Advisory Committee of NASA’s life scientists considered ways
in which NASA could accomplish the inflight biomedical research that
various groups, such as the Space Science Board, had recommended. The
committee identified two impediments. First, available bioinstrumenta-
tion was capable of providing gross evaluation of specific physiological
responses, but not precise measurements. Second, traditional procedures
relied on the use of individual items of equipment rather than comprehen-
sive systems. The committee concluded that NASA should develop ““a
single biomedical support system that would integrate the required
measurement, support and data-management facilities” and could func-
tion as both ““a compact, miniaturized spaceborne medical center” and ““a
self-sufficient biomedical research facility.”

As NASA’s first attempt to apply engineering development principles to
biomedicine, the integrated measurement system was conceived as a
means for reducing lead times and preparing well in advance for the in-
tegration ‘of biomedical systems with other spaceflight systems.
Heretofore, the approach to biomedicine had largely been adaptive; that
is, procedures were adapted to existing engineering arrangements and
biomedical research requirements were often compromised. The system
conceived by Vinograd and his associates would greatly facilitate the in-
tegration of biomedical research requirements with other systems and
minimize the degree to which biomedical requirements had to be com-
promised. In 1966, however, the system was no more than a concept, and
its development remained in doubt.?"



Directing the life sciences program

Divers assist Skylab 2 mission commander Charles Conrad, Jr., submerge in the Marshall Space Flight
Center’s Neutral Buoyancy Simulator. The large water tank provided a simulated zero-gravity
environment.




The final 18 months of the Gemini era provided NASA’s biomedical
scientists with optimism and confidence. The Gemini missions dispelled
any lingering doubts about NASA’s ability to provide effective biomedical
support for its flight crews and provided assurance that progress toward
the planned lunar landing would not be retarded by human factors. The
Gemini flights yielded biomedical data that greatly expanded knowledge
of human reactions to spaceflight and the space environment and alerted
NASA .management to the need for a more comprehensive biomedical
research program. Management’s positive response to various recommen-
dations from external and internal advisory groups and its tentative sup-
port for the Integrated Medical and Behavioral Laboratory Measurement
System was evidence of this new awareness.

Increased emphasis on biomedical research and the biomedical re-
quirements for advanced manned programs had ramifications for the
management of NASA’s life sciences program. Could NASA’s decentra-
lized life sciences program provide the necessary coordination among
space biology, human research, biotechnology, and medical operations?
Without a centralized point of contact for the life sciences, could NASA
attract the active support of biomedical scientists with the knowledge and
skills to make important contributions to the biomedical program?

During this period, the Life Sciences Directors Group managed to
minimize internal factionalism, achieve a nominal level of coordination
among NASA’s decentralized life sciences components, and promote ef-
fective liaison with interested groups outside the agency. The
achievements of the directors, however, were like those of the proverbial
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Dutch boy with his finger in the dike; they could hold management prob-
lems in check for a while, but could not solve those problems. The ques-
tion of the organization and management of NASA’s life sciences pro-
gram, dormant through most of the Gemini era, resurfaced as an issue
early in 1966.

LIFE SCIENCES DIRECTORS GROUP

The Life Sciences Directors Group functioned in lieu of a life sciences
program office from June 1964 to August 1968. Established by NASA
Associate Administrator Robert Seamans to improve the management of
the overall Life Sciences Program, the group was charged with coor-
dinating ““those Life Science matters having Agency wide implications.”
Seamans hoped the arrangement would fulfill the management respon-
sibilities of a life sciences program office without impairing the functional
integrity of the major program offices. The group was strictly advisory,
with no authority to involve itself in the internal management of in-
dividual life sciences offices or with individual directors in their liaison ef-
forts with external scientific agencies in ‘“‘their respective areas of
cognizance.”' The members of the group were expected to establish a
“coordinated and integrated” life sciences program by ““coordinating the
planning, development and execution of life science activities”’; reviewing
and making recommendations concerning ‘“problems and issues having
agency-wide implications’”’; and proposing changes in ‘‘program ac-
tivities . . . task assignments and relative priorities.””?

The directors made recommendations through their chairman to
Seamans. Authority to act on the recommendations rested with Seamans
or the associate administrators heading the offices of Advanced Research
and Technology (OART), Manned Space Flight (OMSF), and Space Science
and Applications (OSSA). Top management viewed the Directors Group as
a “strictly advisory” body that should have “no authority to direct action
to be taken by its individual members or others.”* Since NASA manage-
ment had made no provision for a top-level life sciences administrator,
above or equal to the program office associate administrators, real
authority over the management of the Life Sciences Program rested with
administrators who were not necessarily knowledgeable or involved day-
to-day in the program.

In addition, the directives establishing the Directors Group did not
specify the procedures by which they might reach a consensus on critical
issues. The three directors were coequal. They were to share information
related to their respective programs, eliminate program overlaps, and
resolve internal jurisdictional disputes; but majority rule was not author-
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ized, and the group could not force an individual director to submit to a
majority decision. Disagreements could be resolved only by passing them
on to higher authority.

Unanimous agreement was rarely possible, since each director naturally
resisted proposals that would result in reducing the scope of his own pro-
gram. This was particularly true of the directors of biosciences (in OSSA)
and biotechnology and human research (OART), who were locked in con-
flict over a number of substantive issues.* Critical issues related to pro-
gram jurisdiction usually had to be passed on to Seamans and the program
associate administrators for resolution.?

The directors were also constrained by divided loyalties. Each director
was responsible both to the Life Sciences Program and to his respective
program office. Subordinate to the program office associate ad-
ministrators, the directors, when considering matters of significance to the
life sciences, had to take into account both the needs of the Life Sciences
Program, and the requirements of the respective program offices. In prac-
tical terms, the Directors Group not only had to struggle to reach a con-
sensus relative to the Life Sciences Program, but also had to be certain
that such a consensus would be acceptable to the associate ad-
ministrators.®

Finally, the Directors Group had no authority over life sciences ac-
tivities at Ames Research Center and the Manned Spacecraft Center, both
of which had major responsibility for life sciences research and develop-
ment. The life sciences managers at the centers reported to the center
directors, who in turn reported to one of the program office associate ad-
ministrators. Ames and the Manned Spacecraft Center had an enduring
disagreement concerning jurisdiction over medical research, but the
Directors Group could not resolve it.”

These weaknesses in the program management of the life sciences pro-
gram, though enduring in nature, were obscured for some time. At the
time, W. Randolph Lovelace 1l had the personal authority, working as he
did with top management, to overcome these weaknesses. Although fre-
quently absent from meetings of the Directors Group and involved in
many activities outside NASA, Lovelace had the respect necessary to gain
cooperation among the directors and ensure management backing for
decisions made, with his leadership, by the group. Internal weaknesses
were also obscured because the life sciences budget, although spare,® con-
tinued to expand from 1962 to 1965 and was sufficient to support active
programs in each life sciences area. Finally, the Gemini program and
preparations for Apollo distracted management attention from internal
problems affecting the long-term value of the life sciences effort. For
NASA management, the important life sciences issues from 1962 to 1965
were technical in nature: life support systems, inflight experiments, long-
range planning.
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Between January 1966 and January 1967 some of the constraining fac-
tors disappeared. Lovelace, who had resigned from NASA a few months
earlier, died in an airplane accident in December 1965. In March and April
1966 Congress reduced the funding for the space program, including the
life sciences budget. In November 1966 the Gemini program came to a
close, and NASA management began to look ahead to the post-Apollo
space program, whose life sciences requirements remained to be defined.
Finally, in January 1967, the Apollo 204 fire raised serious questions about
NASA’s life sciences capabilities. Together, these factors forced an inter-
nal reassessment of the organization and management of the Life Sciences
Program and the role of the Life Sciences Directors Group.

QUESTIONS OF AUTHORITY AND JURISDICTION

The impotence of the Directors Group was epitomized by two issues
that commanded management’s attention in 1966. The growth of interest
in life sciences experiments and inflight investigations was a major feature
of the Gemini era. The emerging program of inflight experiments had two
aspects: unmanned biological investigations in space and biomedical (i.e.,
man-oriented) experiments to be flown on manned missions. The former
provided justification for the Biosatellite Project and required coordina-
tion between the offices of Advanced Research and Technology (OART)
(biotechnology and human research) and Space Science and Applications
(OSSA) (biosciences). The latter justified the Medical Experiments Pro-
gram, which nominally was under the control of the director of space
medicine (Office of Manned Space Flight) but, in practice, fell under the
control of the director of medical research and operations at the Manned
Spacecraft Center. In both cases, coordination of life sciences inflight ex-
periments was a source of internal conflict, which the Directors Group
was incapable of resolving.

Working relations between Biosciences and Biotechnology-Human
Research had never been good because of biology and human research
overlap. In creating the decentralized life sciences program, NASA
management had not clearly identified authority over research involving
primates. Biosciences viewed primate research as a natural extension of
biological research; while Biotechnology and Human Research viewed the
same area as a natural concomitant of human research. NASA manage-
ment had assumed that the distinction between the two was clear: both
divisions would support primate research, but Biosciences would have
authority when the research objectives were strictly scientific in nature,
and Biotechnology and Human Research when the objectives were related
to advanced manned flight requirements.®

In practice, this distinction was not so clear, let alone enforceable, as
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the history of Project Biosatellite revealed. Biosciences had received
authority over Biosatellite because the overall objectives of the project
were scientific and the early flights were to include only biological ex-
periments. However, OART had authority to review and approve requests
for funding research and technology (research and development proposals
in support of approved flight projects), including those in the life
sciences.'® In short, while OSSA had authority over Biosatellite planning,
it was supposed to obtain approval from OART for Biosatellite develop-
ment funds. In addition, OART had been promised a major role in later
Biosatellite flights, which would carry primates and conduct both scien-
tific and man-related investigations.'" To satisfy these mutual re-
quirements, NASA management placed Project Biosatellite under the
general jurisdiction of the OSSA Biological Experiments Program but
created a Biosatellite Project Office under the director of Ames Research
Center. This arrangement was intended to ensure that Biosatellite would
be responsive to the requests of both program offices."?

This arrangement prevented conflicts at the project level, but not at the
program level. The headquarters program offices (OSSA and OART) were
unable to reach agreement on their respective roles in biological flight
programs for reasons that were “biopolitical.”* They were competing for
the same scarce resources—funds and flight projects. Life sciences funds
were severely limited compared with funds in other areas and were in
jeopardy of being cut back further, since Congress had indicated unwill-
ingness to continue previous levels of funding for the space program.
Likewise, life sciences flight projects were limited, Biosatellite being the
only approved project for inflight biological investigations.

From the beginning of the space program, funds allocated for research
and development in life sciences were minuscule compared with those in
other areas.'> The separate life sciences programs had always been in
competition for scarce resources. Quirks in the life sciences budget inten-
sified this competition after 1965 (when Congress began to reduce the
space program budget) and centered the competition between OSSA and
OART. The first quirk was the elimination of space medicine as a life
sciences line item in the FY 1964 and subsequent budgets. Henceforth,
space medicine would receive its funds from several different sources

*The term “biopolitics” was coined by an unknown source to refer to the NASA-Air Force
conflict over control of space medicine-bioastronautics programs. Subsequently, it was
commonly used in reference to internal disagreements among NASA’s life sciences pro-
grams. Basically, it indicates that controversies related to life sciences programs, whether
internal or related to NASA’s interactions with life scientists in the military services, govern-
ment agencies, and the scientific community, were as much political as they were scien-
tific.
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within the Office of Manned Space Flight and appropriations for space
medicine would not be detailed in the budget requests. Biosciences and
human factors (biotechnology and human research) would continue to ap-
pear as research and development line items. The second quirk was that
Congress assessed funding requirements for the life sciences in two dif-
ferent ways: the separate life sciences requests were examined in relation
to the budget requests of their respective program offices, and the
separate requests were combined and assessed as a Life Sciences Program
budget. Congress, following the lead of Congressman Emilio Q. Daddario,
began to do this in 1961 (when space medicine was still a line item) as a
means of comparing NASA’s life sciences budget requests with those of
the Air Force.’ Congress continued this policy even after space medicine
had ceased to be a line item.

The effect was to center competition for life sciences funds between
OSSA and OART, and the former regularly received the lion’s share. Bio-
science appropriations for each fiscal year from 1965 to 1968 were twice
those for human factors.' This disparity derived in part from Congress’s
tendency to view human factors as an adjunct to space medicine.
Although space medicine was not a line item, the director of space
medicine provided Congress with a survey of space medicine research and
development projects as part of the Office of Manned Space Flight
budget presentations, and Congress often trimmed the human factors
budget request in the belief that OART was planning projects that would
duplicate those already in progress in space medicine.'® The disparity also
resulted from the fact that Congress was more likely to consider OART
proposals duplicative of military life sciences efforts. Since the space
medicine budget was not directly visible, and NASA and the Air Force
were coordinating their bioastronautics programs, space medicine did not
come under scrutiny in this regard after 1964. Congress assumed that the
Office of Space Science and Applications would not be duplicating
military programs since the services had no significant bioscience pro-
grams. The Office of Advanced Research and Technology, however, had
responsibility for biotechnology and human research, an area of assumed
Air Force strength. It also had responsibility for advanced research, which
in the mid-1960s was directed toward requirements for a manned orbiting
laboratory. Since the Air Force, but not NASA, already had approval for a
manned orbiting laboratory, OART’s proposals were often viewed, mostly
incorrectly, by Congress as duplicative of Air Force efforts.'” This cir-
cumstance did nothing to promote harmony between OART and OSSA.

