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Chapter II

THE CONGRESS AND THE

PUBLIC DIALOGUE*

*This chapter was written by Manning Williams.

1964 - 1968

Three major periods of decision on U.S. space policy 
and NASA funding were evident during the five years of the 
Administration of Lyndon B. Johnson:

— Early in 1964 (in his Budget Message for FY 1965), 
the new President asked continued strong backing 
for the space pre-eminence objective and for the 
Apollo program with its rapid development of 
manned space flight capability to be demonstrated 
through a manned lunar landing and return before 
the end of the decade. Congress agreed and raised 
the NASA appropriation by $150 million above the 
level of the previous year; and NASA programs 
built up a momentum that was to be a major factor 
in helping to carry them through to completion in 
this decade.

— In 1967, President Johnson sought Congressional 
approval for continuing the production and use of 
the Saturn-Apollo space system and for such impor­
tant new programs for the next decade as Voyager, 
Apollo Applications, and the NERVA nuclear rocket 
engine development program. He received only a 
limited and uncertain response.

— And by 1968, the failure to start new long-lead- 
time projects and limitations on NASA funding 
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placed NASA in the position of emphasizing the 
completion of current programs for the Sixties 
and striving to find some way not to face an almost 
complete cessation of flight missions in the 
Seventies. This led NASA Administrator James E. Webb 
to emphasize in his Congressional appearances that 
the United States would have to settle for second 
place in space for years to come and to point out 
that the failure to exercise the options available 
in previous years meant the lay-off of thousands 
of space workers as projects were completed. This 
stimulated renewed debate on what NASA’s major 
activities and level of effort should be in the 
decade ahead.

This chapter focuses first upon the central decisions 
related to Presidential policies and Congressional actions 
during the five years 1964 through 1968 (fiscal years 1965 
through 1969). It then discusses briefly some of the major 
issues in the public dialogue on these decisions and on the 
goals and level of effort they established for NASA space 
programs.*

*The impact of Congressional funding on 
the pace of the priority lunar landing program, and on the 
balance and content of the other portions of NASA's overall pro­
gram, is detailed in Chapter III, IV, and VI. See Volume II, 
Appendix B-II-1 for an essay on the "Budgetary Process in NASA."

1964 — THE ISSUE OF PRE-EMINENCE

President Johnson was quick to publicly re-affirm the 
space policies he had helped to shape as Senator and Vice 
President. At the same time he was increasingly subject to 
pressures to reduce space expenditures. In his first State of 
the Union Message, he said: "... we must assure our pre­
eminence in the peaceful exploration of outer space, focusing 
on an expedition to the moon in this decade — in cooperation 
with other powers if possible, alone if necessary."

And he backed his stand for American space pre-eminence 
and for the Apollo program in his Budget Message:
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Our plan to place a man on the moon in this decade 
remains unchanged. It is an ambitious and important 
goal. In addition to providing great scientific benefits, 
it will demonstrate that our capability in space is 
second to no other nation's. However, it is clear that 
no matter how brilliant our scientists and engineers, how 
farsighted our planners and managers, or how frugal our 
administrators and contracting personnel, we cannot reach 
this goal without sufficient funds. There is no second- 
class ticket to space.

Appropriations enacted for 1964 for the National 
Aeronautics and Space Administration were $600 million 
below the amount requested. As a result, major develop­
ment programs leading to the manned lunar landing have 
fallen behind schedule. Careful replanning of the entire 
program, including a reduction in the number of test 
flights, will offset some of this delay. Even so, more 
funds are needed in 1964, and I am therefore recommending 
a supplemental appropriation of $141 million for this 
year.

For 1965, I am requesting appropriations of $5.3 
billion, $63 million above the 1964 amount, including 
the proposed supplemental appropriation. The 1964 and 
1965 recommendations represent the minimum amount needed 
to achieve our goals in space . . .

Further on in the budget, this statement of basic 
policy was made:2

The programs of the National Aeronautics and Space 
Administration are designed to maintain American supremacy 
in space and to demonstrate this supremacy by achieving a 
manned landing on the moon in this decade. Besides manned 
space flight these programs include the exploration of 
space by unmanned spacecraft; the development of satellite 
technology for meteorological, communications, and other 
applications; and the advancement of basic research and 
technological development on which both our aeronautical 
and space efforts depend.

It was thus made clear in President Johnson's first 
budget that he would support a broad and balanced NASA effort.
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NASA Administrator James E. Webb opened the FY 1965 
budget hearings before the House Committee on Science and 
Astronautics on February 4, 1964, with a comprehensive state­
ment on the importance of the space effort and its many bene­
fits. One portion of his statement is quoted here in full 
because it represents the Johnson Administration's first major 
presentation of its answers to many of the important questions 
raised in the space debate in previous years:*

*It explained also for the layman, and perhaps for 
future historians, why there is a great need for continuity 
in support and for a feeling of assurance of such support on 
the part of project personnel. It made the point that there 
is an optimum pace at which large space flight programs like 
Apollo should be run for efficiency and economy.

In the tight budget situation faced by the President 
for fiscal year 1965, it was necessary to stress with him 
and the Bureau of the Budget that unless the full $5.3 
billion authorization requested for fiscal year 1965 and 
the supplemental appropriation of $141 million requested 
for fiscal year 1964 are approved, the manned space flight 
program will encounter further delays. It will then not 
be possible to achieve the national goal of exploring the 
moon with men within this decade.

There may be some inclination to assume that the 
adjustment of our program to the reductions imposed for 
fiscal year 1964 indicates that this will likewise be 
possible in the event of reductions in the request which 
is before you at this time. I cannot emphasize too 
strongly that this is not the case.

In adjusting our program to compensate for the 
reduction made in the appropriation for fiscal year 
1964, we have already sacrificed the margins and early 
target dates which were needed, and which in reality 
are still needed, in our effort to achieve the goals 
which have been set for us. In fact, Mr. Chairman, we 
are not able to maintain a reasonably balanced program, 
and accommodate the entire reduction, with any strong 
assurance that we can meet the 1970 lunar target date. 
The best we can say is that we have a "fighting chance."
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And that was the purpose of the President in sending 
this budget to Congress, to give us this "fighting 
chance."*

*Emphasis added.

To sum up our situation in a sentence, if we do not 
receive the funds which the President has requested, there 
is nothing left to sacrifice except the national goal 
itself.

I have placed a great deal of emphasis, in these 
remarks, upon this national goal of lunar exploration 
in this decade, because that is the objective which 
President Kennedy, with the approval of the Congress, 
set before this agency, and which we have been striving 
to achieve. I will not, however, urge your support for 
this authorization request, or for the supplemental 
appropriation, simply because the funds are necessary 
if the Nation is to do what it has told the world it 
would do.

I am well aware that there are those who ask, "What 
is magic about the 1970 target date?" or "What will be 
lost if the lunar landing slips into the next decade?"

It is not possible to assert here today that we 
must reach the moon by 1970 in order to beat the 
Russians there. I do not know, nor can anyone in this 
room know, what the Soviets can or will do. Neither, 
however, and for the same reason, can I say that it is 
not necessary to do so, if Americans are to be the first 
to explore our nearest neighbor in space and to achieve 
the world leadership in space that the Russians captured 
in 1957.

What can be said, however, is that the 1970 date was 
selected, after careful study, because it appeared to be 
the date by which we could reach the moon with reasonable 
assurance that we would be first, and in the process 
could develop the scientific knowledge, technical know­
ledge, industrial base, engineering and launch installa­
tions, and worldwide tracking and control networks.*
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There has developed no later evidence to indicate that 
this decision, recommended by President Kennedy and 
approved by the Congress, was unsound.

Mr. Chairman and members of the committee, 
President Johnson has made cuts in what we should have 
to do this job with reasonable margin, but he has sent 
up to you enough to avoid, I believe, fulfillment of 
the prediction attributed to Dr. Edward Teller some 
years ago, when he was asked what we would find on the 
moon, and he replied, "Russians."

However, whether it is agreed or not that interna­
tional considerations and national security factors require 
that we hold to the present pace of the space program, the 
fact is that prudence and economy will be served.* Even 
if economy alone were to be the guiding consideration in 
the evaluation of the NASA request for fiscal year 1965, 
the cost of establishing and maintaining superiority in 
space will be less if we maintain the pace, the momentum,* 
which the supplemental appropriation and this authoriza­
tion request will provide.

*Emphasis added.

You will recall that at the time the Congress was 
considering President Kennedy's recommendation that we 
drive toward a lunar landing by 1970, NASA officials 
reported to you that the cost would probably run from $20 
to $40 billion. Despite the difficulties which have been 
experienced, we can still put two American explorers on 
the moon in this decade, and we can do it within the lower 
of those two figures — for less than $20 billion.

But, Mr. Chairman, I am prepared to say that, if the 
program is further curtailed, if the momentum is lost, 
if the Apollo program is stretched into the next decade, 
the cost will not be under $20 billion, but will be 
several billion more. The ultimate cost will increase 
for each year in which achievement of our goal is delayed.

The Office of Manned Space Flight has made a careful 
study of the effects of a stretched-out lunar program, 
and prepared cost estimates involving the extension of 
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the landing date for a period of up to six years. 
Dr. Mueller will go into this in more detail, but I 
would like to summarize the results.

This study indicates that the cost of the lunar 
exploration would increase by approximately $1 billion 
for each year that the landing is delayed. A three- 
year delay would cost $3 billion, a six-year delay $6 
billion, with no corresponding improvement in the 
benefits obtained.

This increased expense arises because the cost of a 
major research and development program is roughly the 
sum of three factors: (1) A constant factor that desig­
nates work that must be done and facilities that must be 
constructed, regardless of the pace at which the program 
is conducted, and with most of this going to pay the 
people in contractor plants working on the program;
(2) an operating burden, which covers costs that must be 
incurred at a relatively fixed level while the program 
is underway, and therefore accumulate in almost direct 
proportion to the time required for completion of the 
program; and (3) a timesaving factor, which includes 
funds expended for such purposes as overtime, parallel 
paths of development, the purchase of hardware and 
facilities beyond those which would be required for a 
slower paced program, and the provision of duplicate 
personnel complements for launch preparations and 
associated efforts.

A minimum-cost program is one in which the amounts 
expended on operating burdens and time-saving factors 
are relatively in balance, and that is the case with 
our program as it was presented last year. The stretch­
out to the very last of this decade, which is the basis 
of the 1965 budget, involves some increase in costs over 
the level which could have been attained.*  But we have 
not planned, either for 1964 or 1965, premium overtime 
and inefficient multishift operations in order to save 
time. Neither, however, have we been forced to establish 
a pace so slow that the operating burden absorbs an 
exorbitant share of the total expenditure.

*Emphasis added.
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If the lunar landing date is delayed further, the 
operating burden will begin to consume an unreasonable 
share of the funds provided. The costs to which I refer 
include the support of thousands of skilled engineers, 
scientists, and technicians who must be on hand to 
support the flight and ground test activity that con­
tinues throughout the total development program, whether 
the ground tests are on three- or six-month centers.

