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APOLLO: A RETROSPECTIVE ANALYSIS

PREFACE

The program to land an American on the Moon and return safely to Earth in the 1960s has been called by
some observers a defining event of the twentieth century. Pulitzer Prize-winning historian Arthur M.
Schlesinger, Jr., even suggested that when Americans two centuries hence study the twentieth century, they will
view the Apollo lunar landing as the critical event of the century. While that conclusion might be premature,
there can be little doubt but that the flight of Apolio 11 in particular and the overall Apollo program in general
was a high point in humanity’s quest to explore the universe beyond Earth.

Since the completion of Project Apollo more than twenty years ago there have been a plethora of books, stud-
ies, reports, and articles about its origin, execution, and meaning. At the time of the twenty-fifth anniversary of
the first landing, it is appropriate to reflect on the effort and its place in U.S. and NASA history. This monograph

has been written as a means to this end. It presents a short narrative account of Apollo from its origin through its
assessment. That is followed by a mission by mission summary of the Apollo flights and concluded by a series
of key documents relative to the program reproduced in facsimile. The intent of this monograph is to provide a
basic history along with primary documents that may be useful to NASA personnel and others desiring informa-

tion about Apollo.

The author would like to acknowledge the assistance of those individuals who aided in the preparation of
this monograph. Lee D. Saegesser, William S. Skerrett, and Jennifer M. Hopkins were instrumental in obtain-
ing documents and photographs used in this study; J.D. Hunley edited and critiqued the text; Patricia Shephard
helped prepare the manuscript; the staffs of the NASA Headquarters Library and the Scientific and Technical
Information Program provided assistance in locating materials; Ellwood Anaheim laid out the monograph; and
the NASA Headquarters Printing and Graphics Office handled printing. Portions of the manuscript have been
published in a different form in Roger D. Launius, NASA: A History of the U.S. Civil Space Program (1994),
and Space Flight: The First Thirty Years (1991).

This is the third publication in a new series of special studies prepared by the NASA History Office. The
MONOGRAPHS IN AEROSPACE HISTORY series is designed to provide a wide variety of studies relative to
the history of aeronautics and space. This series’ publications are intended to be tightly focused in terms of
subject, relatively short in length, and reproduced in an inexpensive format to allow timely and broad dissemi-
nation to researchers in aerospace history. Suggestions for additional publications in the MONOGRAPHS IN
AEROSPACE HISTORY series are welcome.

ROGER D. LAUNIUS
July 1994

Acknowledgments for the Reprinted Version

Special thanks go to a variety of people who helped make this publication possible. First, thanks to Nadine
Andreassen in the NASA History Office for suggesting that we reprint this monograph for the 35th anniversary
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the Headquarters Printing and Design Office, Shelley Kilmer updated the layout of this monograph and
designed a new, very attractive cover, and Michelle Cheston carefully edited this publication. Jeffrey McLean
and James Penny expertly handled the printing process. Steven Johnson capably oversaw the work of these
Printing and Design professionals. Last and certainly not least, we still owe a special debt of gratitude to Roger
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A RETROSPECTIVE ANALYSIS

INTRODUCTION

On 25 May 1961 President John F. Kennedy an-
nounced to the nation a goal of sending an American
safely to the Moon before the end of the decade. This
decision involved much study and review prior to
making it public, and tremendous expenditure and
effort to make it a reality by 1969, Only the building of
the Panama Canal rivaled the Apollo program’s size as
the largest non-military technological endeavor ever
undertaken by the United States; only the Manhattan
Project was comparable in a wartime setting. The hu-
man spaceflight imperative was a direct outgrowth of it;
Projects Mercury (at least in its latter stages), Gemini,
and Apollo were each designed to execute it. It was
finally successfully accomplished on 20 July 1969,
when Apollo 11’s astronaut Neil Armstrong left the
Lunar Module and set foot on the surface of the Moon.

THE KENNEDY PERSPECTIVE ON SPACE

In 1960 John F. Kennedy, a Senator from Massa-
chusetts between 1953 and 1960, ran for president as
the Democratic candidate, with party wheelhorse
Lyndon B. Johnson as his running mate. Using the
slogan, “Let’s get this country moving again,” Kennedy
charged the Republican Eisenhower Administration
with doing nothing about the myriad social, economic,
and international problems that festered in the 1950s.
He was especially hard on Eisenhower’s record in
international relations, taking a Cold Warrior position
on a supposed “missile gap” (which turned out not to
be the case) wherein the United States lagged far
behind the Soviet Union in ICBM technology. He also
invoked the Cold War rhetoric opposing a communist
effort to take over the world and used as his evidence
the 1959 revolution in Cuba that brought leftist dicta-
tor Fidel Castro to power. The Republican candidate,
Richard M. Nixon, who had been Eisenhower’s Vice
President tried to defend his mentor’s record but when
the results were in Kennedy was elected by a narrow
margin of 118,550 out of more than 68 million popular
votes cast.!

Kennedy as president had little direct interest in
the U.S. space program. He was not a visionary enrap-
tured with the romantic image of the last American
frontier in space and consumed by the adventure of
exploring the unknown. He was, on the other hand, a
Cold Warrior with a keen sense of Realpolitik in foreign
affairs, and worked hard to maintain balance of
power and spheres of influence in American/Soviet
relations. The Soviet Union’s non-military accom-
plishments in space, therefore, forced Kennedy to
respond and to serve notice that the U.S. was every bit
as capable in the space arena as the Soviets. Of course,
to prove this fact, Kennedy had to be willing to commit
national resources to NASA and the civil space pro-
gram. The Cold War realities of the time, therefore,
served as the primary vehicle for an expansion of
NASA’s activities and for the definition of Project
Apollo as the premier civil space effort of the nation.
Even more significant, from Kennedy’s perspective
the Cold War necessitated the expansion of the mili-
tary space program, especially the development of
ICBMs and satellite reconnaissance systems.2

While Kennedy was preparing to take office, he
appointed an ad hoc committee headed by Jerome B.
Wiesner of the Massachusetts Institute of Technology
to offer suggestions for American efforts in space.
Wiesner, who later headed the President’s Science
Advisory Committee (PSAC) under Kennedy, con-
cluded that the issue of “national prestige” was too
great to allow the Soviet Union leadership in space
efforts, and therefore the U.S. had to enter the field in a
substantive way. “Space exploration and exploits,”
he wrote in a 12 January 1961 report to the president-
elect, “have captured the imagination of the peoples of
the world. During the next few years the prestige of the
United States will in part be determined by the leader-
ship we demonstrate in space activities.” Wiesner also
emphasized the importance of practical non-military
applications of space technology—communications,
mapping, and weather satellites among others—and
the necessity of keeping up the effort to exploit space
for national security through such technologies as
ICBMs and reconnaissance satellites. He tended to
deemphasize the human spaceflight initiative for very
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practical reasons. American launch vehicle technol-
ogy, he argued, was not well developed and the poten-
tial of placing an astronaut in space before the Soviets
was slim. He thought human spaceflight was a high-
risk enterprise with a low chance of success. Human
spaceflight was also less likely to yield valuable scien-
tific results than, and the U.S., Wiesner thought, should
play to its strength in space science where important
results had already been achieved.3

Kennedy only accepted part of what Wiesner
recommended. He was committed to conducting a
more vigorous space program than had been
Eisenhower, but he was more interested in human
spaceflight than either his predecessor or his science
advisor. This was partly because of the drama
surrounding Project Mercury and the seven astronauts
that NASA was training. Wiesner had cautioned
Kennedy about the hyperbole associated with human
spaceflight. “Indeed, by having placed the highest
national priority on the MERCURY program we have
strengthened the popular belief that man in space is the
most important aim for our non-military space effort,”
Wiesner wrote. “The manner in which this program
has been publicized in our press has further crystallized
such belief.”s Kennedy, nevertheless, recognized the
tremendous public support arising from this program
and wanted to ensure that it reflected favorably upon
his administration.

But it was a risky enterprise—what if the Soviets
were first to send a human into space? what if an
astronaut was killed and Mercury was a failure >—and
the political animal in Kennedy wanted to minimize
those risks. The earliest Kennedy pronouncements
relative to civil space activity directly addressed these
hazards. He offered to cooperate with the Soviet Union,
still the only other nation involved in launching satel-
lites, in the exploration of space. In his inaugural
address in January 1961 Kennedy spoke directly to
Soviet Premier Nikita Khrushchev and asked him to
cooperate in exploring “the stars.”’s In his State of the
Union address ten days later, he asked the Soviet
Union “to join us in developing a weather prediction
program, in a new communications satellite program,
and in preparation for probing the distant planets of
Mars and Venus, probes which may someday unlock
the deepest secrets of the Universe.” Kennedy also
publicly called for the peaceful use of space, and the
limitation of war in that new environment.?

In making these overtures Kennedy accomplished
several important political ends. First, he appeared to
the world as the statesman by seeking friendly coop-
eration rather than destructive competition with the

Soviet Union, knowing full well that there was little
likelihood that Khrushchev would accept his offer.
Conversely, the Soviets would appear to be monop-
olizing space for their own personal. and presumably
military, benefit. Second, he minimized the goodwill
that the Soviet Union enjoyed because of its own
success in space vis-d-vis the U.S. Finally, if the Soviet
Union accepted his call for cooperation, it would
tacitly be recognizing the equality of the U.S. in space
activities, something that would also look very good
on the world stage.8

THE SoVIET CHALLENGE RENEWED

Had the balance of power and prestige between the
United States and the Soviet Union remained stable in
the spring of 1961, it is quite possible that Kennedy
would never have advanced his Moon program and the
direction of American space efforts might have taken
a radically different course. Kennedy seemed quite
happy to allow NASA to execute Project Mercury at a
deliberate pace, working toward the orbiting of an
astronaut sometime in the middle of the decade, and to
build on the satellite programs that were yielding
excellent results both in terms of scientific knowledge
and practical application. Jerome Wiesner reflected:
“If Kennedy could have opted out of a big space
program without hurting the country in his judgment,
he would have.”

Firm evidence for Kennedy's essential unwilling-
ness to commit to an aggressive space program came
in March 1961 when the NASA Administrator, James
E. Webb, submitted a request that greatly expanded his
agency’s fiscal year 1962 budget so as to permit a
Moon landing before the end of the decade. While the
Apollo lunar landing program had existed as a longterm
goal of NASA during the Eisenhower administration,
Webb proposed greatly expanding and accelerating it.
Kennedy’s budget director, David E. Bell, objected to
this large increase and debated Webb on the merits of an
accelerated lunar landing program. In the end the pres-
ident was unwilling to obligate the nation to a much
bigger and more costly space program. Instead, in good
political fashion, he approved a modest increase in the
NASA budget to allow for development of the big
launch vehicles that would eventually be required to
support a Moon landing.'

A slow and deliberate pace might have remained
the standard for the U.S. civil space effort had not two
important events happened that forced Kennedy to act.
The Soviet Union’s space effort counted coup on the
United States one more time not long after the new
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president took office. On 12 April 1961 Soviet
Cosmonaut Yuri Gagarin became the first human in
space with a one-orbit mission aboard the spacecraft
Vostok 1. The chance to place a human in space before
the Soviets did so had now been lost. The great success
of that feat made the gregarious Gagarin a global hero,
and he was an effective spokesman for the Soviet
Union until his death in 1967 from an unfortunate
aircraft accident. It was only a salve on an open wound,
therefore, when Alan Shepard became the first
American in space during a 15-minute suborbital flight
on 5 May 1961 by riding a Redstone booster in his
Freedom 7 Mercury spacecraft.!!

Comparisons between the Soviet and American
flights were inevitable afterwards. Gagarin had flown
around the Earth; Shepard had been the cannonball
shot from a gun. Gagarin’s Vostok spacecraft had
weighed 10,428 pounds; Freedom 7 weighed 2,100
pounds. Gagarin had been weightless for 89 minutes;
Shepard for only 5 minutes. “Even though the United
States is still the strongest military power and leads in
many aspects of the space race,” wrote journalist
Hanson Baldwin in the New York Times not long after
Gagarin’s flight, “the world—impressed by the spectac-
ular Soviet firsts—believes we lag militarily and tech-
nologically.”12 By any unit of measure the U.S. had not
demonstrated technical equality with the Soviet Union,
and that fact worried national leaders because of what
it would mean in the larger Cold War environment.
These apparent disparities in technical competence had
to be addressed, and Kennedy had to find a way to
reestablish the nation’s credibility as a technological
leader before the world.

Close in the wake of the Gagarin achievement, the
Kennedy Administration suffered another devastating
blow in the Cold War that contributed to the sense that
action had to be taken. Between 15 and 19 April 1961
the administration supported the abortive Bay of Pigs
invasion of Cuba designed to overthrow Castro.
Executed by anti-Castro Cuban refugees armed and
trained by the CIA, the invasion was a debacle almost
from the beginning. It was predicated on an assumption
that the Cuban people would rise up to welcome the
invaders and when that proved to be false, the attack
could not succeed. American backing of the invasion
was a great embarrassment both to Kennedy personally
and to his administration. It damaged U.S. relations
with foreign nations enormously, and made the commu-
nist world look all the more invincible.!3

While the Bay of Pigs invasion was never men-
tioned explicitly as a reason for stepping up U.S. efforts
in space, the international situation certainly played a
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role as Kennedy scrambled to recover a measure of
national dignity. Wiesner reflected, “I don’t think any-
one can measure it, but I'm sure it [the invasion] had an
impact. I think the President felt some pressure to get
something else in the foreground.”'# T. Keith Glennan,
NASA Administrator under Eisenhower, immediately
linked the invasion and the Gagarin flight together as
the seminal events leading to Kennedy’s announcement
of the Apollo decision. He confided in his diary that “In
the aftermath of that [Bay of Pigs]| fiasco, and because
of the successful orbiting of astronauts by the Soviet
Union, it is my opinion that Mr. Kennedy asked for a

reevaluation of the nation’s space program.”'*
REevALUATING NASA’s PRIORITIES

Two days after the Gagarin flight on 12 April,
Kennedy discussed once again the possibility of a
lunar landing program with Webb, but the NASA

head’s conservative estimates of a cost of more than

$20 billion for the project was too steep and Kennedy
delayed making a decision. A week later, at the time of
the Bay of Pigs invasion, Kennedy called Johnson,
who headed the National Aeronautics and Space
Council, to the White House to discuss strategy for
catching up with the Soviets in space. Johnson agreed
to take the matter up with the Space Council and to rec-
ommend a course of action. It is likely that one of the
explicit programs that Kennedy asked Johnson to con-
sider was a lunar landing program, for the next day, 20
April 1961, he followed up with a memorandum to
Johnson raising fundamental questions about the proj-
ect. In particular, Kennedy asked

Do we have a chance of beating the Soviets by

putting a laboratory in space, or by a trip

around the moon, or by a rocket to go to the
moon and back with a man? Is there any other
space program that promises dramatic results

in which we could win?16

While he waited for the results of Johnson’s inves-
tigation, this memo made it clear that Kennedy had a
pretty good idea of what he wanted to do in space. He
confided in a press conference on 21 April that he was
leaning toward committing the nation to a large-scale
project to land Americans on the Moon. “If we can get
to the moon before the Russians, then we should,” he
said, adding that he had asked his vice president to
review options for the space program.!” This was the
first and last time that Kennedy said anything in public
about a lunar landing program until he officially
unveiled the plan. It is also clear that Kennedy
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approached the lunar landing effort essentially as a
response to the competition between the U.S. and the
U.S.S.R. For Kennedy the Moon landing program, con-
ducted in the tense Cold War environment of the early
1960s, was a strategic decision directed toward advanc-
ing the far-flung interests of the United States in the
international arena. It aimed toward recapturing the
prestige that the nation had lost as a result of Soviet suc-
cesses and U.S. failures. It was, as political scientist
John M. Logsdon has suggested, “one of the last major
political acts of the Cold War. The Moon Project was
chosen to symbolize U.S. strength in the head-to-head
global competition with the Soviet Union.”'#

Lyndon Johnson probably understood these cir-
cumstances very well, and for the next two weeks his
Space Council diligently considered, among other
possibilities, a lunar landing before the Soviets. As early
as 22 April, NASA’s Deputy Administrator Hugh L.
Dryden had responded to a request for information
from the National Aeronautics and Space Council
about a Moon program by writing that there was *“a
chance for the U.S. to be the first to land a man on the
moon and return him to earth if a determined national
effort is made” He added that the earlicst this feat
could be accomplished was 1967, but that to do so
would cost about $33 billion, a figure $10 billion more
than the whole projected NASA budget for the next ten
years." A week later Wernher von Braun, director of
NASA’s George C. Marshall Space Flight Center at
Huntsville, Alabama, and head of the big booster pro-
gram needed for the lunar effort, responded to a similar
request for information from Johnson. He told the vice
president that “we have a sporting chance of sending a
3-man crew around the moon ahead of
the Soviets” and “an excellent chance of beating the
Soviets to the first landing of a crew on the moon
(including return capability, of course.)” He added that
“with an all-out crash program” the U.S. could achieve
a landing by 1967 or 1968.20

After gaining these technical opinions, Johnson
began to poll political leaders for their sense of the
propriety of committing the nation to an accelerated
space program with Project Apollo as its centerpiece.
He brought in Senators Robert Kerr (D-OK) and
Styles Bridges (R-NH) and spoke with several
Represcntatives to ascertain if they were willing to
support an accelerated space program. While only a
few were hesitant, Robert Kerr worked to allay their
concerns. He called on James Webb, who had worked
for his business conglomerate during the 1950s, to
give him a straight answer about the project’s feasibil-
ity. Kerr told his congressional colleagues that Webb

was enthusiastic about the program and “that if Jim
Webb says we can a land a man on the moon and bring
him safely home, then it can be done.” This endorse-
ment secured considerable political support for the
lunar project. Johnson also met with several business-
men and representatives from the aerospace industry
and other government agencies to ascertain the con-
sensus of support for a new space initiative. Most of
them also expressed support.2!

Air Force General Bernard A. Schriever, com-
mander of the Air Force Systems Command that
developed new technologies, expressed the sentiment
of many people by suggesting that an accelerated
lunar landing effort “would put a focus on our space
program.” He believed it was important for the U.S. to
build international prestige and that the return was
more than worth the price to be paid.22 Secretary of
State Dean Rusk, a member of the Space Council, was
also a supporter of the initiative because of the Soviet
Union’s image in the world. He wrote to the Senate
Space Committee a little later that “We must respond
to their conditions; otherwise we risk a basic misun-
derstanding on the part of the uncommitted countries,
the Soviet Union, and possibly our allies concerning
the direction in which power is moving and where
long-term advantage lies.”™ It was clear early in these
deliberations that Johnson was in favor of an expanded
space program in general and a maximum effort to
land an astronaut on thc Moon. Whenever he heard
reservations Johnson used his forceful personality to
persuade. “Now,” he asked, “would you rather have us
be a second-rate nation or should we spend a little
money 7’24

In an interim report to the president on 28 April
1961, Johnson concluded that “The U.S. can, if it will,
firm up its objectives and employ its resources with a
reasonable chance of attaining world leadership in
space during this decade,” and recommended commit-
ting the nation to a lunar landing.2s In this exercise
Johnson had built, as Kennedy had wanted, a strong
justification for undertaking Project Apollo but
he had also moved on to develop a greater consensus
for the objective among key government and business
leaders.

THE NASA POSITION

While NASA's leaders were generally pleased with
the course Johnson was recommending—they recog-
nized and mostly agreed with the political reasons for
adopting a determined lunar landing program—they
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wanted to shape it as much as possible to the agency’s
particular priorities. NASA Administrator James Webb,
well known as a skilled political operator who could
seize an opportunity, organized a short-term effort to
accelerate and expand a long-range NASA master
plan for space exploration. A fundamental part of
this effort addressed a legitimate concern that the
scientific and technological advancements for which
NASA had been created not be eclipsed by the political
necessities of international rivalries. Webb conveyed the
concern of the agency’s technical and scientific com-
munity to Jerome Wiesner on 2 May 1961, noting that
“the most careful consideration must be given to the
scientific and technological components of the total
program and how to present the picture to the world
and to our own nation of a program that has real
value and validity and from which solid additions to
knowledge can be made, even if every one of the spe-
cific so-called ‘spectacular’ flights or events are done
after they have been accomplished by the Russians.” He
asked that Wiesner help him “make sure that this com-
ponent of solid, and yet imaginative, total scientific and
technological value is built in.’26

Partly in response to this concern, Johnson asked
NASA to provide for him a set of specific recommen-
dations on how a scientifically-viable Project Apollo,
would be accomplished by the end of the decade. What
emerged was a comprehensive space policy planning
document that had the lunar landing as its centerpiece
but that attached several ancillary funding items to
enhance the program’s scientific value and advance
space exploration on a broad front:

1. Spacecraft and boosters for the human flight to

the Moon.

2. Scientific satellite probes to survey the Moon.

3. A nuclear rocket.

4. Satellites for global communications.

5. Satellites for weather observation.

6. Scientific projects for Apollo landings.
Johnson accepted these recommendations and passed
them to Kennedy who approved the overall plan.?”