Competition between the biosciences and human factors divisions was
also intensified by management decisions related to life sciences flight
programs. NASA management authorized only two life sciences flight pro-
grams: the unmanned, biological Biosatellite, and the man-oriented,
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biomedical experiments program. It was assumed that the Office of Ad-
vanced Research and Technology, with its authority to review supporting
research and development proposals and its ability to sponsor research
and development in support of both manned and unmanned life sciences
flights, would contribute to both the biological and biomedical flight pro-
grams. In addition, the office was expected to play a significant role in
both the later Biosatellite flights (which would carry primates) and the
Apollo Applications (Skylab) program.’® At this time OART had approval
to conduct preliminary studies for a single biotechnology flight that would
use the instrumented inner ear (otolith) of a frog."®

For the time, however, OART had no direct involvement in the manage-
ment of life sciences flight programs. It was virtually excluded from par-
ticipation in the biomedical experiments program, since space medicine
had moved on to conduct its own supporting research and development
and already had more proposals for biomedical experiments than it could
fly aboard the approved manned flights. Moreover, OART’s life sciences
division supported the use of animals in support of human research, while
the space medicine group had little interest in animal research. This en-
couraged OART to view Biosatellite as a logical locus for inflight research
in biotechnology and human factors.?°

Personality differences and jealousies aggravated this situation. The
director of biosciences, Orr Reynolds, had a strong orientation toward
basic research. Reynolds and his staff of bioscientists viewed themselves
as the guardians of pure bioscience against applied research, engineering,
and mission operations. Since OART was an applied research and
engineering office, they viewed it with suspicion and considered any ex-
tension of its authority over biological programs would lead to subordina-
tion of basic research to applied research and to the loss of the program.?'

Reynolds was also the only life sciences director, after Lovelace, who
enjoyed a measure of personal authority within his office. In contrast to
the directors of space medicine and human research, Reynolds served
continuously as a life sciences director from the inception of the bio-
sciences division and had considerable independence due to his program
office associate administrator, Homer Newell. Longevity in office and pro-
gram autonomy gave Reynolds confidence that he could promote the
growth of a bioscience program. This made him unwilling to support deci-
sions or agreements which, in his view, would retard progress toward this
goal.2?

Biotechnology and human research had four separate directors be-
tween 1962 and 1966 — Eugene Konecci, Frank Voris, Rufus Hessberg, and
Walton Jones. Although the last three had experience in research and
research administration and were medical doctors, none was a medical
scientist. Rather, they had strong backgrounds in flight medicine and a
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primary research interest in the application of biomedical knowledge to
human factors engineering.?> Because of their backgrounds, they were not
threatened by the NASA emphasis on engineering and operations and
were not concerned with creating and guarding an independent life
sciences program. They viewed Reynolds’s efforts to safeguard the bio-
sciences as self-centered empire building.?*

The OART directors also did not enjoy Reynolds’s level of in-
dependence. As ““acting” directors, they had limited authority. More im-
portant, their associate administrators did not give them the autonomy
that Newell gave Reynolds. On several occasions Seamans asked the
associate administrators for assessments of their life sciences programs.
Newell submitted assessments bearing Reynolds’s name and covered them
with memos indicating his endorsement of Reynolds’s views. By contrast,
the OART administrators, Raymond Bisplinghoff and Mac Adams, gave
Seamans their own assessments and provided no indication that they had
ever consulted their life sciences directors.?* This obvious disparity in in-
fluence may have aggravated tensions.

These several differences precluded a harmonious working relationship
between Reynolds and his OART counterparts and made it difficult for the
Directors Group to reach agreement on critical issues that affected these
two divisions. Reynolds, suspecting that a greater role for OART in the
biological flight program would result in Biosatellite being changed from
a biological to a biotechnology project, resisted efforts to increase
OART’s area of jurisdiction. The OART life sciences directors, believing
that Reynolds was ignoring their responsibility for the review of life
sciences research proposals, were suspicious of his intentions and anxious
for formal agreements defining OART’s role in life sciences flight
programs. '

The interest in life sciences flight experiments also brought to light a
problem of coordination between the director of space medicine and the
Manned Spacecraft Center Directorate of Medical Research and Opera-
tions. In this case, an imbalance of authority had developed between the
headquarters life sciences office and the center medical office. In brief,
the center medical director had more input into space medical decisions,
including definition and selection of medical experiments, than did the
director of space medicine at headquarters. This imbalance derived from
the management relationship between the Office of Manned Space Flight
and the Manned Spacecraft Center and the evolution of the MSC medical
directorate.

Since the beginning of the space program, the Manned Spacecraft
Center (and its predecessor, the Space Task Group) had enjoyed more
autonomy than the other centers. This derived from the personal authority
of the center’s director, Robert Gilruth, and from precedents set during
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T Keith Glennan’s administration. During Project Mercury, NASA’s top
management allowed Gilruth virtual autonomy to oversee the activities of
the Space Task Group, and this carried over when the Space Task Group
transferred to Houston and became the Manned Spacecraft Center.

The medical research and operations division shared this autonomy.
The space medicine groups were initially placed under the jurisdiction of
the Space Task Group director, and this link was strengthened when Of-
fice of Life Science Programs Director Clark T. Randt agreed to allow the
Space Task Group to remain independent of his office. Following the
dissolution of the Office of Life Science Programs in 1961, subsequent
space medicine directors made no effort to change this arrangement. The
first two directors, Charles Roadman and George Knauf, were Air Force of-
ficers on loan to NASA. Neither had any strong interest in strengthening
his position at headquarters or in expanding the authority of his office.
Both seemed to view the prevailing arrangement as the one most con-
ducive to the achievement of manned spaceflight mission objectives.?*

Knauf, in fact, agreed to two changes that reduced the authority of the
office. The first involved the elimination of space medicine as a line item
in the NASA budget, which Knauf viewed as a means of improving coor-
dination between NASA and the Air Force and of making space medicine
more responsive to three separate manned flight project offices: Gemini,
Apollo, and Advanced Programs. The change, however, deprived the
director of space medicine of direct input into budget planning. The sec-
ond change involved the statutory definition of the space medicine
office’s responsibilities. From 1961 to 1963 the space medicine director
was designated the “medical representative” of the administrator for man-
ned spaceflight, and his responsibilities included reviewing and coor-
dinating medical programs at the centers, coordinating NASA’s medical
programs with those of outside agencies, advising the manned spaceflight
administrator on medical support programs, and reviewing and coor-
dinating the total medical program. In 1963, however, the directorship of
space medicine was changed from a line office in the Office of Manned
Space Flight to a staff element on the OMSF administrator’s staff, and it
was “‘relieved of management responsibility for the medical development
programs in support of Gemini and Apollo.” This change reduced the
director’s responsibilities and limited him to advisory authority.?’

Knauf’s successor, Lovelace, had the personal authority to change this
situation but made no effort to do so. He, too, had no compelling interest
in strengthening his personal position or expanding the authority of his of-
fice. Moreover, his background in flight medicine and mission-oriented
space medicine may have led him to support autonomy at the Manned
Spacecraft Center.

The diminishing authority of the director of space medicine was
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paralleled by increasing authority in the Manned Spacecraft Center
medical directorate. From 1962 to 1964 the center had two separate loci
for space medical activities: the Center Medical Office and the Crew
Systems Division. The former was a staff element in the center director’s
office, with responsibility for advising the director on medical operations
and coordinating overall center activities in space medicine. Medical
research (a small part of the program before 1964) and life systems
development fell within the jurisdiction of the director of the Life Support
Systems Division, a line office. With the increasing importance of medical
research and its application to life systems and mission planning, the
center’s management recognized the need for improved coordination of
these medical activities. In 1965, Manned Spacecraft Center Director
Robert Gilruth approved a proposal prepared by Center Medical Director
Charles Berry and created the Directorate of Medical Research and
Operations.

The directorate was established as a line office, and the director was
granted authority commensurate to that of the other division directors.
His responsibilities included coordinating and integrating the medical
research, human factors, and medical operations efforts; coordinating the
space medical activities in support of the Gemini, Apollo, and Manned
Spacecraft Center Advanced Program offices; preparing space medical
budget recommendations; effecting liaison between the directorate and
the Ames Life Sciences Directorate and between NASA and the Air Force
Aerospace Medical Division; and coordinating the inflight medical ex-
periments program.?® Clearly, his authority, at least in regard to approved
flight programs, exceeded that of the director of space medicine.

The Directorate of Medical Research and Operations did not have
authority over medical planning for the post-Apollo manned programs.
This authority remained with the Directorate of Space Medicine, which
had a medical research division headed by a science-oriented physician,
Sherman P. Vinograd. In contrast to the space medicine directors,
Vinograd’s background was in medical science rather than flight
medicine, and he had strong ties to the academic biomedical community.
In early 1964, Vinograd proposed to manned spaceflight administrator
George Mueller and Lovelace that he be authorized to bring together a
committee of biomedical scientists to study NASA’s biomedical re-
quirements for the post-Apollo period. Vinograd reasoned that this com-
mittee would help justify NASA’s long-range involvement in manned
space programs and improve its relations with the biomedical community.
Mueller and Lovelace endorsed the proposal and established the Space
Medicine Advisory Group.?*

This advisory group had responsibility for identifying the biomedical re-
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quirements of, and the appropriate experiments package for, a manned or-
biting laboratory. It addressed this matter during the first six months of
1964 and presented its findings in Medical Aspects of an Orbiting Research
Laboratory. However, it had an impact that extended beyond this singular
effort. First, the Space Medicine Advisory Group was organized to operate
as a “working group,” that is, a body backed by “a clear statement of
methods, goals, and anticipated end products.” It was authorized to
define the requirements for a specific flight program and to make recom-
mendations that would have a direct bearing on long-range policy deci-
sions. The only previous NASA-sponsored, external advisory group with
comparable authority was the Biosciences Advisory Committee, which
provided the justification for the Office of Life Science Programs.

Second, Vinograd invited into membership scientists who would bring a
balance between those who had no previous experience in the space pro-
gram and those who had practical familiarity with spaceflight; whose
backgrounds, collectively, spanned the entire range of life sciences fields
that were relevant to the manned program; and who were noted for their
contributions to their specific fields, rather than for their name recogni-
tion, political activities, and stature in the aerospace community. In con-
trast to normal advisory committees, the medical group was not
dominated by either academicians or flight surgeons and bioengineers.
Nor was it a body of stellar luminaries. While all the members were well
known within their fields, only Loren Carlson was a frequent scientific ad-
visor to NASA. Among the members were Ashton Graybiel, a physician,
research administrator at the Naval School of Aviation Medicine, and in-
ternationally recognized space medicine researcher; Ross McFarland, a
physiologist who pioneered in the effort to bring space medicine into
medical school and public health programs; and James V. Warren, a physi-
cian and medical scientist who started the second academic program in
space medicine (at Ohio State University) and who had served on the Presi-
dent’s Science Advisory Committee panel that investigated NASA’s
biomedical programs in 1962.3°

Given the eminence and diverse backgrounds of the committee
members, their recommendations received serious attention from NASA
officials and became the foundation for the Apollo Applications (later
Skylab) biomedical experiments program. The activities of the group also
enhanced the authority of the director of space medicine by providing a
justification for a Medical Experiments Panel within the Manned
Spaceflight Experiments Board.*' This panel gave the headquarters space
medicine office direct input into the planning of medical experiments for
manned spaceflight, an authority previously within the exclusive jurisdic-
tion of the medical office at the Manned Spacecraft Center. After the
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establishment of the Medical Experiments Panel, the MSC office had to
submit its experiments for headquarters review, and its proposals were to
be weighted against other proposals for biomedical experiments.3?

These several events pointed toward an obvious need for clarification
of responsibilities and authority in the area of inflight life sciences ex-
periments. Because the Life Sciences Directors Group lacked the authority
to implement necessary agreements, the resolution of contentious issues
required the direct intervention of Seamans and the program office
associate administrators. On January 24, 1966 these administrators
directed the life sciences directors to review the life sciences experiments
program and prepare recommendations for resolving specific issues
related to the incorporation of medical experiments into manned
spaceflight programs, the use of primates in inflight investigations, and
the life sciences requirements for advanced manned programs.*?* With this
authority, the life sciences directors were able to form an agreement con-
cerning spaceflight experiments that would ““satisfy the agency’s long and
shorter range needs’” and ““prescribe the procedures necessary for its ac-
complishment.””3*

The life sciences directors deliberated for three months before finally
endorsing, on March 9, 1966, an ““Agreement for the Management of an In-
tegrated Life Sciences In-Flight Experiments Program.” Subsequently ap-
proved by Seamans and the program office administrators, this agreement
divided the life sciences experiments program into three parts: medical-
behavioral experiments, involving ‘“procedures performed on the
spacecraft crew or passengers and designed to measure human capability
or reaction”; biological experiments, “procedures designed to elicit an
understanding of biological phenomena and functions by means of
biological experimentation”; and biotechnology experiments, ““engineer-
ing procedures designed to evolve advanced life science technology for
support, protection or assistance to man in space flight.”” The agreement
made the life sciences directors ““executive agents” for these three areas
and provided for review of life sciences experiments by the National In-
stitutes of Health and a Medical Advisory Council. It also gave the Direc-
tors Group authority to “establish objectives, develop programs and
define related efforts’” relative to the experiments program.?s

This agreement reduced, but did not eliminate, the coordination prob-
lems described earlier. While clarifying the division of authority between
the biosciences and biotechnology offices, it did not resolve the issue of
authority over primate experiments. By making the space medicine direc-
tor the ““executive authority”” for medical experiments and providing for
review of medical experiments by the National Institutes of Health and a
Medical Advisory Council, the agreement strengthened the authority of
the headquarters medical director relative to the Manned Spacecraft
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Center medical officer in relation to long-range programs, but it did not
change the prevailing authorities relative to Gemini and Apollo. It was a
step forward, but one that the Directors Group had been unable to take on
its own initiative.

The impotence of the Directors Group was also revealed in delibera-
tions over the chairmanship of the Life Sciences Directors Group follow-
ing Lovelace’s death. The instructions that established the Directors
Group had made provision for a permanent chairman to act as NASA’s
spokesman to life scientists outside NASA. The space medicine director
was designated the permanent chairman both in deference to Lovelace’s
personal authority and as a compromise to avoid conflict between bio-
sciences and biotechnology directors. Because the latter was a medical
doctor, the biosciences director was designated as alternate chairman to
ensure a balance between medical and biological authority. Here again,
however, the decision treated the biotechnology director as the “odd man
out.”

Several problems marred this arrangement. First, since Lovelace rarely
attended meetings of the Directors Group, the biosciences director, Orr
Reynolds, normally presided over the meetings.* Second, although
Lovelace had status within the scientific community, the Directorate of
Space Medicine did not. The external scientific community tended to view
NASA’s space medical program as isolated from the community, unscien-
tific in its approach, and flight oriented.*’ Finally, the Directors Group did
not speak with a single voice, but with three voices—each director
presented his own views to the external community, and each tended to
seek out and address his own distinct scientific audience.