This includes the propulsion, electronics, structures, 
thermodynamics, astrodynamics, guidance, control and 
launch specialists, and the supporting technicians, to 
name but a few, as well as the clerical and management 
staffs required by each industrial contractor to do 
business.

Let me repeat, this cost base exists whether we are 
flying once in three months or once in six months.* As 
a result, the cost associated with each event in the 
program increases as the program is delayed. For this 
reason, if economy is to be the watchword, and if we are 
to meet the stated national goal of lunar exploration 
within this decade both the supplemental appropriation 
and this authorization are required.

*Emphasis added.

Many of the basic questions that arose each year as 
NASA gave testimony before the Congress were also typically 
illustrated in the follow-on dialogue between NASA witnesses 
and members of the House Appropriation Subcommittee on April 7, 
1964. The committee members were interested in learning how 
important NASA thought it was that the lunar landing take place 
in this decade, because this did impose a very real limit on 
their willingness to cut back the program. Great interest was 
shown by the committee, too, in the goals and pace of the 
Russian space program.4

NASA's appropriation for FY 1965 was $5.25 billion, 
including a $72.5 million appropriation under the FY 1964 
authorization. This was $195 million less than President 
Johnson had asked, but $150 million more than NASA had received 
the year before.
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This Congressional action was considered an important 
turning point. When the President signed the Appropriations 
Act on August 30, 1964, Administrator Webb issued a statement 
"in response to queries" concerning the effect the appropria­
tion would have on NASA programs.The statement summed up 
NASA's position and rationale after two crucial years of 
national debate and decisive Congressional action:

The appropriation for FY 1965 of $5,250 billion for 
NASA is further Congressional recognition of the vital 
importance to this nation and the free world of the increased 
aeronautical and space efforts which have gone forward under 
three administrations. This program can give this nation 
pre-eminence in space and continue its aeronautical superi­
ority.

The Congress understands this. Its support has been 
bipartisan every year since it was started.

This appropriation comes six years after NASA was 
established and at the midpoint of the 10-year, $35- 
billion program which was adopted in 1961 to challenge 
the then clearly dangerous Russian lead in space. NASA 
will utilize these funds to maintain the basic momentum 
and direction of the program as presented to Congress 
but will make a number of adjustments to meet the Con­
gressional reduction of $195 million, to effect those 
specific changes directed by Congress, and to take advan­
tage of experience gained from operations conducted during 
the nine months since the budget was submitted.

Although these adjustments will affect launch schedules 
and program milestones, Dr. Dryden, Dr. Seamans, and I 
are convinced that it is best to make a maximum effort 
to gain operational leadership in manned space flight 
and that the manned lunar landing should continue to be 
targeted within this decade.*  This will stretch NASA 
and its contractors to the limit, but we have advised 
the President that we are not at this time willing to give 
up this goal which is so challenging and which is so impor­
tant as a focus for the efforts we must continue to make in 
all our programs.*  In this decision we are taking the most 
effective steps we can to make sure we are not again set 
back by some new breakthrough such as Sputnik or Vostok 

*Emphasis added.
II-9



arising from the continued very active space program 
of the Russians.

In space, the obstacles are great and the lead times 
long. Time lost cannot be made up. The target date is 
only five years away. Our assurance that it can be met 
is less than under President Johnson's budget, but we 
still hope that with hard work, dedication, continued 
successes, and continued support we can meet it. We 
are going to make a hard try.

This decision does not involve the transfer to manned 
space flight of funds from space science and applications 
programs or advanced research and technology programs. 
These programs will require some adjustments, but will not 
be drastically reduced as would be necessary if funds 
were reprogrammed to benefit manned space flight . . .

In close association with the aeronautical and space 
committees of Congress, all programs will be kept under 
constant review to take advantage of every development 
and every means to maintain the momentum and progress 
toward pre-eminence in space.

Literally, the "last word" on the FY 1965 budget by 
NASA stresses "pre-eminence in space" as the national goal.
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TABLE II-1

Comparative Analysis 
Versus Appropriations FY

of Budget Requests 
1960-1969 (In Millions)

Fiscal Year
Budget
Request

Appro- 
priated Difference

38.5*
1960 Eisenhower 508.3 481.5 - 23.2

1961 Eisenhower 964.6 964.0 .6

1962 Eisenhower (1,109.6)

1962 Kennedy (830.7)
Subtotal 1962 1,940.3 1,825.3 - 115.0

1963 Kennedy 3,787.3 3,674.1 - 113.2

1964 Kennedy 5,712.0 5,100.0 - 612.0

1964 Johnson 141.0 72.0 - 68.5
(supplemental)

1965 Johnson 5,304.0 5,177.5 - 126.5

1966 Johnson 5,260.0 5,175.0 . - 85.0

1967 Johnson 5,012.0 4,968.0 - 44.0

1968 Johnson 5,100.0 4,588.9 - 511.1

1969 Johnson 4,370.4 3,995.3 - 375.1

*Includes suppiementals of $16.7 million (R&D) and $21.8 million 
(CoF) against FY 1959 authorization.
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1965 PRE-EMINENCE AND THE ISSUE OF FOLLOW ON PROGRAMS

The issue of pre-eminence and the NASA way of working 
toward it through scientific understanding of the environment 
and the development of technology, with each new mission started 
in time to dovetail in with completed missions, came sharply 
into focus in January of 1965. President Johnson had been in 
office only a little more than two months when he signed a 
letter addressed to NASA Administrator Webb which had been pre­
pared originally for President Kennedy and which asked for a 
review of possible space objectives beyond those already approved. 
The Administrator made an interim reply in May 1964. In 
February 1965, he transmitted to the President a copy of the 
Summary Report of the Future Programs Task Group of NASA, 
recommending that it should be made public to facilitate a 
national debate on what the United States should do in space 
after the Apollo manned lunar landing was accomplished.No 
new programs for NASA were mentioned in the President's Budget 
Message delivered to the Congress on January 25, 1965, but in 
the budget itself a start on two programs was recommended:?

Through prudent management and the termination of 
premature or non-essential projects, it is now possible 
to maintain the momentum of our ongoing programs and to 
start important new projects without a further signifi­
cant increase in new obligational authority for 1966.

Funds are provided in 1966 for studies and selected 
technological developments which will prepare the way 
for a future decision on possible uses of the Apollo 
spacecraft and Saturn launch vehicles other than those 
specifically required for the manned lunar landing.

Funds are included in this budget to initiate devel­
opment of the Voyager, a major new unmanned spacecraft 
designed to explore the planet Mars. This spacecraft 
will be 10 to 15 times as large as the Mariner 4 which is 
currently in transit to Mars. Its ultimate mission will 
be to place on the Martian surface an instrument package 
capable of determining and reporting to earth whether 
there is life on the planet. This program has been 
selected for initiation in 1966 because it is considered 
to be one of the most important scientific missions to 
be undertaken in space and must be timed for the most 
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favorable flight conditions. It is planned to take advan­
tage of the opportunity that will occur in 1971.

At the NASA budget briefing, NASA Associate Administra­
tor Seamans explained that about $45 million was being requested 
for work on the Apollo extension systems under the regular 
item in the Apollo budget called Apollo Mission Support.® 
Seamans said none of this money would be used for flight hardware, 
but only for design and feasibility studies and the building of 
experimental prototypes.®

In the FY 1966 budget briefing at NASA, Seamans 
described the studies being funded for the Apollo extension 
project and said the main question was, What are we going to 
do with the manned space flight capability we are building up 
in the current Saturn/Apollo program? He said that was a ques­
tion that "we have been addressing ourselves to for the past 
year as part of a special study for the President."10

During the question and answer part of the budget 
briefing, a reporter asked: "Aren't you saying, Dr. Seamans, 
that to all actual intents and purposes, at this point we 
don't have any dramatic program going on beyond the manned 
lunar program?" And Seamans answered:H

No, I wouldn't agree with that. It is our belief 
that the extended Apollo program permitting flights 
in earth orbit, circular orbits of various sorts up 
to polar orbits, flights in synchronous orbit, flights 
extending out to four to six weeks or perhaps even 
more, will be very dramatic indeed.

Also circumlunar flights, say in polar orbit about 
the moon, taking photographs of the entire lunar sur­
face, missions that could involve stay times on the moon 
of up to one to two weeks, all have great possibility 
and offer great interest scientifically.

Funding requested for Voyager in FY 1966 was the sub­
stantial sum of $43 million (compared with $7.75 million 
transferred to Voyager from Mariner and used for preliminary 
studies in FY 1965 and no funding at all in FY 1964).

The House and Senate space committee reports (No. 273 
and No. 188, respectively) on the NASA authorization bill for 
FY 1966 accepted the new Programs.
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The NASA authorization and appropriation bills for 
FY 1966 were little changed in Congress. The President had 
requested $5.26 billion, the authorization was $5.19 billion, 
and the appropriation $5,175 billion.

During floor debate in the Senate, Senator William 
Proxmire's annual proposed amendment to reduce NASA appropria­
tions, by five percent on this occasion, was defeated on a roll 
call vote, 16 to 61.

In the NASA Operating Plan for FY 1966, Voyager was 
provided $17 million and the Apollo extension systems $51 
million.14

1966 — NEW PROGRAMS DEFERRED

Despite much discussion during 1965 on the need to 
start new programs, President Johnson did not consider 1966 the 
year for commitments to new space programs.

For the first time since the beginning of the "space 
age" after Sputnik, space was not mentioned in the President's 
State of the Union Message to the Congress. The emphasis in 
1966 was on carrying out "Great Society" programs.

In his Budget Message for FY 1967, President Johnson 
said he was asking for $163 million less for NASA in new 
obligational authority than for the current year; that NASA 
expenditures would decline by $300 million; and that this level 
would "sustain our progress in space exploration and continue 
the advancement of science and technology."15 This budget 
called for the first decline in annual expenditures for NASA 
since it had been established in 1958.

No mention of new programs was made in the Budget 
Message or the budget, except for the notice that a Mariner 
mission (instead of a Voyager test flight) would be flown to 
Mars in 1969 to "obtain additional vital information for 
development of the much larger Voyager spacecraft looking 
toward a landing on Mars in the 1970's."1^ The Voyager flight 
to Mars in 1971, called for in the FY 1966 budget, was not 
included and, while funds were provided, they were at too low 
a level to permit NASA to move toward a definite flight date.
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At the NASA budget briefing, Seamans mentioned three 
guidelines that had been considered in putting this budget to­
gether. These were:

First, we wanted to put together a budget that 
would maintain the momentum of our major on-going 
programs directed at key manned space flight and scien­
tific goals. Particularly we wanted to maintain the 
opportunity to land men on the moon and return them in 
this decade.

The second guideline is to carry out work which will 
provide options for future major projects which will 
enable us to make positive achievements in space science 
and exploration and to deny to the Soviets the oppor­
tunity of pre-empting leadership in the future ...

A third guideline relates to the fact that we face an 
uncertain, but certainly a difficult, situation in 
Vietnam which we can anticipate lasting for an indefinite 
period. We also have increased commitments for improving 
health and education and relieving poverty at home. These 
and other factors have, of necessity, and properly, led to 
an extremely stringent budget for NASA in FY 1967.