The last major area of concern was the timing for
the Moon landing. The original NASA estimates had
given a target date of 1967, but as the project became
more crystallized agency leaders recommended not
committing to such a strict deadline.s James Webb,
realizing the problems associated with meeting target
dates based on NASA’s experience in space flight, sug-
gested that the president commiit to a landing by the end
of the decade, giving the agency another two years to
solve any problems that might arise. The White House
accepted this proposal.??
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DEciIsION

President Kennedy unveiled the commitment to
execute Project Apollo on 25 May 1961 in a speech on
“Urgent National Needs,” billed as a second State of the
Union message. He told Congress that the U.S. faced
extraordinary challenges and needed to respond
extraordinarily. In announcing the lunar landing com-
mitment he said:

If we are to win the battle that is going on

around the world between freedom and tyranny,

if we are to win the battle for men’s minds, the

dramatic achievemcats in

occurred in recent weeks should have made

clear to us all, as did the Sputnik in 1957, the

impact of this adventure on the minds of men
everywhere who are attempting to make a deter-

mination of which road they should take . . .

We go into space because whatever mankind

must undertake, free men must fully share.

Then he added: “I believe this Nation should commit-
ment itself to achieving the goal, before this decade is
out, of landing a man on the moon and returning him
safely to earth. No single space project in this period
will be more impressive to mankind, or more important
for the long-range exploration of space; and none will
be so difficult or expensive to accomplish.”’30

et Ve

spacc which

AN ASSESSMENT OF THE DECISION

The President had correctly gauged the mood of
the nation. His commitment captured the American
imagination and was met with overwhelming support.
No one seemed concerned either about the difficulty
or about the expense at the time. Congressional debate
was perfunctory and NASA found itself literally press-
ing to expend the funds committed to it during the
early 1960s. Like most political decisions, at least in
the U.S. experience, the decision to carry out Project
Apollo was an effort to deal with an unsatisfactory sit-
uation (world perception of Soviet leadership in space
and technology). As such Apollo was a remedial
action ministering to a variety of political and emo-
tional needs floating in the ether of world opinion.
Apollo addressed these problems very well, and was a
worthwhile action if measured only in those terms. In
announcing Project Apollo Kennedy put the world on
notice that the U.S. would not take a back seat to its
superpower rival. John Logsdon commented: “By
entering the race with such a visible and dramatic
commitment, the United States effectively undercut
Soviet space spectaculars without doing much except

-5-
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GEARING UpP FOR ProJEcT APOLLO

The first challenge NASA leaders faced in meet-
ing the presidential mandate was securing funding.
While Congress enthusiastically appropriated funding
for Apollo immediately after the president’s
announcement, NASA Administrator James E. Webb
was rightly concerned that the momentary sense of
crisis would subside and that the political consensus
present for Apollo in 1961 would abate. He tried,
albeit without much success, to lock the presidency
and the Congress into a long-term obligation to sup-
port the program. While they had made an intellectual
commitment, NASA’s leadership was concerned that
they might renege on the economic part of the bargain
at some future date.®

Initial NASA estimates of the costs of Project
Apollo were about $20 billion through the end of the
decade, a figure approaching $150 billion in 1992
when accounting for inflation. Webb quickly stretched
those initial estimates for Apollo as far as possible,
with the intent that even if NASA did not receive its
full budget requests, as it did not during the latter haif
of the decade, it would still be able to complete
Apollo. At one point in 1963, for instance, Webb came
forward with a NASA funding projection through
1970 for more than $35 billion. As it turned out Webb
was able to sustain the momentum of Apollo through
the decade, largely because of his rapport with key
members of Congress and with Lyndon B. Johnson,
who became president in November 1963.34

Project Apollo, backed by sufficient funding, was
the tangible result of an early national commitment in
response to a perceived threat to the United States by
the Soviet Union. NASA leaders recognized that while
the size of the task was enormous, it was still techno-
logically and financially within their grasp, but they
had to move forward quickly. Accordingly, the space
agency’s annual budget increased from $500 million
in 1960 to a high point of $5.2 billion in 1965.35 The
NASA funding level represented 5.3 percent of the
federal budget in 1965. A comparable percentage of
the $1.23 trillion Federal budget in 1992 would have
equaled more than $65 billion for NASA, whereas the
agency’s actual budget then stood at less than
$15 billion.

Out of the budgets appropriated for NASA each
year approximately 50 percent went directly for
human spaceflight, and the vast majority of that went
directly toward Apollo. Between 1959 and 1973 NASA
spent more than $25 billion on human spaceflight,
exclusive of infrastructure and support, of which nearly

7-

APOLLO: A RETROSPECTIVE ANALYSIS

$20 billion was for Apollo.* In addition, Webb sought
to expand the definition of Project Apollo beyond just
the mission of landing humans on the Moon. As a
result even those projects not officially funded under
the Apollo line item could be justified as supporting
the mission, such as the Ranger, Lunar Orbiter, and
Surveyor satellite probes.

For seven years after Kennedy’s Apollo decision,
through October 1968, James Webb politicked,
coaxed, cajoled, and maneuvered for NASA in
Washington. A longtime Washington insider—the for-
mer director of the Bureau of the Budget and
Undersecretary of State during the Truman
Administration—he was a master at bureaucratic pol-
itics, understanding that it was essentially a system of
mutual give and take. For instance, while the native
North Carolinian may also have genuinely believed in
the Johnson Administration’s Civil Rights bill that
went before Congress in 1964, as a personal favor to
the President he lobbied for its passage on Capitol
Hill. This secured for him Johnson’s gratitude, which
he then use to secure the administration’s backing of
NASA's initiatives. In addition, Webb wielded the
money appropriated for Apollo to build up a con-
stituency for NASA that was both powerful and vocal.
This type of gritty pragmatism also characterized
Webb’s dealings with other government officials and
members of Congress throughout his tenure as admin-
istrator. When give and take did not work, as was the
case on occasion with some members of Congress,
Webb used the presidential directive as a hammer to
get his way. Usually this proved successful. After
Kennedy’s assassination in 1963, moreover, he some-
times appealed for continued political support for
Apollo because it represented a fitting tribute to the
fallen leader. In the end, through a variety of methods
Administrator Webb built a seamless web of political
liaisons that brought continued support for and
resources to accomplish the Apollo Moon landing on
the schedule Kennedy had announced.?’

Funding was not the only critical component for
Project Apollo. To realize the goal of Apollo under the
strict time constraints mandated by the president, per-
sonnel had to be mobilized. This took two forms. First,
by 1966 the agency’s civil service rolls had grown to
36,000 people from the 10,000 employed at NASA in
1960. Additicnally, NASA's leaders made an early
decision that they would have to rely upon outside
researchers and technicians to complete Apollo, and
contractor employees working on the program
increased by a factor of 10, from 36,500 in 1960 to
376,700 in 1965. Private industry, research institu-
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tions, and universities, therefore, provided the majority
of personnel working on Apollo.’

To incorporate the great amount of work under-
taken for the project into the formal bureaucracy never
seemed a particularly savvy idea, and as a result dur-
ing the 1960s somewhere between 80 and 90 percent
of NASA’s overall budget went for contracts to pur-
chase goods and services from others. Although the
magnitude of the endeavor had been much smaller
than with Apollo, this reliance on the private sector
and universities for the bulk of the effort originated
early in NASA'’s history under T. Keith Glennan, in
part because of the Eisenhower Administration’s mis-
trust of large govemment establishments. Although
neither Glennan’s successor, nor Kennedy shared that
mistrust, they found that it was both good politics and
the best way of getting Apollo done on the presiden-
tially-approved schedule. It was also very nearly the
only way to hamess talent and institutional resources
already in existence in the emerging aerospace indus-
try and the country’s leading research universities.?

In addition to these other resources, NASA moved
quickly during the early 1960s to expand its physical
capacity so that it could accomplish Apollo. In 1960
the space agency consisted of a small headquarters in
‘Washington, its three inherited NACA research cen-
ters, the Jet Propulsion Laboratory, the Goddard Space
Flight Center, and the Marshall Space Flight Center.
With the advent of Apollo, these installations grew
rapidly. In addition, NASA added three new facilities
specifically to meet the demands of the lunar landing
program. In 1962 it created the Manned Spacecraft
Center (renamed the Lyndon B. Johnson Space Center
in 1973), near Houston, Texas, to design the Apollo
spacecraft and the launch platform for the lunar lan-
der. This center also became the home of NASA’s
astronauts and the site of mission control. NASA then
greatly expanded for Apollo the Launch Operations
Center at Cape Canaveral on Florida’s eastern sea-
coast. Renamed the John F. Kennedy Space Center on
29 November 1963, this installation’s massive and
expensive Launch Complex 39A was the site of the
Apollo 11 launch. Additionally, the spaceport’s Vehi-
cle Assemble Building was a huge and expensive 36-
story structure where the Saturn/Apollo rockets were
assembled. Finally, to support the development of the
Saturn launch vehicle, in October 1961 NASA created
on a deep south bayou the Mississippi Test Facility,
renamed the John C. Stennis Space Center in 1988.
The cost of this expansion was great, more than 2.2
billion over the decade, with 90 percent of it expended
before 1966.4

THE PROGRAM MANAGEMENT CONCEPT

The mobilization of resources was not the only
challenge facing those charged with meeting President
Kennedy’s goal. NASA had to meld disparate institu-
tional cultures and approaches into an inclusive organ-
ization moving along a single unified path. Each
NASA installation, university, contractor, and research
facility had differing perspectives on how to go about
the task of accomplishing Apollo.#! To bring a sem-
blance of order to the program, NASA expanded the
“program management” concept borrowed by T. Keith
Glennan in the late 1950s from the military/industrial
complex, bnnging in military managers to oversee
Apollo. The central figure in this process was U.S. Air
Force Major General Samuel C. Phillips, the architect
of the Minuteman ICBM program before coming to
NASA in 1962. Answering directly to the Office of
Manned Space Flight at NASA headquarters, which in
turn reported to the NASA administrator, Phillips cre-
ated an omnipotent program office with centralized
authority over design, engineering, procurement, test-
ing, construction, manufacturing, spare parts, logis-
tics, training, and operations.*

One of the fundamental tenets of the program
management concept was that three critical factors—
cost, schedule, and reliability—were interrelated and
had to be managed as a group. Many also recognized
these factors’ constancy; if program managers held
cost to a specific level, then one of the other two fac-
tors, or both of them to a somewhat lesser degree,
would be adversely affected. This held true for the
Apollo program. The schedule, dictated by the presi-
dent, was firm. Since humans were involved in the
flights, and since the president had directed that the
lunar landing be conducted safely, the program man-
agers placed a heavy emphasis on reliability.
Accordingly, Apollo used redundant systems exten-
sively so that failures would be both predictable and
minor in result. The significance of both of these fac-
tors forced the third factor, cost, much higher than
might have been the case with a more leisurely lunar
program such as had been conceptualized in the latter
1950s. As it was, this was the price paid for success
under the Kennedy mandate and program managers
made conscious decisions based on a knowledge of
these factors.#3

The program management concept was recog-
nized as a critical component of Project Apollo’s suc-
cess in November 1968, when Science magazine, the
publication of the American Association for the
Advancement of Science, observed:
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In terms of numbers of dollars or of men,

NASA has not been our largest national

undertaking, but in terms of complexity, rate

of growth, and technological sophistication it

has been unique. . . It may turn out that [the

space program’s] most valuable spin-off of all
will be human rather than technological: bet-

ter knowledge of how to plan, coordinate, and

monitor the multitudinous and varied activi-

ties of the organizations required to accom-
plish great social undertakings.44
Understanding the management of complex structures
for the successful completion of a multifarious task
was an important outgrowth of the Apollo effort.

This management concept under Phillips orches-
trated more than 500 contractors working on both large
and small aspects of Apollo. For example, the prime
contracts awarded to industry for the principal compo-
nents of just the Saturn V included the Boeing
Company for the S-IC, first stage; North American
Aviation—S-1I, second stage; the Douglas Aircraft
Corporation—S-IVB, third stage; the Rocketdyne
Division of North American Aviation—J-2 and F-1
engines; and International Business Machines (IBM)—
Saturn instruments. These prime contractors, with more
than 250 subcontractors, provided millions of parts and
components for use in the Saturn launch vehicle, all
meeting exacting specifications for performance and
reliability. The total cost expended on development of
the Saturn launch vehicle was massive, amounting to
$9.3 billion. So huge was the overall Apollo endeavor
that NASA’s procurement actions rose from roughly
44,000 in 1960 to almost 300,000 by 1965 .45

Getting all of the personnel elements to work
together challenged the program managers, regardless
of whether or not they were civil service, industry, or
university personnel. There were various communities
within NASA that differed over priorities and competed
for resources. The two most identifiable groups were
the engineers and the scientists. As ideal types, engi-
neers usually worked in teams to build hardware that
could carry out the missions necessary to a successful
Moon landing by the end of the decade. Their primary
goal involved building vehicles that would function
reliably within the fiscal resources allocated to Apollo.
Again as ideal types, space scientists engaged in pure
research and were more concerned with designing
experiments that would expand scientific knowledge
about the Moon. They also tended to be individualists,
unaccustomed to regimentation and unwilling to con-
cede gladly the direction of projects to outside entities.
The two groups contended with each other over a great
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variety of issues associated with Apollo. For instance,
the scientists disliked having to configure payloads so
that they could meet time, money, or launch vehicle
constraints. The engineers, likewise, resented changes
to scientific packages added after project definition
because these threw their hardware efforts out of kil-
ter. Both had valid complaints and had to maintain an
uneasy cooperation to accomplish Project Apollo.

The scientific and engineering communities within
NASA, additionally, were not monolithic, and differ-
ences among them thrived. Add to these groups repre-
sentatives from industry, universities, and research
facilities, and competition on all levels to further their
own scientific and technical areas was the result. The
NASA leadership generally viewed this pluralism as a
positive force within the space program, for it ensured
that all sides aired their views and emphasized the hon-
ing of positions to a fine edge. Competition, most peo-
ple concluded, made for a more precise and viable
space exploration effort. There were winners and losers
in this strife, however, and sometimes ill-will was har-
bored for years. Moreover, if the conflict became too
great and spilled into areas where it was misunderstood,
it could be devastating to the conduct of the lunar pro-
gram. The head of the Apollo program worked hard to
keep these factors balanced and to promote order so that
NASA could accomplish the presidential directive.46

Another important management issue arose from
the agency’s inherited culture of in-house research.
Because of the magnitude of Project Apollo, and its
time schedule, most of the nitty-gritty work had to be
done outside NASA by means of contracts. As a result,
with a few important exceptions, NASA scientists and
engineers did not build flight hardware, or even oper-
ate missions. Rather, they planned the program, pre-
pared guidelines for execution, competed contracts,
and oversaw work accomplished elsewhere. This
grated on those NASA personnel oriented toward
research, and prompted disagreements over how to
carry out the lunar landing goal. Of course, they had
reason for complaint beyond the simplistic argument
of wanting to be “dirty-handed” engineers; they had to
have enough in-house expertise to ensure program
accomplishment. If scientists or engineers did not
have a professional competence on a par with the
individuals actually doing the work, how could they
oversee contractors actually creating the hardware and
performing the experiments necessary to meet the rig-
ors of the mission?47

One anecdote illustrates this point. The Saturn
second stage was built by North American Aviation at
its plant at Seal Beach, California, shipped to NASA’s
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Marshall Space Flight Center, Huntsville, Alabama,
and there tested to ensure that it met contract specifi-
cations. Problems developed on this piece of the
Saturn effort and Wernher von Braun began intensive
investigations. Essentially his engineers completely
disassembled and examined every part of every stage
delivered by North American to ensure no defects.
This was an enormously expensive and time-consum-
ing process, grinding the stage’s production schedule
almost to a standstill and jeopardizing the Presidential
timetable.

When this happened Webb told von Braun to
desist, adding that “We’ve got to trust American indus-
try.” The issue came to a showdown at a meeting where
the Marshall rocket team was asked to explain its
extreme measures. While doing so, one of the engi-
neers produced a rag and told Webb that “this is what
we find in this stuff” The contractors, the Marshall
engineers believed, required extensive oversight to
ensure they produced the highest quality work. A com-
promise emerged that was called the 10 percent rule:
10 percent of all funding for NASA was to be spent to
ensure in-house expertise and in the process check
contractor reliability.*

How po we Go To THE MOON?

One of the critical early management decisions
made by NASA was the method of going to the Moon.
No controversy in Project Apollo more significantly
caught up the tenor of competing constituencies in
NASA than this one. There were three basic approach-
es that were advanced to accomplish the lunar mission:

1. Direct Ascent called for the construc-
tion of a huge booster that launched a space-

craft, sent it on a course directly to the Moon,
landed a large vehicle, and sent some part of it
back to Earth. The Nova booster project,
which was to have been capable of generating
up to 40 million pounds of thrust, would have
been able to accomplish this feat. Even if
other factors had not impaired the possibility
of direct ascent, the huge cost and technolog-
ical sophistication of the Nova rocket quickly
ruled out the option and resulted in cancella-
tion of the project early in the 1960s despite
the conceptual simplicity of the direct ascent
method. The method had few advocates when
serious planning for Apollo began.

2. Earth-Orbit Rendezvous was the logical
first alternative to the direct ascent approach. It
called for the launching of various modules

required for the Moon trip into an orbit above
the Earth, where they would rendezvous, be
assembled into a single system, refueled, and
sent to the Moon. This could be accomplished
using the Saturn launch vehicle already under
development by NASA and capable of generat-
ing 7.5 million pounds of thrust. A logical
component of this approach was also the estab-
lishment of a space station in Earth orbit to
serve as the lunar mission’s rendezvous,
assembly, and refueling point. In part because
of this prospect, a space station emerged as part
of the long-term planning of NASA as a jump-
ing-off place for the exploration of space. This
method of reaching the Moon, however, was
also fraught with challenges, notably finding
methods of maneuvering and rendezvousing in
space, assembling components in a weightless
environment, and safely refueling spacecraft.

3. Lunar-Orbit Rendezvous proposed
sending the entire lunar spacecraft up in one
launch. It would head to the Moon, enter into
orbit, and dispatch a small lander to the lunar
surface. It was the simplest of the three meth-
ods, both in terms of development and opera-
tional costs, but it was risky. Since rendezvous
was taking place in lunar, instead of Earth,
orbit there was no room for error or the crew
could not get home. Moreover, some of the
trickiest course corrections and maneuvers
had to be done after the spacecraft had been
committed to a circumlunar tlight. The Earth-
orbit rendezvous approach kept all the options
for the mission open longer than the lunar-
orbit rendezvous mode.4

Inside NASA, advocates of the various approaches
contended over the method of flying to the Moon
while the all-important clock that Kennedy had started
continued to tick. It was critical that a decision not be
delayed, because the mode of flight in part dictated the
spacecraft developed. While NASA engineers could
proceed with building a launch vehicle, the Saturn,
and define the basic components of the spacecraft—a
habitable crew compartment, a baggage car of some
type, and a jettisonable service module containing
propulsion and other expendable systems—they could
not proceed much beyond rudimentary conceptions
without a mode decision. The NASA Rendezvous
Panel at Langley Research Center, headed by John C.
Houbolt, pressed hard for the lunar-orbit rendezvous
as the most expeditious means of accomplishing the
mission. Using sophisticated technical and economic
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became a political concern hashed over in the press for
days thereafter. The science advisor to British Prime
Minister Harold Macmillan, who had accompanied
Wiesner on the trip, later asked Kennedy on Air Force
One how the debate would turn out. The president told
him that Wiesner would lose, “Webb’s got all the
money, and Jerry’s only got me.”s2 Kennedy was right,
Webb lined up political support in Washington for the
lunar-orbit rendezvous mode and announced it as a
final decision on 7 November 1962.53 This set the
stage for the operational aspects of Apollo.