The overall effect was to further weaken confidence in NASA’s life
sciences program among external life scientists. For nearly two years
following Lovelace’s death, the space medicine directorship was filled by
flight surgeons who had little standing in the scientific community and
could not be considered NASA'’s life sciences spokesmen. The biosciences
and biotechnology directors each tried to become the unofficial life
sciences spokesman, with a tendency to seek support from science ad-
visors favorable to their respective programs, in effect, using external life
scientists to bolster their program positions. This led life scientists outside
NASA to doubt that NASA had a serious interest in their recommenda-
tions.?®

The role and authority of the Directors Group chairman emerged as an
issue after Lovelace’s death. Initially, Seamans appointed Orr Reynolds
(the permanent alternate chairman) as acting chairman and directed
Reynolds to serve in this capacity from January through June 1966, or until
a permanent director of space medicine could be appointed. Possibly an-
ticipating some disagreement from the biotechnology director, Seamans
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directed the program office administrators ““to prepare thoughtful recom-
mendations for coordination in the life sciences area.’** Seamans
specifically wanted suggestions concerning the role and responsibilities of
the Directors Group and the procedures for designating the chairman of
the group.

The program office administrators were in unanimous agreement that
the role and responsibilities of the Directors Group should not be ex-
panded, and that the group should remain a “strictly advisory” body.
However, they disagreed on procedures for designating the chairman.
Space science administrator Newell, endorsing recommendations from
Reynolds, favored retention of the permanent chairmanship concept,
arguing that this was the only sure means ““to sustain rapport and maintain
communications with the Life Sciences community.*° Advanced research
and technology administrator Mac Adams urged that the chairmanship be
placed on a rotating basis to be consistent with the tripartite division of
the program. Adams may have made this suggestion to ensure that
Reynolds’s temporary appointment as chairman would not become per-
manent. Adams apparently was concerned that any increase in the
authority of the biosciences director would diminish the authority of the
biotechnology director. Six months earlier, he had tried to convince
Seamans to authorize the biotechnology director to replace the bio-
sciences director as alternate chairman of the Directors Group.*' Manned
spaceflight administrator George Mueller initially favored retention of the
permanent chairmanship; however, he later joined Adams in supporting a
rotating chairmanship.*2

The issue of the chairmanship gave further evidence of the impotence
of the Directors Group. Clearly, the authority to define the role and
responsibilities of the chairmanship and select the person who would fill it
was not in the hands of those responsible for the life sciences— it was held
by Seamans and the program office administrators. These administrators
saw no value in expanding the authority of the Directors Group or
strengthening the position of the chairman. The administrators, with
Seamans’s backing, declined to increase the authority and independence
of the group. They issued new management instructions that stressed (as
early instructions had not) the “’strictly advisory nature’ of the Directors
Group, and specifically denied the group any “authority to direct action
to be taken by its individual members or by others.”*?

THE BOLLERUD REPORT

Although Seamans and the program office administrators refused to
make fundamental changes in the authority of the Life Sciences Directors
Group or to promote an expanded, independent Life Sciences Program,
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they could not ignore the reality that the life sciences program was
fraught with problems. This was evident in the enduring conflicts among
life sciences offices and in the difficulties in reaching agreement on
medical and biological experiments and the Directors Group chairman-
ship. While Seamans backed the program office administrators and did
not view life sciences as one of NASA’s major program objectives, he did
want to find a way to eliminate conflicts within the program. Accordingly,
he asked the administrators to make a “thoughtful review”” of the agency’s
life sciences programs.

The first response came from Col. Jack Bollerud, acting space medicine
director, who presented his ideas in a lengthy report, “Staff Study of the
Structuring of the Life Sciences Activities within NASA.” Although
Bollerud’s background was in flight medicine and he had no strong con-
tacts with academic life scientists, his report reiterated the findings and
recommendations of earlier reports prepared by the National Academy of
Sciences and the President’s Science Advisory Committee.

Bollerud found the Life Sciences Directors Group totally ineffective,
citing as evidence the tendency of the directors “backed by their
Associate Administrators”’ to devote more effort to the “protection and
fostering . . . of their own programs and interests’” than to the needs of
the Life Sciences Program, and the inability of the group’s chairman “to
recommend actions” that did not have the prior approval of the associate
administrators. This encouraged the directors to become primarily con-
cerned with “consolidating their positions and programs,” which resulted
in “duplicative” efforts and the tendency of the centers “to play one of-
fice against the other to augment their research budgets.” The source of
these problems, he claimed, was NASA management’s insistence that the
life sciences be organized according to “the often arbitrary and usually
obscure divisions between applied, advanced, and basic research,” a form
of organization stemming more from “political considerations” and the
requirements of “the overall NASA organization” than from the legitimate
needs of the Life Sciences Program.

Restating the views of biomedical scientists outside NASA, Bollerud
recommended that NASA establish a life sciences associate administrator
and authorize him to ““overview” all NASA life sciences activities; serve as
NASA’s “interface for life sciences with the scientific community”’; define
“areas of responsibility for each of the NASA life sciences activities and
for resolving conflicts pertaining thereto”; review program and funding re-
quirements for NASA’s life sciences and recommend changes when
duplicative efforts or jurisdictional overlaps became evident; review, ap-
prove, and direct changes in the missions of the NASA centers if “in the
best interests of the total life sciences activities”; and make “’final deter-
mination” of life sciences requirements for “facilities and items of equip-
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ment.” He also recommended that the life sciences administrator be
designated the “principal biomedical officer of NASA,” be hired to serve
as a “career officer” of NASA on a full-time basis, and “be selected”’ on
the basis of his commitment to the Life Sciences Program rather than his
““name recognition.””**

Bollerud’s findings and recommendations did not cause any immediate
change in the organization and management of NASA’s life sciences pro-
grams. However, coming from within the agency and from one who was
not striving to create a power base (Bollerud was a career Air Force officer
on temporary assignment to NASA), the report could not be dismissed as
misperceptions by ivory-tower academics or as an internal power play.
Bollerud’s report and subsequent events over the next six months
motivated Seamans to authorize a major internal review of life sciences
organization and management within the agency.
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A new bioastronautics crisis

NASA'’s biomedical capabilities and management of its life sciences
programs again became matters of public concern in 1967. The Apollo 204
fire in January 1967 resurrected doubts about the agency’s ability to
safeguard the astronauts and complaints about its pragmatic “incremen-
tal” approach to the qualification of man for spaceflight. Concurrently,
the President’s Science Advisory Committee issued a report on post-
Apollo goals in space in which it found NASA’s biomedical program the
chief impediment to extended duration manned spaceflights.

While NASA’s top administrators had not been insensitive to the agen-
cy’s requirements and management problems in the life sciences during
the preceding four or five years, they had tended to minimize them. Again
confronted by public scrutiny and criticism they decided to initiate their

own review.
Between January 1967 and January 1970 NASA’s biomedical re-

quirements and capabilities and the organization and management of its
life sciences programs were subjected to seven separate investigations:
two internal, two by the President’s Science Advisory Committee, one by
the National Academy of Sciences, and two by congressional committees.
Collectively, these investigations confirmed the recurring criticisms: NASA
had failed to establish a sound scientific foundation for biomedical sup-
port of extended duration manned spaceflight, and its arrangements for
administering its life sciences programs were a major cause of the prob-
lem. The recommendations of these committees, combined with a reduc-
tion of official and public support for manned spaceflight following the
initial lunar landing, forced NASA management to reevaluate its approach
to biomedicine and life sciences administration. This led, in late 1970, to a
major reorientation of life science activities and reorganization of the life
science programs.

135
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PUBLIC SCIENTISTS” PERSPECTIVES ON THE POST-APOLLO
SPACE PROGRAM

As Project Gemini ended in late 1966, President Johnson and his ad-
visors on the National Aeronautics and Space Council and the President’s
Science Advisory Committee (PSAC) began to take a serious look at the
post-Apollo space program. PSAC, through its Space Science and Space
Technology panels, had the task of reviewing civilian and military space
programs and recommending priorities for the 1970s.

The committee completed its study on January 11, 1967. In a report ti-
tled The Space Program in the Post-Apollo Period, it advised the President
that he could either follow the example set by President Kennedy in 1961
and declare a single major program objective, such as a Mars flyby or
landing, or propose a balanced and diversified program that had many,
but more limited, objectives. The authors clearly favored the latter, a
“well-rounded” space program that would develop “a spectrum of na-
tional capabilities for operations in space.”' To achieve a “‘substantial
margin of flexibility”” in objectives, the space program should have in-
creased emphasis on scientific investigations, decreased emphasis on
manned exploration, and more effective integration of manned and un-
manned flight projects. The report proposed five “major objectives” for
the 1970s:

1. Extension of the Apollo program “in order to exploit our an-
ticipated capability to explore the Moon”

2. “A strongly upgraded program” of unmanned exploratory flights
to the planets for both scientific investigation and planning of future
manned missions

3. A program of scientific investigation and technology development
to determine human capabilities and requirements in long-duration
flight “in anticipation of manned planetary exploration”

4. The "vigorous exploitation” of space science and applications for
purposes of “‘national security and the social and economic well-
being” of the nation

5. The “exploitation of our capability to carry out complex technical
operations in near Earth orbit” for the advancement of “science, par-
ticularly astronomy’’?

The report found NASA’s biomedical capabilities inadequate insofar as
long-duration (more than 14 days) manned spaceflight was concerned,
citing insufficient ground-based studies; inadequate bioinstrumentation;
insufficient research in cell biology and mammalian physiology;
““fragmentary and entirely inadequate” investigations of central nervous,
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metabolic, and endocrine system functions; and incomplete pre- and
postflight assessments. In short, NASA’s biomedical programs had not pro-
duced the fundamental knowledge of human physiology and psychology
that would be essential for predicting human responses to long-duration
flights.* A major manned program, such as a Mars landing, should be
forestalled until the 1980s. NASA should concentrate in the immediate
post-Apollo period on Earth-orbital flights of 28 to 100 days, using an or-
bital workshop and both primates and humans as test subjects. “Con-
tinuous medical observation” and controlled investigations of mam-
malian physiological and psychological reactions to spaceflight should be
augmented by extensive, ground-based research to establish norms
against which inflight responses could be measured. The Biosatellite pro-
gram should be expanded to study effects of spaceflight on human
analogues.*

NASA’s only scheduled post-Apollo manned program, the Apollo Ap-
plications Program, was also criticized. The report questioned whether
modification of Apollo hardware could provide the laboratory and
workshop space necessary for comprehensive biomedical investigations.
The tentative plan to have the astronauts construct the workshop in space
was troubling, since NASA lacked the necessary data on human metabolic
requirements to predict their ability to perform such work in space. The
report recommended that NASA coordinate its plans for the Apollo Ap-
plications Program closely with the Air Force’s plans for a Manned Or-
biting Laboratory. NASA might be able to adapt the latter to its Apollo
systems, while the Air Force could expand the scope of the orbiting
laboratory to permit increased biomedical research.s

Not surprisingly, NASA’s administrators were irritated by the Science
Advisory Committee’s report. While they conceded that the biomedical
program was inadequate from a strictly scientific perspective, they con-
tended that it was more than adequate to meet the specific (and nonscien-
tific) objectives of the lunar program.¢ The report’s emphasis on making
animal research a “pacing item” for manned flights was unwelcome;
NASA’s biomedical scientists, engineers, and mission planners remained
convinced that animal research had limited usefulness within the manned
program.” Finally, NASA’s administrators were not favorably disposed to
linking the Apollo Applications Program to the Air Force’s orbiting
laboratory. Not only had NASA fought long and hard to make the civilian
space program independent of the military, it had little to gain from the
proposed affiliation. In 1967 the Air Force program was two years behind
schedule, was plagued by political and funding difficulties, and was
assigned a very low priority within the Department of Defense.®

The PSAC report had no direct effect, possibly because public attention
was soon riveted on a far more serious matter, the Apollo 204 fire.
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Although subsequent congressional investigations absolved NASA’s
biomedical personnel of responsibility and traced the tragedy to an error
in operational procedures (using a 100 percent oxygen atmosphere during
ground-based simulations), the fire confirmed some scientists in their
belief that NASA tended to be less sensitive to human health and safety
than to engineering and operations. The President’s Science Advisory
Committee, “prompted by a growing unease . . . [concerning] NASA’s
biomedical effort . . . on the part of the interested scientific
community,”? formed an ad hoc Panel on Space Biology and Medicine to
investigate “NASA’s current and proposed activities designed to qualify
man for extended space flight.”

In presenting its findings and recommendations in September 1967, the
panel reaffirmed those contained in the January report. The second report
reemphasized the need for a major and comprehensive program of fun-
damental biological and biomedical research to qualify man for long-
duration flight. It went further, however, and stated that NASA, “as
presently organized, does not appear to have the capability of developing
a satisfactory program to study the effects of the space environment on
man.” The reason was that the agency lacked ““the scientific leadership,
program for needed manpower development, and method for allocating
funds.” The medical program at the Manned Spacecraft Center in par-
ticular, was found deficient “/in scientific competence at both the leader-
ship and operating levels” and “‘not capable of mounting or supervising a
meaningful program that will qualify man for interplanetary flight.””"

It appears that the authors (particularly the principal author, Dr. Eugene
Stead) were interested not so much in stimulating NASA to reorganize the
Life Sciences Program as in encouraging the agency to expand the role of
external life scientists in biomedical program planning and to abandon the
incremental approach favored by the Manned Spacecraft Center staff in
favor of the approach favored by scientists who supported the PSAC’s
position. The report recommended no organizational changes, but
stressed the need for “a formal in-house mechanism” to bring together
“imaginative biomedical and physical scientists” to develop ‘“‘new
technologies . . . to exploit the demands of this new type of environmen-
tal medicine” and to generate “‘new programs” for the scientific investiga-
tion of such “environmental factors” as “the long-term effects of pro-
longed weightlessness.””'" Indeed, some within the committee went so far
as to suggest that NASA replace the existing medical staff at the Manned
Spacecraft Center with ““a permanent group under Dr. Stead.”'?

NASA Associate Administrator Robert Seamans and Life Sciences Direc-
tors Group Chairman J. W. Humphreys viewed the report as self-serving.
Nonetheless, they recognized that it could not be ignored. Seamans found
the report “disturbing,” especially in its references to the medical program
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at the Manned Spacecraft Center, and concluded that its finding “war-
ranted” an internal investigation. Humphreys reached the same conclu-
sion and suggested that ““some input from a few non-agency biological
and medical scientists”” could have ““a salutary effect” and dispel some of
the concerns raised by the report.’> Accordingly, Seamans asked two ad-
ministrators within the Office of Programs, Bernard Maggin and Robert
Bell, to conduct a preliminary investigation and recommend a course of
action.