In answer to a question, Seamans said NASA had reviewed 
with the Bureau of the Budget various funding levels for FY 1967 
ranging from $4.8 billion to $5.8 billion. NASA recommended 
the $5.8 billion level, he said, but did consider that the level 
called for in the President's request ($5,012 billion) would 
assure "a good space program that kept most of the important 
on-going objectives."

Dropping to the $5,012 billion level, he said,had 
caused the Voyager program to be cut back, so there could be 
no Mars mission in 1971; and the Apollo Applications program 
(as the Apollo extension systems was now being called) would 
remain in the definition phase. Also, the Advanced Orbiting 
Solar Observatory would be dropped.*

*See Chapter IV.

Seamans was asked if he considered Apollo Applications 
"a Congressionally-approved" program, or whether he thought it 
still had to cross that barrier. He answered that it had been 
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made clear the year before that NASA was not asking for authority 
to proceed with the flight program; NASA had recommended a 
definition phase, and Congress approved that; and in FY 1967 the 
definition phase would be continued for another year.

Seamans explained that definition included not just 
paper work, but the breadboarding of equipment "so that you 
really know what it is you are going to fly." This does cost 
money, he said, but it saves money to define things that well 
before you go ahead with the flight program.

The FY 1967 budget request included about $100 million 
for Apollo Applications from various accounts, including $42 
million under the Apollo line item, Seamans said, and NASA 
would have preferred to have double this amount.

Administrator Webb told the House space committee in 
his statement on the NASA FY 1967 authorization bill that the 
country was approaching another crossroads, like the cross­
roads of 1961 when the Apollo lunar landing goal was set. 
"Major new decisions for the future, and with implications 
more far-reaching than any this committee and NASA have faced 
together in the past, must soon be made." The FY 1967 budget, 
he said, "reflects the President's determination to hold open 
for another year the major decisions on future programs — 
decisions on whether to make use of the space operational 
systems, space know-how, and facilities we have worked so hard 
to build up, or to begin their liquidation."18

Webb also stressed Soviet advances during the past 
year: "It will require a strong and increasing effort initiated 
no later than FY 1968 and vigorously pushed in the years after 
the United States has achieved a manned lunar landing to prevent 
them from forging ahead as the unchallenged leader in space."

The confident talk of pre-eminence in space as a national 
goal which had marked NASA statements during the years following 
1961 was now missing. At this juncture, Webb said for the first 
time that he thought the Russians would be able to put up pay­
loads as big as or bigger than the Saturn V could at about the 
same time that the Saturn V would become operational: "I cannot 
forecast exactly what they will do with this capability, but 
they can do anything we can do and we have not closed the gap."18

The House Committee report on the authorization bill for 
FY 1967 gave a rather strong endorsement to the Voyager program, 
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and increased the amount requested by NASA for FY 1967 from $10 
million to $32 million, which the Committee thought was the 
minimum currently needed for the preliminary work that would 
assure an effective and economical long-term Mars-lander 
program.20

The Senate Committee report, however, did not concur 
in this addition for Voyager. Indeed, the Senate report ended 
with this sentence: "Your committee believes that NASA should 
make every effort to get planetary information by less expensive 
means before embarking on an unmanned spacecraft as sophisti­
cated as Voyager."21 It was this attitude that eventually 
prevailed.

Congress authorized $5,000,419,000 and appropriated 
$4,968,000,000 for NASA for FY 1967, compared with the President's 
request of $5,012,000,000. (The appropriation for research and 
development was less than $2 million below the President's 
request.)

The NASA Operating Plan for FY 1967 submitted to 
Congress on January 23, 1967, shows a total of $80 million 
devoted to Apollo Applications in FY 1967, including preliminary 
design, long lead-time procurements, and work on the experiments 
to be performed.22 About $100 million had been requested.

The FY 1967 Operating Plan also gave $10 million to 
Voyager, as had been requested in the President's budget.

Thus, 1966 was a year of deferred decisions, but the 
options to proceed in 1967 were held open.

1967 — NEW PROGRAMS URGED IN PRESIDENT'S BUDGET

Early in 1967, President Johnson made the first firm 
recommendations of his Administration for the authorization 
of important new space programs for the 1970's. Indeed, he 
said, "we have no alternative unless we wish to abandon the 
manned space capability we have created."23

In the budget request for NASA for FY 1968, $454.7 
million was included for the Apollo Applications program and 
$71.5 million for the Voyager program (which as then defined 
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would use the Saturn V launch vehicle to send large orbiters 
and landers to Mars in 1973 and 1975). And, in a budget 
amendment sent to Congress on February 28, 1967, the President 
asked for $50 million additional for NASA (and $41 million for 
AEC) to begin development of the NERVA II nuclear rocket 
engine.24

The President's total budget request for NASA for 
FY 1968 was $5.1 billion — which was $88 million more than he 
had requested for FY 1967 and $132 million more than Congress 
had appropriated to NASA for FY 1967. Each of the new programs 
would require significant long-term effort and funding over a 
period of years — Apollo Applications at least $4 billion, 
Voyager more than $2 billion through 1975, NERVA II about $2 
billion up to the point of a flight test.25

To continue on-going programs and start the new ones 
would require a total NASA appropriation level of slightly 
more than $5 billion a year at least through FY 1970, Deputy 
Administrator Seamans estimated.26 The Apollo Applications 
program as described in the FY 1968 budget called for continuing 
production and launch of Saturn I-B's and Saturn V's at the rate 
of four each per year, with appropriate payloads. (Earlier the 
budget requests had been based on six each per year.)27 Apollo 
Applications flights were scheduled to use the Saturn I-B and 
to begin in the middle half of 1968 (at the time the main line 
Apollo program was still in full swing) . This was on the 
assumption that Saturn I-B launch vehicles and Apollo space­
craft not needed in the Apollo program would be available 
then.

Plans for the Apollo Applications program (AAP) were 
both ambitious and exciting, but they had been treated in a 
rather routine manner at the NASA budget briefing on 
January 21, 1967. A special Apollo Applications briefing, 
therefore, was called at NASA Headquarters on January 26, 1967. 
Background material on the AAP program was distributed, slides 
were shown, and the Associate Administrator for Manned Space 
Flight, George Mueller, answered questions at length.28

The Apollo Applications story as outlined at this 
briefing was not destined to get the consideration it deserved. 
The mood of optimism which had prevailed at the briefing was 
not soon to return. On the next day, Friday, January 27, the 
tragic ApoHow fire took the lives of three astronauts — 
Grissom, White, and Chaffee.
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Despite the Apollo fire and its repercussions, reviewed 
later in this chapter, the Apollo program for FY 1968 was reduced 
only about one percent in the authorization and less than 2 per­
cent in the appropriation.29 The total NASA authorization for 
FY 1968, however, was $511 million less than the President had 
requested. It was a cut of slightly more than 10 percent.

A pivotal factor in the final outcome was President 
Johnson's statement issued when he signed the NASA authorization 
bill on August 21, 1967. In this statement President Johnson 
noted that the House Appropriations Committee had recommended a 
reduction of $517 million in his request for NASA, and stated 
that he would not oppose such a cut.20 The President pointed 
out that conditions had greatly changed since he submitted his 
budget request in January. He noted that the Federal deficit 
for the fiscal year might run as high as $29 billion, instead 
of the $8.1 billion estimated in January. Hard choices had to 
be made, he said, and the test was "to distinguish between the 
necessary and the desirable." The President stressed that these 
reductions did not indicate a lack of confidence in the space 
venture or a lessening of resolve to maintain a strong program 
of space exploration, science, and technology.

The President said he fully shared in this finding 
from the House Appropriations Committee Report:

The Committee is impressed by the knowledge and 
dedication of the officials administering this pro­
gram. The United States has made great strides in 
space exploration. We have come from behind in less 
than ten years and have overcome deficiencies in both 
military and non-military space programs. We have 
launched 16 manned flights, and all have been successful. 
NASA has launched more than 200 unmanned flights and 
achieved dramatic break-throughs otherwise since Congress 
declared that we should undertake a broad and expansive 
space program. The fact that there has been one tragedy 
to date should not deter the United States from moving 
forward and making further advancements. Even with 
budgetary stringencies facing us, this Nation must move 
forward in space exploration.

Congressional discussion of the NASA 1968 budget and NASA's 
response is found in the printed record of the hearings before 
the Senate Appropriations Subcommittee.21
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Action on the FY 1968 budget request enabled the top­
priority Apollo program to proceed. Despite the delays caused 
by the Apollo fire and technological difficulties, the manned 
lunar landing before the end of 1969 still looked feasible. 
But the important new programs which the President had requested 
in his budget in January had to be drastically revised or 
eliminated:33

— The Apollo Applications program had been accepted 
as a major new program with its place as a line 
item in the FY 1968 Authorization Act; but it 
appeared that the amount of activity planned in 
the program would have to be greatly reduced 
(2 Saturn I-B and 2 Saturn V flights per year 
instead of four each, with the first flights delayed 
until after the lunar landing). The NASA Operating 
Plan for FY 1968 provided $251 million for Apollo 
Applications, compared with the budget request for 
$454.7 million.

— The Voyager program was eliminated; the 1971 Mariner 
mission to Mars was not authorized; and the only 
approved planetary mission on NASA's agenda at the 
end of 1967 was a Mariner fly-by of Mars in 1969.

— The future of the NERVA nuclear rocket engine 
development program was in doubt, but NASA sought 
to save it by switching from NERVA II to the less 
powerful and less expensive NERVA I.

— Congress had authorized none of the $5 million 
requested for advanced mission studies (for manned 
flight beyond Apollo Applications).

1968 — NASA CAUGHT IN THE FISCAL CRUNCH

NASA moved into 1968 with scaled down plans and sub­
stantial hopes for launching its lower cost new programs; but 
the fiscal crunch that developed between the President and the 
Congress was to be even more severe than before. The results were 
funding that permitted the Apollo program to move ahead after 
the period of hesitation following the Apollo 4 fire but also 
a sharp curtailment in institutional support for Apollo and a 
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postponement of new programs. This precipitated an atmosphere 
of uncertainty about the future of the space effort after 
Apollo.

President Johnson’s budget request for NASA for FY 1969 
was $4.37 billion, the lowest since President Kennedy's request 
for $3.7 billion for FY 1963. It was $730 million less than 
the FY 1968 request and $219 million less than Congress had 
appropriated for FY 1968. Still, Congress reduced this request 
by $375 million in its appropriations actions.

In his FY 1969 Budget Message (delivered January 29, 
1968), the President gave this brief review of space policy:

This Nation's leadership in advanced technology was 
challenged 10 years ago by Sputnik and again seven 
years ago by the first Soviet manned flight. We res­
ponded to these challenges with energy and imagination. 
We decided to create a national capability to operate in 
space. We established as a principal goal the develop­
ment of launch vehicles and spacecraft large enough to 
transport men to the moon. We joined the strengths of 
our universities, industry, and government to accomplish 
this goal, to expand our knowledge of space, and to 
attain a leading position in aeronautics and space 
technology.