PRELUDE 10 APOLLO: MERCURY

At the time of the announcement of Project Apollo
by President Kennedy in May 1961 NASA was still
consumed with the task of placing an American in
orbit through Project Mercury. Stubborn problems
arose, however, at seemingly every turn. The first
space flight of an astronaut, made by Alan B. Shepard,
had been postponed for weeks so NASA engineers
could resolve numerous details and only took place on
5 May 1961, less than three weeks before the Apollo
announcement. The second flight, a suborbital mission
like Shepard’s, launched on 21 July 1961, also had
problems. The hatch blew off prematurely from the
Mercury capsule, Liberty Bell 7, and it sank into the
Atlantic Ocean before it could be recovered. In the
process the astronaut, “Gus” Grissom, nearly drowned
before being hoisted to safety in a helicopter. These
suborbital flights, however, proved valuable for NASA
technicians who found ways to solve or work around
literally thousands of obstacles to successful space
flight.s

As these issues were being resolved, NASA engi-
neers began final preparations for the orbital aspects of
Project Mercury. In this phase NASA planned to use a
Mercury capsule capable of supporting a human in
space for not just minutes, but eventually for as much
as three days. As a launch vehicle for this Mercury cap-
sule, NASA used the more powerful Atlas instead of
the Redstone. But this decision was not without contro-
versy. There were technical difficulties to be overcome
in mating it to the Mercury capsule to be sure, but the
biggest complication was a debate among NASA engi-
neers over its propriety for human spaceflight.>s

When first conceived in the 1950s many believed
Atlas was a high-risk proposition because to reduce its
weight Convair Corp. engineers under the direction of
Karel J. Bossart, a pre-World War II immigrant from
Belgium, designed the booster with a very thin, inter-
nally pressurized fuselage instead of massive struts and

a thick metal skin. The “steel balloon,” as it was some-
times called, employed engineering techniques that ran
counter to a conservative engineering approach used by
Wernher von Braun for the V-2 and the Redstone at
Huntsville, Alabama.ss Von Braun, according to
Bossart, needlessly designed his boosters like
“bridges,” to withstand any possible shock. For his
part, von Braun thought the Atlas too flimsy to hold up
during launch. He considered Bossart’s approach much
too dangerous for human spaceflight, remarking that
the astronaut using the “contraption,” as he called the
Atlas booster, “should be getting a medal just for sit-
ting on top of it before he takes off!’s” The reservations
began to melt away, however, when Bossart’s team
pressurized one of the boosters and dared one of von
Braun’s engineers to knock a hole in it with a sledge
hammer. The blow left the booster unharmed, but the
recoil from the hammer nearly clubbed the engineer.58

Most of the differences had been resolved by the
first successful orbital flight of an unoccupied
Mercury-Atlas combination in September 1961. On
29 November the final test flight took place, this time
with the chimpanzee Enos occupying the capsule for a
two-orbit ride before being successfully recovered
in an ocean landing. Not until 20 February 1962, how-
ever, could NASA get ready for an orbital flight with
an astronaut. On that date John Glenn became the first
American to circle the Earth, making three orbits in
his Friendship 7 Mercury spacecraft. The flight was
not without problems, however; Glenn flew parts of
the last two orbits manually because of an autopilot
failure and left his normally jettisoned retrorocket
pack attached to his capsule during reentry because of
a loose heat shield.

Glenn’s flight provided a healthy increase in
national pride, making up for at least some of the ear-
lier Soviet successes. The public, more than celebrat-
ing the technological success, embraced Glenn as a
personification of heroism and dignity. Hundreds of
requests for personal appearances by Glenn poured
into NASA headquarters, and NASA learned much
about the power of the astronauts to sway public opin-
ion. The NASA leadership made Glenn available to
speak at some events, but more often substituted other
astronauts and declined many other invitations.
Among other engagements, Glenn did address a joint
session of Congress and participated in several ticker-
tape parades around the country. NASA discovered in
the process of this hoopla a powerful public relations
tool that it has employed ever since.®

Three more successful Mercury flights took place
during 1962 and 1963. Scott Carpenter made three
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orbits on 20 May 1962, and on 3 October 1962 Walter
Schirra flew six orbits. The capstone of Project
Mercury was the 15-16 May 1963 flight of Gordon
Cooper, who circled the Earth 22 times in 34 hours.
The program had succeeded in accomplishing its pur-
pose: to successfully orbit a human in space, explore
aspects of tracking and control, and to learn about
microgravity and other biomedical issues associated
with spaceflight.#0

BRIDGING THE TECHNOLOGICAL GAP:
From GEMINI TO APOLLO

Even as the Mercury program was underway and
work took place developing Apollo hardware, NASA
program managers perceived a huge gap in the capa-
bility for human spaceflight between that acquired
with Mercury and what would be required for a Lunar
landing. They closed most of the gap by experiment-
ing and training on the ground, but some issues
required experience in space. Three major areas
immediately arose where this was the case. The first
was the ability in space to locate, maneuver toward,
and rendezvous and dock with another spacecraft. The
second was closely related, the ability of astronauts to
work outside a spacecraft. The third involved the col-
lection of more sophisticated physiological data about
the human response to extended spaceflight.s!

To gain experience in these areas before Apollo
could be readied for flight, NASA devised Project
Gemini. Hatched in the fall of 1961 by engineers at
Robert Gilruth’s Space Task Group in cooperation
with McDonnell Aircratt Corp. technicians, builders
of the Mercury spacecraft, Gemini started as a larger
Mercury Mark II capsule but soon became a totally
different proposition. It could accommodate two astro-
nauts for extended flights of more than two weeks. It
pioneered the use of fuel cells instead of batteries to
power the ship, and incorporated a series of modifica-
tions to hardware. Its designers also toyed with the
possibility of using a paraglider being developed at
Langley Research Center for “dry” landings instead of
a “splashdown™ in water and recovery by the Navy.
The whole system was to be powered by the newly
developed Titan II launch vehicle, another ballistic
missile developed for the Air Force. A central reason
for this program was to perfect techniques for ren-
dezvous and docking, so NASA appropriated from the
military some Agena rocket upper stages and fitted
them with docking adapters.

Problems with the Gemini program abounded
from the start. The Titan IT had longitudinal oscilla-
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tions, called the “pogo” effect because it resembled
the behavior of a child on a pogo stick. Overcoming
this problem required engineering imagination and
long hours of overtime to stabilize fuel flow and main-
tain vehicle control. The fuel cells leaked and had to
be redesigned, and the Agena reconfiguration also sut-
fered costly delays. NASA engineers never did get the
paraglider to work properly and eventually dropped it
from the program in favor of a parachute system the
one used for Mercury. All of these difficulties shot an
estimated $350 million program to over $1 billion.
The overruns were successfully justified by the space
agency, however, as necessities to meet the Apollo
landing commitment.52

By the end of 1963 most of the difficulties with
Gemini had been resolved, albeit at great expense, and
the program was ready for flight. Following two unoc-
cupied orbital test flights, the first operational mission
took place on 23 March 1965. Mercury astronaut
Grissom commanded the mission, with John W.
Young, a Naval aviator chosen as an astronaut in 1962,
accompanying him. The next mission, flown in June
1965 stayed aloft for four days and astronaut Edward
H. White Il performed the first extra-vehicular
activity (EVA) or spacewalk.s? Eight more missions
followed through November 1966. Despite problems
great and small encountered on virtually all of them,
the program achieved its goals. Additionally, as a tech-
nological learning program Gemini had been a suc-
cess, with 52 different experiments performed on the
ten missions. The bank of data acquired from Gemini
helped to bridge the gap between Mercury and what
would be required to complete Apollo within the time
constraints directed by the president.®

SATELLITE SUPPORT OF APOLLO

In addition to the necessity of acquiring the skills
necessary to maneuver in space prior to executing the
Apollo mandate, NAS A had to learn much more about
the Moon itself to ensure that its astronauts would
survive. They needed to know the composition and
geography of Moon, and the nature of the lunar
surface. Was it solid enough to support a lander, was it
composed of dust that would swallow up the space-
craft? Would communications systems work on the
Moon? Would other factors——geology, geography,
radiation, etc.—affect the astronauts? To answer these
questions three distinct satellite research programs
emerged to study the Moon. The first of these was
Project Ranger, which had actually been started in the
1950s, in response to Soviet lunar exploration, but had
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been a notable failure until the mid-1960s when three
probes photographed the lunar surface before crashing
into it.6s

The second project was the Lunar Orbiter, an
effort approved in 1960 to place probes in orbit around
the Moon. This project, originally not intended to
support Apollo, was reconfigured in 1962 and 1963 to
further the Kennedy mandate more specifically by
mapping the surface. In addition to a powerful camera
that could send photographs to Earth tracking stations,
it carried three scientific experiments—selnodesy (the
lunar equivalent of geodesy), meteoroid detection, and
radiation measurement. While the returns from these
instruments interested scientists in and of themselves,
they were critical to Apollo. NASA launched five
Lunar Orbiter satellites between 10 August 1966 and
1 August 1967, all successfully achieving their objec-
tives. At the completion of the third mission, more-
over, the Apollo planners announced that they had
sufficient data to press on with an astronaut landing,
and were able to use the last two missions for other
activities.66

Finally, in 1961 NASA created Project Surveyor
to soft-land a satellite on the Moon. A small craft with
tripod landing legs, it could take post-landing photo-
graphs and perform a variety of other measurements.
Surveyor 1 landed on the Moon on 2 June 1966 and
transmitted more than 10,000 high-quality photographs
of the surface. Although the second mission crash
landed, the next flight provided photographs, meas-
urements of the composition and surface-bearing
strength of the lunar crust, and readings on the thermal
and radar reflectivity of the soil. Although Surveyor 4
failed, by the time of the program’s completion in 1968
the remaining three missions had yielded significant
scientific data both for Apollo and for the broader lunar
science community.s’

BUILDING SATURN

NASA inherited the effort to develop the Saturn
family of boosters used to launch Apollo to the Moon
in 1960 when it acquired the Army Ballistic Missile
Agency under Wernher von Braun.s8 By that time von
Braun’s engineers were hard at work on the first
generation Saturn launch vehicle, a cluster of eight
Redstone boosters around a Jupiter fuel tank. Fueled
by a combination of liquid oxygen (LOX) and RP-1 (a
version of kerosene), the Saturn I could generate a
thrust of 205,000 pounds. This group also worked on
a second stage, known in its own right as the Centaur,
that used a revolutionary fuel mixture of LOX and

liquid hydrogen that could generate a greater ratio of
thrust to weight. The fuel choice made this second
stage a difficult development effort, because the mix-
ture was highly volatile and could not be readily han-
dled. But the stage could produce an additional 90,000
pounds of thrust. The Saturn I was solely a research
and development vehicle that would lead toward the
accomplishment of Apollo, making ten flights
between October 1961 and July 1965. The first four
flights tested the first stage, but beginning with the
fifth launch the second stage was active and these mis-
sions were used to place scientific payloads and
Apollo test capsules into orbit.s?

The next step in Saturn development came with
the maturation of the Saturn IB, an upgraded version
of earlier vehicle. With more powerful engines gener-
ating 1.6 million pounds of thrust from the first stage,
the two-stage combination could place 62,000-pound
payloads into Earth orbit. The first flight on 26
February 1966 tested the capability of the booster and
the Apollo capsule in a suborbital flight. Two more
flights followed in quick succession. Then there was a
hiatus of more than a year before the 22 January 1968
launch of a Sarurn IB with both an Apollo capsule and
a lunar landing module aboard for orbital testing. The
only astronaut-occupied flight of the Saturn IB took
place between 11 and 22 October 1968 when Walter
Schirra, Donn F. Eisele, and R. Walter Cunningham,
made 163 orbits testing Apollo equipment.”0

The largest launch vehicle of this family, the
Saturn V, represented the culmination of those earlier
booster development and test programs. Standing 363
feet tall, with three stages, this was the vehicle that
could take astronauts to the Moon and return them
safely to Earth. The first stage generated 7.5 million
pounds of thrust from five massive engines developed
for the system. These engines, known as the F-1, were
some of the most significant engineering accomplish-
ments of the program, requiring the development of
new alloys and different construction techniques to
withstand the extreme heat and shock of firing. The
thunderous sound of the first static test of this stage,
taking place at Huntsville, Alabama, on 16 April 1965,
brought home to many that the Kennedy goal was
within technological grasp. For others, it signaled the
magic of technological effort; one engineer even char-
acterized rocket engine technology as a “black art”
without rational principles. The second stage presented
enormous challenges to NASA engineers and very
nearly caused the lunar landing goal to be missed.
Consisting of five engines burning LOX and liquid
hydrogen, this stage could deliver 1 million pounds of
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The Missions of Apollo

Dates: 1967-1972

Vehicles: Saturn IB and Saturn V launch vehicles
Apollo command/service module
Lunar module

Number of People Flown: 33

Highlights: First humans to leave Earth orbit
First human landing on the Moon

Apollo 7

October 11-22, 1968
Crew: Walter M. Schirra, Jr., Donn F. Eisele, Walter Cunningham

Apollo 7 was a confidence-builder. After the January 1967 Apollo launch pad fire, the Apollo command module
had been extensively redesigned. Schirra, the only astronaut to fly Mercury, Gemini and Apollo missions, com-
manded this Earth-orbital shakedown of the command and service modules, With no lunar lander, Apollo 7 was
able to use the Saturn IB booster rather than the giant Saturn V. The Apollo hardware and all mission operations
worked without any significant problems, and the Service Propulsion System (SPS)—the all-important engine
that would place Apollo in and out of lunar orbit—made eight nearly perfect firings. Even though Apollo’s larg-
er cabin was more comfortable than Gemini’s, eleven days in orbit took its toll on the astronauts. The food was
bad, and all three developed colds. But their mission proved the spaceworthiness of the basic Apollo vehicle.

Apollo 8

December 21-27, 1968
Crew: Frank Borman, James A. Lovell, Jr., William A. Anders

The Apollo 8 astronauts were the first human being to venture beyond low Earth orbit and visit another world.
What was originally to have been an Earth-orbit checkout of the lunar lander became instead a race with the
Soviets to become the first nation to orbit the Moon. The Apollo 8 crew rode inside the command module, with
no lunar lander attached. The were the first astronauts to be launched by the Saturn V, which had flown only
twice before. The booster worked perfectly, as did the SPS engines that had been checked out on Apolio 7.
Apollo 8 entered lunar orbit on the morning of December 24, 1968. For the next 20 hours the astronauts circled
the Moon, which appeared out their windows as a gray, battered wasteland. They took photographs, scouted
future landing sites, and on Christmas Eve read from the Book of Genesis to TV viewers back on Earth. They
also photographed the first Earthrise as seen from the Moon. Apollo 8 proved the ability to navigate to and from
the Moon, and gave a tremendous boost to the entire Apollo program.
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Apollo 9

March 3-13, 1969
Crew: James A. McDivitt, David R. Scott, Russell L. Schweickart

Apollo 9 was the first space test of the third critical piece of Apollo hardware—the lunar module. For ten days,
the astronauts put all three Apollo vehicles through their paces in Earth orbit, undocking and then redocking the
lunar lander with the command module, just as they would in lunar orbit. For this and all subsequent Apollo
flights, the crews were allowed to name their own spacecraft. The gangly lunar module was “Spider,” the com-
mand module “Gumdrop,” Schweickart and Scott performed a spacewalk, and Schweickart checked out the new
Apollo spacesuit, the first to have its own life support system rather than being dependent on an umbilical con-
nection to the spacecraft. Apollo 9 gave proof that the Apollo machines were up to the task of orbital rendezvous
and docking.

Apollo 10

May 18-26, 1969
Crew: Thomas P. Stafford, John W. Young, Eugene A. Ceman

This dress rehearsal for a Moon landing brought Stafford and Ceman’s lunar module—nicknamed “Snoopy”—
to within nine miles of the lunar surface, Except for that final stretch, the mission went exactly as a landing
would have, both in space and on the ground, where Apollo’s extensive tracking and control network was put
through a dry run. Shortly after leaving low Earth orbit, the LM and the command service module separated,
then redocked, top to top. Upon reaching lunar orbit, they separated again. While Young orbited the Moon alone
in his command module “Charlie Brown,” Stafford and Ceman checked out the LM’s radar and ascent engine,
rode out a momentary gyration in the lunar lander’s motion (due to a faulty switch setting), and surveyed the
Apollo 11 landing site in the Sea of Tranquility . This test article of the lunar module was not equipped to land,
however. Apollo 10 also added another first—broadcasting live color TV from space.

Apollo 11

July 16-24, 1969
Crew: Neil A. Armstrong, Michael Collins, Edwin E. “Buzz” Aldrin, Jr.

Half of Apollo’s primary goal—a safe return—was achieved at 4:17 p.m. Eastern Daylight Time on July 20,
when Armstrong piloted “Eagle” to a touchdown on the Moon, with less than 30 seconds worth of fuel left in
the lunar module. Six hours later, Armstrong took his famous “one giant leap for mankind.” Aldrin joined him,
and the two spent two-and-a-half hours drilling core samples, photographing what they saw and collecting
rocks. After more than 21 hours on the lunar surface, they returned to Collins on board “Columbia,” bringing
20.87 kilograms of lunar samples with them. The two Moon-walkers had left behind scientific instruments, an
American flag and other mementos, including a plaque bearing the inscription: “Here Men From Planet Earth
First Set Foot Upon the Moon. July 1969 A.D. We came in Peace For All Mankind.”
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Apollo 12

November 14-24, 1969
Crew: Charles “Pete” Conrad, Jr., Richard F. Gordon, Jr., Alan L. Bean

The second lunar landing was an exercise in precision targeting. The descent was automatic, with only a few
manual corrections by Conrad. The landing, in the Ocean of Storms, brought the lunar module “Intrepid” with-
in walking distance—182.88 meters—or a robot spacecraft that had touched down there two-and-a-half years
earlier. Conrad and Bean brought pieces of the Surveyor 3 back to Earth for analysis, and took two Moon-walks
lasting just under four hours each. They collected rocks and set up experiments that measured the Moon’s seis-
micity, solar wind flux and magnetic field. Meanwhile Gordon, on board the “Yankee Clipper” in lunar orbit,
took multispectral photographs of the surface. The crew stayed an extra day in lunar orbit taking photographs.
When “Intrepid’s” ascent stage was dropped onto the Moon after Conrad and Bean rejoined Gordon in orbit,
the seismometers the astronauts had left on the lunar surface registered the vibrations for more than an hour.

Apollo 13

April 11-17, 1970
Crew: James A. Lovell, Jr., Fred W. Haise, Jr., John L. Swigert, Jr.

The crew’s understated radio message to Mission Control was “Okay, Houston, we’ve had a problem here.”
Within 321,860 kilometers of Earth, an oxygen tank in the service module exploded. The only solution was for
the crew to abort their planned landing, swing around the Moon and return on a trajectory back to Earth. Since
their command module “Odyssey” was almost completely dead, however, the three astronauts had to use the
lunar module “Aquarius” as a crowded lifeboat for the return home. The four-day return trip was cold, uncom-
fortable and tense. But Apolio 13 proved the program’s ability to weather a major crisis and bring the crew back
home safely.

Apollo 14

January 31-February 9, 1971
Crew: Alan B. Shepard, Jr., Stuart A. Roosa, Edgar D. Mitchell

After landing in the Fra Mauro region—the original destination for Apollo 13—Shepard and Mitchell took two
Moon-walks, adding new seismic studies to the by-now familiar Apollo experiment package, and using a “lunar
rickshaw” pull-cart to carry their equipment. A planned rock-collecting trip to the 1,000-foot-wide Cone Crater
was dropped, however, when the astronauts had trouble finding their way around the lunar surface. Although
later estimates showed that they had made it to within 30.48 meters of the crater’s rim ,the explorer had become
disoriented in the alien landscape. Roosa, meanwhile, took pictures from on board command module “Kitty
Hawk” in lunar orbit. On the way back to Earth, the crew conducted the first U.S. materials processing experi-
ments in space. The Apollo 14 astronauts were the last lunar explorers to be quarantined on their return from
the Moon.
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Apollo 15

July 26—August 7, 1971
Crew: David R. Scott, James B. Irwin, Alfred M. Worden

The first of the longer, expedition-style lunar landing missions was also the first to include the lunar rover, a
carlike vehicle that extended the astronauts’ range. The lunar module Falcon touched down near the sinuous
channel known as Hadley Rille, Scott and Irwin rode more than 27.36 kilometers in their rover, and had a free
hand in their geological field studies compared to earlier astronauts. They brought back one of the prize tro-
phies of the Apollo program—a sample of ancient lunar crust nicknamed the “Genesis Rock.” Apollo 15 also
launched a small subsatellite for measuring particles and fields in the lunar vicinity. On the way back to Earth,
Worden, who had flown solo on board Endeavour while his crewmates walked on the surface, conducted the
first space-walk between Earth and the Moon to retrieve film from the side of the spacecraft.

Apollo 16

April 16-27, 1972
Crew: John W. Young, Thomas K. Mattingly II, Charles M. Duke, JR.

A malfunction in the main propulsion system of the lunar module “Orion” nearly caused their Moon landing to
be scrubbed, but Young and Duke ultimately spent three days exploring the Descartes highland region, while
Mattingly circled overhead in “Casper.” What was thought to have been a region of volcanism turned out not to
be, based on the astronauts’ discoveries. Their collection of returned specimens included a 11.34 kilograms
chunk that was the largest single rock returned by the Apollo astronauts. The Apollo 16 astronauts also conduct-
ed performance tests with the lunar rover, at one time getting up to a top speed of 17.70 kilometers per hour.

Apollo 17

December 7-19, 1972
Crew: Eugene A. Cernan, Ronald E. Evans, Harrison H. “Jack™ Schmitt

One of the last two men to set foot on the Moon was also the first scientist—astronaut/geologist Harrison
Schmitt. While Evans circled in “America,” Schmitt and Cernan collected a record 108.86 kilograms of rocks
during three Moon-walks. The crew roamed for 33.80 kilometers through the Taurus-Littrow valley in their
rover, discovered orange-colored soil, and left behind a plaque attached to their lander Challenger, which read:
“Here Man completed his first exploration of the Moon, December 1972 A.D. May the spirit of peace in which
we came be reflected in the lives of all mankind.” The Apollo lunar program had ended.
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Spacecraft

Apollo 1

Launch Date

Jan. 27, 1967

APOLLO: A RETROSPECTIVE ANALYSIS

Apollo Statistics

Crew

Virgil I. Grissom
Edward H. White II
Roger Chafee

Flight Time
(days:hrs:min)

There were no missions designated as Apollo 2 and Apollo 3.