While Maggin and Bell were at work (September and October 1967),
Stead’s ad hoc panel was upgraded to a Biomedical Working Group and
authorized by the President’s Science Advisory Committee to conduct a
thorough investigation of the biomedical requirements for, and long-term
environmental effects of, long-duration spaceflight. Officially, this was
part of a broad investigation of “the role of government agencies and
universities in the study of the effects of the environment on man,”'* and
the Science Advisory Committee was interested not only in NASA’s long-
range biomedical capabilities but also in NASA’s impact on health
resources and medical manpower. President Johnson had established a
Federal Interdepartmental Health Policy Council to recommend changes
that would contribute to an improvement in health care funding and
delivery. Some council officials believed NASA’s medical manpower and
medical research funds grossly exceeded its requirements, since only a
handful of astronauts were beneficiaries. Consequently, the President’s
Science Advisory Committee study was inspired not only by the im-
minence of the post-Apollo space program but also by the interests of
federal health policy.'

Stead’s Working Group did not complete its investigation until May
1968 and did not publish its final report until November 1969. However, in-
terim reports were issued and basically restated earlier arguments. The
main thrust was that “life scientists continue to play a minor role in the af-
fairs of NASA” because engineers and mission planners ““are again setting
the constraints.” As a result, NASA’s biomedical programs had con-
tributed little to ““the understanding of biological processes” and, as
organized, would ““never make major contributions to the life sciences.”” "¢

Stead summarized the Working Group’s overall findings at a general
meeting of the Space Science and Technology Panel in March 1968. First,
he contended, “high level policy” within NASA ““had not favored the crea-
tion of a significant biomedical program” due to the ‘““test pilot-flight
surgeon relationship” that characterized the Mercury, Gemini, and Apollo
projects. Second, NASA’s organizational arrangements had “‘resulted in
poor communications between the various program offices in the
biomedical area,” a situation that had retarded the growth of the life
sciences program at Ames and allowed the Manned Spacecraft Center
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biomedical program to isolate itself from scientific considerations. Third,
““biomedical research” at both MSC and Ames was minimal and “‘totally
inadequate to the future requirements of a significant biomedical pro-
gram.” Finally, the MSC biomedical staff lacked the scientific com-
petence ‘“to develop basic research programs, to use biological test
systems other than man, or to develop meaningful research protocols for
use in space flight.””'” Stead offered no recommendations for improving
the organization of the life sciences programs, though he would do so in
his final, published report.'®

This report was not widely distributed, although the findings were
presented to the President’s Science Advisory Committee, the National
Aeronautics and Space Council, President Johnson, and NASA’s top
management. Stead and his group held back from publishing the report,
partly because they wanted it to be in final form and partly because they
were awaiting the outcome of NASA’s internal investigation.'®

INTERNAL ASSESSMENTS

Although NASA’s administrators were aware of the management prob-
lems that hindered coordination of the life sciences programs, as long as
these problems did not interfere with Gemini and Apollo or attract un-
favorable publicity they had no incentive to take immediate action. The
incentives came in the form of adverse publicity following the Apollo 204
fire and of strong criticisms from the biomedical committees sponsored by
the President’s Science Advisory Committee. As J. W. Humphreys ob-
served:

With the culmination of short duration flights exhibited by Mercury and Gemini,
attendant budgetary constraints, and the need to solve different and more com-
plex problems (long duration manned flights), there was a requirement for a
change in attitude and a need to reconsider goals and missions, responsibilities,
and scientific objectives. It was not, however, until the rather critical Biomedical
Subcommittee report of the President’s Science Advisory Committee (1967) that a
comprehensive study was requested which underscored: the degree of program-
matic imbalance, the significance of inter-office organizational differences, and
the validity of specific internal and external problem areas.?®

Management’s first response was to request a preliminary study in
August 1967. The investigation conducted by Bernard Maggin and Robert
Bell was the first agencywide life sciences review conducted by high-level
administrators since 1962. Maggin and Bell presented their findings in the
early autumn of 1967.2' They recognized the existence of the internal
problems to which many life scientists had alluded but which manage-
ment had generally ignored. They cited “a deep-seated jurisdictional
dispute” between the Biosciences and Biotechnology-Human Research
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divisions, the duration of which had “generated considerable frustration”
on both sides. The dispute had undermined the confidence of the scien-
tific community and encouraged views such as those expressed in the
Science Advisory Committee reports, had generated confusion at the
centers (particularly Ames, where the life scientists felt “that they are ex-
pected to have allegiance to one office or the other”), and had precluded
development of “a single agency position and program plan” in disputed
scientific and technical areas, the “classical example” being primate
flights.2?

Maggin and Bell also identified the problem of coordination between
the OMSF Directorate of Space Medicine and the MSC Directorate of
Medical Research and Operations. They noted that a “fundamental
dispute over questions related to authority and responsibility” was “evolv-
ing” between headquarters and MSC medical officers. The sources of the
dispute were changes in the nature of the two offices. While the head-
quarters directorate had been “somewhat out of the mainstream” of
NASA’s life sciences for many years, it was beginning to develop into an
important office because of the need to prepare a comprehensive
biomedical program for the Apollo Applications Program and to appoint
J. W. Humphreys, an assertive administrator and former Air Force major
general. Concurrently, the MSC directorate was expanding from an
“operational support” office into one concerned with the ““broader role”
of medical operations, medical research, and clinical medicine. This, com-
bined with the center’s traditional autonomy, discouraged cooperation
between the two space medical offices.??

Finally, Maggin and Bell identified the ineffectiveness of the Life
Sciences Directors Group. ‘At best,” they observed, the group had
achieved “spotty coordination.” Though expected to coordinate “the role
and missions of the different organizational elements” and the “planning
and programming process,” the directors were unable to do so, largely
because of the absence of any “mechanism for resolving the disputes”
which are generated in these areas. Such mechanisms were lacking
because NASA had virtually no “official documentation” delineating the
roles and responsibilities of the life sciences components—no “policy
directives,” no “’single functional statement,” and only one management
instruction (the one establishing the Directors Group). Maggin and Bell

concluded:
Since the responsibilities for the three offices have never been delineated, each
member has proprietary interests to protect—not only those of his own, but also
those of his boss. He has little precedent on which to yield or compromise on mat-
ters with jurisdictional implications. Is it reasonable, then to expect them to com-
promise their own interests or those of their bosses?**

These enduring problems, the authors suggested, were aggravated by
competition for insufficient resources and by the “diversity of program
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practices within the three components.” The three life sciences budgets
were prepared separately. “They [were] never put together so that the
resources required for the Total Life Sciences Program [could] be weighted
against competing demands.” This, in turn, minimized top management’s
interest in the life sciences since the overall program lacked “sufficient
visibility.” The diversity of practices hindered program coordination since
each of the three offices had its own peculiar patterns of “program execu-
tion,” ‘“‘program planning,” advisory committees, and research
objectives.?* “Specific management action”” was necessary because life
sciences activities were growing and changing at both headquarters and
the centers. Maggin and Bell listed various suggestions for reorganization
that had been made to them during their investigation. All the suggestions
pointed to the need that had been identified in previous internal and exter-
nal reviews of the Life Sciences Program—a centralized, high-level life
sciences authority.2®

NASA management ordered a more detailed and extensive review of the
problem to identify specific management options. Seamans was aware
that the Science Advisory Committee planned to follow up its
“preliminary report” with a more detailed investigation, and he was con-
cerned over growing friction between the Directorate of Space Medicine
at headquarters and the Directorate of Medical Research and Operations
at MSC.?” Accordingly, he directed Humphreys to organize a task group to
identify the specific areas where changes were warranted, formulate “op-
tions” for implementing those changes, and make specific recommenda-
tions on the ““delineating of roles and missions.’’ 2

This Life Sciences Study Task Group held its first meeting on December
8, 1967, its twentieth on April 17, 1968. Maggin was executive secretary;
the other 13 members were drawn from eight field centers and five pro-
gram offices at NASA Headquarters. That the group had serious backing
from NASA’s top management was indicated by the terms of the appoint-
ments. There was one major constraint: recommendations would have to
conform to existing organizational arrangements.?® The group assumed
that the Maggin-Bell study had substantiated the existence of major
weaknesses and justified major changes.?°

The first task was to define the objectives of the life sciences program
and its components. Six objectives were defined:

Exobiology: investigations into the origin and evolution of life and the
search for extraterrestrial life

Contamination and Containment: development of policies, procedures,
and standards; conduct of research and development related to
protection from and prevention of extraterrestrial contamination
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Bioscience: biological investigations related to the space environment,
but not directly related to problems of manned spaceflight
Human Research: biomedical research and development to increase

knowledge of human physiological and psychological responses to
spaceflight and to increase the effectiveness of man as a compo-
nent of aerospace systems
Biotechnology: research and development related to life support, pro-
tective, and operational systems for all “biological activity”
Flight Projects: conduct of approved and assigned flight projects®’

The group then proceeded to analyze the past, present, and projected
future activities of each of the life sciences components in an effort to
find a logical correlation between specific objectives and specific pro-
gram activities. The overall goal was to identify the one life sciences of-
fice whose responsibilities were most often correlated with the objectives
described above. From this effort, the group conceived a total of 20 possi-
ble management options.?? It then assessed each option in terms of the
following ““evaluation criteria”:

1. Clear delineation of authority and responsibility

Improved integrated program planning, execution, and review
Improved external relations

Degree of optimized use of resources (staff and funds)
Improved headquarters-field centers relationships
Consistency with NASA organizational philosophy

Minimal degree of disruption of organization

Provision of mechanism for resolving disputes??

N AEWN

On this basis, the task group decided on three management options.
The first, which was favored by the majority of task group members and
by the directors of space medicine and biotechnology and human
research, called for designation of one of the existing life sciences offices
as the “single office” for life sciences “research and technology.” This op-
tion would place all “biology and medical science research and
technology” in the Office of Advanced Research and Technology. It
would allow the individual program offices control over respective flight
projects, but would give OART responsibility for unmanned flights that
were, entirely or in major part, life sciences flights.**

A minority, backed by the associate administrator for space sciences
and the director of biosciences, favored an option that would make space
biology independent of man-oriented research and development and
would leave exobiology, contamination and containment, and basic bio-
science under the jurisdiction of space sciences. The Office of Advanced
Research and Technology would have jurisdiction over human research
and biotechnology and the authority to coordinate the overall life
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sciences program and represent the life sciences in dealings with external
agencies.?®

The fact that the group could not agree on a single option reflected the
reality that its members had not been able to set aside parochial interests.
Indeed, when asked to review a selected set of contracts and determine
the office that should have jurisdiction over them, the biosciences
representative and the biotechnology-human research representative each
claimed 60 percent of them.** Moreover, several officials attempted to
bypass the committee and influence its decisions. Manned Spacecraft
Center medical director Charles Berry proposed that NASA make the
center the “lead center” for life sciences programs and grant it the
authority to direct and coordinate the Life Sciences Program. The group
rejected the suggestion as inconsistent with NASA management
philosophy. Berry responded by contacting NASA Administrator James
Webb. However, Webb demurred and the matter was dropped.?’

More significant, the associate administrator for space sciences, John
Naugle, and the director of biosciences, Orr Reynolds, sought to bypass
the task group and undertake their own study of the problem. Naugle and
Reynolds were concerned that the task group would propose a centralized
life sciences office, that space sciences would not be the designated of-
fice, and that space biology would be retarded by emphasis on research
and development directly related to manned flights. Naugle argued that
the ““concern over reorganization”” was unrelated to the needs of space
biology, but rather a response to recurring criticisms of NASA’s medical
programs in support of manned spaceflight. For this reason, he contended,
reorganization would work to ““the detriment of space biology,” as fun-
damental biology would have a low priority in an integrated life sciences
program.*® Subsequently, Reynolds, with Naugle’s backing, prepared
several reports that were intended to bolster the space sciences position.**

Humphreys urged NASA Associate Administrator Homer Newell
(Seamans had resigned in December 1967) to adopt the recommendation
of the task group, but Newell did not comply. Possibly because of his
former position as associate administrator for space sciences, he shared
the concerns of Naugle and Reynolds and their preference for the option
that gave autonomy to space biology.*® Newell may also have been in-
fluenced by the views of external life scientists, which had been solicited
by Reynolds in an effort to gain support for his position. These scientists
encouraged Newell to maintain the autonomy and integrity of NASA’s
biological program.*

Humphreys and Walton Jones, director of biotechnology and human
research, were not impressed by these arguments.*2 However, Newell re-
jected the task group’s recommendations, although to ensure coordina-
tion he accepted the suggestion that the Life Sciences Directors Group be
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replaced by a body that had the authority to make and implement deci-
sions. He also accepted the task group’s view that the term “’life sciences”
was too nebulous and should be replaced by the designation “space
biology and aerospace medicine.” He agreed that this more accurately
reflected the reality that NASA had two, rather than three, life sciences
programs, one oriented toward fundamental biology, the other toward
biomedicine.*?

Accordingly, Newell established the NASA Space Biology and
Aerospace Medicine Board in May 1968. It included the three program of-
fice associate administrators and the three life sciences directors as
members and was chaired by the associate administrator for advanced
research and technology. Its function was ““to furnish the necessary coor-
dination, review the direction of offices represented on the Board and to
achieve a suitably balanced program free of wasteful duplication and
conflict.”” Within this framework, the Office of Space Sciences would
have jurisdiction over exobiology, fundamental biology, and ““associated
SRT”; the Office of Advanced Research and Technology over
biotechnology, human research, human factors, environmental control,
man-machine relationships, and medical research; and the Office of
Manned Space Flight over manned spaceflight safety and operations. To
ensure day-to-day coordination, the board would have a Program Manage-
ment Council composed of the life sciences directors and representatives
from the Manned Spacecraft Center and Ames. This council would have
daily responsibility but, like the Directors Group, no authority.**

In effect, NASA management once again responded to evidence of a
need for major reorganization of its Life Sciences Program by making
minor adjustments to the existing organization. The Space Biology and
Aerospace Medicine Board did make official what had previously been
unofficial: real authority over the management of the life sciences pro-
grams rested with the program office administrators, rather than the life
sciences directors. Nevertheless, the Program Management Council was
really no more than a restructured Life Sciences Directors Group, and the
allocation of program responsibilities was as nebulous as before. For ex-
ample, the redefinition of program objectives still did not clarify the old
problem of authority over animal research, which was a tool for both
biology and biotechnology. In spite of two extensive internal reviews,
NASA management made no more than cosmetic changes, and the long-
standing management problems in the life sciences endured.