The President asked for $439.6 million for the Apollo 
Applications program, $38 million for Mars missions in 1971 and 
1973 (with no attempt to revive the much more expensive Voyager 
program) and $41 million for the NERVA nuclear rocket engine 
development program (scaled down from NERVA II to NERVA I). The 
President replied to recent criticism of the lagging NASA 
planetary program by saying:

We will not abandon the field of planetary explora­
tion. I am recommending development of a new space­
craft for launch in 1973 to orbit and land on Mars.
This new Mars mission will cost much less than half the 
Voyager program included in last year's budget.
Although the scientific result of this new mission will 
be less than that of the Voyager, it will still provide 
extremely valuable data and serve as a building block 
for planetary exploration systems of the future.
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The House space committee cut $153 million from the 
authorization request, and the House cut another $186 million. 
The Senate space committee cut the request by $220 million, and 
the Senate cut another $137 million. The House accepted the 
lower Senate figure, so the authorization came out at $4,013 
billion. The appropriation was $3,995 billion. All in all, 
Congress cut the President's request for NASA for FY 1969 by 
8.3 percent.

The Congressional Record for May 2, 1968, devoted 67 
consecutive pages to the House floor debate on the NASA authori­
zation bill. Most of the speakers were in favor of the bill, 
making this a useful summary of the reasons advanced in Congress 
over the years for an active NASA space program. Very little of 
the Congressional debate in 1968 involved direct attacks on the 
Apollo program or the lunar landing goal. Opposition was aimed 
primarily at the new programs urged by the President.

The authorization for Apollo was only $14 million off the 
$2,039 billion requested. The authorization for Apollo Applica­
tions was $253.2 million, compared with a request of $439.6 
million. The authorizations for Mars missions in 1971 and 1973 
and for the NERVA program were faily close to the request.

NASA announced an interim operating plan on August 8, 
1968, which included drastic cutbacks in plans for all new 
programs, and explained in its news release:35

The interim plan reflects Congressional reductions 
of $362*  million in NASA's appropriation requests for 
FY 1969. It also takes into account the possibility 
that NASA may be required to make further reductions 
under the Revenue and Expenditure Control Act of 1968. 
If the interim plan were maintained throughout the 
year, about $3.85 billion of new obligational authority 
would be used (compared with the appropriation of $3,995 
billion).

*Final action on the appropriation bill changed this 
to $375 million.
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Under the interim plan, work on the Apollo program, 
on aeronautics, and on Space Applications*  will proceed 
at the levels authorized by Congress. Activities in 
many other areas have had to be curtailed, certain pro­
jects reduced in scope and other work deferred to future 
years. The principal adjustments embodied in the interim 
plan:

*Space Applications as used here refers to NASA work on 
unmanned applications satellites such as Nimbus and ATS, and 
should not be confused with the Apollo Applications program for 
manned space flight.

NASA civil service personnel will be reduced by more 
than 1,600 and contractor support effort at NASA installa­
tions by more than 2,000. The interim plan contemplates 
adjustments between appropriation accounts to prevent 
substantially larger personnel reductions which would 
place in jeopardy the conduct of the Apollo and other 
current programs.

The Apollo Applications Program (AAP) will be funded 
at about $140 million, a reduction of about $300 million 
from the 1969 Budget request. As previously announced, 
production of Saturn IB launch vehicles will be terminated 
after Vehicle No. 214. (The first 12 Saturn IB vehicles, 
through No. 212, were procured for the Apollo program.)

Saturn V production will not be continued after the 
first 15 launch vehicles (which were procured for the 
Apollo program). The AAP flight program will be delayed 
and limited in scope to one Saturn I Workshop and one Apollo 
Telescope Mount with a back up for each. Work toward post­
Apollo lunar exploration and toward the Earth-orbiting 
Saturn V Workshop will be limited to studies.

The plan for a Mars 1973 mission is being revised to 
conform to sharply reduced funding in FY 1969. The instru­
mentation to be landed on Mars and the scientific return 
will be substantially less than in the program presented 
in the FY 1969 budget.

In the nuclear propulsion program, development of the 
flight weight NERVA engine will not begin in FY 1969 but 
a cadre of design and development personnel will be retained, 
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thus preserving an option to initiate development of the 
flight weight engine in FY 1970. Advanced technology 
work will be continued and testing of one experimental 
engine will be completed.

As indicated in the interim operating plan for FY 1969, 
work on the earth-orbiting Saturn V Workshop would be limited 
to studies. Earlier in the year, NASA Administrator Webb had 
stressed the potential value of the Saturn V Workshop for both 
scientific and military purposes. He described it as a kind of 
space shelter, "something like an Antarctic base" which could 
be used for any national purpose and which could be developed 
without trying to anticipate in advance all the possible uses 
it would have.36 The Saturn V Workshop would provide a whole 
range of new capabilities for manned space flight operations 
that the Manned Orbital Laboratory (MOL) of the Department of 
Defense, viewed by some as a competing program, would not have. 
Webb said he saw no reason why two Saturn V Workshops could 
not be put into orbit, thus keeping the important civilian and 
military space uses separated.37

The question of whether the potential of a Saturn V 
Orbital Workshop could be convincingly demonstrated and eventu­
ally put to use by both NASA and the military was to remain 
one of the most important space questions still unanswered 
during the last year of the Johnson Administration. America's 
space program for the 1960's would undoubtedly have much greater 
meaning if the vast potential of the Saturn V and the Apollo 
space vehicles could be used after the lunar landing as an 
interim step leading to large orbiting space stations serving 
important national purposes.

THE PUBLIC DIALOGUE ON NASA

The NASA funding process was reviewed in the earlier 
part of this chapter in terms of what President Johnson asked 
for NASA in his budget each year and what the Congress provided. 
Its results were seen to be a level of support to which NASA 
could adapt and carry forward the national space program planned 
for the decade of the 1960's, but a failure to achieve support 
for programs for the future. This decision-making process took 
place in and was a part of a far-ranging, widely participated­
in debate on current and future NASA programs.

11-24



During the Johnson Administration this public dialogue 
proceeded generally along the lines that emerged after the 
appearance of Sputnik in 1957, Vostok I in April 1961, and 
President Kennedy's recommendation of the Apollo program in 
May 1961. Attention usually focused on one of these issues 
or areas of discussion:

— Were the original reasons for launching a major 
national space effort still valid? Were they prop­
erly understood by the public? Were the benefits 
commensurate with cost?

— How important was the space competition with the 
Soviet Union? Should the United States continue 
to make a serious effort to be pre-eminent in space 
exploration and use? What programs and what 
schedules would be required?

— Had it been wise to concentrate on the Apollo pro­
gram and the manned lunar landing goal? Was NASA's 
effort properly balanced?

— Were the country's defense needs in space and 
related technology being adequately met? Were 
NASA and DOD working together where appropriate 
to avoid duplication of effort?

— Was NASA planning for the future effective in 
identifying and meeting national needs in space? 
Was the national decision-making process func­
tioning properly?

— How good was NASA's management? Who or what was to 
blame for the Apollo fire? Was NASA keeping 
Congress adequately informed on real and potential 
problems? What was the fire's impact on public 
support for current and future programs?

— Was there a decrease in public support for the 
space program from 1964 to 1968? Would NASA 
programs have — or deserve — the same high 
priorities in the future they had had in the past?

These questions were all closely interrelated, and they 
will be discussed briefly with emphasis on how they may have 
affected Congressional and public support for NASA plans and 
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programs during the Johnson Administration. It should also be 
noted that the running public discussion on controversial 
aspects of the NASA program was only a small part of the total 
coverage given to NASA activities by the news media and other 
channels of public and technical information. On the whole, 
news coverage of NASA was favorable, extensive, and highly 
competent; and both news treatment and editorials on many 
occasions reflected pride and enthusiasm of the American public 
for the achievements of the nation’s space team.

In all mass media and many specialized publications, 
what NASA was doing, or planned to do, was certainly well 
covered. Getting at, and getting across, the "Why's" of the 
space effort was a much more difficult assignment for the 
press and other media. For NASA, the White House, and the 
Congress there were many problems. How well the job was done, 
how it might have been done better (not for stating NASA's 
case but for correctly identifying national interests in a 
major investment in space) is an important question in a 
democratic society in competition with a quite different 
society.

Re-Examining the National Interests

Debate on the validity of the reasons for a major U.S. 
effort to explore and use space during the past decade would have 
been facilitated, and a great deal of public confusion eliminated, 
if there had been more widespread acceptance of the fact that 
there were indeed a number of important reasons, and that all 
of them had to be taken collectively into account in any 
rational attempt to weigh the costs of the space program 
against the returns from it.39 Formal attempts to identify 
and articulate the principal reasons or motivations for a 
strong national space effort had been made by President 
Eisenhower's Science Advisory Committee in 1958, and by the 
Ad Hoc Committee on Space appointed by Presient-elect Kennedy 
in 1960. The two lists were quite similar.*

*See Chapter I.

It is a long step in national decision-making, however, 
from a catalog of reasons for a strong national space program 
to a determination of what to do and how much to do. Operating 
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with essentially the same published set of motivations the 
Kennedy Administration saw an urgent need for a determined 
drive for space pre-eminence, the Eisenhower Administration 
had not.

The reasons that have been advanced for a strong national 
space program may be restated briefly from the perspective of 
1968 in a way that helps highlight the issue of pre-eminence in 
the debate on U.S. space policy, past and future:

1. National Security: U.S. leadership in space 
exploration and use and in the development of all important 
aspects of space science and technology is essential for 
national strength and security and to help keep space accessible, 
peaceful, and of maximum benefit to all nations. Practically 
every scientific and engineering discipline must be pushed to 
the limit to achieve success in space.

2. World Influence: U.S. space leadership increases 
American prestige abroad, strengthens its influence in world 
affairs, and enhances its ability to advance the interests of a 
democratic society in open competition with communism. At the 
same time, space leadership enables the United States to deny 
to the Soviet Union the propaganda, political, economic, and 
military advantages that flow from space superiority and thereby 
increases the likelihood of U.S.-Soviet cooperation in space in 
the future in ways that could reduce international tension and 
perhaps lessen the threat of global war.

3. Pride: The American people have made clear their 
desire to play a leading role in this exciting new field of 
human endeavor and their dislike for being in second place 
behind the Soviet Union. They welcome this opportunity to 
participate in one of mankind's greatest adventures and to 
carry on the pioneering traditions of their nation.

4. Other Calculated Benefits: In our national space 
program we are also seeking a number of other benefits of 
great importance which are clearly recognized and which we are 
willing to make a substantial investment to obtain. These 
benefits which we are now actively seeking include improvements 
in education; new ways to conduct research and development; new 
scientific knowledge about the Earth, the solar system, and the 
universe; the new technology necessary to explore and use space 
effectively and to maintain our position of space leadership;
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and the direct practical benefits which come from the use of 
space satellites, such as weather, communications, and naviga­
tional satellites, and possible earth resources survey satellites.