Apollo 4

Apollo 5

Apollo 6

Apollo 7

Apollo 8

Apollo 9

Apollo 10

Apollo 11

Apollo 12

Apollo 13

Apollo 14

Apollo 15

Apollo 16

Apollo 17

Nov. 9, 1967

Jan. 22, 1968

April 4, 1968

Oct. 11, 1968

Dec. 21, 1968

Mar. 3, 1969

May 18, 1969

July 16, 1969

Nov. 14, 1969

Apr. 11, 1970

Jan. 31, 1971

July 26, 1971

Apr. 16, 1972

Dec. 7, 1972

Unmanned

Unmanned

Unmanned

Walter M. Schirra, Jr.
Donn F. Eisele
R. Walter Cunningham

Frank Borman
James A. Lovell, Ir.
William A. Anders

James A. McDivitt
David R. Scott
Russell L. Schweickart

Thomas P. Stafford
John W. Young
Eugene A. Cernan

Neil A. Armstrong
Michael Collins
Edwin E. Aldrin, Jr.

Charles Conrad, Jr.
Richard F. Gordon, Jr.
Alan L. Bean

James A. Lovell, Jr.
Fred W. Haise, Jr.
John L. Swigert, Jr.

Alan B. Shepard, Jr.
Stuart A. Roosa
Edgar D. Mitchell

David R. Scott
Alfred M. Worden
James B. Irwin

John W. Young
Charles M. Duke, Jr.

Thomas K. Mattingly 11

Eugene A. Cernan
Harrison H. Schmitt
Ronald E. Evans

0:9:37

0:7:50

0:9:57

10:20:9

6:3:1

10:1:1

3:0:3

8:3:9

10:4:36

5:22:55

9:0:2

12:7:12

11:1:51

12:13:52

Highlights

Planned as first manned Apollo Mission,; fire during ground test
on 1/27/67 took lives of astronauts; posthumously designated as
Apollo 1.

First flight of Saturn V launch vehicle. Placed unmanned Apollo
command and service module in Earth orbit.

Earth orbital flight test of unmanned Lunar Module.
Not recovered.

Second unmanned test of Saturn ¥V and Apollo.

First U.S. 3-person mission.

First human orbit(s) of Moon; first human departure from
Earth’s sphere of influence; highest speed attained in human
flight to date.

Successfully simulated in Earth-orbit operation of lunar module
to landing and takeoff from lunar surface and rejoining with
command module.

Successfully demonstrated complete system including lunar
module to 14,300 m. from the lunar surface.

First human landing on lunar surface and safe return to Earth.
First return of rock and soil samples to Earth, and human
deployment of experiments on lunar surface.

Second human lunar landing Explored surface of Moon and
retrieved parts of Surveyor 3 spacecraft, which landed in Ocean
of Storms on Apr. 19, 1967.

Mission aborted; explosion in service module. Ship circled,
Moon, with crew using LM as “lifeboat” unti! just before
reentry.

Third human lunar landing. Mission demonstrated pinpoint
landing capability and continued human exploration.

Fourth human lunar landing and first Apollo “J” series mission,
which carried Lunar Roving Vehicle. Worden’s inflight EVA of
38 min. 12 sec was performed during return trip.

Fifth human lunar landing, with Lunar Roving Vehicle.

Sixth and final Apollo human lunar landing, again with roving
vehicle.
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John F. Kennedy, Memorandum for Vice President, 20 April 1961, Presidential Flles, John F.
Kennedy Presidential Library, Boston, Massachusetts.

This memorandum led directly to the Apollo program. By posing the question “Is there any . . . space
program which promises dramatic results in which we could win?” President Kennedy set in motion a review
that concluded that only an effort to send Americans to the Moon met the criteria Kennedy had laid out. This
memorandum followed a week of discussion within the White House on how best to respond to the challenge
to U.S. interests posed by the 12 April 1961 orbital flight of Yuri Gagarin.



PO WHITH HOU SE

MoaNIENT L ON

April 20, 1961

MEMORANDUM FOR
VICE PRESIDENT

[n accordance with our conversation [ would like
for you as Chairman of the Space Council to be in charge of
making an overall survey of where we stand in space.

!. Do we have a chancc of beating the Soviets by
putting a laboratory in space, or by a trip
around the moon, or by a rocket to land on the
moon, or by a rocket to go to the moon and
back with a man. [s there any other space
program which promises dramatic results in
which we could win?

2. How much additional would it cost?

3. Are wec working 24 hours a day on existing
programs. If not, why not? I not, will you
make recommendations to me as to how
work can be speeded up.

4. In building large boosters should we put out
emphasis on nuclear, chemical or liquid fuel,
or a combination of these three?

5. Are we making maximum effort? Are we
achieving necessary resulta?

I have asked Jim Webb, Dr., Weisner, Secretary
McNamara and other responsible officials to cooperate with
you fully. [ would appreciate a report on this at the
earliest posgible moment,
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Lyndon B. Johnson, Vice President, Memorandum for the President, “Evaluation of Space
Program,” 28 Aprli 1961, NASA Historical Reference Collection, NASA Headquarters, Washing-

ton, D.C.

This memorandum, prepared by Edward C. Welsh, Executive Secretary of the National Aeronautics and
Space Council, and signed by Vice President Lyndon B. Johnson, was the first report to President Kennedy on
the results of the review he had ordered on 20 April. The report identified a lunar landing by 1966 or 1967 as
the first dramatic space project in which the United States could beat the Soviet Union. The Vice President
identified “leadership” as the appropriate goal of U.S. efforts in space.



OFFICE OF THE VICE PRESIDENT

WASHINGTON. D. C.

-
~
-—

—

April 28, 1961

-
-5
-

MEMORANDUM FOR

Subject: Evaluation of Space Program.

Reference is to your April 20 memorandum asking certain questions
regarding this country's space prograrm.

A dctailed survey has not been completed in this time period. The
examination will continue, llowecver, what we have obtained so far
from knowledgeable and responsible persons makes this summary

reply possible,

Among thosc who have participated in our deliberations have been the
Sccretary and Deputy Secretary of Defense; General Schriever (AF);
Admiral IHayward (Navy); Dr. von Braun (NASA); the Administrator,
Deputy Administratior, and other top officials of NASA, the Special
Assistant to. the President on Science and Technology; representatives
of the Director of the Burcau of the Dudget; and threec outstanding non-
Governmecent citizens of the general public: Ar. George Brown

(Brown & Roat, Houston, Texas); Mr. Dounald Cook {Amerxican Electric
Power Scrvice, New York, N. Y.); and Mr. Frank Stanton (Columbia
Broadcasting System, New Yorl, N. Y.).

The following general conclusions can be reported:

a. Largely due to their concentrated cfforts and their
‘earlicr emphasis upon the development of large rocket
engincs, the Soviets are ahecad of the United States in
world prestige attained through impressive technological
accomplishments in space.

b. The U.S. has greater resources than the USSR for
:ttaining space lcadership but has failed to make the
nccessary hard decisions and to marshal those resources
to achieve such leadership.

—
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‘c. This country should be realistic and recognize that
other nations, regardless of their appreciation of our
idealistic values, will tend to align themselves with the
country which they believe will be the world leader --
the winner in the long run. Drarmnatic accomplishments
in space are being increasingly identified as a major
indicator of world leadership.

d. The U.S. can, if it will, firm up its objectives and
employ its resources with a reasonable chance of attain-
ing world leadership in space during this decade. This
will be difficult but can be made probable even recognizing
the head start of the Soviets and the likelihood that they
will continue tc move forward with impressive successes.
In certain arcas, such as communications, navigation,
weather, and mapping, the U.S. can and should exploit

its existing advance position.

e. If we do not make the strong effort now, the time will
soon be reached when the margin of control over space and
over men's minds through space accomplishments will have
swung so far on the Russian side that we will not be able to
catch up, let alone assume leadership.

f.. Even in those areas in which the Soviets already have -
the capability to be first and are likely to imprdve upon

such capability, the United States should make aggressive
efforts as the technological gains as well as the international
rewards are essential steps in eventually gairing leadership.
The danger of long lags or outright omissions by this country
is substantial in view of the possibility of great technological
‘breakthroughs obtained from space exploration.

g. Manned exploration of the moon, for example, is not
only an achievement with great propaganda value, but it is
essential as an objective whether or not we are first in its
accomplishment -- and we may be able to be first. We
cannot lecapfrog such accomplishments, as they are essential
sources of knowledge and experience for even grcgtcr suc-
cesses in space. We cannot expect the Russians to transfier
the benefits of their experiences or the advantages of their
capabilities to us. We must do these things oursclves.
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h. The American public should be given the facts as to
how we stand in the space race, told of our determination
to lead in that race, and advised of the importance of such
leadership to our future,

i. More resources and more effort need to be put into our
;pace program as. soon as passible, We should move forward
with a bold program, while at the same time taking every
-practical precaution for the safety of the persons actively
participating in space flights.

-
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As for the specific questions posed in your memorandum, the follow-
ing brief answers develop from the studies made during the past few
days. These conclusicns are subject to expansion and more detailed
examination as our survey continues,

Q.1 - Do we have a chance of beating the Soviets by putting
.a—l—aboratory in space, or by a trip around the moon, or by

a rocket to land on the moon, or by a rocket to go to the
moon and back with a man. Is there any other space program

which promises dramatic results in which we could win?

A.l - The Soviets now have a rocket capability for putting

a multi-manned laboratory into space and have already
crash-landed a rocket on the moon. They also‘have the
booster capability of making a soft landing on the moon

with a payload of instruments, although we do not know how
much preparation they have made for such a project. As-
for a manned trip around the moon or a safe landing and
return by a man to the moon, neither the U.S. nor the USSR
has such capability at this time, so far as we know, The
Russians have had more experience with large boosters and
with flights of dogs and man. Hence they might be conceded
a time advantage in circumnavigation of the moon and also
in a manned trip to the moon. However, with a strong
effort, the United States could conceivably be first in those
two accomplishments by 1966 or 1967.
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There are a number of programs which the United States
could pursue immediately and which promise significant
world-wide advantage over the Soviets, Among these are
communications satellites, meteorological and weathe
satellites, and navigation and mapping satellites. These
are all areas in which we have already developed some
competence. We have such programs and believe that the
Soviets do not. Moreover, they are programs which could
be made operational and effective within reasonably short
periods of time and could, if properly programmed with
the interests of other nations, make useful strides toward
world leadership. :

Q.2 - How much additional would it cost?

A.2 - To start upon an accelerated program with the afore-
mentioned objectives clearly in mind, NASA has submi‘ted

an analysis indicating that about $500 million would be

needed for FFY 1962 over and above the amount currently
requested of the Congress. A program based upon NASfA's
analysis would, over a ten-year period, average appro:imately
$1 billion a year above the current estimates of the existing
NASA program.

While the Department of Defense plans to make a more
detailed submission to me within a few days, the Secretary
has taken the position that there is a nced for a strong

effort to develop a large solid-propellant boostes and that

his Department is interested in undertaking such a project.

It was understood that this would be programmed in accord
with the existing arrangement for close cooperation with
NASA, which Agency is undertaking some research in this
field. e estimated they would need to employ approximately
$50 million during FY 1962 for this work but that this could
be financed through management of funds already requested
in the FY 1962 budget. Future defense budgets would include
requests for additional funding for this purpose; a preliminary
estimate indicates that about $500 million would be neecded in
total.
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Q.3 - Are we working 24 hours a day on existing programs.
If not, why not? If not, will you make recommendations to
me as to how work can be spceded up.

A.3 - There is not a 24-hour-a-day work schedule on exist-
ing ‘NASA space programs except for selected areas in

Project Mercury, the Saturn-C-1 booster, the Centaur engines
and the final launching phases of most flight missions. They
advise that their schedules have been geared to the availability
of facilities and financial resourccs, and that hence their over-
time and 3¢shift arrangements exist only in those activities

in which there are particular bottlenecks or which are holding
up operations in other parts of the programs. For example,
they have a 3-shift 7-day~week operation in certain work at
Cape Canaveral; the contractor for Project Mercury has
averaged a 54-hour week and employs two or three shifts in
some areas; Saturn C-1 at Huntsville is working around the
clock during critical test periods while the remaining work

on this project averages a 47-hour week; the Centaur hydrogen
engine is on a 3-shift basis in some portions of the contractor!s
plants.

This work can be speeded up through firm decisions to go
ahead faster if accompanied by additional funds need:d for
the acceleration. T

Q. 4 - In building large boosters should we puf* our ernphasis
on nuclear, chemical or liquid fuel, or a combination of these
three?

A.4 - It was the consensus that liquid, solid and nuclear
boosters should all be accelerated. This conclusion is
based not only upon the necessity for back-up methods, but
also because of the advantages of the different types of
boosters for different missions. A program of such em-
phasis would meet both so-called civilian needs and defense

requirements.



-6 -

Q.5 - Are we making maximum effort? Are we achiev-
ing necessary rcsults?

A.5 - We are neither making maximum effort nor achiev-
ing results necessary if this country is to reach a position
of leadership.

T
i )\\\\.‘.? W

Lyndon B. Fchnson

|
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Wernher von Braun to the Vice President of the United States, 29 April 1961, NASA Historical
Reference Collection, NASA Headquarters, Washington, D.C.

Of all those consulted during the presidentially-mandated space review, no one had been thinking longer
about the future in space than Wernher von Braun. Even when he had led the development of the V-2 rocket
for Germany during World War 11, von Braun and his associates had been planning future space journeys. After
coming to the United States after World War I, von Braun was a major contributor to popularizing the idea of
human spaceflight. As he stressed in his letter, von Braun had been asked to participate in the review as an
individual, not as the Director of NASA’s Marshall Space Flight Center. Von Braun told the Vice President in
his letter that the United States had “an excellent chance” of beating the Russians to a lunar landing.



Tho Vice Prosidont of the ' United States
Tho Whito House
Washington 25, D, C,

My doar Mr, Vice Proasidont:

This is an attompt to anawer somo of the questions about our
national spaco program raised by Tha Presidont in his memorandum
to you dated April 20, 1961. 1 should like to emphasize that the {fol-
lowing commonts are strictly my own and do not nccessarily rcflect
the official position of the National Aeoronautics and Spacae Adminia=-
tration in which 1 have the honor to serve.

Quostion 1. Do we have a chance of beating the Soviots by
putting a laboratory in space, or by a trip around the moon, or by
a rockot to land on the moon, or by a rocket to go to the moon and
back with a man2? Is there any othar space program which promiaos
dramatic results in which we could v/in?

Answar: " With their recent Venus shot, tho Soviaets demone
strated that they have a rocket at their disposal which can place
14, 000 pounds of payload in orbit. When one considars that our own
onae=man Mercury space capsule waeighs only 3900 pounds, {t bzcomos
roadily apparont that the Soviet carrier rocket should be capabia of

 launching several astronauts into orbit simultaneously,
(Such an enlarged multi-man capsule could bo considored
and could serve as a small "laboratory in spaco’'.

= soft-landing a substantial payload on the moon. My
estitnate of tho maximum soft-landcd net payload weight
the Soviet rocket {8 capable of is about 1400 pounds
(ono-tenth of {ts low orbit paquad). This w;ight capa-
bility {8 not sufficient to include a rocket for the return
flight to earth of a man landed on the moon. But it is
entiroely adequate for a powerful radio transmitter which
would relay lunar data back to earth and which would be

~abandoned on the lunar surface after completion of this
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miscion. A similar mission is plapncd Zor our
=¥ WRangor' projoct, which uunes an Atlza-Agena 3
boost rocket. Tho "semi-hard" landed portion
of tho Rangor package weighs 293 pounds.
launching is ochoculed for January 1962,

The cexisting Sovict rocket could fuxzthermore hurl
a 4000 to 5000 pound capsule around the mooa with cnsuing rc~-cairy
into the carth atmosphore. This weigkt allowzance mawst be considorod
marginal for a ono-man round-tho-naoon voyage. Specifically, it
would not sufficc to provido the capsule and its cccupaat with o "asafs
abort and reoturan' capability, - a feature which undcr NASA ground
rules for pilot safcty is considcred mandatory for all rmanrned Zpaco
flight missions. Ong should not ovarlook the poagibility, owcvor,
that tho Sovicte may substantially facilitate thoir task by ~imnzly
wajving this requircment.

A roclet a2bout ten times as powerful 29 the Sowvie:
Venus launch rockot is required to land a mman on the rmoon 26 |
Lim back to carth.

Davclopment of such a supor rocket can bo ¢t
cumventod by orbital rendezvous and rcefucling of smaller rockets, tut
tho dovclopmont of this technique by tho Sovicts would not bo hiddca
{rom our cyes and would undoubtedly require sevoral yczrs {posscibly

ac¢ long or ovon longor than the developmeat of a largo ciroct-flignt
super rockat).

Summing up, it {3 my belicf that

a) we do not have a good chance of beating the Soviots
to 2 mannod 'laboratory in snace.' The Russiaas
could place it in orbit thic ycar while we could
establish a (Bomewhat heavier) laboratory only

after the availability of a reliable Saturn C-1 ‘waich
iz in 1964.

b) wo have a sporting chance of beating the Soviets to
a soft-landing of a radio transmittor station on tho
rmoon. It is hard to say whethor this objoctivo izon
tacir program, but as far as thoe launch rocket is
concornegd, thay could do it at any time. Wo plan
to do it with the Atlas~-Agona B-boosted Rangoxr 43
in early 1962,
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¢) wo have a sporting chance of sending a 2-mo=
crow around tho moon ahoad of the Sovicin
(1965/66). Howovor, tho Sovioto ¢ould conduct
a round-tho-moon voyago earlier if thay 2va
ready to waivo cortain ecmorgency safoty fca-
turos ond limit tho voyago to onec man. My
ontimato is that thoy could perform thia
simplificd task in 1962 or 1963.

d) wo have an oxccllent chance of beating the
Soviats to theo first landing of a crew on the
moon (including roturn capability, of courasc).
The reason {8 that a performance jump by ¢

—

factor 10 over their proesont rockets ic neccc-
cary to accomplish thic feat. While today wa
do not hava such a rocket, it is unlikecly that
‘tho Soviets havo it. Therecfore, wa would 1ot
have to cnter the race toward thias obvicus neix
goal in space oxploration against hopagicss cadus
favoring the Soviets. With an all-out crash
program I think wo could accomplish thio
objactive in 1967/68.

Question 2. How much additional would {i cost?

Ancswer: 1 think I should not attempt to answor 513

quastion boforeo the exact objoctives and tho time plon {or aa accel-
orated United States space program have bcon detormincd.

Howavor, I can say with somo dogree of certaiaty that {ho necassary
funding increase to mect objoctive d) abova would bo woll ovor

$1 Billion for FY 62, and that tho requirod incroaczes foT subsoquant
{iscal yoars may run twice as high or morec.
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Cuontion 3. Aro wo working 24 hours a day on cxisting nro-

grams? If not, why not? If nat, vill you mako rccommendations
to me as to how work can bo spacdod up.

Answor: V/o aro not working 24 houro a day on oxisting
programs. At prcaent, work oa NALGA's Saturn project prococds on

=2 baslc ona-shift basis, with overtime and multiple shift opcrationz
approved in critical 'bottleneck" aroas.

Durlng the months of January, rebruary znad
March 1961, NASA'c George C. Marshall Spaco Tlight Ceniex,
which has systoms managoment for the cntire Saturn vehiclo and
dovolops tho largo first stage as an inhouse projcci, has worked aa
averago of 46 hours a wock., This includes all adminfcirztive ond
clorical activitios. In the arcas critical for the Szaturn nroject
(design activitics, asscmbly, inspccting, testing), cvaerago woridng
time for the samo period was 47,7 hours a weaek,, with Iadividudl
poaks up to 54 hours par weck.

Exporionco indicates that in Rosearca & Dovel-
opmeont work longor bhours arc not conducive to progress baczusae X
hazards introducod by fatiguo. In tho aforementionoed critical zicas,
a sccond shift would groeatly allaviate tho tight schoduliag situation.
Howeaver, additional funds and persormmoel épaces aroe roquired to nirc
a sacond shif:, and neither aro available at thig timoe. In thie arco,
help would bo most cffective,

Introduction of a third shift cannot ba rocom-
mended for Research & Devclopmont work. Industry-wido expaci-
onca {ndicatos that a two-shift operation with mederata bHut not
excassive overtime produces the best rosulta.

In industrial plants engaged in the Saturn pro-
gram thao situntion is approximately the samo. Modorztcely increzsed
funding to pormit greater usa of premium paid overtimo, prudently

applied to raeal 'bottleneck' arocas, can dofiaitcly c¢paaed vy tho pro-
gram,
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Qucstion 4. In building largo boosters should wo put oux
emphaosis on nuclear, chemiczl or liquid fual, or a combiniion’
of thoso thraa?

Anewor: It {8 tho conccnsuc of opinion aunong most ~ockel
mon and reactur oxporto that the {uturo of the nucloas roclkut llas ia
doop-spaceo oporations (uppor oitages of chemicully-booated rociets
or nuclear spaca vechiclos departing from an orbiz around the carth)
rathor than in launchings {(under nucloar pewor) frora the ground. Ia
addition, thoro can bo littlec doubt that the basic tochnology of nuclecar
.rockets is still in its ocarly {nfancy. The nucloar rockct should thcrc-
forc bo loocked upon a5 a promising mcanc to exiond and oxpand thao
ecope of our space oporations in the yoars beyond 1967 oxr 1968. It

should not bo considored as a sorious contondor in tho big booolayr
problem of 1961,

The forogoing commont refors to tha simplcest and
most etrajightforward typo of nuclcar rocket, viz. the 'heat transios
or 'blow-down’ type, wnereby liquid hydrogen is ocveporatod ond
suporhoatoed in a very hot nuclear rcactor znd subsequently cxpa=dod
through a nozzle.