CONGRESSIONAL BIOPOLITICS

NASA management’s response to external criticisms of its biomedical
programs in 1967-1968 was comparable to its reaction to similar com-
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plaints five years earlier. Its initial reaction was to mount a major internal
review, an effort to defuse concerns as much as to identify and eliminate
program defects. In both instances, management was willing to make
changes so long as they did not entail a major reorganization or redistribu-
tion of program authority. Later, when public interest waned, manage-
ment reacted by making some fine adjustments to the organizational
machine, while minimizing the need for major modifications in the overall
design. However, in 1968 public interest in the life sciences did not wane
for long. The President’s Science Advisory Committee continued its in-
vestigation of NASA'’s life sciences and issued a final report in 1969, at a
time when Congress was already considering the need to review one
aspect of the life sciences, the Biosatellite Project.

Congress had shown little interest in NASA’s Life Sciences Program after
1963, when NASA and the Air Force resolved their disagreement over their
respective Space Medicine and Bioastronautics programs. The resolution
of that issue and the success of the Mercury and Gemini programs
eliminated doubts about NASA’s ability to provide adequate biomedical
support for the astronauts. Even the Apollo 204 fire did not motivate Con-
gress to investigate NASA’s biomedical programs, since there was no
evidence that that tragedy resulted from biomedical inadequacies.

Ironically, Congress’s renewed interest in NASA’s biomedical programs
was due to an event, Biosatellite I1I, that lay outside the manned space
program and had only marginal relevance to biomedicine. Biosatellite 111,
an unmanned biological flight, was terminated on July 6, 1969, 9 days into
its projected 30-day mission. The Biosatellite |11 capsule carried a primate
named Bonnie. The mission was terminated after Bonnie developed
dehydration and associated circulatory problems; she died eight hours
after Earth recovery. Weighed against the accomplishments of the space
program, the failure of Biosatellite 11l to achieve all its mission objectives
was a relatively minor event and given the impending launch of Apollo 11,
few Americans mourned (if they even noticed) the passing of the unfor-
tunate primate. The loss was a great disappointment, however, to a small
coterie of biologists within NASA and the community of biological scien-
tists.

Biosatellite 111 was the last of a series of unmanned biological flights ini-
tiated in 1962 to conduct scientific investigations in space on subhuman
organisms. From its beginning, the Biosatellite Project was plagued by
funding problems, cost overruns, and mission failures.** Yet it was NASA’s
sole concession to scientists who believed that this type of basic
biological research should have some priority in the space program as a
support to the manned space program.*s.

For these scientists, Biosatellite 11l represented the last opportunity to
convince NASA’s management to reconsider its decision to terminate the



A NEW BIOASTRONAUTICS CRISIS 147

Biosatellite Project. In April 1969 NASA had announced its intention to
end the project and had asked Congress to redirect Biosatellite funds to
other projects. At the time, NASA planners were looking beyond the lunar
landing missions toward the post-Apollo space program, and were hoping
to receive authorization and support for a major objective (such as a
manned Mars landing or an orbiting space station) that would be to the
space program of the 1970s what the Manned Lunar Landing Program had
been for the 1960s. A program of long-duration manned flight (28-plus
days) would require, among other things, a greatly expanded program of
basic and applied research into human requirements for space. From this
perspective, it was believed by top management that continuing
biological investigations in space would contribute little to the major
long-range plans of the agency, and the extended manned flights would
provide opportunities for a broader range of basic biological investiga-
tions than would be possible in Biosatellite flights.*

NASA’s plans to terminate Biosatellite disturbed scientists who were
closely tied to it. Biologists like Ross Adey and Nello Pace, who were
linked to research settings outside NASA, had worked long and hard to
convince NASA to support programs in space biology and to convince
their academic colleagues that NASA had a sincere desire to support fun-
damental biological investigations in space. For these scientists,
Biosatellite represented a realization that their efforts had not been in
vain.*®

The failure of Biosatellite 11l intensified the feelings of these scientists.
From a scientific perspective, Bonnie’s death seemed a strong justification
for more intensive investigations into the biological effects of spaceflight,
and unmanned biological flights in the Biosatellite mode were more con-
ducive to these types of investigations than biological experiments flown
on manned flights. From a practical standpoint, the biological problems
that developed in Biosatellite Il could presage the types of biological
problems that would emerge during long-duration manned flights.
Biomedical scientists and bioscientists argued that these problems war-
ranted detailed study before extended manned missions were undertaken.
NASA’s critics in the scientific community viewed the agency’s decision to
terminate the Biosatellite flights, especially in view of Biosatellite 111, as
more evidence of indifference to the scientific aspect of the space pro-
gram and of willingness to subordinate biomedical issues to engineering
and operations considerations.*’* The other side of the coin was concern
that the use of animals as a precurser to human flight clouded the
biomedical issues. Data were difficult to evaluate and could give faulty in-
formation. The failure of Biosatellite 11l could have been due to handling
of the subject, not “space environment” problems.

Scientists and congeries of persons and groups opposed to the use of
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animals in experimentation urged Congress to investigate the Biosatellite
Project. This alone might not have moved Congress except that related
events had already focused congressional attention on the space program.
Following the successful flight of Apollo 11, Congress faced increasing
pressure from groups and individuals who favored a reduction in the
space budget. Articulate spokesmen for public interest groups were
demanding less money for space and more money for social programs. At
the same time, many scientists were calling for greater emphasis on un-
manned scientific investigations and less emphasis on manned explora-
tion. NASA’s announced goals for the 1970s were contrary to both sen-
timents. A major manned program would entail a major increase in space
program funding and severely limit opportunities for scientific investiga-
tions. In this light, the Biosatellite issue was significant, for NASA in effect
was asking Congress to endorse a plan (termination of Biosatellite,
transfer of funds to the Apollo Applications Program) that involved ter-
mination of a relatively inexpensive, science-oriented project in favor of a
relatively expensive, exploration-oriented manned program.s°

The final report of the Biomedical Working Group of the President’s
Science Advisory Committee appeared in October 1969. This report,
Biomedical Foundations of Manned Space Flight, asserted that NASA had
not laid “the necessary biomedical foundations for the design of optimum
flight programs” and cited two reasons for this alleged failure. First,
NASA’s pragmatic approach to the qualification of man for spaceflight
did no more than establish limits of human tolerance to the conditions of
specific flight missions and did not involve the types of “innovative
research” that would yield fundamental knowledge of the effects of
spaceflight on human physiology and performance. This approach was
adequate when human tolerance to the conditions of short-duration
flights was at issue, but was inadequate for the prediction of, and prepara-
tion for, “modes and levels of effectiveness” in long-duration flights. Sec-
ond, NASA had failed to develop mechanisms for encouraging com-
munication and coordination between its space biologists and space
physicians, on the one hand, and between “‘the life sciences and the
engineering and management operations,” on the other. As a result, NASA
lacked essential integration of basic research, applied research, life
systems development, and flight operations.3’

The report concluded that NASA lacked the capability to mount a
biomedical program able to support long-duration manned spaceflight
and could not gain that capability without “a major modification of its ap-
proach to space biomedicine” to emphasize the “independence” and
“unity” of the life sciences. Specifically, NASA should create an in-
tegrated ““biomedical research program” that emphasized fundamental
research and “environmental biological studies.” Such integration,
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however, required that NASA “consider new organizational forms suitable
to an expanded and upgraded biological-biomedical effort with biological
and medical operations unified within the program.”*?

To Congressman Joseph Karth, chairman of the Subcommittee on Space
Science and Applications of the House Committee on Science and
Astronautics, the Science Advisory Committee report, scientists’ concerns
about the Biosatellite Project, and public reservations about the future
courses of the space program justified a congressional review of NASA’s
“Biosciences Program.” Accordingly, he scheduled hearings for mid-
November 1969. Officially intended as an investigation of Biosatellite 111
and a review of NASA’s plans to terminate the Biosatellite Project, the
hearings actually became an investigation of NASA’s management of its
overall Life Sciences Program.>?

Karth was disturbed by NASA’s reluctance to reevaluate its Biosatellite
decision in light of the results of Biosatellite Ill. Did these results, he
asked, not have serious implications for manned flights of long duration?
Should not NASA focus in on the effects of spaceflight and the space en-
vironment on animals before exposing man to these potential hazards? In
short, Karth wanted an answer to the fundamental question that had divid-
ed NASA from many within the scientific community since the beginning
of the space program: What is the best approach to qualifying man for
spaceflight? The incremental approach followed throughout the 1960s, or
the approach in which men would be exposed to the space environment
only after a lengthy program of research on lower organisms and
primates?>*

Those who testified in favor of the latter approach were research-
oriented, primarily academic, biologists and biomedical scientists, who
urged that the circumstances of Bonnie’s death be thoroughly in-
vestigated before any further plans were made for a post-Apollo manned
program. The principal spokesman for the group was Ross Adey, a Univer-
sity of California biologist and the principal investigator for Biosatellite
I11. Adey felt that Bonnie’s death resulted from a complex interaction be-
tween prolonged weightlessness and one or more space environmental
factors and that there was a possibility of a comparable interaction in
humans during long-duration flight.>*

However, scientists like Adey were concerned with more than opera-
tional procedures for qualifying man for spaceflight. They viewed NASA’s
response to Biosatellite 1l and its decision to terminate Project
Biosatellite as simply the latest in a long series of management decisions
that revealed a disregard for the space life sciences. They presented an im-
age of NASA as an agency that repeatedly subordinated the life sciences
to engineering and operations, consistently ignored the need for a broad,
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basic research program in the life sciences, and repeatedly refused to im-
plement recommendations from leading scientists to improve coordina-
tion among life sciences programs. They cited the oft-repeated recommen-
dation that NASA combine its life sciences programs into a single program
office and appoint a nationally respected life scientist to a high-level ad-
ministrative position.*® These claims bore the implication (not substan-
tiated) that NASA’s alleged failings in regard to the life sciences had con-
tributed to the failure of Biosatellite I11.

Not surprisingly, NASA’s spokesmen viewed the issue from a different
perspective. They did not question the scientific value of biological in-
vestigations, but they denied that Biosatellite 11l was a cause for major
concern. Humphreys contended that Bonnie’s death was a consequence
of a phenomenon that had long been investigated by aerospace physi-
cians. Weightlessness causes, through a complicated series of
physiological mechanisms, a loss in body weight and a pooling of fluids.
This had occurred in most manned flights, but had not had serious conse-
quences and had quickly reversed on return to the Earth. The serious con-
sequences in the monkey resulted from two factors that were not involved
in manned flight: physical weakness resulting from implantation of
bioinstruments, and the relatively small body weight of the animal.
Biosatellite 111 had achieved its major objective of determining the effects
of weightlessness on the systems of ““a small sub-human primate” and
represented “a laudable scientific goal.” However, the results were of no
significance to manned flight. “We did not and do not now believe,” he af-
firmed, ““that this experiment was a necessary precursor to a manned flight
of any particular duration.”*’

Humphreys and Charles Berry, chief space physician at the Manned
Spacecraft Center, strongly denied any need for NASA to change its ap-
proach to qualifying man for spaceflight. NASA needed to expand its
basic research efforts in biomedicine, and steps in this direction were
already under way. As an example, they cited plans to develop the In-
tegrated Medical and Behavioral Laboratory Measurement System (see
Chapter 7). They argued that animal experimentation could hinder ad-
vances necessary to manned flight, for example, by increasing the “lead
times” required to progress from conceptual plan to final qualification of
technology systems. The record of space medicine during the manned pro-
gram, they contended, failed to show any defect in the approach followed
during the 1960s or any evidence that preliminary animal flights would
have made a substantial difference in the way the manned program was
conducted.5®

Finally, NASA spokesmen disputed the need for a unified biological and

biomedical program and contended that the recently formed Space
Biology and Aerospace Medicine Board would improve the overall
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management of the agency’s life sciences and provide the coordination
that had been lacking. NASA was considering other forms of organization
in order to strengthen both its medical and biological programs. However,
any consolidation of life sciences programs would provide autonomy for
biological programs, that is, life sciences activities not directly related to
manned spaceflight. Reynolds informed the committee of views he had
previously expressed within NASA. He, along with Humphreys and Berry,
favored an arrangement that would keep space biology in the Office of
Space Science, but combine all human research, development, and opera-
tions with a single office.*®

In the view of members of Karth’s subcommittee, testimony taken dur-
ing the hearing affirmed the complaints of scientists who were critical of
NASA’s management of space life sciences. The subcommittee recom-
mended that the Biosatellite program “‘be reinstituted,” that the “role of
science be uprated as a mission objective,” that NASA ““conduct a new
and higher level of biomedical experiments on the astronauts,” and that
NASA ““examine with solicitude” and implement ““to fullest practicable ex-
tent” the recommendations contained in the President’s Science Advisory
Committee report.®°

Karth conveyed the sentiments of the subcommittee to NASA Deputy
Administrator George Low, emphasizing its dissatisfaction with “inter-
office relations within NASA.” The testimony taken by the subcommittee,
he said, showed that the program office associate administrators and the
life sciences directors operated in ignorance of the others’ plans, pro-
grams, and requirements in the life sciences. This, he said, was most ob-
vious in the absence of coordination and meaningful communication be-
tween the biosciences and space medicine offices. The testimony also
justified the belief that NASA had never made science a “‘mission objec-
tive”” of its manned programs and had little interest in doing so in the
future. He concluded that he and the other members of the subcommittee
“will be interested in watching how this worthy objective is carried out” in
the future.®® Other members of Congress shared Karth’s concern and
wrote directly to NASA Administrator Thomas Paine for his views on the
Science Advisory Committee’s report and his assessment of actions that
NASA would take in response to its findings and recommendations.®?