5. Coincidental Benefits: The challenging national 
effort to explore and use space is stimulating and strengthening 
American society in many ways and yielding many valuable benefits 
over and above those it is primarily intended to produce. It is 
helping to pay for itself by increasing the ability of our 
society to meet the complex problems of today's world. No 
attempt is made to list these benefits here. A good example, 
however, is the contribution NASA is making to the nation's 
knowledge of how large research and development programs can 
be effectively managed and national resources in government, 
industry, and the universities mobilized to solve complex 
problems of modern society.*

*See also Chapter VII.

The first three reasons, if valid as stated, in whole 
or in part, suggest that the U.S. effort in space must be 
geared to achieving and maintaining pre-eminence, or at least 
parity, with the Soviet Union.

The fourth reason, that of calculated benefits, allows 
for a clearer appraisal of what the space program produces in 
relation to its cost. It does not require any finite level of 
investment, except as may be necessary to carry out projects 
efficiently over a number of years.

The various coincidental benefits of the space program 
could, in the eyes of many people, help offset its cost to a 
considerable extent and possibly repay the investment many times 
over.

For whatever reasons, it is clear enough that the 
Kennedy space policy, from May 25, 1961, onward, was to drive 
for U.S. pre-eminence in space in the decade of the Sixties.

And President Johnson was quick to re-affirm this policy 
in his first State of the Union Message in January 1964, in what 
must be one of the most succinct and least ambiguous policy 
directives ever made:40
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. . . we must assure our pre-eminence in the peaceful 
exploration of outer space, focusing on an expedition to 
the moon in this decade — in cooperation with other powers 
if possible, alone if necessary.

The Kennedy-Johnson drive for space pre-eminence had 
many prominent and vocal critics. Most of the criticism was 
directed, however, not at the policy itself, but at the princi­
pal program designed to achieve pre-eminence — the Apollo 
program and its lunar landing schedule. Some critics thought 
such competition between nations was undignified, or incompati­
ble with the scientific approach, or too "cold warish." Others 
thought that seeking pre-eminence let the Russians call the tune 
and put too much emphasis on spectacular achievements (i.e., 
"stunts"). Still others objected primarily to the high costs. 
Some were loath to talk about pre-eminence until they were more 
sure of actually achieving it. And others seized on every 
fancied opportunity to claim that the Soviet Union had dropped 
out in the so-called "race to the moon."*

*See the analysis in Chapter I on the 1963 debate.

**"Space Cartoons, 1963-68," contained in Volume II, 
Appendix B-VII, provides a graphic chronology for assessing the 
space dialogue.

Some of the steam went out of the drive for pre-eminence 
during the years of the Johnson Administration as NASA eminently 
succeeded with the Gemini programs, the Department of Defense 
got the Manned Orbiting Laboratory underway, and NASA began 
flying the giant Saturn V booster and the Apollo spacecraft 
before the Soviet Union had demonstrated a match for either 
one.**  Stress on pre-eminence also became a delicate issue 
when it became evident that the lowered level of effort established 
by Congress and accepted by the President in 1967 and 1968 would 
not be enough to match Soviet achievements in the years ahead.

Nevertheless, the national effort carried out to achieve 
space pre-eminence, based primarily on the motivations of national 
security, scientific advance, practical applications, national 
prestige, and personal pride, stood up under constant attack 
from 1961 through 1968, but only in support of the NASA programs 
laid out and underway. Most of these would be completed in this 
decade. The validity of the underlying motivations for the U.S. 
space effort was called into question in 1967 and 1968 when
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Congressional support for new programs for the Seventies 
(Apollo Applications, Voyager, and NERVA) were not judged 
necessary to compete effectively with the Soviet Union.

In September 1968, Administrator Webb’s retirement and 
the Soviet success in recovering Zond 5 in the Indian Ocean 
after a flight around the moon — a spectacular demonstration 
of a growing large capability — touched off renewed public 
discussion, which now continues, of basic space policies of the 
United States. The Washington Post, for example, said the Ameri­
can people would have to decide on how important it was to try 
to compete effectively with the Russians:^

. . . the next Administration owes the public a full 
re-evaluation of the space program after the moon 
flights. There is a substantial argument that this 
nation's destiny is to be the first in space and that 
we should push beyond the moon to explore the planets with 
all reasonable speed. There is also a substantial argu­
ment that too much needs to be done here on earth to 
invest in space exploration the money and manpower a 
real effort requires. If the national decision is to 
follow the latter course, we should face up to the fact 
that the Russians may always get there first and stop 
thinking in terms of a race. If the decision is to pro­
ceed with a major space effort, there should be no con­
fusion about what it will cost or where it will lead. 
Only then will we be able to take the setbacks and the 
eventual successes in stride.

Webb had suggested the need in 1965 for a thorough 
national debate to determine post-Apollo programs, but it had 
not materialized in any clear-cut, coherent form.42

Perhaps it was too much to expect that a great debate 
would take place in a democratic society at the proper time 
and in a rational way merely because there was a need to re­
examine and re-assess national policy. Perhaps it would take 
another Soviet technological surprise like Sputnik had been 
in its time.*

*Both major condidates for the Presidency in 1968 
urged a policy of space leadership for the United States.
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A leading NASA scientist, Robert Jastrow, in the course 
of a review of Arthur Clarke's book, The Promise of Space, said:43

Clarke describes the chronology of the Apollo decision 
as "politics and astronautics combined" and writes, "The 
verdict of history may well be that the United States 
made the correct decision even if from dubious motives." 
Elsewhere, Clarke refers to the moon — and in this I 
think he is right — as a "treasure house of knowledge." 
In the combination of these remarks he seems to betray 
a point of view that the primary purpose of the space 
program is, or should be, the exploitation of its 
scientific potential and the search for knowledge in the 
space around the earth and on the other bodies of the 
solar system.

My own view is that he is mistaken. Spacecraft 
have yielded important scientific discoveries, and my 
work is concerned entirely with this part of the space 
program, but it seems clear to me that the preservation 
of national security, and not scientific research per 
se, was the motivation for the Kennedy proposal. Kennedy 
acted out of a deep gut instinct, shared by the Congress 
and the American people, that the United States had been 
presented with a major challenge to which it must respond 
effectively or pay a heavy penalty. . . .

As to the future, Jastrow argued that spacecraft now 
on the drawing boards and awaiting funding promise a "dollars- 
and-cents return in increased productivity in the United States 
so great that the question is not, can we afford a space pro­
gram? but, can we afford to be without one?"

The facts leading to this conclusion are in Clarke's 
book, although his own conclusion is different, for, as 
befits a man of extraordinary prescience, he keeps his 
eye on the horizon. To Clarke, it is "the universe -- 
or nothing. ... If we fail to meet (the challenge of 
the great spaces between the worlds), the story of our 
race will be drawing to its close. Humanity will have 
turned its back upon the still untrodden heights and 
will be descending the long slope that stretches, across 
a thousand million years of time, down to the shores of 
the primeval sea."
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In the scheme of space program motivations previously 
outlined, the rescue of humanity from this fate would have to 
be included under the category of coincidental benefits, at 
least for the time being.

Appraising the Soviet Competition

Throughout the five years 1964-68, NASA Administrator 
Webb continued to stress that the Soviet Union was pressing 
forward with a broad-based and vigorous space program.44

On April 7, 1964, Webb told the House Appropriations 
Subcommittee:45

We have, in short, emerged from a period in which 
we were far behind the Russians and did everything we 
could and regretted our inability to do more. We are 
still behind in manned space flight, but we now have 
a very large capability and have achieved sufficient 
momentum to move ahead of them in the 1965-67 time period. 
However, there are still many unknowns; the competition 
is still vigorous and could again become a danger to our 
position; and we are therefore increasingly confronted 
with hard decisions in the selection of programs which 
should be undertaken.

Webb cited the Soviet ability to put payloads of 
15,000 pounds in earth orbit, and said there was some evidence 
that they were proceeding with the development of larger launch 
vehicles and payloads, but that it was too early to say for 
sure.

On April 5, 1965, Webb told the House Appropriations 
Subcommittee that the Russians were still ahead in booster 
capability available for manned space flight and would be 
until the Saturn I-B was operational. "It may be," Webb 
said, "they will match us even in the Saturn I-B."

"The Russians," Webb said, "look to space for a very 
major breakthrough that will effect their power position in the 
world and their ability to push communism as a dominant method 
of organization. ... If they had a free field and we were not 
pushing forward ourselves, their opportunity to present them­
selves as the wave of the future would be very much enhanced."46
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When Webb appeared before the House Committee on 
Science and Astronautics on March 10, 1966, he read a state­
ment, which was not in his prepared text but which he had 
written in the committee room:4^

The massive Soviet commitment to a rapid buildup 
and a long-term program underlines the importance they 
attach to advancing their space capabilities. It will 
require a strong and increasing effort initiated no later 
than Fiscal Year 1968 and vigorously pushed into the years 
after the United States has achieved a manned lunar land­
ing to prevent them from forging ahead as the unchallenged 
leader in space.

The program we began presenting to you in 1961 and 
have elaborated in each succeeding year was intended to 
meet fierce competition and to end up ahead. . . .

The competition is still fierce and we are not 
yet able to feel assurance that we will end up ahead 
in the option areas where the Russians are developing 
their strongest potential.

Six weeks later, on May 19, 1966, before the Senate 
Appropriations Subcommittee, Webb announced for the first time 
that, in his opinion, the Russians would soon have the ability 
"to put up bigger payloads than we can put up with the Saturn V 
or certainly in that category." Webb said the Russians were 
now building "very large equipment" and were moving faster 
than he thought they would or could a year ago.48

Webb repeated his warning in more definite terms when 
he testified before the Senate Appropriations Subcommittee 
over a year later on July 26, 1967:

In my view they are preparing to launch a booster 
with an appropriately large payload that will be larger 
than the Saturn V and that will give them the image and 
capability for the next several years of being ahead of 
the U.S. program."49

In later testimony before the House Space Committee on 
February 7, 1968, he estimated that in 1968, or shortly there­
after, the Russians would have available a launch vehicle with 
more than 10 million pounds thrust, or one and one half times 
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the thrust of the Saturn V. He said he expected the Russians 
to use this new launch vehicle for their manned lunar landing 50 mission.

Webb also gave a written answer to a question on the 
relative status and progress of the U.S. and Soviet space 
programs. In summarizing his answer he said:

In terms of scientific advances and in applications 
of space systems to economic use, such as meteorological 
and communications systems, our program has achieved a 
more advanced state than theirs. But in terms of capa­
bility to use large launch vehicles and in the rate of 
advance toward future greater capabilities (emphasis 
added), they are and will remain ahead at the 1969 budget 
level which we are presenting.*  The hard fact we now face 
is, that just as we have begun to catch up in large-scale 
booster operations — as shown by the flights of Apollo 4 
and 5. — we are sharply reducing our program while they 
continue to advance.**

*Because of cuts in the FY 1969 budget, NASA's operating 
level was, of course, further scaled down from the level Webb 
was discussing here.