Thoro is also a fundamentally diffaront typo ol
nuclear rocket propulsion system in the works which is usually
referred to an "{fon rocket" or "ion propulsion'. Herc, the nucloar
encrgy 1s first converted into clactrical power which is then uGed o
oxpel “fonized" (1. 0., clectrically charged) particles into the vacuuza
of outor spaac at cxtrecmely high speeds. The resulting reaction
force {8 the ion rocket's'thrust'. It is in the very natura of nuclear
ion propulsion systems that they cannot be used in the atmosphero.
While very cfficiont in propcllant ecconomy, they iro capable only of
vory small thrust forces. Therefore they do not qualify as 'ooosters'
at all. The future of nuclear ion propulsion lies in itz zszlication for
low-thrust, high-economy cruise powar for interplacetizy voyages,

Asg to '""chemical or liquid fuel' The Prosident's
question undoubtedly refers to a comparison betwodon "solic'" aud
"iquid" rocket fuels, both of which involve chomical roactiions.,

At the present time, our most poworful rockot
boostars (Atlas, first stagae of Titan, first stago of Saturn) aro ail



The Vice Prosidont of the Unitcd States April 29, 1961

llquid fuol rockots and all availablo cvidenco indicateos that tho Sovicts
aroc also using liquid fuols for thoir ICEM's and opaco lavnchiago, Tha
largost solid fucl rockots in oxistenco today (Nike Zceus boostor, Iizcs
stage Minuteman, first stage Polaris) aro substaniially smaller and
loss powarful, Thoro {8 no quastion in my mind that, wnhaa it comos
to bullding vary powor{ul boostor rockot systemo, tho body of cxposs

{enca avaflablo today with liquid fucl cystems greatly oxcoods that
‘with solid fuel rockots,

There can bo no quostion that larger aand moro
poworful eolid fuel rockets can bo bujlt and I do not bolicve tril

major broakthroughs are required toe do oo. On the othor hand it
should not bo ovorlooked that a casing fillad with s0iid —ropecliant and
a nozzleo attachod to it, whilo entirely capablo of produciag thrust, ia
not yct a rocket ship. And although the roliability record of golid

fucl rockot propulsion units, thanks to their simplicity, is impros-
sivo and better than that of liquid propulsion units, thic cooc not apply

to complete rockot systems, {ncluding guldanco systome, coatrol
elerments, stago soparation, etc.

Anothor important point is that booster periorme-
anco should not boe mcasurad in terms of thrust forco along, ouy in
torms of total impuloe; {. 0., the product of thrust {orco and opor-
ating timo. Xor a number of reasons it is advantoious ot 1o extead
the burning timo of solid fuel rockeis beyond about &C tacondcs, .
whorcas most liquid fuel boosters have burning times of 1Z3 socoads
and mora. Thus, a 3-million pound thrust solid rockc: ol Ll sicoads
burning tima {8 actually not mora powerful thax = 1 1/Z-ouilllon neund
thrust liquid boostor of 120 seconds ourning tiza...



Tho Yico Proseident of tho Unitoed Statas April 29, 1‘761

My rocommondation {6 to substantfally incrcauo
tha lovol of offort and funding in tha ficid of golid fucl roclkcis (o
30 oxr 50 million dollars for FY 62) with tho immodiata ob)octives of

e dcmonstration of tho fozcibility of very larso
sogmentod solid fuel rocketa. (Flandlinz and
shipping of multi-million pound solid {ucl
rockets bocomo unmanagecable unless tha
rockets consiot of smaller individual segmensts
which can be assembled in buildiag block {asnricn
at tho launching sito. )

» davelopment of simplo izspectiion ractaods to
maola cortain that such huge solid fucl rociceia
are frac of dangorous cracks or voids

« dotormination of the most suitablo oporationzl
mathods to ship, handle, assomble, chcck and
launch very large solid fuel rockets. Thia
would involve a sarics of papor studlas b
answar quosiions euch as

a. Aro clustors of smaller solid rockets, or
nugeo, single pourad-in-launch~zcito scolid
fuel rockets, pousibly superior to sogmentcd
rockets? This question must be anzlyzed not
Just from the propulsion angle, but from tho
operational point of view for the toizl spzce
transportation system and its attendaxi jyTound
support equipment.

b. Launch pad safety and rango safety criteo.-
(KEow is the total operation at Capc Canaveril
afiected by the presence of loadecd raulti~-
million pound solid fuel boostars?)

<. Land vs off-ghors veé sca launchings of largo
solid fuel rockeots.

d. Requiremonts for manned launchings (How to
shut tho boostor off {n case of trouble to pore
mit safe mission abort and crew capsulg
recovery? If this is difficult, what other
safoty procoduras should be providod?)
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Question 5. Are wa making masdmum cffort? Axo wo achiaving
naecosaary rosults?

Anowort

No, I do not think wo ara maldng mo:lmum offcst.

In my opinion, the moot «ffoctive stopn to im-ovae

our national staturo in tho cpaca fiocld, and to cpecd things up would

be o

A {l‘ij‘i Food

identify a fow (tho fower tho bottor) goals in our opaca
program as objoctives of highest national priority.

(For example: Iot's land a man on tho moon in 19567
or 1968.)

idonti{y those clemecnts of our present space progrom
that would qualify as immediate coatributions to this
objoctive. (For example, coft landings of ouitcblc
i{nstrumontation on thec moon to ccterzming “ko coviron=
mental conditions man will find therc. )

put all other clements of our matfonsl spico prozyi=
on tho ‘back burner'.

/o.f]w‘i F\/éj
add another more powerfulbooster to our national ltunch
vohicle program. The deczign paramcicrs of thic booztiix
should allow a certain flexibility for desircé progrom ~oo
oriontation as mora experionce s gathorad.

Zxample: Dovelop in addition to what iz Lceing done today,
a first-stage booster of twica the total impulse ol Sztaru’s
firet stage, designed to be used {n clusters i icedcd.
With thie booster we could
a. double Saturn's prosently envisioncd payioad.
This additional payload capability would bo vory
helpful for soft instrument landings on the moon,
for circumlunar flights and for the finzl objoctiva
of a mannod landing on the moon (if a few yeaxao
from now tha route via orbital re-Iueling should
turn out to be the more promising ora.)

b. assemble a much larger unit by strapping three
or four boosters togetner into a cluster. This
approach would be taken should, a few yecara
hence, orbital rendexzvouc and rofeeling run iato
difficulties and the '"direct route'' for tho maanod
lunar Janding thus appears mozro promising.
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Summing up, [ should like to say that in the space
race we are competing with a determined opponent whose peacetime
economy is on a wartime footing. Most of our procedures are designed
for orderly, peacetime conditions. [ do not believe that we can win this
race unless we take at least some measures which thus far have been
considered acceptable only in tirnes of a national emergency.

Yours respectfully,

=

Wernher von Braun




APOLLO: A RETROSPECTIVE ANALYSIS

Overton Brooks to the Vice President of the United States, 4 May 1961, NASA Historical
Reference Collection, NASA Headquarters, Washington, D.C.

Overton Brooks (D-LA), chair of the powerful House Committee on Science and Astronautics, wrote to
Lyndon Johnson on 4 May proposing a strong U.S. civil program in space as the best means of demonstrating
“unequivocal leadership in Space Exploration.” He emphasized the prestige factors involved in the U.S./
U.S.S.R. rivalry during the Cold War, and offered several possible options to pursue in meeting the challenge,
among them an aggressive Apollo effort.
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May 4, 1961
MEMORANDUM
To: The Honorable Lyndon B. Johnson, Chairman,
National Aeronautics and Space Council

From: Overton Brooks, Chairman,
House Cormittee on Science and Astronautics

Subject: Recormendations re the National Space Program

General
It is my belief -- and I think on this point that
I can speak for our committee -- that the United States must

do whatever is necessary to gair. uneguivocal leadership in
Space Exploratione.

This means the procurement and utilization of suf-
ficient scientific talent, labor and material resources as
well as the expenditure of sufficient funds. This means
working around the clock, if need be, in all areas of our
Space program --— not just a few.

The reason is patent. Rightly or wrongly, leader-
ship in space research and exploration has assumed such a
powerful position among the elements which form the political
stature of our country in the eyes of the world that we can-
not afford to slight it in any fashion whatsoever. This is
perhaps even more true of the non-military phase of our
national space endeavor than it is of the military. Obviously,
neither phase can be slighted.

According to the best information and estimates
available to our committee, the Soviets are putting about 2%




of their gross national product into their space effort —-
possibly as much as 2%%. For various reasons, this is a
difficult thing to correlate in terms of equivalent dollars.

But I think it is indicative of national attitudes and effort

to contrast the Russian percentage with the less than one-

half of one per c nt of the United States gross national product
which is going into the space program, civilian and military.

A similar financial commitment on our part would involve some
$10 billion a year.

Of course, I am not suggesting anything of this
magnitude, but I do believe we need to accelerate our space

program to the maximum that it can be accelerated by adding
money to it.

I understand the restrictions and limitations im-
posed by our budget and by the many other legitimate demands
for federal money. But I also am convinced that this space
effort must be made and can be made within the flexible con-
fines of the existing budget.

Let me emphasize that while the recommendations to
follow deal mainly with the augmentation of our immediate
and short-range program, we on this committee are equally
committed to a forceful and stepped-up long-range endeavor.
We believe that a particular effort must be made to strengthen
such programs as Apollo, Saturn, Rover and the solid-segmented
and F-1 liquid engine concepts.

I totally reject the defeatist notion that we are
so far behind the Soviets in certain space areas that there
is little point in trying to overtake them, nor can I accept
the philosophy that our Space endeavor should be limited to
a moderately-paced, purely scientific program. In today's
volatile world our very security is linked to a dynanmic,
operational, broad-gauged program.



WHAT THE UNITED STATES CAN DO ON A SHORT~TERM BASIS TO RAISE
U. S. PRESTIGE WITH RESPECT TO PRACTICAL SPACE ACCOMPLISHMENTS

1. There is no doubt that it will be five to eight
years before we can overtake the Soviets with respect to
operational use of very large rockets of either the nuclear or
chenmical variety%

2, If we are to do anything in the immediate future
to regain prestige, we are intimately tied to the propulsion
system now in being., This is basically Atlas, Titam and Thor.
Don't expect too much use out of Saturn until 1965.

3. Based on Atlas, Titan, and Thor, our only hope
for short-term payoff will be to accelerate the operational use
of what I consider the utility packages. These are:

(2) Worldwide communications satellites
(b) Worldwide television satellites

(c) WVorldwide weather satellites

(d) Worldwide navigation satellites

4. Worldwide communications and television satellites

I believe that we can have them as useful systems in
three years on an experimental basis. They are important because
the nation that controls worldwide communications and television
will ultimately have that nation's languaqe become the universal

tonque.

5. Worldwide weather satellite systems

We have already developed a strong and sound tech-
nological leadership in this area. It appears that we excel the
Soviets in the development of this type of satellite. This is
one area where we can win worldwide competitive support. The
world could be offered a limited operational system within one
year, and a completely operational system within three years if
we put the money behind it. Attendant political, psycholcgical,
and economic benefits that would accrue can be easily measured
against our political goals.
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6. The navigation satellite

The Transit satellite is well on its way to being
operational. Within one year you could achieve a demonstrable
worldwide navigation system. Within three years you could
have a fully operational system, including the development of
ground read-out,equipment which would be relatively inexpen-
sive and could be offered to all countries of the world. Such
ground read-out equipment is already under development. Offer-
ing all nations of the world the use of this satellite will

have an important effect with respect to the image we desire to
pProject internationally.

7. FPFunding of utility packages

My staff has estimated that it would require an
additional $100 to $150 million to accelerate the programs men-
tioned above to insure having them all operational within three
Years, except for the television relay satellite, which may
only be operatiocnal on an experimental basis within that time.
The significant reason for increased funds will not be the
cost of payload development, but rather the procurement of
launch vehicles, launching services, and the production of
worldwide read-out equipment.

8. Inflatable structures

Current developments in inflatable structures may be
significant, in that they represent one of the few ways in a
relatively short time span of placing large structures in
space with our current rocket vehicles. Inflatable structures
make small packages .in the nose of a rocket and in space can
be inflated to large, complex shapes with plastic foam hardened
in double walls to create light weight, rigid structures. They
could be useful for placing payloads into space which we have
previously thought could not be done until we had the Saturn
operational. Perhaps $6 to $8 million invested in this develop-
ment area might have significant short-term payoff.



A POSSIBLE, SHORT-TERM DRAMATIC ACHIEVEMENT WITH
RESPECT TO BASIC. SCIENCR

THE ORBITING ASTRONOMICAIL OBSERVATORY

The 'first nation which is able, on the basis of obser-
vation, to makE a cosmological determination of the origin,
evolution and nature of the universe will have reached one of
the great milestones in the history of man.

Not only will this determination be a scientific
achievement of the first magnitude, but it very likely will
have a highly dramatic impact on the populations of every
nation. All people are instinctively and deeply interested in
how the world began and where it is going.

Such a determination can also be expected to capture
the fascinated attention of every physical scientist -- men
and women who have been trying for years to learn the truth
concerning the creation of the universe and who are divided
over the conflicting Explosion, Steady-State and Expansion-
Contraction theories of leading cosmologists.

Astronomers agree that the only way to make such a
determination is through observsation. They also agree that
perhaps the largest remaining obstacle to the necessary obser-
vation is acquiring the capability to observe from a point
undisturbed by the earth's atmosphere.

This is what the 3500-pound, unmanned Orbiting Astro-
nomical Observatory (OAOQO) is designed to do.

This is also a portion of our scientific satellite
program which is being funded on a relative shoestring and
without any particular urgency attached to it.

In view of the potential drama and prestige connected
with the OAO, and in view of the fact that it does unot require
excessive developmental time, it is suggested that this program
be provided with additional funds and assigned a high priority.



The OAO is not dependent on undeveloped boosters.
It contemplates use of the Atlas-Agena B, which is in existence.
The planned payload for the first OAQ, while complicated, pre-
sents no exceptionally difficult problems. The most difficult
problem connected with the OAQ appears to be the very high
order of stabilization necessary to permit an accurate charting
of the heavens -1 but here again the basic techniques are
known. It is a matter of development.

NASA, in its 1962 recommendations, is asking about
$5.7 million for further development of the payload and
$12 million for launch and flight units. A request to the
Budget Bureau for an additional $7 million for this program was
not approved, which will slow even the present schedule.

The first OAO is not scheduled for launch until late
1963. Indications are, however, that the program can be
speeded up considerably with the addition of not more than $15
or $20 million and with the assignment of priority to it.

It is therefore recommended that:

(1) The OAO be assigned all necessary funding and
priority to get it off the ground at the earliest possible
moment. This should include adegquate backups both for launch
vehicles and for a variety of payloads.

(2) An ad hoc Cosmology Assessment Board composed
of about five noted astronomers (such as Whipple of Smith-
sonian, Gold of Cornell, Code of Wisconsin, Roman of NASA,
Mayall of Kitts Peak) be formed to work out the details of the
experiments -- and to evaluate subsequent results.

(3) The emphasis on this program not be publicized
until the Board is ready to release data which has significant
cosmological meaning.

It is recognized that important findings in this
field will take time and study and that they will not immediately
be conclusive. Nonetheless it is believed that results which
may even point in the direction of the truth concerning the
nature of the universe may carry an impact to make our scientific
findings to date pale by comparison. We should not let Russlia
report the first important findings in this field.
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To get moving on this program we need not wait for
the development of a Saturn, a nuclear rocket or a life sup-~
port system. We can begin now and cheaply.

WHAT THE UNITED STATES CAN DO ON AN INTERMEDIATE~-TERM BASIS TO GAIN
AND MAINTAIN WORLD LEADERSHIP IN SPACE TECHNOLOGY

1. We snould embark immediately upon a back-up or
alternate for the Saturn project. All indications are that
Saturn will slip.

2. Industry, through NASA or DOD, or both, should
be given an immediate go-ahead in the development of large,
segmented, clusterable solid rocket engines to back up the
Saturn.

3. A family of large, first stage "space trucks"”
should be developed so that proper upper—-stage rocket vehicles
and our payload program can be effectively planned and designed.

4. The Rover Project should be pursued vigorously;
however, since this is one area where we may leapfrog the
Soviets, we need insurance., We should immediately embark upon
a back-up nuclear rocket development, should Rover fail to be
the correct approach. There is a great deal of reactor "know-
how" and rocket engine "know-how", which I do not believe is
being utilized to the fullest in achieving a successful nuclear
rocket. We may be overlooking many bright ideas by giving

the Rover Project group monopoly on the development of nuclear
rockets.

S. There is need for sustained development in the
chemical rocket field, despite the anticipated successful
development of nuclear rocket engines. Both liquid and
solid rocket developments must continue at high priority,
since there is a place for both the chemical and nuclear
boosters in the national program.

6. It is important that military designed criteria
be incorporated in NASA-developed large space trucks, because
I do not think we can afford to have two agencies running
parallel programs which will spend many billions of dollars
over the next ten to fifteen years.




7. Because large space boosters are so exrpensive,

serious thought should be given to designing both manned and
unmanned recoverable systems,

8. If we accelerate our space program, we will soon
exhaust our gstorehouse of basic and applied research. We must
put more emphasis, in these areas by drawing in more scientific

talent and channeling more funds into the fundamentals of basic
space technology.

9. We should pursue vigorously our man-in-space
program, We cannot concede the Moon to the Soviets, for it is

conceivable that the nation which controls the Moon may well
control the Earth.

10. The military aspects of space must not be over-
looked. We should embark upon serious developments in the
area of anti-satellite weapons, covert reconnaissance, and other
offensive and defensive systems which can be done better from
a space environment than an earth environment. These develop-
ments admittedly will be expensive, therefore we must be care-
ful that we do not embark upon military space systems for the
pure sake of doing them from space if they can be done more
effectively and economically from Earth.

11. We must start now to plan not only the explora-
tion of the Moon, but the exploration of the planets if we are
to wrest the initiative in this area from the Soviets. The
driving force which has brought man to the level of mastery
of the world around him has been his insatiable intellectual
curiosity. I believe we are in the initial phase of man's
drive to break out into the universe.

12. Can we_ support a broad-based national space
program? I have already said that the United States can sustain
a massive space effort, and if carefully planned, it can be
accomplished without creating undue imbalance in our structure
for scientific research and in our economy. A $5 billion a
year space program represents only about 1% of our gross
national product, even half of which offers returns crucial to
the leadership, the prestige, and perhaps even the survival
of the United States.




QUESTIONS WHICH I BELIEVE SHOULD BE CONSIDERED BY THE SPACE
COUNCIL

l. Has there been developed a recognizable set of
national space objectives?

2. Are we merely reacting to Soviet accomplishments
with space projects that parallel theirs? 1f so, we can never
hope to surpass them because we will always be behind.

3. Will the Space Council staff, as now envisioned,
be capable of providing the information the Council will need
make decisions on a national basis? Will the Council 1insure
that its staff is made up of knowledgeable civilians, rather
than utilizing military personnel?

4. Will the Space Council review both DOD and NASA
programs, assess them against the national objectives, limit
overlap and duplication, and set plateaus of achievement?

5. Will the Space Council have as its principal
objective the tying together of our technological goals in
space with our geopolitical goals?

6. Does the Space Council intend to fix program
responsibilities and write report cards?

7. Will the members of the Space Council continue
to work closely with the Committees in Congress charged with
the legislative responsibility for the national space effort?

8. Will the Space Council adjudicate DOD-NASA
conflict?

9. Since the DOD and NASA members of the Space
Council have an understandable stake in the competition for
dollars channeled into the national space program, will it
be possible to make realistic program determinations between
the two without independent staff studies by competent ex-~

perts not connected with either DOD or NASA?
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10. Will the Council be sufficiently staffed to
develop a national 5, 10, 15, 20 - year program for space
endeavor whicn takes into consideration not only our tech-
nological goals in space, but the international political
goals of the United States?



APOLLO: A RETROSPECTIVE ANALYSIS

John F. Kennedy, Excerpts from “Urgent National Needs” speech to a Joint Session of
Congress, 25 May 1961, Presidential Files, John F. Kennedy Llbrary, Boston, Massachusetts.