These inquiries into NASA’s life sciences programs between 1967 and
1969 drew public attention to the agency’s need to reevaluate its ap-
proach to biomedical research, to reassess the role and status of basic
biological and medical research within an engineering- and operations-
oriented space program, and to reconsider prevailing arrangements for ad-
ministering biological and medical programs. However, these assessments
were already under way within the agency before Congressman Karth
began his hearings. By late 1969 NASA’s top administrators were
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Lunar transit: biomedical results from
Apollo and biomedical preparations for the
post-Apollo space program

The Apollo 11 mission was the watershed of the manned space program.
For the American public Apollo 11 was a symbol of the restoration of the
nation’s honor and technological preeminence. Within NASA, while
Apollo 11 was a political triumph and a source of immense relief, it was
not the ultimate event in the space program. It was merely a prelude to
even more interesting and significant space activities that lay in the
future.

A SPACE PROGRAM FOR THE 1970S

NASA planners had never viewed the Apollo program as simply a series
of missions leading toward a manned lunar landing. They had conceived
of it as a program that would achieve both the short-range political objec-
tive set by President Kennedy and long-range operational objectives. As
George Low, then head of planning for manned spaceflight, informed Con-
gress in 1962, “Apollo is the name of a spacecraft that will have a dual
mission capability.”” It would carry men to the Moon, but would also be
used in Earth orbit as an “orbiting laboratory.” In the latter capacity,
Apollo would be the first step toward “a manned permanent space sta-
tion.””!

NASA planners began to give serious attention to post-Apollo manned
programs in mid-1962, when the agency asked the Space Science Board of
the National Academy of Sciences to review NASA’s present spaceflight
capabilities and recommend space program priorities for the post-Apollo
period. The board urged NASA to increase emphasis on scientific in-
vestigations in space and, “utilizing the unique capabilities of man as an

153
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observer and decision-maker,” integrate the scientific and exploratory
aspects of the manned program. The board also suggested that a manned
Mars landing would satisfy both those interested in science and those
favoring space exploration. Accordingly, it recommended that NASA
make a manned Mars landing the primary space program priority of the
1970s.2

NASA’s advanced mission planners were interested in a manned Mars
mission, but they favored a manned orbiting laboratory or space station as
an intermediate step, compatible with the phased development and
gradual qualification of man for extended spaceflight preferred by
NASA’s top administrators. For this reason, they proposed to design a
long-range program that involved a gradual extension of flight capabilities
and gradual phasing of manned space objectives. This was also an
economical approach, since Apollo systems could be used in the initial
phase and could be coordinated with the Air Force’s manned orbiting
laboratory program.?

By late 1966 NASA planners had agreed that the initial phase of the
post-Apollo program should be designed to use Apollo systems.
Designated the Apollo Applications Program, the first phase would center
on Earth-orbital flights of 28 to 100 days but would also include extended
flights for lunar exploration. Objectives of the orbital flights would in-
clude advanced scientific investigations (e.g., a telescope mount for
astronomical observations and laboratories for biological and medical
studies), evaluation of life systems for long-duration flight, and qualifica-
tion of man for spaceflights in excess of 14 days. This phase would be
followed by an orbiting space station, which would serve as as staging
area for advanced lunar operations (including construction of a perma-
nent lunar base) and manned interplanetary flights.*

In spite of reductions in congressional appropriations, delays in the
Apollo missions caused by the Apollo 204 fire, and growing public
disinterest in the space program, NASA planners continued to refine this
basic post-Apollo space program. Between 1967 and 1969, planners at
NASA Headquarters and at the centers examined NASA’s present and
future requirements and capabilities and proposed mission and program
options.® These studies culminated in a long-range program for an In-
tegrated Manned Space Flight Program for the 1970s, which had an overall
objective “to build towards a manned planetary capability” by integrating
“lunar mission capability” with the capability for a ‘‘long-duration
manned space station.” The mode of integration would be “low cost
transportation” via a “‘reusable cislunar spacecraft system.”®

This integrated program was divided into three subprograms: lunar,
Earth-orbital, and planetary. The first would be a direct extension of the
Apollo program and would include lunar flights through 1974 to permit
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surface exploration, deployment of scientific instruments, and surface
mapping. The lunar program would lead after 1975 to construction of a
permanent manned lunar base, which would be linked to an orbiting space
station. The Earth-orbital program would begin with the Apollo Applica-
tions Program manned laboratory and would lead to a permanent manned
space station. This orbiting station would provide opportunities for scien-
tific investigations in the physical and life sciences relevant to lunar and
planetary operations, while serving as a transfer point for flights between
the Earth and the Moon. Finally, planetary missions would begin with un-
manned explorations of the planets, asteroids, and comets during the
1970s and culminate in a manned interplanetary flight in the 1980s.”

This long-range plan gave continuing impetus to the life sciences. In-
terest in the planetary missions justified support for exobiology (search for
extraterrestrial life, investigations into the origin and evolution of life in
the universe), while the need to prepare for extended manned flights war-
ranted efforts to develop a program of fundamental biomedical research
and to define a coordinated series of inflight biomedical experiments. The
need to qualify man for advanced programs and define his requirements
in extended missions allowed NASA’s space doctors to add basic and
clinical biomedical research to their operational responsibilities.

BIOMEDICAL ASPECTS OF APOLLO

In 1969 NASA decided to increase the number of Apollo flights to pro-
vide for lunar surface exploration. This decision increased opportunities
to gather data on human physiological and behavioral responses to the
conditions of spaceflight, including extravehicular activity, because the
first three Apollo missions revealed unanticipated clinical anomalies. It
also allowed NASA to restore some of the biomedical experiments that
were abandoned after the Apollo 204 fire.

CLINICAL ASPECTS OF APOLLO

Although a few clinical anomalies were revealed, the Apollo missions
collectively demonstrated NASA’s ability to predict and prepare for the
physiological and behavioral reactions of astronauts to spaceflight. With
two exceptions, as Dr. Charles Berry observed, “‘almost every observation
in the physiological realm” was identified during the Gemini program.®

The Apollo missions reaffirmed the belief of NASA’s physicians that
man was fully qualified for short-duration spaceflights and would not suf-
fer irreversible physiological effects. Lunar surface operations showed
that “man can perform very nicely in the one-sixth gravity environment”
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weight loss, bone demineralization—suggested problems that could be
serious in long-duration flights."®

The need for preflight clinical monitoring and screening in order to
minimize the risk of inflight infectious illness was also evident during
Apollo. The crews of Apollo 7 and Apollo 9 developed upper respiratory
infections, while one of the members of the Apollo 13 prime crew was ex-
posed to rubella (German measles). The Apollo 7 crew members
developed their infections in flight, while the Apollo 9 crew was infected
before flight and the launch date had to be delayed for several days. In
the case of Apollo 13, a backup crew member had to be substituted for a
prime crew member at the last minute.!!

These illnesses would have caused serious problems in long-duration
flights by placing an additional strain on physiological systems already
struggling to adapt to spaceflight. In addition, weightlessness complicated
inflight treatment of illness by impairing mucus drainage. As
decongestants seemed to be ineffective, astronauts would run the risk of
ruptured eardrums.'?

These experiences underscored the need for a more strict preflight
health maintenance program, one that included the families of crews in
the screening process and provided for complete isolation of prime and
backup crews for specified preflight periods. For this reason, NASA
established a Flight Crew Health Stabilization Program before the Apollo
14 flight. An extension of the traditional medical maintenance program, it
included routine screening and monitoring, rapid diagnosis and treatment
of illness affecting any astronaut or members of any astronaut’s family,
and serological tests and immunizations for all astronauts and members
of their families. The new program also included “epidemiological
surveillance” of the astronauts and their families, which entailed assess-
ment of the health of those likely to have contact with prime and backup
crews during the 90 days preceding a particular flight, and medical
histories and medical examinations for those who would have contact
with the astronauts during the 21 days before launch. During these 21
days, daily reports were taken on the health of all “primary contacts” and
were correlated with information on general disease patterns from public
health officials. The combined data were analyzed by computer. This
surveillance effort was linked to isolation procedures. During the critical
21-day period, prime and backup crews were confined to strictly limited
areas, and their primary contacts were limited to essential personnel and
family members. Crew members were strictly isolated from potential
disease carriers, such as transient populations, children, and launch site
personnel whose medical histories were not known.

Although elaborate and confining and not without deficiencies, the
health stabilization program was effective in reducing the incidence of
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The clinical results from Apollo, then, underscored the need for fun-
damental biomedical investigations to support advanced manned mis-
sions. They reaffirmed the findings from the Gemini flights concerning the
need for intensive investigation of cardiovascular, musculoskeletal, and
endocrine systems and metabolic functions. In addition, they pointed to
the need for controlled studies of vestibular and neurological functions
and workload tolerances, and for improved procedures for minimizing the
incidence of inflight illness and for treating such illness when it occurred.

APOLLO BIOMEDICAL EXPERIMENTS

Biomedical experiments were flown during the last two Apollo missions,
16 and 77. BIOSTACK and BIOCORE were experiments designed to
measure the biological effects of various types of radiation that are
screened out by the Earth’s atmosphere. BIOSTACK was an experiment to
assess effects of high-energy particles on the germination and growth of
selected plant spores and on the embryological development of eggs of
selected arthropods. BIOCORE measured the effects of high-intensity
radiation on the organs and tissues of a pocket mouse. Both were primari-
ly scientific investigations, but had the secondary objective of evaluating
the biological effects of an environmental factor that could prove signifi-
cant in long-duration manned spaceflight. Neither experiment produced
results significant to planning for advanced manned missions.?°

A third biomedical experiment, flown on Apollo 16, investigated the ef-
fects of radiation on the cellular physiology and genetic components of
several types of microorganisms. The objective was to determine whether
the levels of ambient high-intensity radiation in the space capsule had any
significant effect on the viability of microorganisms. Since terrestrial
microorganisms would be carried into space by men, it was important to
know whether the radiation level in the space capsule would be sufficient
to destroy them and, if not, whether they would undergo genetic changes
that could cause them to become dangerous to man. This experiment
revealed no significant differences in survival rates and rates of genetic
change between the microbes flown aboard the spacecraft and those used
as ground-based controls.?’

The final experiment was designed to investigate a phenomenon
reported by the crews of the Apollo 11, 12, and 13 flights. In each of these
flights, crew members reported seeing light spots and light flashes

Astronaut Joseph P. Kerwin is the subject for the lower body negative pressure experiment aboard
Skylab 2, while astronaut Paul J. Weitz assists with the blood pressure cuff. This experiment provides
information about cardiovascular adaptation during flight and orthostatic impairment of physical capaci-
ty expected on return to Earth.
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whenever the capsule was dark and the crew members’ eyes were closed.
NASA scientists hypothesized that the cause of the flashes was high-
energy cosmic rays penetrating the space capsule and striking the crew
members’ retinas. To test this hypothesis, investigators had the crew
members of Apollo 14 and 15 count light flashes for specified periods
while blindfolded. At the same time, test subjects on the Earth were doing
the same. In the Apollo 16 and 17 missions, the crew members wore a head
device that contained special photographic plates which recorded cosmic-
ray strikes while the crew members counted light flashes. The data from
this experiment supported the original hypothesis.??

Although these experiments yielded no information of immediate con-
cern in relation to manned spaceflight, they proved that cosmic radiation
penetrates the space capsule. While the levels of ambient radiation in the
space capsule were well below the acceptable tolerance level for short-
term exposure, prolonged exposure could have unanticipated and un-
predictable effects on physiology. Thus, low-level radiation, while in-
significant in the Mercury, Gemini, and Apollo flights, might be a signifi-
cant factor in long-duration flights.

BIOMEDICAL OBJECTIVES OF THE POST-APOLLO SPACE PROGRAM

Planning for the post-Apollo biomedical program reflected two signifi-
cant changes in the role and responsibilities of biomedicine in the space
program. First, the biomedical program was no longer constrained by the
requirements of specific manned missions or a single manned spaceflight
objective. Although the scheduling and packaging of biomedical ex-
periments and the operational support duties of space physicians would
be influenced by the systems and flight profiles of the specific manned
missions, the scope and direction of the biomedical program would no
longer be determined solely by engineering and operational considera-
tions. Second, the biomedical program for the 1970s reflected the increas-
ing importance of basic research and clinical medicine in the space pro-
gram. By 1970, space physicians had shed their flight surgeon image and
were gaining recognition as medical scientists and clinicians. NASA’s
biomedical plans for the 1970s reflected the emerging need for com-
prehensive and fundamental research in biomedicine and for integration
of the biological, biomedical, and bioengineering efforts.

RESEARCH OBJECTIVES

Various advisory groups examined and made recommendations
concerning NASA’s biomedical requirements in the post-Apollo space pro-
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gram. Those which had the greatest influence on NASA’s biomedical plan-
ning for the 1970s were prepared by the Space Medicine Advisory Group
in 1964 and by the Space Science Board of the National Academy of
Sciences in 1965. The Space Medicine Advisory Group report focused en-
tirely on the medical requirements and medical experiments for a manned
orbiting laboratory. The authors determined weight experiments for a
manned orbiting laboratory. Weightlessness was identified as the critical
variable in long-duration spaceflight, and the authors proposed a series of
experiments to test the effects of weightlessness on human physiology and
performance, acting singly or in combination with other factors.?*

The Space Science Board study was not limited to a particular type of
mission and assessed NASA’s broad requirements for a long-range in-
tegrated program of research in biology, medicine, and physiology. It con-
cluded that biomedical preparations for long-duration spaceflight should
center on fundamental investigations into the interactions between inter-
nal and external environments. ““Physiology and behavioral processes” (in-
ternal environment), the authors stated, ““respond to stresses slowly over
time,” so that the significance of these processes is directly proportional
to mission duration. Of primary concern were cardiovascular response,
bone and muscle metabolism, red blood cell concentration, blood clotting
mechanisms, and long-term decrements in performance. The factors in the
external environment that would influence these processes included
physical factors (weightlessness, alterations in circadian rhythm, radia-
tion, thermal stresses), behavioral factors (isolation, confinement,
monotony, close quarters), and engineering factors (artificial atmosphere,
toxic contaminants, noise, vibrations). Research on these interactions, ac-
cording to the authors, should be conducted in an orbiting laboratory in
which space crews and space capsule systems could be evaluated in mis-
sions of 28 to 1,000 days.?*

In May 1969 the medical staff of the Manned Spacecraft Center
prepared a detailed plan for a biomedical research and operations pro-
gram for the 1970s. Strongly influenced by the studies noted above, the
primary author, Dr. Charles A. Berry, noted that the “‘flight certification”
approach to the qualification of man for spaceflight, which was required
in the manned program of the 1960s, would not suffice for the 1970s and
1980s. “Major modifications” would be necessary in this approach and in
“the level of investigative efforts” to make possible ““unconditional
qualification” of man for “extended space missions.” Reiterating word-
for-word the recommendations in the 1965 Space Science Board report,
Berry said:

Special emphasis must be placed on the physiological and behavioral processes
that respond to stress slowly with time and are likely to become important during
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prolonged space flight. Of particular interest are weightlessness, cardiovascular
function, bone and muscle metabolism, hematological changes, vestibular func-
tion, and long-term decrements in physiological and behavioral performance.