**Apollo 4 was the first flight demonstration of the 
Saturn V launch vehicle.

***See Volume II, Appendix B-VIII; also in letter to 
the Presient on the same subject, October 2, 1968, in Appendix 
B-II.

Webb also discussed the Soviet space program at the 
press briefing at the White House on September 16, 1968, when 
he announced his intention to retire on October 7, 1968.***  
Asked if he was satisfied with the program "as it stands now," 
Webb said:

I am not satisfied with the program. I am not 
satisfied that we as a nation have not been able to 
go forward to achieve a first position in space.

What this really means is we are going to be in 
a second position for some time to come. ...
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As the U.S.S.R. proceeds to fly and remains 
in the number one position, we will have the capa­
bility to start new programs as the need is clearly 
indicated.

At the White House briefing, Webb was also asked whether 
there had been a time when he thought parity with the Russians 
had been reached. He answered:

I thought we had reached parity with the Russians 
about two or two and one-half years ago in every field 
except the flight of the large boosters and the large 
spacecraft. They have been ahead of us in this field all 
the time and I have said so in every presentation of the 
budget to the Congress and for the last four years I have 
stated that while we have developed options, each of 
those four budgets would not close that gap with the 
big spacecraft.

What I pointed out was that they had been flying 
10,000 and 15,000-pound spacecraft and recovering them 
at will. The Gemini is only 7,000 pounds. We have 
had two (unmanned) flights with the Apollo on the 
Saturn V. But we were just coming into that area of 
matching them with these flights.

So we have not been ahead of them or equal to them 
in the big boosters and the big spacecraft at any time. 
The 12 Saturns a year would have brought us there I 
think without any doubt.*  If we could have done that 
in late '67 or early '68, I think we would have forged 
ahead. But they are still moving at the rate that they 
have built up to, in fact, increasing it.

*Webb's remarks at this press conference were extem­
poraneous. To express his intended meaning more precisely, 
this sentence should have read: Flying six Saturn V rockets 
and six Saturn I-B rockets per year with appropriate payloads, 
as NASA originally proposed, would have brought us there I 
think without any doubt.

So while we are reducing down to a half to two- 
thirds of our previous program, they are still increas­
ing. . . .
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Asked where the United States stood in comparison with 
the Soviet Union at the time of his departure, Webb said: "We 
are not conducting the program at a level that will bring parity." 
Asked whether the United States had fallen "dangerously" behind 
the Soviet Union, Webb answered:

I am not going to use an adjective like that.
What I said is that under the President's leadership 
facing all the problems we have funded the flights 
in a conservative way that were required to meet our 
commitments, the flights we have committed ourselves 
to, and that this will give us experience, Saturn V 
and Apollo experience, out to the moon. It will give 
us up to 6,000 hours of flight experience.

This gives a capability to do what we have to do 
in the future. Any danger to the United States that 
would come from the Russian program would be visible 
in time to use this capability to start out. But they 
are going to have the reality and the image of being 
out in front for a number of years to come. How dangerous 
that is you will have to judge yourself.

At this point a newsman said: "You seem to be saying 
that they have topped the Saturn V, which they haven't." Webb 
replied: "I have been testifying for three years in the Congress 
that they were building a booster bigger than the Saturn V and 
they will be flying it soon."

Webb's final public warning as Administrator on the 
likelihood of American failure in the drive for space pre­
eminence was given in his Diebold Lecture at Harvard University 
on September 30, 1968. It was also his sharpest and most 
detailed warning.*

*Text in Volume II, Appendix B-VI-3.

It should be emphasized here that the warnings which 
Webb gave dealt primarily with the high sustained level of 
effort in the Soviet space program and the future capabilities 
that were being developed but not yet revealed publicly. In 
advising President Johnson on what the United States needed to do 
to gain and maintain pre-eminence in space exploration and use, 
Webb stressed that a comparison of current demonstrated space 
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capabilities told only part of the story, and that it was 
necessary to keep attention focused on the Soviet rate of 
advance and what the Soviet Union would soon be able to do in 
space, particularly in the early years of the next decade when 
the U.S. would have very few missions. Webb felt that too much 
emphasis on current demonstrated capabilities, rather than the 
rate of build-up for the future in the case of the Soviet Union 
and the rate of decline in resources in the case of the United 
States, would tend to lull the American public into a sense of 
false security in so far as U.S. chances for continued space 
leadership were concerned.

A brief review of these Soviet achievements will show 
the broad scope and sustained effort of the Soviet space pro­
gram in the years 1964 through 1968.*  ** It will also show that, 
although the Soviet Union did achieve some brilliant successes 
in space during these years, it still did nothing that aroused 
and disturbed the American people in the way the first Sputniks 
and the first Soviet manned flights had done. This was because 
demonstrated Soviet achievements in these years were matched or 
exceeded by U.S. achievements; and because U.S. capabilities 
being built up in the Apollo program were well known to the 
American public, but Soviet preparations for the future, except 
for Webb's repeated warnings to Congress, were not appreciated.*

*Through October 31, 1968.

**Discussion of the Soviet space program is from unclassi 
fied sources.

Voskhod I carried three men into space for 24 hours in 
October 1964; Voskhod II, launched in March 1965, was equipped 
with an airlock which permitted Cosmonaut Leonov to carry out 
the first extravehicular activity in space. The two Voskhod 
flights did appear to take some of the competitive lustre off 
the first manned Gemini flights, which did not begin until 
March 1965. It was apparent, however, that the Voskhod space­
craft was not really a second generation manned spacecraft, but 
was little more than the original Vostok spacecraft modified 
to carry three persons under crowded conditions in the first 
flight, and to carry two persons and permit extravehicular 
activity in the second flight.

The first Soviet communications satellite, Molniya 
(Lightning), was not orbited until April 1965. The spacecraft 
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had an apogee of 21,250 nautical miles and perigee of 258, which 
meant that it was available at high altitudes over the Soviet 
Union for long periods of time. Seven additional Molniya communi­
cation satellites have since been launched.*  They are used to 
relay television programs between Moscow and the Soviet Far East 
and between Moscow and Paris. The Molniya orbit has for the 
Soviet Union many of the advantages of synchronous orbit, and 
permits use of a heavier payload. The Soviet Union has, however, 
not yet put a satellite into synchronous orbit.*

*Through October 31, 1968.

The Proton I satellite, launched in July 1965, weighed 
27,000 pounds and was put in orbit by a "new powerful rocket," 
the Soviet Union announced. It was called "a scientific space 
station" and carried heavy instruments to study energetic 
particles in space. Two additional Proton satellites of similar 
weight were launched later, and the new Soviet rocket became 
known as the Proton launch vehicle.

Proton I set a new record for weight of payload in 
orbit. With expected improvements, the Proton launch vehicle 
would be able to orbit payloads of 40 or 50 thousand pounds, 
and perhaps more if high energy upper stages were used. 
However, through October 1968, the Soviet Union had not 
announced orbiting a payload heavier than Proton I.

The first operational flight of the U.S. Saturn I-B 
rocket, capable of putting 38,000 pounds of payload into earth 
orbit, did not come until the Apollo 7 manned flight in October 
1968. The first operational use of the Saturn V rocket, capable 
of putting 285,000 pounds into earth orbit, took place in the 
Apollo 8 mission in December 1968.

In February 1966, the unmanned Soviet spacecraft Luna IX 
made the first successful landing of instruments on the moon, 
and in March Luna X became the first spacecraft in lunar orbit. 
These achievements demonstrated the strong Soviet determination 
to proceed with lunar exploration, and were regarded as sound 
preparation for later manned flights as well as a brilliant 
demonstration of Soviet mastery of more and more difficult space- 
related techniques and technology. The American public was 
impressed but not alarmed, because the NASA Surveyor and Lunar 
Orbiter programs soon demonstrated an equally or more advanced 
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technology and apparently produced better pictures and more use­
ful new information.

In October 1967, the Soviet spacecraft Venera IV 
injected an instrumented capsule into the atmosphere of Venus, 
the first Soviet success, after many attempts, to get back use­
ful information from the planets. There was no evidence, however 
that the capsule had survived a landing on the surface of Venus, 
and some doubt as to its altitude when the readings from its 
instruments ceased.

NASA's first attempt to land instruments on the planets 
was not scheduled until the Mars mission of 1973.*  But NASA's 
Mariner V had apparently matched Venera IV in return of scien­
tific information; and Mariner IV's television pictures of Mars 
in 1965 remained the outstanding technological and scientific 
achievement in planetary exploration, at least through 1968.

*According to plans as of September 1968.

The last successful Soviet manned space flight, prior 
to the Soyuz III flight in October 1968, was the Voskhod II 
flight in March 1965. This was followed by ten successful 
manned missions in the NASA Gemini program. The Soyuz I 
mission, apparently intended as the forerunner of major new 
advances in Soviet manned space flight, was made on April 23, 
1967, about three months after the Apollo fire. Soyuz I ended 
in disaster, and the single occupant, Vladimir Komarov, was 
killed, the first known fatality in space flight.

In October of 1967 and April of 1968 the Soviet Union 
carried out automatic rendezvous and docking maneuvers of un­
manned spacecraft. The American public was not alarmed by this 
development in Soviet space technology, impressive as it was. 
NASA had demonstrated the ability to rendezvous and dock manned 
spacecraft in the Gemini program and would develop these proven 
techniques still further in the Apollo program. Also, frequent 
indications that the Soviet Union might soon orbit large space 
stations did not arouse any noticeable concern in the United 
States.

Thus, during the crucial years of national decision on 
post-Apollo programs in 1966 through 1968, the stimulus of 
publicly demonstrated superior Soviet performance was missing.
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In a sense, public support for the U.S. objective of attaining 
and maintaining space pre-eminence was being eroded by NASA's 
successes. National pride in current achievements which 
compared favorably with what the Soviets were currently demon­
strating tended to dull the sense of urgency for starting the 
new long-range programs which alone could assure that the 
Soviet Union would not have an impressive monopoly on signi­
ficant pioneering space achievements three, five, or 10 years 
into the future. It was natural enough that many advocates of 
the NASA space program would wish to emphasize current evidence 
of the greatly improved U.S. position in space competition with 
the Soviet Union; it was Administrator Webb's difficult assign­
ment to emphasize Soviet preparations for more advanced space 
achievements to alert the Congress and the American public to 
the fact that today's euphoria could evaporate quickly unless 
steps were soon taken to match the new capabilities for tomor­
row's missions being created in secrecy in the Soviet Union.

The flight of the unmanned Soviet spacecraft Zond 5 
around the moon and back to earth in mid-September 1968, and its 
recovery by a Soviet task force from the Indian Ocean, was 
hailed around the world as a significant step forward on the 
way to the moon. Some American commentators were quick to 
speculate that the Soviets were now ahead in the race to the 
moon, and that a Soviet manned flight around the moon might 
take place soon. An editorial in Pravda on September 24 pulled 
out all the stops in portraying Zond 5 as a great triumph of 
communism: "Since the time 11 years ago when the earth's first 
artificial satellite was launched, our Motherland has not 
yielded its foremost position in the exploration and conquest 
of space."*

*The Soviet Union no doubt found Zond 5 useful in helping 
to divert world attention from the occupation of Czechoslovakia 
at the time with Soviet troops.