This is the section of President Kennedy’s “reading text” of his address to a Joint Session of Congress in
which he called for sending Americans to the Moon “before this decade is out.” President Kennedy in his own
hand modified the prepared text of his remarks. The text as written, modified, and ultimately delivered vary
considerably. Kennedy also ad-libbed three additional paragraphs near the end of his speech.
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To this end | soon shall send to the
Congress a fneasure to establish 2
strengthensd and enlarged Disarmament
tdministration. ) Such an agency can
intensify and improve  our stuéfgg.and

research on this probler looking

forwerd to the day ¥ ason will

prevail, and a nations of t wor ld
will be prepgared to accept a realNstic

and safeguarded disarmament in a vorld
ot Taw. \

|X. Space
Finally, if we are to win the

tattle Tor men's minds,
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the dramatic achievements in space
which occurred in recent wveeks
\ o ok TTLE ;.m, o Oniftn

have made clear to us allAthe impact ~7fC

IRV 4 thls new frontier of human
"~

adventure, Since early in my term,

our efforts in space have been under

review. VWith the advice o ther-fJ“~‘m
W\bm AN St far H.‘"“A /,u\/"*‘

Vice President we have examined where

we are strong and where we are not,

where we may succeed and where we may

not. Now it is time to take longer
strides -- time for a great new
American enterprise -- time for this

nation to take a clearly lezuing role
/

in space achjevement, Wt I hasvey wrn

ey bt 120 L‘Z&)M 6/v‘*"\”"*’“‘““"
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| believe we possess all the
resources and &ll the talents
necessary. But the facts of the
aztter are that we have never made
the national decisions or marshalled
the nztional resources reguired for
cuch leadership. e have never
specified long-range goals on an
urgent time schedule, or manzged our
resources and our time so as to insure
their fulfillment.

Recognizing the head start
obtained by the Soviets with their
large rocket engines, which gives

them many months of lead-time,
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zand recognizing the likelihood that
they will exploit this lead for some
time to come in still more impressive
successes, we nevertheless are
required to make new efforts. For
while we cannot guarantee that we
shall one day bhe first, we can
guarantee that any failure to make
this effort will find us last. \le
take an additional risk by making it
in full view of the world -- but as
shown by the feat of astronaut Shepard,
this very risk enhances our stature
when we are successful. But this is

not merely g race.
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Space is open to us now; and our
eagerness to share its meaning is not
governed by the efforts of others. Ve
go into space because whatever mankind
must undertake, free men must fully
share.

| therefore ask the Congress,
above and beyond the increases | have
earlier requested for space activities,
to provide the funds which are needed
to meet the following national goals:

First, | believe that this nation
should commit itself to achieving the
goal, before this decade is out,
of landing a man on the moon and

returning him safely to earth.
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Mo single space project in this period

‘will be more excitipg,—er more _;,!mb‘i
A A s

IﬂpFESSiV%* or more lmportant for tho ol

A

long-range exploration of space; and
none wWill be so difficult or expensive

to accomplish. [IiéingﬁanecassiFy
/

: Y . -
§%EQQLiLng—FeS€aICh,/InlS onJeEfTve
-~
will require zn-ddditional $531 million

this yezr-and still higher sums in_the

future. / W/e propose to accelerate
development of the appropriate lunar
space craft. \We propose to develop
alternate liquid and solid fuel
boosters of much larger than any now
being develqped, until certain which

is superior.,
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V/ie propose additional funds for
other engine development and for
unmanned explorations -- explorations
which are particularly important for
one purpose which this nation will
never overlook: the survival of the
man who first makes this daring flight.
But in a very real sense, it will not
be one man going to the moon -- it will
be an entire nation. For all of us
must work to put him there.

Second, an additional $23 million,
together with $7 million already
available, will accelerate development

of the ROVER nuclear rocket.
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This 'sLa_iechnological~enterpTT§§‘in

W
nrogresss—and—v
promise of some day providing a means
for even more exciting and ambitious
exploration of space, perhaps beyond
the moon, perhaps to the very ends of
the solar system itself.

[hird, an additional {50 million
will make the most of our present
leadership by accelerating he use of
space satellites for world-wide
communications. When we have nut into
space a system that will enable people
in remote areas of the earth to

exchange messages, hold conversations,
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and eventually see television programs,
we will have achieved a success as
beneficia as it will be striking.

Fourth, an additional £75
million -- of which £53 million is for
the wWeather Bureau -- will help give us
at the earliest possible time a satel-

lite system for world-wide weather

observation. (SuchF_a.sysieap4444ﬁb./of
inest3 le cohmerb}ql sciqntifjc

N :
value; the~information—it prdviﬁes

Let it be clear that | am asking
the Congreés and the country to accept
a firm'commitment to a new course of

~citieon --
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va course vhich will last for many (e
5307 (L
years anc carry very heavy costs --/t:L
Cr

an estimated $7-9 billion additional

over the next five yezars. |f we were

to go only halfway, or reduce our

sights in the face of difficulty, di;/f*

wou%d(EEMbetEer‘EgﬁatngO at all. ?
LWX%F%?yMLet me éz;ess als; that more //}{
? f/ noney «lone will not do the job. o ”
} A/ This decision demands a major natsonal
{V' commitment of scientific and technical
J manpowver, material and facilities,
and the possibility of their diversion
from other important cctivities vhere
they are clready thinly spread. It

mezns o cecree of dediczation,
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organization and discipline which have
not zlways charazcterized our research
and development efforts. It means we
cannot afford undue work stoppages,
inflated costs of material or talent,

. C
wasteful interagency rivalrie

wn

, Or 2
high turnover of key personnel.

Nevw objectives and nev money
cannot solve these problems. They
could, in fact, aggravate them
further -- unless every scientist,
every engineer, every serviceman,
every technician, contractor, and
civil servant involved gives his
nersonal piedge that this nation will
move forward, with the full speed of
Trccaca, in toaz exciting adventure o

space.



APOLLO: A RETROSPECTIVE ANALYSIS

“Concluding Remarks by Dr. Wernher von Braun about Mode Selection for the Lunar Landing
Program,” 7 June 1962, Lunar-Orbit Rendezvous File, NASA Historical Reference Collection,
NASA Headquarters, Washington, D.C.

At the conclusion of an all-day meeting of key NASA personnel over the method of reaching the Moon on
7 June 1962, Wembher von Braun, director of the Marshall Space Flight Center and one of the most important
proponents of the “Earth-Orbit Rendezvous™ mode, acquiesced his position in favor of a “Lunar-Orbit
Rendezvous” concept. His reasons for doing so are presented in this text of his remarks at the meeting. The mode
decision allowed the Apollo program to move forward to final hardware design, a critical component in von
Braun’s acquiescence in the “Lunar-Orbit Rendezvous” concept for without it meeting the Kennedy mandate
to land on the Moon before the end of the decade might have been unrealizable.



CONCLUDING REMARKS BY DRR. WERNHER VON BRAUN
ABOUT MODE SELECTION FOR THE LUNAR LANDING PROGRAM
GIVEN TO DR. JOSEPH F. SHEA, DEPUTY DIRECTOR (SYSTEMS)

OFFICE OF MANNED SPACE FLIGHT
JUNE 7, 1962

In the previQus six hours we presented to you the results of some
of the many studies we at Marshall have prepared in connection with
the Manned Lunar Landing Project. The purpose of all these studies
was to identify potential technical problem areas, and to make sound
and realistic scheduling estimates. All studies were aimed at assisting
you 11 your final recommendation with respect to the mode to be chosen
for the Manned Lunar Landing Project.

Our genéral conclusion is that all four modes investigated are
technically feasible and could be impiementcd with enough time and
money. We have, however, arrived at a definite list of preferences
in the following order:

1. Lunar Orbit Rendcezvous Mode - with the strong
recommeandation (to muaice up for the limited
growth potential of this mode) to initiate, simul-
taneously, the deveiopment of an unmanned, fully
automatic, one-way C-5 logistics vehicle.

2. Earth Orbit Rendezvous Mode (Tanking Mode}).

3. C-5 Direct Mode with minimum size Command
Module and High Energy Return.

4. Nova or C-8 Mode.
I shall give you the reasons behind this conclusion in just one minute.
But first I would like to reiterate once more that it is absolutely
mandatory that we arrive at a definite mode decision within the next fcw

weeks, preferably by the first of July, 1962. We are already losing time
in our over-all program as a result of a lacking mode decision.
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A typical exampic as the 5-1VD contract. 1f the S-1VB stage is to
scrve not only as the unrd (crcape) stage for the C-5, but also as the
second stage for thc C-1B necded in support of rendezvous tests, a
flyable S-1VD will be nceded wi least one year earlier than if therc was
no C-1B at all. The unpact of this question on facility planning, build-
up of contractor level of effort, etc., should be obvious.

Furthermorc, if we do not frceze the mode now, we cannot lay out
a definite programy with a schedule on which the budgets for FY-1964 and
following can be based. Finally, if we do not make a clear-cut decision
on the mode very soon, our chancces of accomplishing the first lunar ex-
pedition in this decadc will fadc avray rapidly.

WHY DO WE RECOMMEND LUNAK ORBIT RENDEZVOUS MODE PLUS
C-5 ONE-WAY LOGISTICS VEHICLE?

a. We believe this program oifers the highest confidence factor
of successful accomplishment within this decade.

b. It oifers an adequate performance margin. With storable
propellants, both for the Scrvice Module and Lunar Excursion Module,
we should have a comfortable padding with respect to propulsion per-
formance and weights. The periormance margin could be further in-
creased by initiation of a back-up development aimed at a High Energy
Propulsion System for the Service Module and possibly the Lunar
Excursion Module. Additional performance gains could be obtained
if current proposals by Rocketdyne to increase the thrust and/or
specific impulses of the F-1 and J-2 engines were implemented.

c. We agree with the Manned Spacecraft Center that the
designs of a maneuverable hyperbolic re-entry vehicle and of a lunar
landing vehicle constitute the two most critical tasks in producing a
successful lunar spacecraft. A drastic separation of these two functions
into two separate clements is bound to greatly simplify the development
of the spacecraft system. Dcvelopmental cross-feed between results
from simulated or actual landing tests, on the one hand, and re-entry
tests, on the other, are minimized if no attempt is made to include the
Command Module into the lunar landing process. The mechanical sepa-
ration of the two functions would virtually permit completely parallel
developments of the Command Module and the Lunar Excursion Module.
While it may be difficult to accurately appraise this advantage in terms
of months to be gained, we have no doubt whatsoever that such a procedure
will indeed result in very substantial saving of time.
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d. We believe that the ceinbinaiion of the Lunar Orbit Rendezvous
Mode and a C-5 one-way Logistics Vehicle offcrs a great growth potential,
After the first successful landing on the moon, demands for follow-on
programs will essentially center on ircrezsed lunar surface mobility and J
increased matcrial supplies for shelter, food, oxygen, scientific instru-
mentation, etc. It appears that the Lunar Excursion Module, when refilled
with propellants brought down by the Logistics Vehicle, constitutes an ideal
means for lunar surface transportation. First estimates indicate that in
the 1/6 G gravitational field of the moon, the Lunar Excursion Module,
when used as a lunar taxi, would have a radius of action of at least 40 miles
from arourd the landing point of the Logistics Vehicle. It may well be that
on the rocky and treacherous lunar terrain the Lunar Excursion Module will
turn out to be a far more attractive type of a taxi than a wheeled or cater-
pillar vehicle.

e. We believe the Lunar Orbit Rendezvous Mode using a single
C-5 ofiers a very good chance of ultimately into a C-5 direct
capability. At this time we recommend against relying on the C- irect
“Mode Because of its need for a much lighter command module as well as
a high energy landing and return propulsion system. While it may be
unwise to count on the availability of such advanced equipment during this
decade (this is why this mode was given a number 3 rating) it appears
entirely within reach in the long haul.

rowin

f. If and when at some later time a reliable nuclear third stage
for Saturn C-5 emerges from the RIFT program, the performance margin
for the C-5 Direct Mode will become quite comfortable.

g. Conversely, if the Advanced Saturn C-5 were dropped in
favor of a Nova or C-8, it would completely upset all present plans for
the implementation of the RIFT program. Contracts, both for the engines
and the RIFT stage, have already been let and would probably have to be
cancelled until a new program could be developed.

h. We conclude from our studies that an automatic pinpoint
letdown on the lunar surface going through a circumlunar orbit and using
a landing beacon is entirely possible. Whether this method should be
limited to the C-5 Logistics Vchicle or be adopted as a secondary mode
for the Lunar Excursion Module is a matter that should be carefully dis-
cussed with the Manned Spacecraft Center. It may well be that the demand
for incorporation of an additional automatic landing capability in the Lunar
Excursion Module buys more irouble than gains.
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i. The Lunar Orvit Rendezvous Mode augmented by a C-5
Logistics Vchiclce undoubtedly ofiers the clcancst managerial interfaccs
betwecen the Manned Spacecraft Center, Marshall Space Flight Center,
Launch Opcrations Center and all our contractors. While the precise
effect of \his may be hard to apprzise, it is a commonly accepted faci
that the number and the nature of technical and managerial interfaces
are very major factors in conducting a complex program on a tight
time schedule, There are alrecady a frighicning number of interfaces
in existence in our Manned Lunar Landing Program.ﬁl’)ere are inter-
faces between the stages of the launch vehicles, betwecn launch vehicles
and spacccraft, between complete space vehicles and their ground equip-
ment, between manned and automatic checkout, and in the managerial
area between the Centers, the Vashington Program Office, and the
contractors. The plain result of too many interfaces is a continuous
and disastrous erosion of the authority vested in the line organization
and the need for more coordination meectings, integration groups, worl-

ing panels, ad-hoc committees, etc. Every cffort should thercfore be
made to rcduce the number of technical and managerial interfaces to a
bare minimum.

j. Compared with the C-5 Dircct Mode or the Nova/C-8 Mode,
the Lunar Orbit Rendezvous Mode oifers the advantage that no existing
contracts for stages (if we go to Nova) or spacecraft systems (if we go
to C-5 Direct) have to be terminated; that the contractor structure 1in
existence can be retaincd; that the contract negotiations presently going
on can be finished under the existing set of ground rules; that the con-
tractor build-up program (already in full swing) can be continued as
planned; that facilities already authorized and under construction can
be built as planned, etc.

k. We at the Marshall Space Flight Center recadily admit that
when first exposed to the proposal of the Lunar Orbit Rendezvous Mode
we were a bit skeptical - particularly of the aspect of having the astronauts
execute a complicated rendezvous maneuver at a distance of 240, 000 miles
from the earth where any rescue possibility appeared remote. In the
meantime, however, we have spent a great deal of time and effort studying
the four modes, and we have come to the conclusion that this particular
disadvantage is far outweighed by the advantages listed above.

We understand that the Manned Spacecraft Center was also
quite skeptical at first when John Houbolt of Langley advanced the proposal
of the Lunar Orbit Rendezvous Mode, and that it took them quite a while to
substzntiate the feasibility of the method and finally endorse it.

Against this background it can, therefore, be concluded that
the issue of "invented here¢' versus "not invented here" does not apply to

I g
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eithcer the Muanned Spacccraft Cenicr or the Marshall Space Flight Cenicr;
that both Ccnters have actualily emibraced a scheme suggested by a third
source. Undoubtedly, pecrsonnel of MSC and MSEFC have by now conducted
more detalled studies on all aspccis of the four modes than any othexr group.
Moreover, it is these two Centers to whick the Office of Manned Space Flight
would ultimately have to look to ""deliver the goods'. I consider il fortunate
indeced for the Manned Lunar Landing Program that both Centers, after much
soul searching, have come to idcntical conclusions. This should give the
Office of Manned Space Flignt some additional assurancc that our recom-
mendations should not be too far {rom the truth.

WHY DO WE NOT RECOMMEND THE EARTH ORBIT RENDEZVOUS MODE?

Let me point out again that we at the Marshall Space Flight Centler con-
sider the Earth Orbit Rendezvous Mode entirely feasible. Specifically, we
found the Tanking Mode substantially superior to the Connecting Mode. Com-
pared to the Lunar Orbit Rendezvous Mode, it even secems to ofier a somewhat
greater periormance margin. This is true even if only the nominal two C-5's
{tanker and manncd lunar vehicle) are involved, but the periormance margin
could be further enlarged almost indefinitely by the use of additional tankers.

We have spent more time and cffort here at Marshall on studics of the
Earth Orbit Rendezvous Mode (Tanking and Connecting Modes) than on any
other mode. This is attested to by six big volumes describing all aspects
of this mode. Nor do we think that in the light of our final rccommendation -
to adopt the Lunar Orbit Rendezvous Mode instead - this effort was in vain.
Earth Orbit Rendezvous as a general operational procedure will undoubtedly
play a major role in our over-all national space flight program, and the use
of it is even mandatory in developing a Lunar Orbit Rendezvous capability.

The reasons why, in spite of these advantages, we moved it down to
position number 2 on our totem pole are as follows:

a. We consider the Earth Orbit Rendezvous Mode more complex
and costlier than Lunar Orbit Rendezvous. Moreover, lunar mission success
with Earth Orbit Rendezvous requires two consecutive successful launches,
If, for example, after a successful tanker launch, the manned lunar vechicle
aborts during its ascent, or fails to get off the pad within a certain permis-
sible period of time, the first (tanker) flight must also be written off as
useless for the mission.

b. The interface problems arising between the Manned Spacccraft
Center and the Marshall Space Flight Center, both in the technical and
management areas, would be more difficult if the Earth Orbit Rendezvous
Mode was adoptca. For exarnplie, if the tanker 2s an unmoanned vchicle
was handled by MSFC, and the flight of the manned lunar vehicle wasa
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conducted by the Manned Spacccraft Ceanter, a managerial interface
arises between target and chaser. On the other hand, if any onc of
the two Centers would take over the entire mission, it would probably
bite off more than it could chew, with the result of even more difficult
and unplcasant interface problems.

c. According to repeated statements Bob Gilruth, the Apollo

Command Module in its presenily envisioned form is simply unsuited for
lunar landing begause of the poor visibility conditions and the undesirable
supine position of the astronauts during landing.

WHY DO WE NOT RECOMMEND THE C-5 DIRECT MODE?

It is our conviction that the C-5 Direct Mode will uvltimately become
feasible - once we know more about hyperbolic re-entry, and once we
have adequate high energy propulsion systems available that can be used
convenientiy and reliably on the surface of the moon. With the advent of
a nuclear third stage for C-5, the margin for this capability will be sub-
stantially widecned, of course.

a. Our main reason against recommending the C-5 Direct Mode
1s its marginal weight allowance for the spacecraft and the demand for
high energy return propulsion, combined with the time factor, all of
which would impose a very substantial additional burden on the Manned
Spacecraft Center.

b. The Manned Spacecraft Center has spent a great deal of time
and effort in determining realistic spacecraft weights. In the opinion of
Bob Gilruth and Chuck Mathews, it would simply not be rcalistic to expect

" that 3 lunar spacecraft light enough to be used with the C-5 Direct Mode

could be developed during this decade with an adequate degree of confidence.

c. The demand for a high energy return propulsion system, which
1s implicit in the C-5 Direct Mode, is considered undesirable by the Manned
Spacecraft Center - at the present state-of-the-art at least - because this
propulsion system must also double up as an extra-atmospheric abort
propulsion system. For this purpose, MSC considers a propulsion system
as simple and reliable as possible (storable and hypergolic propellants) as
absolutely mandatory. We think the question of inherent reliability of
storable versus high energy propulsion systems - and their usability in
the lunar surface environment - can be argued, but as long as the require-

ment for "storables' stands, the C-5 Direct Mode is not feasible performance-
wise.
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d. NASA has already been saddled with one program {(Centaur)
where the margin between performance claims for launch vehicle and

demands for payload weights were drawn too closely. We do not consider
it prudent to repeat this mistake.

WHY DO WE RECOMMEND AGAINST THE NOVA OR C-8 MODE?

It should be clearly understood that our recommendation against the
Nova or C-8 Mode at this time refers solely to its use as a launch vehiclc
for the implementation of the President's commitment to put 2a man on the
moon in this decade. We at Marshall feel very strongly that the Advanced
Saturn C-5 is not the end of the line as far as major launch vehicles are_
Vconcerncd! Undoubtedly, as we shall be going about setting up a base on

“the moon and beginning with the manned exploration of the planets, there

will be a great need for launch vehicles more powerful than the C-5. But
for these purposes such a new vehicle could be conceived and devcloped

on a more relaxed time schedule. It would be a true follow-on launch
vehicle.  All of our studies aimed at NASA's needs for a true manned
interplanetary capability indicate that a launch vehicle substantially

morc powerful than onc powered by eight F'-1 engines would be required.
Qur recommendation, therefore, should be formulated as follows: "'Let us
take Nova or C-8 out of the race of putting an American on the moon 1n this

decade, but let us develop a sound concept for a follow-on 'Supernova' launch
vehicle'.

Herc are our reasons for recommending to take Nova or C-8 out of the
present Manned Lunar Landing Program:

a. As previously stated, the Apollo system in its present form 1s
not landable on the moon. The spacecraft system would require substantial
changes from the presently conceived configuration. The same argument 1is,
of course, applicable to the Earth Orbit Rendezvous Mode.

b. With the S-II stage of the Advanced Saturn C-5 serving as a
second stage of a C-8 (boosted by eight F-1 engines) we would have an un-
desirable, poorly staged, hybrid launch vehicle, with a payload capabilaty
far below the maximum obtainable with the same first stage. Performance-
wise, with its escape capability of only 132,000 lbs. (in lieu of thc 150, 000
lbs. demanded) it would still be too marginal, without a high energy return

propulsion systermn, to land the present Apoilo Command Module on the surface
of the moon.

c. Implementation of the Nova or C-8 program in addition to
the Advanced Saturn C-5 would lcad to two grossly underfunded and under-
managed programs with resulting abject failure of both. Implementation
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of the Nova or -6 program in licu of the Advanced Saturn C-5 would have
an absolutely disastrous impact on all our facility plans.