This level of effort, Berry said, is required to enable exploitation of
man’s “unique capabilities” as both decision maker and observer. Since
man will be an essential component of advanced flight programs and must
be “accommodated” to any number of possible “program alternatives,”
the “investigative requirements’” of the biomedical program of the 1970s
must include efforts to obtain ““greater knowledge of man’s psycho-
physiological response to space flight”; expand ““present understanding of
design requirements for man/machine systems”; and develop “long dura-
tion flight systems and operation capabilities.””?” Berry stated that the
biomedical program must concentrate on assessing the interactions be-
tween man’s “internal environment” and the “stresses” imposed by the
physical environment of space and the artificial environment of the space
capsule.

“Degradation” in man’s ability ““to perform mental and physiological
tasks,” Berry said, results from “fluctuations in the physical properties and
chemical composition of the internal environment.” The human body
seeks to “counteract” or “minimize” these fluctuations through “highly
compqu compensatory mechanisms.” Short-duration exposure to stress
produces “accommodative’” changes which are “self-adjusting” and short-
lived reactions that “possess defensive value to the organism” and “assure
viability of the organism.” However, when accommodative measures are
prolonged, “acclimative processes’” occur that allow an organism to adapt
to extended exposure to stress factors.

Neither of these processes, as the Mercury and Gemini flights revealed,
causes serious or irreversible changes in physiological and behavioral per-
formance in the short run. However, without more intensive investigations
it is impossible to determine their long-range effects. Acclimative proc-
esses, Berry said, worked to the advantage of the Gemini astronauts by
allowing them to adapt to the weightless state. However, these processes
are “operative at a level where detection is difficult.” The threshold of ac-
climatization is unknown, and it is possible that the imposition of stresses
over a long period may cause ““these mechanisms to be overpowered.” In
such a case, the result would be ““degradation of performance in vital
functions.”’?®

Given these uncertainties, Berry continued, the primary objective of the
biomedical program must be to obtain fundamental data necessary ““to
permit confident extrapolation to major extensions in mission duration.”
This fundamental understanding must involve determination of “the
precise nature, the ultimate severity, and the fundamental etiology of all
changes in man’s functional capabilities during and following prolonged
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space flight.”” To achieve this, the biomedical program must take account
of “circumstances”’ that are peculiar to biomedical research. First, it is dif-
ficult to identify “normative functional capabilities” because individuals
with similar physical and mental characteristics show “different
physiological responses to some stresses,” while a single individual may
“respond differently to an identical stress imposed at different times.”
Second, stresses are “difficult to evaluate singly” since they tend to act in
combination. Finally, it is often difficult to identify potentially serious
physiological changes because “powerful compensatory mechanisms can
mask’’ physiological decrements “until the conditions become critical.””?®

Given the requirements for advanced manned flights and these
peculiarities of biomedical research, Berry contended, the biomedical pro-
gram of the 1970s must seek answers to three critical questions: (1)
whether physiological changes observed in spaceflight “reflect gradual
adaptation” or ‘“progressive deterioration of bodily functions,” (2)
whether the changes are ‘“’self-limiting” (i.e., do not lead to progressive
deterioration) as mission duration increases, and (3) whether methods for
evaluating changes “are sufficiently sensitive to detect all occurring ac-
commodative and acclimative processes.” The “primary goal” of the
biomedical program then must be to qualify man by demonstrating that
he can ““acclimatize to the space flight environment” without serious and
irreversible ““physiological and performance decrements,” can “withstand
re-entry stresses”” following these acclimatizations, and can ‘re-
acclimatize successfully to normal earth conditions.””*°

Man’s qualifications for extended space missions, according to Berry,
would be established when ““at least one crew” of “no fewer than three
astronauts” successfully flew a ““six-month mission”” without any crewman
having ““medical problems referable to his flight experience.” In this flight
and in all preliminary flights, detailed investigations would have to be
made of neurophysiology, pulmonary function and energy metabolism,
cardiovascular function, endocrinology, hematology, microbiology, and
behavior. If no serious decrements were observed in these areas during the
six-month exposure, it could be assumed that “man can tolerate this en-
vironment for any length of time.””*'

Berry argued for an integrated approach to the study of human
responses in each of these areas. Changes in physiological and behavioral
systems and functions would have to be correlated with operative stress
factors acting singly and in combination. Berry grouped these stress fac-
tors in four categories: “natural environmental factors” —weightlessness
(affecting bone and muscle, cardiovascular function, psychomotor
performance, and vestibular function), radiation, meteorites, altered
periodicities, magnetic fields, extraterrestrial life; ““spacecraft environ-
ment factors” —mechanical forces, linear acceleration, vibration, impact,
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noise and blast, microbiology, toxicology, enriched oxygen atmosphere,
energy metabolism; “habitability factors” —cabin atmosphere, nutrition,
thermoregulation, water management, waste management, personal
hygiene and clothing, spacecraft architecture, crew selection, size and
composition, work, rest, sleep, and recreation; and “operational
factors” —oculovisual effects, extravehicular activity, artificial gravity,
clinical medical care, data management, simulation.3?

MODALITIES

There were practical limitations to the implementation of this research
program: the traditional problem of integrating bioinstrumentation and
biomedical experiment packages into predetermined engineering and
operational modes, and the new problem of developing medical and
behavioral experiments that could be adapted to any of several types of
spacecraft systems and flight configurations. The need to qualify man for
extended duration flights aboard spacecraft that were yet to be defined
led to the conception of the Integrated Medical and Behavioral
Laboratory Measurement System. In the words of its chief architect, Sher-
man P. Vinograd, the system was designed as ““a rack and module system’’
that could be ““assembled into working consoles according to the re-
quirements of the spacecraft and the experiments program for any par-
ticular mission.” It would enable biomedical scientists to gain ““sound
scientific knowledge of human responses” while having “minimal or no
impact” on the design or operation of the basic flight system.3:

The first phase in development of the integrated measurement system
began in June 1967, and it was hoped that the system would be ready for
evaluation during the Apollo Applications Program. By 1969 Vinograd
doubted that the system would be ready before 1973, though the fun-
damental principle of modularity would be incorporated into the Apollo
Applications flights. The system would be adaptable to programs follow-
ing Apollo Applications and would ensure an ongoing capability for
measuring physiological, behavioral, biochemical, and microbiological
functions during spaceflight and for effective ““data management” of
measurements recorded in flight. (The experimental objectives and
measurement capabilities of this system are described in Appendix D.)

The integrated measurement system was only one mode for gathering
data on medical and behavioral responses to spaceflight. Until its
development was completed, medical and behavioral experiments would
be conducted with experiment packages adapted to specific flight pro-
grams. Moreover, inflight research, regardless of the mode, could not be
divorced from ground-based research. First, the instruments and tech-
niques to be used in flight required prior evaluation and calibration; for
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example, a measurement of the effect of weightlessness on a function
would be meaningless unless the instrument had been validated through
measurements in normal gravity. Second, inflight measurements had to
have some basis for comparison, so that all the functions to be measured
in flight also had to be measured in controlled ground-based studies. Final-
ly, an effort had to be made to determine whether inflight measurements
could best be obtained through automated instruments controlled from
the ground or through instruments managed by flight crews. Full im-
plementation of the expanded biomedical research program and the
qualification of man for extended duration missions required a thorough
study of the efficacy of each of these modes.**

AN INTEGRATED LIFE SCIENCES PROGRAM

The biomedical program described by Berry in May 1969 became the
heart of an integrated life sciences research and development program for
the 1970s. Since the space program of the 1970s would have no single ma-
jor manned objective, all manned programs would be, in effect, advanced
manned programs. Consequently, there was no longer a need to make
distinction between advanced R&D and manned spaceflight programs.
Likewise, the distinction between space biology and space biomedicine
was losing significance. The successful planning of future manned pro-
grams depended as much on fundamental research in the biological
sciences as it did on mission-oriented medical research and bioengineer-
ing. Moreover, in advanced manned programs the astronauts would be ex-
pected to function as scientific observers and experiment controllers as
well as pilots and explorers.

Thus, NASA was moving away from compartmentalization of its life
sciences activities into space biology, human research and biotechnology,
and space medicine. For the 1970s, life sciences activities would have to
accord with the uncertainties of the new space program. All research and
development in biology, medicine, and biotechnology would bear directly
or indirectly on the long-range goal of the agency: qualification of man as
an operator, passenger, and scientific investigator in long-duration space
missions. In short, the requirements for an indeterminate manned space
program would force an integrated approach to biology and medicine.

The overall objective of the integrated life sciences research and
development program was to obtain the fundamental knowledge
necessary to make man “an effective and fully-protected operating ele-
ment”’ of the systems required for the approved Skylab, tentatively ap-
proved Space Shuttle, and planned but unapproved space station pro-
grams. This would require understanding of the biological processes
affecting human adaptation and tolerance to the conditions of
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spaceflight, the physiological and behavioral processes specific to man
and having “paramount importance” in future manned missions, and the
human factors involved in integrating man and machine in advanced
flight systems.** The program required integration, rather than separation,
of biology, medicine, and human factors engineering. This approach did
not, however, take into account extraterrestrial life and its formation.

BIORESEARCH

The principal aim of biological research in this integrated life sciences
program was investigation of the basic biological processes related to
“adaptiveness and tolerance” to spaceflight conditions for the purpose of
identifying, measuring, and understanding ‘“the mechanisms underlying
functional adaptation of organisms in space.” This program of
’bioresearch’ gave priority to research related to spaceflight factors that
stimulate adaptive responses and the mechanisms of these responses at
the cellular and clinical levels; genetic effects, if any, of space en-
vironmental factors, particularly long-duration exposure to low-level
radiation; and biological effects of weightlessness, acting singly or in com-
bination with other factors.?>¢ The bioresearch program was a modification
of the old biosciences program, the major change being that biological in-
vestigations would be conducted to support the long-range manned pro-
gram rather than for strictly scientific purposes.

The termination of the Biosatellite Project and cutbacks in space pro-
gram funds precluded an independent biological program; however, in-
tegration into the manned flight program afforded new opportunities for
biological investigations. Several biological experiments were scheduled
for the Apollo Applications-Skylab missions, and one major unmanned
biological flight was flown in late 1970. The latter, carrying the ““orbiting
frog otolith experiment,” was designed to obtain information on
biological response to weightlessness in a critical area, neurophysiology,
that was difficult to study directly with humans. The experiment was
selected because the otolith is the critical component of the vestibular ap-
paratus—that part of the inner ear that influences balance and spatial
orientation—and dysfunctions of the otolith can cause motion sickness
and serious degradations in performance. The data from the otolith ex-
periment revealed that the “basic neural control process” underlying
vestibular function undergoes an accommodative response to
weightlessness that is complete by the fifth day of exposure. Thus, this ex-
periment supported the empirical conclusion based on manned flights,
that man makes a positive adaptation to the weightless environment.?’

The otolith experiment also yielded information on vestibular responses
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to noise and vibrations. Biomedical scientists had long assumed that noise
and vibration were potential stress factors in manned flight. However,
NASA physicians, having found no evidence of decrements attributable to
these factors in the manned flights of the 1960s, considered them of
secondary importance in the overall biomedical program. In the otolith
experiment, the hair cells of the frog’s otolith showed a significant
response to noise and vibration. These results encouraged NASA’s
biomedical planners to investigate these factors in Skylab.?®

The otolith experiment epitomized the emerging integrative approach
to biomedical and life sciences research. It was intended to meet the
needs of both pure science and applied (mission-oriented) research. It was
carefully designed as an investigation of a phenomenon that was of in-
terest to both biologists and space physicians, to both scientists and mis-
sion planners.?* NASA life scientists hoped that this type of approach
would be continued in the 1970s.

Toward this end, efforts were initiated to plan a series of similar flights
for ““definitive investigations of the effects of weightlessness.” In coor-
dination with the Naval Aerospace Medical Institute, NASA envisioned a
series of missions that would culminate in a year-long study in an orbiting
space station. In this final phase, several primates, attended by a
veterinarian, would be experimental subjects in a special laboratory on
the anticipated, but unapproved, manned space station. NASA planners
saw this as a means to obtain the level of understanding of biological
processes in flight that biomedical scientists had long demanded, while
not interfering with the pace of the manned effort.*° Budgetary cutbacks
and the abandonment of plans for a space station stifled the further
development of this project and of the integrative approach to biological
investigations in space.

BIOENVIRONMENTAL SYSTEMS RESEARCH (HUMAN FACTORS)

The requirements for advanced manned programs included the
qualification of spacecraft systems, as well as man, for long-duration
spaceflight, primary concerns being life support and protective systems.
In long-duration flights, life systems would have to do more than sustain
crews and provide minimal comfort for brief periods. They would have to
“effectively and reliably’’ regenerate or recycle oxygen and water, provide
for the ““degradation” of solid and liquid waste materials, and ensure the
cleansing and reconditioning of the space capsule atmosphere. Equally
important, they would have to be engineered to provide for human com-
fort— personal hygiene, management of bodily wastes, thermal and hu-
midity idity control, elimination of odors, and so on.*'
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In an effort to develop a life support system acceptable for long-
duration manned flights, NASA sponsored the Advanced Integrated Life
Support System. Basically, this was a closed environmental system
simulator which would be used to ““establish a technological base” for the
“support, well-being, and efficiency of the crew” in advanced manned
flights. Through ““ground-based integrated operational manned tests
simulating orbiting conditions,” the AILSS would provide opportunities
for testing the overall system and the integrity of the coordinated sub-
systems and for evaluating the reliability and maintainability of life sup-
port technology. The overall plan called for an extended series of tests in-
creasing in duration from 90 to 180 days in which the focus would be on
“advanced oxygen and water regeneration technology.”*?