In October 1968 both NASA and the Soviet Union resumed 
manned space flights after a long interruption. It was the 
general view in the United States after the Apollo 7 and the 
Soyuz III missions that the Apollo flight had been more impres­
sive and that the Apollo spacecraft was more advanced than the 
Soyuz. Again the need was underscored for emphasizing to the 
American public and their leaders that current success was only 
part of the space competition story, and that the more accurate 
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measure of space leadership at the end of 1968 was which country 
was preparing most effectively for the use of new generations of 
boosters and spacecraft that would soon appear and the use of 
new important advances in space capabilities that could be made 
and exploited in the decade of the Seventies.

Apollo as the Focus of Debate

Public discussion of national purpose in the NASA space 
effort generally centered on the Apollo program and its manned 
lunar landing goal. Apollo became a classic example of an on­
going national effort supported by the Administration and a 
majority in Congress, but subject to continual criticism and 
opposition from a number of influential newspapers, commenta­
tors, and legislators. Moves to make a significant cut in the 
Apollo program, tantamount to a reversal of national policy, 
mustered around 30 votes in the Senate year after year.

Debate on the Apollo program was related to the 
following:

— More than half of all NASA appropriations from FY 
1962 through FY 1969 were for Apollo.

— It was considered motivated principally by the U.S. 
desire for leadership in the space competition with 
the Soviet Union.

— It did have some of the aspects of a race to the 
moon, even though it was much more than that; and 
its broad role in rapidly developing U.S. capa­
bilities for space missions in earth orbit and 
the whole area of space between earth and the 
moon was often not fully brought out in public 
debate.

— It was viewed in various quarters as drawing off 
funds from more important scientific missions or 
more urgent military efforts in space.

— It required a long period of heavy expenditures 
involving proven, but not new technology.
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— It called for large investments over many years 
before its success could be demonstrated or exploited. 
(One reason why the Apollo program was chosen in 1961 
as the most ambitious U.S. space project for the 
decade was the thought that the U.S. industrial sys­
tem could out-perform that of the Soviet Union on 
such a large-scale and difficult undertaking.)

— And because of high development and operating costs 
right up to the end of the program, it tended to 
hold back the start of new programs.

Some of the alleged weaknesses or most criticized 
aspects of the Apollo program were also its strong points:

— The political and emotional commitment to Apollo 
probably saved it from bogging down or being 
dragged out indefinitely.

— It gave the necessary focus to the U.S. drive for 
the rapid development of competence in the use of 
large boosters and in manned space flight.

— Because of its dramatic objective and its schedule, 
it helped force the rapid development of capabili­
ties for unamnned space exploration in the Ranger, 
Surveyor, Lunar Orbiter, and other programs.

— Apollo also had the virtue of requiring collateral 
studies of the sun to provide ways of forcasting 
and averting possible dangers to astronauts and 
equipment from solar radiation on journeys to the 
moon and back. This in turn helped to give greater 
coherence and sense of purpose to NASA's space 
science effort.

— Apollo established a high level of effort in manned 
space flight for the decade of the Sixties; it is 
probable that this also caused the level of effort 
in the space science field to be raised rather than 
restricted.

The role and level of support of the Apollo program 
during the Administrations of Kennedy and Johnson will undoubtedly 
be a subject of further study and analysis by historians not only 
for its immediate contribution to U.S. progress in science and 
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technology, but also as a precedent for other needed efforts to 
rapidly advance nonmilitary science and technology in a demo­
cratic society.^4

At this time, late 1968, a heavy share of history's 
judgment on the Kennedy and Johnson Administrations, and on 
Lyndon B. Johnson's personal leadership in charting the U.S. 
course in space, and the place of NASA still rests upon the 
success or failure of the Apollo missions scheduled for 1969. 
What the Russians can achieve in the same period will also be 
a major factor in measuring the success of the U.S. drive for 
space pre-eminence in the decade of the Sixties.

There is, of course, no answer today on the question 
whether NASA space effort was properly balanced during the 
Kennedy and Johnson Administrations. The best way of attempting 
an answer might be to ask whether any important area of space 
activity or of space opportunity had been neglected in such a 
way as to harm the security and prestige of the United States 
or to inhibit or seriously delay future U.S. advances in space 
exploration and use.

The answer, so far as could be told by the end of 
October 1968, was that the United States had indeed made 
creditable progress in all the identified areas of promise in 
space and appeared to be in a reasonably viable position to 
move forward effectively in whatever direction the national 
interest would require in the future.

NASA and POD

The bulk of NASA - POP cooperative activities take place 
through the Aeronautics and Astronautics Coordinating Board and 
its many panels. However, in many important areas specific 
agreements covering NASA - POP relations have been negotiated 
and signed. One of the most significant of these agreements 
between Administrator Webb and Secretary McNamara concerned 
plans for a possible large earth-orbiting space station. This 
agreement was signed on September 16, 1963, near the end of the 
Kennedy Administration. The President's Report for 1963 said 
of it:

As pointed out in the agreement, since a large 
orbital space station would be a major technical and 
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financial undertaking, the requirements of all 
government agencies should, insofar as practicable, 
be met in a single national program.

Both NASA and DOD will continue advanced and 
exploratory studies to develop data on agency 
requirements, possible new design concepts, 
feasibility, and costs. These studies are to be 
coordinated through the Aeronautics and Astronautics 
Coordinating Board (a joint NASA - DOD group) which 
will evaluate the various advanced space station 
concepts. Acting upon the evaluations of the AACB, 
and in the light of experience gained in Gemini, MOL, 
and Apollo, the Secretary of Defense and the 
Administrator of NASA will, at an appropriate time 
in the future, address a joint recommendation as to 
whether to proceed with a new national program in 
this area.

The significance of this agreement was that it was 
designed to keep the inter-agency competition to design and 
manage such an important and challenging program from getting 
out of hand. Neither the Defense Department's Manned Orbiting 
Laboratory (MOL) nor NASA's Saturn I Workshop and Saturn V 
Workshop (under the Apollo Applications program) was to be 
considered a "space station" under the terms of the agreement. 
Webb has suggested on several occasions, however, that the 
Department of Defense might consider using a Saturn V Workshop 
as a follow on to its MOL program.

A major change in the military approach to the possible 
uses of manned space flight came on December 10, 1963, when 
Secretary of Defense McNamara announced that the current X-20 
or Dyna-Soar program would be cancelled and the the Air Force 
would proceed instead on the Manned Orbiting Laboratory (MOL) 
program. NASA and DOD worked together in defining the MOL pro­
gram which makes use of the Gemini spacecraft, and NASA con­
curred in the DOD decision to go ahead with it.

The MOL remained in what was called the pre-program 
definition phase during 1964. On August 25, 1965, President 
Johnson announced at a press conference, after discussion with 
Vice President Hubert H. Humphrey and members of the Space 
Council, that he was instructing the Department of Defense to 
proceed immediately with the development of MOL, with the first 
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manned flights scheduled for 1968. The President made an 
especial effort at this press conference to stress the peaceful 
aims of the United States in space and the desire for coopera­
tion with the Soviet Union. He also announced that he was 
asking Webb to invite the Soviet Academy of Sciences to send a 
"very high level representative" to observe the next Gemini 
launch, an invitation that was not accepted.56

In his public statements, Administrator Webb stoutly 
defended the White House decision to proceed with MOL, and 
denied suggestions that there would be wasteful duplication 
between MOL and the Saturn I and Saturn V Workshops in the 
Apollo Applications program. His statements on this subject 
were ususally in the form of answers to questions at press 
conferences or during Congressional hearings. A more compre­
hensive answer can be found in the record of the Senate hearings 
on the NASA appropriation for FY 1969.57 Debate on possible 
duplication between MOL and NASA Workshops continued into the 
fall of 1968, and it was expected that the question would be 
an important one during Congressional consideration of the FY 
1970 budget.58

NASA and DOD were also endeavoring in the fall of 1968 
to determine future national needs in the field of new large 
launch vehicles. One possibility under consideration was the 
development of a simpler and less-costly vehicle than the 
Saturn V with the capability to put about 100,000 pounds into 
earth orbit.59 jn aeronautics, NASA continued to serve certain 
DOD needs while Air Force laboratories assisted NASA importantly.

The exchange of key personnel between NASA and the 
military services, generally to the benefit of NASA, was also 
an important factor in improving NASA - DOD cooperation. Such 
exchanges helped to create a climate of mutual confidence that 
broad national needs for new technology, new resources, and 
advanced operating experience were being met in NASA programs. 
The Air Force made available and NASA approved Lt. Gen. Samuel 
C. Phillips, USAF, as director of the NASA Apollo program in 
1964. This was an outstanding example of the AF - NASA coopera­
tion. Phillips is an active duty Air Force officer and is on 
assignment to NASA. He had been director of the highly success­
ful Minuteman program from 1959 to 1963.
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NASA Planning for the Seventies

Planning the major new NASA programs for the Seventies 
was not an enviable assignment. To an observer on the periphery 
of the process it looked like pretty grim work. A number of 
reasons why this was so can be suggested. NASA was preoccupied 
during the early years of the Johnson Administration with 
carrying out the firm programs of the Sixties. So was the 
Congress. Public discussion of ambitious new programs, however, 
served to stiffen Congressional opposition to funding the 
current effort.

Many exciting possibilities were explored; and the more 
options the new technology made feasible, the more difficult it 
became to choose among them and make long-range commitments to 
a given course. Planning disciplines at NASA became more rigorous, 
and phased program planning procedures were adopted as dollar 
constraints heightened. Any significant new program for the 
Seventies was certain to be expensive, and substantial costs 
would have to begin while Apollo and other current programs were 
in full swing (the assumption being, of course, that a long gap 
in flight activity in the early Seventies would be unacceptable 
to the country).

Despite the rising costs of the Viet Nam war and other 
pressing fiscal problems, President Johnson did not seem to lose 
his belief in the need for a strong NASA program in the Seven­
ties; but he felt obliged to put off decisions on starting new 
NASA programs as long as he could.

A very important strategy decision was reached not to 
set another spectacular, long-range goal, such as Apollo had 
been, but to stress intermediate steps and delay commitments 
on the more challenging long-range goals. This approach left 
the future options open, but it also left more uncertainty 
about what the direction of the intermediate steps should be or 
what their urgency was. A decision on manned exploration of the 
planets, for example, would have given the NERVA II nuclear 
rocket engine development an immediate priority. This approach 
helped keep down public criticism of the space program during 
difficult times, but it also tended to keep down whatever public 
enthusiasm might have been generated by a challenging, new long- 
range goal.60

11-46



The major new programs chosen for the Seventies — 
Voyager, Apollo Applications, and NERVA — were at first proposed 
to Congress on a tentative basis, with some funding for long- 
lead time items, but without the requirement for a commitment. 
Consequently, they were left dangling for several years. When 
the President finally called for a commitment to all three in 
his Budget for FY 1968, and a subsequent amendment, for NASA 
planners it was a high achievement. But there was little time 
for public enthusiasm to be manifest. The President's Budget 
was delivered to Congress on January 24, 1967, and the tragic 
Apollo fire occurred three days later.