The rafter hecight of the Michoud plant is 40 feet. The diameter
of the S-1C is 33 feet. As a result, most of the assembly operations {or the
S-IC boostcr of the C-5 can take place in a horizontal position. Only a rela-
tively narrow high bay tower must be added to the main building for a few
opecrations which must be carried out in a vertical position. A Nova or C-8

booster, howcvef‘., has a diameter of approximately 50 feet., This means

that the roof of a very substantial portion of the Michoud plant would have

to be raised by 15 to 20 feet. Another alternative would be to build a very
large high bay arca where every operation involving.cumbersome parts

would be done in a vertical position. In either case the very serious question
ariscs whether under these circumstances the Michoud plant was a good
selection to begin with.

The foundation situation at Michoud is so poor that extensive
pile CGriving 1s nccessary. This did not bother us when we acquired the
plant because the many thousands of pilics on which it rests were driven
twenty ycars ago by somebody else. But if we had to enter into a major
pile driving operation now, the question would immediately arise as to
whether we could not find other building sites where foundations could be
prepared checaper and faster.

Any tampering with the NASA commitment to utilize the Michoud
plant, however, would also affect Chrysler’s 5-1 program, for which tooling
and plant preparation are already in full swing at Michoud. Raising the roof
and driving thousands of piles in Michoud may turn out to be impossible while
Chrysler is asscmbling S-I's in the same hangar.

In summary, the impact of a switch from C-5 to Nova/C-8 on
the very concept of Michoud, would call for a careful and detailed study
whose outcome with respect to continued desirability of the use of thc
Michoud plant appcars quite doubtful. We consider it most likely that
discontinuvance of the C~5 plan in favor of Nova or C-8 would reopen the
entire Michoud decision and would throw the entire program into turmoil
with ensuing unpredictable delays. The construction of a new plant would

take at least 2-1/2 years to beneficial occupancy and over 3 years to start
of production.

d. At the Marshall Space Flight Center, construction of a static
test stand for S-IC booster is well under way. In its present form this test
stancd cannot bc used for the first stage of Nova or C-8. Studies indicate
that as far as the noisc level is concerned, there will probably be no ob-
jection t

—

. T TS .
o firing up eight ¥-~1 engines at MSFC. However, the Marshall
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test siznd construction program would be greatly delayed, regardless of
what approach we would take to accommodate Nova/C-8 stages. Dectailed
studies sccin to indicate that the fastest course. of action, i Nova or C-8
were adopted, would be to build

- a brand new eight I'-] booster test stand south
of the present 5-1C test stand, and

- convert the present S-IC test stand into an N-1I
test stand. (This latter conclusion is arrived at
because the firing of an N-1I stage at Santa Susanna
1s not possible for safety reasons, the S-1I propel-
lant load being considered the absolute maximum
permissible. )

The Mississippi Test Facility is still a ""cow pasture that
NASA doesn't even own yet'', and cannot compete with any test stand avail-
ability dates in Huntsville. Developments of basic utilities (roads, water,
powcr, scwage, canals, rail spur, ctc.) at MTFE will require well over a
year, and all scheduling studies indicate that whatever we build at MTI is
about 18 months behind comparable facilities byilt in Huntsville. MTF
should, thcrefore, be considered an acceptance {iring and product improve-
ment site for Michoud products rather thard a basic development site.

c. In view of the fact that the S-II stage is not powerful enough
for the Apollo direct flight mission profile, a’second stage powered by
eight or nine J-2's or two M-1's is needed. Such a stage would again be
on the order of 40 to 50 feet in diameter. No studies have been made as
to whether it could be built in the Downey/Seal Beach complex. It is certain,
however, that its static testing in Santa Susanna is impossible. As a result,
we would have to take an entirely new look at the NAA contract.

f. I have already mentioned the disruptive effect a cancellation of
the C-5 would have on the RIFT program.

g. One of the strongest arguments against replacement of the
Advanced Saturn C-5 by Nova or C-8 is that such a decision would topple
our entirc contractor s};ructure. It should be remembered that the tem_-\
porary uncertainty about the relatively minor question of whether NAA
should assemble at Seal Beach or Eglin cost us a delay of almost half a
year. I think it should not take much imagination to realize what would
happen if we were to tell Boeing, NAA and Douglas that the C-5 was out;
that we are going to build a booster with eight F-1 engines, a second
stage with cight or nine J-2's or maybe two M-1 engines; and that the
cntire problem of manufacturing and testing facilities must be rc-evaluated.
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We already have scvcral thoesands oo aen actually at work on these three
stages and many of them have been distocuted from their home plants in
implementation of our present C-5% program. Rather than leaving these
thousands of men suspended (although supporied by NASA dollars) in a
state of uncertainty over an extended period of new systems analysis,
programn implecmentation studies, budget reshuffles, site selection pro-
cedures, ctc., it may indeed turn out to be wiser to just terminatc the
existing contracts and advise the contractors that we will call them baclk
once we have a new program plan laid out for them. We have no doubt
that the termination costs incurring to NASA by doing this would easily
amount to several hundred miilion dollars.

I have asked a selected group of key Marshall executives
for their appraisal, in terms of delay of the first orbital launch, if the
C-5 was to be discontinued and replaced by a Nova or C-8. The estimates
of these men (whose duties it would be to irnplement the new program)
varied between 14 and 24 months with an average estimate of an over-all
delay of 19 months.

h. In appraising the total loss to NASA, 1t should also not be
overlooked that we are supporting engine development teams at various
contractor plants at the rate of many tens of millions of dollars per yecar
for cvery stage of C-1 and C-5. If the exact definition of the stages wcre
delayed by switching to Nova/C-8, these engine development teams would
have to be held on the NASA payroll for just that much longer, in order to
assure proper engine/stage integration.

i. More than twelve months of past extensive effort at the Marshall
Space Flight Center to analyze and define the Advanced Saturn C-5 systemn in
a great deal of engincering detail would have to be written off as a flat loss,
if we abandoned the C-5 now. This item alone, aside from the time irre-
trievably lost, represents an expenditure of over one hundred million dollars.

J- The unavoidable uncertainty in many areas created by a switch
to Nova or C-8 (Can we retain present C-5 contractors? Where are thc new
fabrication sites? Where are we going to static test? etc.) may easily lead
to delays even well in excess of the estimates given above. For in view of
the political pressures invariably exerted on NASA in connection with facility
siting decisions, it is quite likely that even the NASA Administrator hunself
will find himself frequently unable to make binding decisions without demandin
from OMSF an extensive re-appraisal of a multitude of issues related with
siting. There was ample evidence of this during the past year.

k. For all the reasons quoted above, the Marshall Space Flight Cent
considers a discontinuation of ih.e Advanced Saiurn C-35 in favor of Nova or C-
as the worst of the four proposed modes for implementation of the manned lun
landing projcct. We at Marshall would consider a decision in favor of this mc

to e tantamourt with piving up the race to put o man on the rmoon in this deca




IN SUMMARY [ THERETFFORE RECOMMIIND THAT:

a. The Lunar Orbit Rendezvous Mode be adopted.

b. A development of an unmanned, fully automatic,
one-way C-5 Logistics Vchicle be undertaken in
support of the lunar expedition.

c. The C-1 program as cstablished today be rectained

and that, in accordance with progress made in S-IVB
development, the C-1 be gradually replaced by the
C-1B.

d. A C-1B program be officially established and approved
with adequate funding.

e. The development of high energy propulsion systems
be initiated as a back-up for the Service Module and
possibly the Lunar Excursion Module.

f. Supplements to present development contracts to
Rocketdyne on the F-1 and J-2 engines be let to
increase thrust and/or specific impulse.

Wernher von Braun, Director
George C. Marshall Space Flight Center
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APOLLO: A RETROSPECTIVE ANALYSIS

George E. Mueller to Director, Manned Spacecraft Center, et al., “Revised Manned Space Flight
Schedule,” 31 October 1963, “All-Up” Decislon File, NASA Historical Reference Collection,
NASA Headquarters, Washington, D.C.

In the fall of 1963, as this document shows, the Deputy Associate Administrator for Manned Space Flight
made a decision to drop the traditional step-by-step flight tests of rockets and spacecraft components in the
interest of speeding the development process. Instead, George Mueller told NASA engineers to assemble all
the stages of the Saturn V rocket along with the command and service module and conduct just two or three non-
piloted test flights of the whole system. This decision became known as the “All-Up” test procedure. It
accelerated the program by at least several months, paying off on 9 November 1967 when NASA successfully
launched an “all-up” Saturn/Apollo vehicle.
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SUBJECT: Revised Manned Space Flignt Schedule

Recent schacdule ~nd budget reviews have resulted in a
deletion of the Saturn I manned I'lijal progrom andc
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1gure 1, with clight adjustments as required to precvent
"stack-up", be accepted as the official launch cchedule.
Contractor schecules for spacecraflt and launch venicle
¢eliveries should be as snown in ZFigure 2. Thnis would

allow actual flights to talke place several months earlier
han the official schedule. The period after checicout

at the Cave znd prior to the official lazunch date snould

be designated the "Space Vehicle hAcceptance" period.

With regard to flight missions for Saturn I, MST should
incicate wnen they will be in a pocsition to propose a
firm mission and spacecrait configuration for Si-10.
M37C should indicate the cost of a meteoroid payload
for that flight. SA&-6 thnrougn SA-9 nissions should
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o they recopective m;ag*ong. SA-501 and 02 missions
noule oo reontry vests orl the UOGCﬁc*g;u a2t lunar
eturn velocity It 415 recognized thatvt the Caturn IB
lights will nave Ci/SH end Cl/iui/ioi configurations.

Mission plarnning should consider that two successiul
flights would be made prlor to a manned flight. Thus,
203 could conceivaoly ve the {lrst manned Apollc ﬁlight
Hovever, the ¢ ficial schedule would shou %he Tirst
mﬂhnbd °1'fn“ s 207, with [lights 203-205 designated
as "man~»r Llng“ fl;ﬁﬂuw. A similar philosophy vwould
anply Lo Saturn V for “noa-ratins flighits with 507
srown a3 trhe {irst meaned Ilight.

I would like your cssessment of the O”APOJCO schcdule,
including any eiffect on resource reguirements in Y 1954,
1965 and run-out by November 11, 1953. ¥ zoal is to
have an official schedule reflecting the philososhy
outlined here by November 25, 1963.

Georre M. Low
George L. Muelicr
Denuty Acsoclate Adminictrator
for Mannecé Space Fliznt

Eaclcsures:
Figure 1
Tigure 2
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APOLLO: A RETROSPECTIVE ANALYSIS

“Report of Apollo 204 Review Board to the Administrator, National Aeronautics and Space
Administration,” 5 April 1967, Apollo Files, NASA Historical Reference Collection, NASA
Headquarters, Washington, D.C.

On 27 January 1967 a fire engulfed the Apollo 204 capsule and killed three astronauts—Gus Grissom, Roger
Chaffee, and Edward White. Immediately thereafter NASA Administrator James E. Webb appointed Floyd L.
Thompson, director of the Langley Research Center, as the head of an investigative committee. Its report was
issued on 5 April 1967, the transmittal letter and findings of which are printed here.
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The Honorable James E . Webh

Administrator

National Aeronautics and Space Administration
Washington, D. C. 20546

Dear Mr. Webb:

Pursuant to your directive as implemented by the memorandum of
February 3, 1967, signed by the Deputy Administrator, Dr. Robert C.
Seamans, Jr., the Apallo 204 Review Board herewith transmits its
finai, formal report, each member concurring in each of the findings
determinations, and recommendations .
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Part V']
BOARD FINDINGS, DETERMINATIONS AND RECOMMENDATIONS

In this Review. the Board adhered to the principle that reliability of the Command Module and the
enuire system nvolved i its operaton is a requirement comunon 10 both safety and mission success.
Once the Command Module has Ieft the carth’s environment the occupants arc totally dependent upon
it for their salety It follows that protection from fire as a hazard involves much more than quick
egress. The lauer has merit only during test periods on earth when the Command Module is being
readied for its mussion and not during the mission itself. The risk of fire must be faced; however,
that risk is only one factor pertaimng 1o the reliability of the Command Module that must received

adequatc consideration Design features and operating procedures that are intended to reduce the
fire risk must not introduce other serious risks 1o mission success and safety.
1. FINDING:

a. There was a mamentary power lailure at 23:30:55 GMT

b Evidence of several arcs was found m the post fire investigation.

¢. No single ignition source ol the fire wasconclusivelyidentified.

DETERMINATION:

The most probable inmitiator was an electrical arc in the sector between the —Y and +Z spacecrafi
axes. The exact location best fitung the towal available information is necar the floor in the lower
forward section of 1the left-hand equipmenm bay where Environmental Conirol System (ECS) mnstrumentat-
ion power wiring leads into the arca between the Environmental Conirol Unit (ECU) and the oxygen
panel. No evidence was discovered that suggested sabotage.

2. FINDING:

a. The Command Module contamed many types and classes of combustible material in areas con-
tiguous to possible igntion sources.

b. The test was conducied s o B0 7 Hounds per satare inch absoture. 100 percent oxvgen aumos-
phere.

DETERMINATION:

The test conditions were extremely hazardous.

RECOMMENDATION

The amount and locanon of comiustible matenads mn the Conuunand Module must be severely
restricted and conurolled.

3. FINDING:

a. The rapid spread of fire caused an increase in pressure and temperature which resulied in rupture
of the Command Module and creation of a toxic atmosphere.  Death of the crew was from asphyxia
due 10 inhalation of toxic gases duc w lire. A contitbutory cause of death was thermal burns.

b. Non-uniform distribution of carboxvhemoglobin was lound by autopsy.

DETERMINATION:

Autopsy data leads to the medical opinion that unconscivusness occurred rapidly and that death
followed soon therealter.

4. FINDING:

Duce to internal pressure, the Command Module nner hatch could not be opened prior 10 rupture
of the Command Module.

DETERMINATION:

The crew was never capable of cifecting emergency cgress because of the pressurization before
rupture and their loss of conseiousness soon afier rupture.

RECOMMENDATION:

The timc required for cgress of the crew be reduced and the operatons necessary for egress be
simplified.

5. FINDING:

Those organizations responsible for the planning, conduct and safety of this test failed o identify
it as being hazardous. Contingency preparations 10 permit escape or rescue of the crew from an internal
Command Module fire were not madc.

a. No procedures for this type of emergency had been established either for (he crew or for the
spacecralt pad work team.

b. The emergency equipment located in the White Room and on the spacccraft work levels was not



designed for the smoke condition resulting from a firc of this nature.

c. Emergency fire, rescue and medical teams were not in attendance.

d. Both the spacecraft work levels and the umbilical tower access arm contain features such as steps,
sliding doors and sharp turns in the egress paths which hinder emergency operations.

DETERMINATION:

Adequate safety precautions were neither estabhished nor observed for this test.

RECOMMENDATIONS:

a. Management continually monitor the safety of all test operations and assure the adequacy of
emergency procedures.

b. All emergency equipment (breathing apparatus, protective clothing. dcluge sysiems. access arm,
etc.) be reviewed for adequacy

c. Personnel training and practice for emergency procedures be given on a regular basis and reviewed
prior to the conduct of a hazardous operation.

d. Service structures and umbilical towers be modified to facilitate emergency operations.
6. FINDING: k

Frequent interruptions and failures had been experienced in the overall communicanion sysiem during
the operations preceding the accident.

DETERMINATION:

The overall communication system was unsatisfactory.

RECOMMENDATIONS:

a. The Ground Communication System be improved to assure reliable communications between
all test elements as soon as possible and before the next manned flight.

b. A detailed design review be conducted on the entire spacecraft communication svstemn.
7. FINDING:

a. Revisions to the Operational Checkout Procedure for the 1est were 1ssued at 5:30 pm EST January
26. 1967 (209 pages) and 10:00 am EST January 27, 1967 (4 pages)

b. Differences existed between the Ground Test Procedures and the In-Flight Check L

DETERMINATION:

Neither the revision nor the differences contributed to the accident. The late issuance of the
revision. however, prevented test personnel from becoming adequately famuliar with the test procedure
prior 10 its use

RECOMMENDATIONS:

a. Test Procedures and Pilot’s Checklists that represent the actual Command Module configuration
be published in final form and reviewed early enough to permit adequate preparation and participation
of all test organization .

b. Timely distribution of test procedures and major changes be made a constraint to the beginning
of any test.

8. FINDING:

The fire in Command Module 012 was subsequently simulated closely by a 1es: fire in a full-scale
mock-up.

DETERMINATION:

Full-scale mock-up fire tests can be used to give a realistic appraisal of fire risks in flight-configured
spacecraft.

RECOMMENDATION:

Fuli-scale mock-ups in flight configuration be tested 1o determine the risk of fire.
9. FINDING:

The Command Module Environmental Control System design provides a pure oxvgen atmosphere .

DETERMINATION:

This atmosphere presents severe fire hazards if the amount and location of combustibles in the Com-
mand Module are not restricted and controlled.

RECOMMENDATIONS:

a. The fire safety of the reconfigured Command Module be established by full-scale mock-up tests.

b. Studies of the use of a diluent gas be conuinued with particular reference to assessing the probiems
of gas detection and control and the risk of additional operations that would be required in the use
of a two gas atmosphere.

6-2



10. FINDING:

Deficiencies existed in Command Module design, workmanship and quality control, such as:

a. Components of the Environmental Control System installed in Command Module 012 had a
history of many removals and of iechnical difficulties including regulator failures, line failures and
Environmental Control Unit failures. The design and installation features of the Environmental Control
Unit makes rernoval or repair difficult.

b. Coolantleakage a1 solder joints has been a chronic problem.

¢. The coolant is both corrosive and combustible.

d. Deficiencies in design, manufacture, installation, rework and quality control existed in the elec-
trical wiring.

e. No vibration test was made of a complete flight-configured spacecraft.

{. Spacecraft design and operating procedures currently require the disconnecting ol electrical con-
nections while powered.

g. No design features for fire protection were incorporated.

DETERMINATIQ@N:

These deficiencies treated an unnecessarily hazardous condition and their continuation would im-
peril any future Apollo operations.

RECOMMENDATIONS:

a. An in-depth review of all elements, components and assemblies of the Environmental Control
System be conducted to assure its funciional and structural integrity and to minimize its contribution
to fire risk.

b. Present design of soldered joints in plumbing be modified to increase integrity or the joints
be replaced with a more structurally reliable configuration.

c. Deleterious effects ol coolant leakage and spillage be eliminated.

d. Review of specifications be conducted, 3-dimensional jigs be used in manufacture of wire bundles
and rigid inspection at all stages of wiring design, manufacture and installation be enforced.

e. \'ibration tests be conducted of a flight-configured spacecraft.

f. The necessity for electrical connections or disconnections with power on within the crew com-
partment be eliminated.

g. Investigation be made of the most effective means of controlling and extinguishing a spacecraft
fire. Auxiliary breathing oxygen and crew protection from smoke and toxic fumes be provided.

11. FINDING:

An ex amination of operating practices showed the following examples of problem areas:

a. The number of the open items at the time of shipment of the Command Module 012 was not
known. There were 113 significant Engineering Orders not accomplished at the time Command Module
012 was delivered to NASA; 623 Engineering Orders were relcased subsequent to delivery. Of these,
22 were recent releases which were not recorded in configuration records at the time of the accident.

b. Established requirements were not followed with regard to the pre-test constraints list. The
st was not completed and signed by designated contractor and NASA personnel prior to the test,
even though oral agreement to proceed was reached.

c. Formulation of and changes to pre-launch test requirements for the Apollo spacecraft program
were unresponsive to changing conditions.

d. Non-certified equipment items were installed in the Command Module at time of test.

e. Discrepancies existed between NAA and NASA MSC specifications regarding inclusion and pos-
itioning of Nammable materials.

f. The test specification was released in August 1966 and was not updated to include accumulated
changes from release date o date of the test.

DETERMINATION:

Problems of program management and relationships between Centers and with the contractor have
led in some cases to insufficient response to changing program requirements.

RECOMMENDATION:

Every effort must be made to insure the maximum clarification and understanding of the responsi-
bilies of all the organizations involved. the objective being a fully coordinated and efficient program.
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APOLLO: A RETROSPECTIVE ANALYSIS

NASA Apolio Program Director, to NASA Assoclate Administrator for Manned Space Flight,
“Apollo 8 Misslon Selection,” 11 November 1968, Apollo 8 Files, NASA Historical Reference

Collection, NASA Headquarters, Washington, D.C.

In the aftermath of the tragic Apollo 204 capsule fire in 1967, NASA'’s goal of reaching the Moon before
the end of the decade seemed in jeopardy. Ittook almosttwenty months after the fire, until October 1968, before
astronauts were launched into orbit aboard an Apollo spacecraft. The success of this test flight, however,
prompted the Apollo program manager, Air Force General Samuel C. Phillips, to suggest a bold strategy for
regaining momentum in the lunar landing program. He recommended in November 1968 that the next Apollo
flight be recast as a circumlunar mission. His memorandum, accepted by the NASA administrator on 18
November 1968, made possible the dramatic mission of Apollo 8 on 21-27 December 1968.
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UNITED STATES GOVERNMENT
Memorandum

M/Assoctate Administrator for Manned Space Flight DATE:

11 NOV 1968
MA/Apollo Program Director

Apollo 8 Mission Selection

The purpose of this memorandum is to obtain your approval to fly Apollo 8
on an open-ended lunar orbit mission in December 1968.