The prototype simulator was available in early 1970 and the first test
began on June 13, 1970 and extended to September 11, 1970—90 days.
Four men were the test subjects for the entire 90-day run, and the test was
conducted as if the simulator were an orbiting space station. The primary
objective was to ““demonstrate the capability to operate a multi-man life
support system in a continuous regenerative mode for a 90-day period
without resupply.” The 90-day test demonstrated this capability, but
revealed that maintenance would be a critical factor in advanced manned
programs. In this test, 237 items had to be repaired and 242 man-hours
were required for repairs. It was concluded that in advanced manned
flights NASA would have to give major consideration to the maintainabili-
ty and ease of repair of life support systems and subsystems and would
have to include “scheduled and unscheduled maintenance” in the
engineering and operational constraints. The test results also indicated
that in the design of future life systems NASA would have to give main-
tainability priority over redundancy.*?

The 90-day test of the simulator epitomized the integrated approach to
life sciences research and development. Although the life support systems
were the prime focus of the test, their evaluation was integrated with
evaluations of capabilities for human performance, biomedical monitor-
ing, and man-systems integration. The biomedical component included
““constant medical attendance by licensed physicians, daily status checks,
constant radiation exposure monitoring, biweekly clinical blood
chemistries, and weekly electrocardiography and pulmonary spirometry.”
Emphasis was placed on “special studies” of constant exposure to ““low-
level stresses” which could be simulated, in this case, confinement and
carbon dioxide levels. The overall results of the biomedical evaluation
“revealed that the 90-day manned test was medically benign.” No changes
attributable to prolonged confinement were identified, though the carbon
dioxide study “produced preliminary results suggestive of biochemical
trends developing from exposure to carbon dioxide.””**



LUNAR TRANSIT 171

The long-range plan for the Advanced Integrated Life Support System
called for extension of simulations to 120 and 180 days and ““final valida-
tion”” in a 180-day “‘space flight experiment” aboard an orbiting space sta-
tion. However, budget cutbacks and the curtailment of plans for a space
station precluded implementation of this long-range plan.*®

BIOMEDICINE

The basic objectives of the biomedical effort within the integrated life
sciences program were the same as those described by Berry in his pro-
gram report of May 1969; identification of clinically significant
physiological and behavioral reactions to the conditions of extended
spaceflight and gradual qualification of man for spaceflight lasting 180
days. The inflight investigative effort was to begin with the Apollo Ap-
plications Program (redesignated Skylab in 1971) and conclude with a six-
month evaluation aboard the projected space station. As the 1970s un-
folded, however, Apollo Applications-Skylab became the final stage of the
old manned program rather than the initial phase of a new manned pro-
gram. Consequently, the program of inflight biomedical research had to
be collapsed to accommodate the package of medical and behavioral ex-
periments to three missions lasting 28, 59, and 84 days.

This reduction precluded the “level of investigative effort” that Berry
had hoped for, forced elimination of some investigative categories, and
caused a reduction in the number of experiments. Nonetheless, NASA life
scientists viewed this as their first real opportunity to conduct controlled
studies in space and proceeded with the development and packaging of
experiments related to ““areas which are judged to be most critical and
most feasible at this time.””*¢

The Apollo Applications-Skylab experiments were grouped in six
categories. Category 1 (experiment MO070), study of nutritional and
musculoskeletal function, consisted of four integrated experiments with
the collective objective of assessing inflight alterations in musculoskeletal
status and evaluating biochemical changes and nutritive requirements as
they differ from those in the Earth environment. The four correlated ex-
periments were intended to provide “precise measurements” of the input
and output of calcium, nitrogen, and other biochemicals, bone
demineralization, and hormonal and electrolyte changes detected in
studies of blood and bodily waste products.

The three experiments in category 2 concerned cardiovascular function
and would measure the cardiovascular reflexes that normally regulate
blood pressure and the distribution of blood in the body: the “onset, rate
of progression, and the severity” of changes in cardiovascular function;
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and changes in cardiovascular function ““during given workloads on a
bicycle ergometer.”

Category 3, hematology and immunology, consisted of four ex-
periments to determine physiological effects of spaceflight as indicated
by changes in the volume, mass, and composition of the blood and blood
elements and in the immune responses of the blood. Changes in immune
responses would be indicated by alterations in the bacterial populations
of the blood and the genetic makeup of the leukocytes.

Category 4 was related to neurophysiology and consisted of two ex-
periments to “evaluate central nervous system responses as a function of
space flight”” One experiment would investigate changes in vestibular
function, while the other would utilize electroencephalograms to assess
effects of prolonged spaceflight on patterns of “sleep and wakefulness.”

The fifth category involved one experiment, a “‘time and motion study”’
to assess ‘“behavioral effects.” Its objective was ‘“to evaluate the relative
consistency between ground-based and inflight task performance” by
observing films of the astronauts performing selected tasks in flight. The
study was expected to yield information that would be useful in improving
the design of space capsule subsystems and the training of astronauts for
performance of inflight tasks.

The final category involved two experiments that were intended to
measure pulmonary function and energy expenditure. Measurements ob-
tained during rest, during “"calibrated exercise’”” on the bicycle ergometer,
and during selected ““operational type tasks” would be used to determine
whether a correlation existed between the ““energy costs” of “mission-
oriented physical activity” and alterations in ‘respiratory gas
metabolism.”’*’

The diversity of NASA’s biomedical programs would have been in-
conceivable in the 1960s, for the manned program of that decade required
space physicians and life scientists to focus their efforts on mission-
oriented research and mission operations and precluded the implementa-
tion of broad, research-oriented, and integrated biomedical programs. Yet,
that same manned program provided a strong justification for specializa-
tion in space medicine and biology and medicine, the impetus for the
emergence of space medicine as a distinctive field of medical specializa-
tion, and the opportunity for observation of the biological and
physiological effects of a unique environment.

Astronaut Paul J. Weitz checks out bicycle ergometer. The “bike” is part of equipment used to help
determine if man’s effectiveness in doing mechanical work is progressively altered by a prolonged
stay in space.









Responding to external criticisms of its biomedical capabilities, to the
need for improved coordination among its life sciences components, and
to the requirements of the space program of the 1970s, NASA manage-
ment announced a reorganization of its life sciences programs in
December 1970. This included the integration of biomedical (manned
flight-oriented) programs within a single office and the centralized coor-
dination of all life sciences programs. It eliminated the long-standing divi-
sion of space biology, biotechnology-human research, and space medicine
into separate directorates, and established a new office, the NASA Divi-
sion of Life Sciences, to coordinate all life sciences research and develop-
ment. Located in the Office of Manned Space Flight, this division had
direct responsibility for all life sciences activities directly related to
manned spaceflight. Its director also had responsibility for coordinating
life sciences activities remaining under the jurisdiction of other program
offices: exobiology, which was integrated with the planetary programs
division of the Office of Space Sciences; aeronautical medicine, under the
jurisdiction of the Office of Advanced Research and Technology; and oc-
cupational medicine and environmental health, under the Office of Ad-
ministration at NASA Headquarters.

This reorganization reflected a major change in space program
priorities. It recognized the need for fundamental research in biology and
medicine in support of extended duration manned flights, the integrity of
the biological and medical sciences, and the value of centralized coor-
dination of life sciences programs. However, it continued the practice of
giving life sciences directors responsibility without authority. The new of-
fice lacked program-office status and did not create a top management
position for a life scientist. Although he was responsible for centralized
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coordination of all life sciences activities, he was subordinate to the ad-
ministrator for manned spaceflight programs and could not make life
sciences program decisions without the concurrence of this administrator.
At the same time, he was subordinate to the administrators of the program
offices having direct responsibility for life sciences activities under their
jurisdiction.

Therefore, the effect of the decision to reorganize the life sciences pro-
grams did not indicate a major change in management’s perception of the
life sciences or in the role and status of the life sciences within the space
program. It simply reflected management’s recognition of the need to
change the organizational relationships and responsibilities of the life
sciences programs and adjust to the priorities and requirements of the
space program of the 1970s.

THE REORGANIZED LIFE SCIENCES PROGRAM

Throughout the 1960s, NASA’s top management did not act as if the
agency had a pressing need or a major program requirement in the life
sciences. As a result, an integrated life sciences program under the direc-
tion of a high-level administrator was not established. Several considera-
tions underlay this attitude. First, NASA was not primarily a science agen-
cy. Its program obligations encompassed, in addition to space science, ap-
plications, technology development, space hardware design and develop-
ment, and mission operations, and demanded a form of organization and
management that reflected space program objectives and capabilities
rather than scientific priorities alone. Management viewed recurrent
demands for a centralized life sciences program as misguided efforts to
force NASA to function as a scientific research agency similar to the Na-
tional Institutes of Health.'

Second, life sciences investigations in space could not be conducted
without a heavy investment in technology —launch vehicles, satellites,
space capsules, biological and medical instrumentation. It would be more
cost-effective to link each life sciences activity with related engineering
and operational activities within program offices—for example, to place
space biology in the same program office with other space sciences, so
that biology, physics, astronomy, meteorology, and so on could share the
same engineering and operational capabilities.?

In budgetary terms allocations for life sciences research, development,
and flight programs were small relative to the overall agency budget. A
single life sciences program office could not hope to develop independent
engineering and operational capabilities or to provide sufficient research
grants and contracts to build an effective program and to attract
academic and research-oriented life scientists. Such scientists, in manage-
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ment’s view, could seek support from agencies like the National Institutes
of Health, which had more money to offer and did not require grantees
and contractors to grapple with time-constrained programs and the
development of complex instrumentation.?

This attitude prevailed in 1968, when the Life Sciences Study Task
Group presented its recommendations for an integrated life sciences pro-
gram, and it underlay Associate Administrator Homer Newell’s decision to
bypass the group’s recommendation. Newell believed that NASA Ad-
ministrator Thomas Paine and Deputy Administrator George Low would
refuse to endorse the recommendations.*

NASA management was not alone in its opposition to an integrated and
centralized life sciences program in 1968. Many life scientists in NASA,
particularly those involved with the space biology (biosciences) program,
shared this opposition. Orr Reynolds, director of bioscience programs in
the Office of Space Science and Applications, doubted that space biology
could survive within an integrated life sciences program. He was certain
that in an integrated program stressing applied research, bioengineering,
and manned operations, basic biological research would lose out in the
competition for funds and flight space.® Reynolds’s superior, John Naugle,
associate administrator for space science and applications, also believed
that space biology had much to lose and little to gain from integration.
Moreover, Naugle believed that the Office of Space Science had unique
capabilities in unmanned spacecraft development and operations which
were particularly important to biological investigations in space. Its space
biology program had a viable flight project, Biosatellite, which allowed
space biologists to conduct biological investigations without competing
for flight space. He doubted that the Biosatellite Project would survive
within an integrated program.® The directors of space medicine and
biotechnology and human research favored integration, and the reasons
for their support justified Reynolds’s and Naugle’s opposition. Although
J. W. Humphreys and Walton Jones saw the value of a space biology pro-
gram, both believed that closer coordination among basic biology, human
research, biotechnology, and space medicine would strengthen the agen-
cy’s capabilities in the area of biomedical support for manned
spaceflight.”

In the short space of two years these attitudes changed, and both top
management and life scientists within NASA supported the establishment
of an integrated life sciences program. The major factor in this shift was
the change in space program priorities. By December 1970 the major ob-
jectives of the Apollo program had been achieved, and the life sciences
research and development aspects of the only remaining approved
manned program, Apollo Applications-Skylab, were essentially complete.
NASA lacked a mandate to proceed with an advanced manned program
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comparable to Apollo and beyond the approved manned flights of Skylab.
President Nixon (who wanted a reduced, multiple-objective, science-
oriented space program for the 1970s) and Congress (which was losing in-
terest in the space program) reduced the financial support for the space
program and severely limited NASA’s space program options. These con-
straints forced NASA to reassess its priorities, emphasizing unmanned
planetary explorations, limited Earth-orbital manned operations, and
research and development in support of unspecified and unapproved ad-
vanced manned programs. The change in emphasis shifted attention from
manned operations and qualifying man for spaceflight to the design and
development of a relatively short-duration, recoverable and reusable
Space Transportation System (the Space Shuttle). Plans for manned opera-
tions in the 1980s would depend on the success of the Shuttle.®

This shift in priorities generated a subtle shift in NASA’s management
philosophy. Although manned spaceflight remained the focus of the space
program, research and development in support of advanced manned pro-
grams would replace manned operations as the primary responsibility of
the manned space program. In the absence of approved manned programs
beyond Skylab, advanced research and development and manned flight
operations had the same objectives, and there was no longer any need to
make a distinction between the space-oriented research and technology
development activities of the Office of Advanced Research and
Technology and the Office of Manned Space Flight. There was also no
longer a compelling reason to separate the activities of the human
research and biotechnology directorate from those of the directorate of
space medicine. An integrated biomedical program was now consistent
with the agency’s space program requirements.

Reductions in manned spaceflight activity were paralleled by increases
in the field of planetary exploration. By December 1970, NASA had the
engineering and operational capabilities for unmanned explorations of
Mars, Venus, and the outer planets and congressional and executive
authority to proceed with such flights. As a result, planetary exploration
eclipsed lunar exploration as a major program objective. Since NASA did
not have the authority to undertake manned exploration of the planets,
unmanned capabilities assumed new importance, and the unmanned,
science-oriented program of the Office of Space Science gained in impor-
tance relative to that of the Office of Manned Space Flight.

The shift in space program priorities and the emphasis on two objec-
tives—unmanned planetary exploration and research and development in
support of long-duration manned spaceflight—changed the agency’s re-
quirements in the life sciences. First, as noted before, it was no longer
necessary to separate human research and clinical medicine or to give
medical operations priority over biomedical research and development.
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Second, the shift gave impetus to exobiology and, in so doing, established
a distinction between the life sciences that were directly or indirectly sup-
portive of manned spaceflight and those that had strictly scientific value.
Finally, the agency no longer had to support an independent program of
biological investigations in space. Most of the effort of the biosciences
directorate in the 1970s had been directed toward exobiology or the in-
vestigation of biological phenomena with a bearing on manned
spaceflight. Lacking the funds to support an exclusively biological flight
program and program requirements for pure biological research, the agen-
cy could dispense with its biosciences program.

Yet, for reasons that are not clear, NASA’s management apparently
believed that it required an external review to justify changes in the ad-
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