My recommendation is based on an exhaustive review of pertinent technical
and operational factors and also on careful consideration of the impact
that either a success or d failure in this mission will have on our

ability to carry out the manned lunar landing in 1969.

THE APOLLO 8 C' LUNAR ORBIT MISSION:

Attachment I to this memorandum contains a detailed description of the

Apollo 8 lunar orbit mission. Significant features of this mission plan
are:

Planned Schedule:

Launch: 0750 EST, 21 December 1968
Translunar Injection: 1040 EST, 21 December 1968
Lunar Orbit Insertion:
I0I] Initiace: (60X170 NM Orbit) 0457 EST, 24 December 1968
10I7 Initiate: (60 NM Circular Orbit) 0921 EST, 24 December 1968
Transearth Injection: Q105 EST, 25 December 1968
Landing: 1053 EST, 27 December 1968

Alternate Schedule:

Monthly Launch Windows: 21-27 December 1968 or as soon thereafter
as possible.
Daily Launch Windows: Approximately 5 hours duration.

Open-Ended Mission Concept:

A large number of abort and alternate mission options are provided
for in the Mission Plan and associated Mission Rules. Noteworthy
examples of the way in which this open-ended concept could operate
in this miggion are tlhe following:

A low earth orbital mission tn the event of a '"mo go' in earth
orbit prior to translunar imnjection.

Buy U.S. yavings Bonds Regularly on the Payroll Savings Plan



Early return to earth in event of certain malfunction condi-
tions during translunar coast.

A circumlunar mission in event of a "no go' during checkout
prior to the lunar orbit insertion burn.

APOLLO 8 MISSION SELECTION:

On August 19, 1968, we announced the decision to fly Apollo 8 as a Saturm
V, CSM-only mission. The basic plan provided for Apollo 8 to fly a low
earth orbital mission, but forward alternatives were to be considered up

to and including a lunar orbital mission. Final decision was to be re-
served pending completion of the Apollo 7 mission and a series of detailed
reviews of all elements of the Apollo 8 mission including the space vehicle,
launch complex, operational support system, and mission planning.

Apollo 7 Mission Results:

An important factor in.the total decision process leading to my
recommendation has been and continues to be the demonstrated per-
formance of the Apollo 7 Command and Service Module (CSM) sub-
systems, and the compatibility of the CSM with crew functions,
and the Manned Space Flight Network. Comprehewsive understanding
of all Apollo 7 flight anomalies and their impact on a lunar
mission 18 fundamental to arriving at a proper decision. Attach-
ment II to this remoraundum provides a recap of the Apollo 7 flight
anomalies, their disposition, and a statement of any known risk
remaining on the proposed Apollo 8 mission together with the
actions proposed.

Apollo 4 and Apollo 6 Results:

The results of the Apollo &4 and Apollo 6 missions, in which the
performance of the 501 and 502 Saturn V launch vehicles was tested,
have been carefully analyzed. All flight anomalies tave been re-
solved. 1In particular, the two most significant problems encountered
in Apollo 6--longitudinal oscillation or "POGO" effect in the firsct
stage of the Saturn V and the rupture of small propellant lines In
the upper stages--have been corrected and the solutions verified in
extensive ground tests.

Meetings and Reviews:

The decision process, resulting in my recommendation, has included
a comprehensive series of reviews conducted over the past several
weeks to examine in detall all facets of the considerations 1in-
volved in planning for and providing a capabflity to fly Apollo 8
on a lunar orbit mission. The calendar for and purpose of these
meetings are presented 1n Attachment III. An important milestone



was achieved with successful completion of the Design Certification

Review on November 7, 1968. A copy of the signed Design Certifica-
tion ie appended as Attachment IV,

Pros and Cong of a Lunar Orbital Flight:

My objective through this period has been to bring into meaningful
perspective the trade-offs between total program risk and gain
resulting: from introduction of a CSM-only lunar orbit mission on
Apollo 8 into the total mission sequence leading to the earliest
possible successful Apollo lunar landing and return. As you know,
this assessment process is inherently judgmental in nature. Many
factors have been considered, the evaluation of which supports a
recommendation to proceed forward with an Apollo 8 open-ended lunar
orbit mission. TheBe factors are:

PROS:

Mission Readiness:
L}

. The CSM has been designed and developed to perform a
lunar orbit mission and has performed very well on
four unmanned and one manned flights (CSM's 009,
011, 017, 020, and 101).

. We have learned all that we need in earth orbital

operation except repetition of performance already
demonstrated.

. The extensive qualification and endurance-type sub-
system ground testing conducted over the past 18
months on the CSM equipments has contributed to a
high level of system maturity, as demonstrated by
the Apollo 7 flight.

Performance of Apollo 7 systems has been thoroughly
reviewed, and no indication has been evidenced of
design deficiency.

. Detailed analysis of Apollo &4 and Apollo 6 launch
vehicle anomalies, followed by design modifications
and rigorous ground testing gives us high confidence
in successful performance of the Apollo 8 launch vehicle.

. By design all subsystems affecting crew survival (En-
vironmental Control System, Electrical Power System,
Reaction Control System, and Guidance and Navigation
System) are redundant and can suffer significant

degradation without crew or mission loss. The sole
exceptions are the injector and thrust chamber of



the Service Propulsion System. These two engine
components are of simple, rugged design, with high
structural and thermal safety margins. (See
Attachment V.)

. Excellent consumables and performance margins exist
for the first CSM lunar mission because of the reduc-
tion in performance requirements represented by
omitting the weight of the lunar module. An example
of the predicted spacecraft consumables usage is pro-
vided below to illustrate this point:

Total Total

Consumgble Usable Used Reserve
Service Module Reaction Control 1140 294.5 845.5
System Propellant (Pounds)

Command- Module Reaction Control 231.2 29.4 201.8
System Propellant (Pounds)

Service Propulsion Systenm 40,013 28,987 11,026
Propellant (Pounds)

Cryogenic Oxygen (Pounds) 640 410 230
Cryogenic Hydrogen (Pounds) 56 40 16

PROS:

Effect on Program Progress:

The lunar orbit mission will:

. Provide valuable operational experience on a lunar CSM
mission for flight and ground and recovery crews. This
will enhance probability of success on the subsequent
more complex lunar missions by permitting training
emphasis on phases of these missions as yet untried.

Provide an opportunity to evaluate the quality of MSFN
and on-board navigation in lunar orbit including the
effects of local orbit perturbations., This will in-
creage anticipated accuracy of rendezvous maneuvers and
lunar touchdown on a lunar landing mission.

Permit validation of Apollo CSM communications and navi-
gation systems at lunar distance.



. Serve to improve consumables requirements prediction
techniques.

Complete the final verification of the ground support
elements and the onboard computer programs.

. Increase the depth of understanding of thermal condi-
tions in deep space and lunar proximity.

. Confirm the astronauts' ability to see, use, and photo-
graph landmarks during a lunar mission.

. Provide an early opportunity for additional photographs
for operational and scientific uses such as augmenting
Lunar Orbiter coverage and for obtaining data for training

crevmen on terrain fdentification under different lighting
conditions,

Mission Readiness:

. Marginal design conditions in the Block I1 CSM may not
have been uncovered with only one manned flight.

. The life of the crew depends on the successful operation
of the Service Propulsion System during the Transearth
Injection maneuver.

. The three days endurance level required of backup systems
in the event of an abort from a lunar orbit mission is greacs
than from an earth orbit mission.

CONS:

Effect on Program Progress:

Validation of Colossus spacecraft software program and
Real Time Computer Complex ground software program could
be accomplished in & high earth orbital mission.

. Only landmark sightings and lunar navigation require a
lunar mission to validate.

Impact of Success or Failure on Accomplishing Lunar Landing in 1969:

A successful mission will:

. Represent a significant new international achievement in space.



. Offer flexibility to capitalize on success and advance
the ~rogress of the total program towards a lunar landing
without unreasonable risk.

. Provide a significant boost to the morale of the entire
Apollo program, and an impetus which must, inevitably
enhance our probability of successful lunar landing in 1969.

A mission failure will:

. Delay ultimate accomplishment of the lunar landing mission.

. Provide program critics an opportunity to denounce the
Apollo 8 mIssion as precipitous and unconservative.

RECOMMENDATION:

In conclusion, but with the proviso that all open work against the Apollo 8
open-ended lunar orbit mission is completed and certified, I request your
approval to proceed with the implementation plan required to support an
earliest December 21, 1968, launch readiness date.

L]
-lll====§;¢1i~t N
Sam C. Phillips

Lt. General, USAF

Attachments



APOLLO: A AETROSPECTIVE ANALYSIS

NASA, Manned Spacecraft Center, “Apollo 11 Technical Alr-to-Ground Voice transcription,”
July 1969, pp. 317-19, 375-77, Apollo 11 Flles, NASA Historical Reference Collection, NASA
Headquarters, Washington, D.C.

After eight years of all-out effort, nearly $20 billionexpended, and three astronauts’ deaths, on 20 July 1969
Apollo 11 1anded on the Moon. The two astronauts who set foot on the surface, Neil A. Armstrong and Edwin
E. Aldrin, called it in what later astronauts thought of as an understatement, “magnificent desolation.” This
document contains the radio transmissions of the landing and Armstrong’s first venture out onto the Lunar
surface. The “CC” in the transcript is Houston Mission Control, CDR is Neil Armstrong, and LMP is Buzz
Aldrin.
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ok 06 LS 2

ob 06 L5 57
ok 06 45 59

ok 06 L6 OL

ol 06 L6 06

ok 06 46 16

ol 06 46 18
oh 06 L6 23

ok 06 L6 25

ok 06 46 38

ok 06 L6 52

04 06 47 03

o4 06 L7 06
0oLk 06 4T 08

0k 06 LT 09
Ok 06 u4T 12

0k 06 47 15
oh 06 4T 20

Tape 66/12
Page 317
LMP 413 1s in. o
(EAGLE) e
cc We' copy you down, Eagle. P ’V o
w 2
. ;,- 4}‘*\/ v
ot wvt
CDR Houston, Tranquility Base here. ThA T ! -
\\-——‘—‘——-\____.___.—/—\“ - -
(TRANQ) VY
v -
CDR THE EAGLE BAS LANDED. ( P ]
(TRANQ) e f
L
CcC Roger, Tranquility. We copy you on the ground. .
You got a bunch of guys about to turn blue. .
| We eathing again. Thanks a lot. A
N W
b (et~
CDR Thank you. Ay’ L*j«“
(TRANQ) s ..
\ '),41,),, A
cc . You're looking good here. (Londos Lo b
CDR Okay.) VWe're going to be busy for a minute.
(TRARQ) .
LMP MASTER ARM, ON. Take care of the ... 1'l1l get
(TRANQ)  this ...
LMP Very smooth touchdown.
(TRANQ)
LMP
(TRANQ)
LMP Okay. It looks like wve're venting the oxidizer
(TRARQ) now.
CcC Roger, Eagle. And you are STAY for - -
LMP .
(TRARQ)
ccC - - Tl. Over. Eagle, you are STAY for Tl.
CDR Roger. Understand, STAY for T1.
(TRANQ)
cC Roger. And we see you venting\the 0X.
N
MP Roger. )

(TRANQ)
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ok 06 48 13
ob 06 48 1

Dk 06 48 17
os 06 148 18

o% 06 48 19

ob 06 L8 26

ok 06 48 27
ok 06 48 21

ob 06 48 32
ok 06 48 58

ok 06 L9 02
ok 06 49 P

oh 06 49 50
ok 06 50 28

0k 06 50
ok 06 50 59

ok 06 s1 o4

(TRANQ)

(TRARQ)

cc

CMP
(COLUMBIA)

cc

(TRANQ)

cC

{COLUMBIA)

cc
(coLuMBIA)
(TRANQ)

(COLUMBIA)
cc

cc

(TRANQ)

(TRANQ)

cc

(TRANQ)

cC

Tape 66/13
Page 318

. circuit breaker.

... copy NOUN 60, NOUN 43. Over.

Roger. We have it.

Houston, how do you read Columbia on the high
gain?

Roger - -

[

- « We read you five-by, Columbia.
landed, Tranquility Base,
ity. Over.

He has
Eagle is at Tranquil-

Yee. I heard the whole thing.

«». good show.

Fantastlc.

Engine STOP-RESET.

Houston, Columbia went UPTELEMETRY COMMAND,
RESET, to reacquire on the high gain.

Copy. Out.

Eagle, Houston.
wvant 10254.

You loaded R2 wrong. We

Roger.

And do you want V horizontal 5515.27

That's affirmative.

Like - AGS to PGNS align. Over.

Say again?
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oh 06 51 11

ob 06 51 b1

ok 06 51 U5
ok 06 51 50
ok 06 51 52

ol 06 51 Sk
ok 06 53 37

ok 06 55 16

ok 06 55 49

ok 06 56 02

o4 06 56 M7

ok 06 ST 00

(TRANQ)

cc

(TRANQ)
cc
cc

CDR
(TRANQ)

cc

cc

CDR
(TRARQ)

cC

(TRANQ)

cc

CDR
(TRANQ)

Tape 66/1h
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Like an AGS to PGNS align. Over.

Roger. We're standing by for it.

... quantity ...

Bagle, Houston. You are STAY for T2. Over.
Correction, you're - -

Roger. STAY for T2. We thank you.

Roger, sir.

Tranquility Base, Houston. We recommend you
exit P12, Over.

Hey, Houston, that may have seemed like a very
long final phase. The AUTO targeting was
taking us right into a football-field size -
football-field sized crater, with a large num-
ber of big boulders and rocks for about ...
one or two crater diameters around it, and it
required a ... in P66 and flying manually over
the rock field to find a reasonably good area.

Roger. We copy. It was beautiful from here,
Tranquility. Over.

We'll get to the details of what's around here,
but it looks like a collection of just about
every variety of shape, angularity, granularity,
about every variety of rock you could find.

The colors - Well, it varies pretty much depend-
ing on how you're looking relative to the zero-
phase point. There doesn't appear to be too
much of a general color at all. However, it
looks as though some of the rocks and boulders,
of which there are quite a few in the near area,
it looks as though they're going to have some
interesting colors to them. Over.

Roger. Copy. Sounds good to us, Tranquility.
We'll let you press on through the simulated
countdown, and we'll talk to you later. Over.

Roger.
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ok 13
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20

20

20

1L

15

28

53

16

20

36

37

L

38

41

56

CDR
(TRARQ)
(TRARQ)

CDR
(TRANQ)
(TRARQ)

LMP
(TRARQ)
(TRAHQ)

CDR
(TRANQ)

cC

(TRARQ)
cc
CMP
(COLUMBIA)
LMP
(TRANQ)
CDR
(TRANQ)

CDR
(TRANQ)

LMP
(TRANQ)

CDR
(TRANQ)

LMP
(TRANQ)

That's okay?
That's good.
lert.

How am I doing?

You're doing fine.

Okay. Do you want those bags?
Yes. Got it.

Okay. Houston, I'm on the porch.
Roger, Neil.

Okay. Stand by, Neil.

Columbia, Columbia, this is Houston.

and 30 secands to LOS.

Columbia. Thank you.

Stay wvhere you are a8 minute, Neil.
Okay. Need a little slack?
You need more slack, Buzz?
No. Hold it Just a minute.

Okay .

kay .

##8 Three asterisks denote clipping of word and phrases.

All systems GO.

Tape TO/22
Page 375

You've got plenty of room to your
It's a little close on the ¥###,

One minute
Over.

Everything's nice and straight in here.



(GOSS NET 1) Tape 70/23

Page 376
ok 13 20 S8 CDR Okay. Can you pull the door open a little more?
(TRANQ) %.7 2 T P
2w T v
ob 13 21 00 LMP A1l right.
(TRARQ)
ok 12 21 03 CDR Okay.
(TRANQ)
ok 13 21 07 LMP Did you get the MESA out?
(TRANQ)
ok 13 21 09 CDR I'm going to pull it now.
(TRANQ)
ok 13 21 18 CDR Houston, the MESA came down all right.
( TRANQ)
ok 13 21 22 cC This is Houston. Roger. We copy. And we're
standing by for your TV.
oh 13 21 39 CDR Houston, this is Neil. Radio check.
(TRANQ)
ob 13 21 k2 cc Neil, this is Houston. Loud and clear. Break.

Break. Buzz, this is Houston. Radio check, and
verify TV circuit breaker in.

oh 13 21 Sk LMP Roger, TV circuit bresker's in, and read you
(TRANQ) five-square.

o4 13 22 00 cc Roger. We're getting a picture on the TV.
ok 13 22 09 MP You got a good picture, huh?
(TRANQ)
ok 13 22 11 cc There's a great deal of contrast in it, and cur-
rently it's upside-down on our monitor, but we can
make out a fair amount of detail.
ok 13 22 28 LMP Okay. Will you verify the position - the opening
(TRANQ) I ought to have on the camera?
ok 13 22 34 cc Stand by.
o4 13 22 48 cC Okay. Neil, we can see you coming down the ladder
now.
——l
ok 13 22 59 CDR Okay. I Just checked getting back up to that first

(TRANQ) step, Buzz. It's - not even collapsed too far, but
it's adequate to get back up.



(coss NET 1)

ok 13 23 10

ok 13 23 11
oL 13 23 25
ok 13 23 35

ob 13 23 38)

T

ok 13 2303

ok 13 2h:£Q;

5

ok 13 2h<E§ )

ok 13 25 30

ok 13 25 ks

ok 13 26 sk
ok 13 26 59

Ok 13 27 03

ccC

CDR
(TRANQ)

cC

(TRANQ)

{TRANQ)

CDR
(TRANQ)

CDR
(TRANQ)

CDR
(TRANQ)

CDR

CDR

CDR

Roger.

It takes a pretty good little Jump.

Buzz, this is Houston.

We copy.

Tape T0/24
Page 377

F/2 - 1/160th second

for shadovw photography on the sequence camera.

Ckay.

I'm at the foot of the ladder.

are only depressed in the surfac
2 inches, although
very fine grained,
almost like a powder.

I'm going to step off the LM now.

THAT'S ONE SMALL STEP FOR MAN, ONE GIANT LEAP

FOR MANKIND.

And the - the surface is fine and powdery. I

The IM footpads

e about 1 or

vuUwuv a4

It's

v
gL

the surface appears to be very,
as you get close to it.
Down there, it's very fine.

AL

L’/{_*’-./-"

can - I can pick it up loosely with =y tce.

It does adhere in fine layers like powdered
charcoal to the sole and sides of my boots. I
only go in a small fraction of an inch, maybe an
eighth of an inch, but I can see the footprints
of my boots and the treads in the fine, sandy

particles.

Reil, this is Houston.

We're copying.

There gseems to be no difficulty in moving around

It's even perhaps easier than
the simulations at one-sixth g that we performed

ag we suspected.

‘in the various simulations on the ground.
actually no trouble to walk around.

It's
Ckay. The

descent engine did not leave a crater of any size.
It has about 1 foot clearance on the ground.

We're essentially on a very level place here. I
can see some evidence of rays emanating from the
descent engine, but a very insignificant amount.

Okay, Buzz, we ready to dbring down the camera?

I'm a1l ready.

Okay.

I think it's been all squared away
and in good shape.



APOLLO: A RETROSPECTIVE ANALYSIS

President Richard Nixon to Director, Apollo Program, 21 March 1972, Richard Nixon Flles,
NASA Historical Reference Collectlon, NASA Headquarters, Washington, D.C.

At the conclusion of the Apollo program in 1972 Richard Nixon, who had called in 1969 the Apollo 11 the
most significant six days in the history of Earth since the creation, wrote a letter of congratulation to the NASA
team that had carried out the Kennedy mandate of landing on the Moon. Rocco Petrone, Apollo Program
Director, added his own congratulation to that of the president’s in this commemorative document.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATIGHN
Wasringron. D C 0548

March 24, 1972

REEy ¢ 10y
ATt OF

Fellow Members of the Apollo Team:

1 have received the following letter from President Nixon
in which he said he wanted the Apollo Team to know how much
this nation valuea the work we have done and are doing in
the Apollo Program. The letter was addressed to me but the
President's words were really addressed to each of you.

°
1 am pleased to pass along the President’'s words which each
of you has done so much to earn.

Sincerely,

B A Blane

Rocco A. Petrone
Apollo Program Director

FHE WIEEEL HHOLU S

VWASHINO O
March 21, 1972

Dear Dr. Petrone:

As we approach the final countdown for Apollo 16, 1
want you and all the men and women of Apollo to know
how much this nation values your esplendid efforts, The
moon flight program has captured the imagination of
our times as has no other human endeavor. You and
your team have, in fact, written the first chapter in
the history of man's exploration of space, and all
future achievements must credit all of you for having
blazed the path.

Countleas pecple throughout the world will svon be
sharing with you the excitement of Apollo 168 voy-
age, and ' know | apeak or all of them 1n conveying
to you my warmest hest wishes for a safc and
successful {light. G- luck!

Sincerely,

Dr. Rocco A, Petrone
Ihrector, Apallo Program
Office of Manned Space Flight
National Acronauticoy and
Space Adminmistration
washhington, Do . 2064€
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