NASA planners got little help, as has been noted, from 
the Soviet space program, which attracted little public atten­
tion and stirred no alarm from 1965 up to the flight of Zond 5 
in September 1968. So far as the American public was concerned 
the spur of visible Soviet competition was largely lacking 
during the critical years for new program planning. The warnings 
of Administrator Webb on what the Soviet Union would be able to 
do were often dismissed as "cry wolf" scare tactics to help get 
the NASA budgets through Congress.The future will serve as 
the judge in this matter.

NASA did receive substantial help from the scientific 
community in planning programs for the Seventies? but these 
recommendations represented a somewhat one-sided view of what 
the purpose of the space missions was to be. Even at NASA, the 
Future Programs Task Croup did not list space leadership as one 
of the 10 NASA objectives in its Summary Report of January 1965.62

Since the rationale behind the new programs did not seem 
to require any set level of accomplishment or any urgent schedule, 
Congress gave them the salami treatment and cut them back slice 
by slice.

As Congressional familiarity with space possibilities 
grew, and NASA's image of unprecedented success suffered as a 
result of the Apollo fire, Congress entered into the planning 
activities more actively than ever before, and numerous sugges­
tions for alternatives to NASA's proposals were made in 1967 
and 1968 to expand the public dialogue.63

NASA in mid-1968 looked forward to the time when Apollo 
manned flights would begin and public enthusiasm for space 
activities might be expected to rise again. In the meanwhile,
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it took a strong measure of dedication at NASA — or at least 
thick skins — to keep thinking of the nation's future in space 
while commentary like one in Newsweek appeared in the popular 
press:64

. . . the U.S. space program is in decline. The 
Viet Nam war and the desperate conditions of the 
nation's poor and its cities — which make space 
flight seem, in comparison, like an embarrassing 
national self-indulgence — have combined to drag 
down a program where the sky was no longer the 
limit.

Within NASA, however, planning for the Seventies was 
nonetheless attacked with new zeal in preparation for the 
change in Administrations, the impending completion of current 
programs, and the need for a "new look" at where NASA was headed 
in connection with President Johnson's FY 1970 budget.

During Senate hearings on the NASA appropriation for 
FY 1969, Administrator Webb was asked to give the committee 
the benefit of the agency's recent post-Apollo planning.*  His 
answer, in part:65

*Dr. Homer E. Newell, Associate Administrator of NASA 
since October 1, 1967, was assigned special responsibilities 
in the planning area.

NASA is now concentrating its effort on the 
development of a major improvement in its planning 
organization and methodology. The purpose is to 
assure that all meaningful program alternatives are 
properly evaluated and that the near-term as well as 
the long-term implications of program decisions are 
clearly identified and fully understood. The basic 
planning machinery has been set in motion and at this 
time the individual Working Groups examining the vari­
ous elements of the NASA program are preparing their 
analyses of the major options in aeronautics and space 
exploration, with emphasis on those decisions which 
would need to be made this year. The product of this 
work will not be available until the time of the FY 
1970 Budget decisions.
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Confidence in NASA Management

NASA's reputation for effective management has been 
considered an important factor in obtaining from Congress the 
funding required for America's drive for space leadership. 
Moreover, NASA's demonstration of management of large research 
and development programs was an important benefit to the nation 
derived from its investment in the space effort.^6 Early in 
the space program, when experience was limited and checkout 
equipment and procedures relatively crude, launch failures were 
accepted as an unavoidable part of the process. Later, as 
spacecraft and launch vehicles became much more expensive and 
computerized checkout procedures more highly developed, the 
expectations of initial success in new projects and the penalties 
for failure became much greater. This was especially true of 
manned space flights, starting with Mercury when a man's life 
was at stake.

Prior to the Apollo fire in January of 1967, NASA 
had scored many important successes in increasingly difficult 
missions which established a reputation of management skill, 
built up confidence and good will in Congress, and seemed to 
enhance American prestige around the world.

The Centaur rocket, which had drawn much criticism, 
had its first successful flight test in November 1963 and went 
on to perform flawlessly in sending seven Surveyors to the 
moon. It was an impressive record for an advanced rocket making 
the first use of liquid hydrogen as a super-fuel in space and a 
triumph for rigorous management after early failures.

Ranger VII got U.S. lunar exploration into a success 
groove in July 1964 after a number of earlier disappointments. 
In 1966, after many troubles in the development stage, the first 
Surveyor spacecraft sent to the moon landed successfully and was 
soon followed by Lunar Orbiter, also successful on its first 
flight.

All ten of the manned Gemini flights in 1965 and 1966 
were completed with many triumphs, no serious accidents, and a 
number of confidence-building episodes in which high competence 
and response to challenge were demonstrated in space and on the 
ground.
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Six Saturn I flights and 3 Saturn I-B flights were 
completed up through 1966 without a failure — for a unique 
record in the development of a powerful new launch vehicle.

In addition to these successes in space and at the 
moon, NASA had compiled an impressive record in holding Apollo 
costs near the bottom of the $20 to $40 billion range in the 
1961 estimates and in overcoming delays that might have been 
expected from the budget limits imposed by Congress in 1963. 
The Apollo fire on January 27, 1967, in which three astronauts 
lost their lives, came as a particularly severe shock to NASA's 
top management because it was recognized and acknowledged that 
management shortcomings were inevitably involved.^8

In the aftermath of the fire, NASA top management faced 
an even greater challenge than any it had ever known before. 
Despite the shock, grief, chagrin, and bitter regrets which 
Webb and his associates felt, there was a sudden added burden 
of work and responsibility on them. The cause of the accident 
had to be learned and made known, the necessary corrections 
gotten underway, and a program of great national importance 
protected against unfair criticism, paralysis, and collapse.

Not only the Apollo program was at stake. The accident 
came only a few days after President Johnson in his Budget for 
FY 1968 had asked Congress for heavy commitments to new space 
programs for the decade of the Seventies, including a strong 
Apollo Applications program of manned space flight to begin in 
1968.

Foremost among the gruelling tasks of NASA top manage­
ment immediately after the accident was re-gaining the confidence 
of Congress, and of the public. NASA management was supported in 
this respect by the very forthright and detailed report prepared 
by the Apollo 204 Review Board, headed by Floyd L. Thompson; and 
the interim reports on the Review Board's work prepared by 
Robert C. Seamans, Jr., Deputy Administrator of NASA, which were 
submitted to Administrator Webb and also made available to 
Congress and the press.

Lenghty and detailed hearings on the accident itself, 
the Review Board's findings, and NASA's proposed actions to 
prevent a recurrence were held by the Senate Committee on 
Aeronautical and Space Sciences and by the Subcommittee on NASA 
Oversight of the House Committee of Science and Astronautics.
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Webb appeared before the Senate Committee on February 27, 
April 17, and May 9, 1967, and before the House Subcommittee 
on April 10 and May 10.

It was inevitable that the hearings would be unpleasant 
and embarrassing for NASA; but on the whole they gave NASA a 
sympathetic forum in which to explain how a tragedy had come 
about, and show how it would serve to correct deficiencies. The 
Review Board's findings explained in full detail what had hap- 
pended; the hearings went further in helping the Congress and 
the public to understand shortcomings which on the basis of 
hindsight after the accident had seemed incredible.

The Senate Committee published a report on the accident 
dated January 30, 1968, which gave a clear statement of the 
unanimous views of the Committee and its recommendations, plus 
the additional (and more critical) views of three of its mem­
bers.*  Significantly, the first of the Committee recommenda­
tions was that NASA continue to move the Apollo program forward 
to achieve its goal.70 An important question debated in the 
hearings was whether the fast-paced Apollo schedule and its 
lunar landing goal by the end of the decade might have been 
underlying causes of the accident. Although there were many 
critics who seemed to want to believe this, no conclusive 
evidence was brought out by either the Review Board or the 
Congressional hearings that the accident was caused, directly 
or indirectly, by undue haste.

*The House Sub-Committee did not publish a report 
summarizing its findings.

In its recommendations, the Senate Committee report 
stressed the desirability of continuing to try to hold to the 
established goal:

While this goal has attracted a great deal of 
attention in terms of national prestige, as a pace­
setter for the program, and as a rallying point for 
the people on the program, its true significance is 
seldom mentioned. The target date was and still is 
essential to efficient management of the program. It 
is essential to the planning process and to maintain­
ing a vigorous and competent organization. Any pro­
gram and particularly the largest and most complex 
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research and development program ever undertaken by 
man — the Apollo program — must have scheduled 
goals. The schedule is an essential and significant 
management tool — without it the program would 
require more and more time and more and more money.

NASA officials also pointed out that any responsible 
executive would have been aware that a tragic accident in the 
Apollo program would be the most time-consuming and costly 
thing that could happen. It was axiomatic that the more demand­
ing the schedule, the more careful the design and workmanship 
would have to be to avoid delays and possible failure. And it 
did not necessarily follow that a slow-paced manufacturing 
operation is certain to be more efficient and error-free than 
one under pressure. The contrary might just as well be true.

A serious issue that arose during the hearings was 
whether NASA had kept the Congressional committees adequately 
informed about shortcomings in performance by the contractor 
building the Apollo spacecraft (North American Aviation) many 
months before the fire. The issue focused at first on whether 
Webb and other NASA officials had been "evasive" in not ac­
knowledging the existence of a set of documents (that came to be 
known as the Phillips report) criticizing the contractor's work 
on the Apollo spacecraft; and then on Webb's refusal to give 
the committees for use in open session and to disseminate to 
the press and public copies of the documents because such dis­
closures might be harmful to effective working relationships 
between NASA and its contractors. The issue became a tense and 
emotional one, inflamed by newspaper headlines. A somewhat 
similar issue arose on the question whether Webb had deliberately 
misinformed committee members on the circumstances surrounding 
the award of the Apollo spacecraft contract to North American 
Aviation in the first place.These side issues tended to 
obscure the fact that the tragic story of the Apollo 204 accident 
was being frankly told by NASA and the Review Board; and the 
equally significant fact that NASA's managerial skill was being 
exercised in strong fashion to overcome earlier shortcomings and 
get Apollo back on the track.

It was recognized at NASA that recovery from the damage 
done to its reputation with the public and its standing in Con­
gress could come only after a series of successful manned flights 
in the Apollo spacecraft.
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New Decisions Needed

As James E. Webb's nearly eight years as NASA Adminis­
trator drew to a close, he had some interesting comments on 
pre-eminence as a national goal and the level of public support 
for NASA:*

*From Diebold lecture at Harvard
30, 1968. For full text, see Volume II,

These reductions in the level of research and 
development work in the fields of aeronautics and 
space will have many serious effects on the U.S. position 
in science and technology, and in time on our status and 
prospects as a great power. But the ones to which we are 
adapting this year are only the most recent in a series 
of cutbacks that constitute in total what may be called 
a national decision. This decision has been in the 
making since 1964. It is that the United States will 
not at this time take the steps necessary to use the 
trained manpower and capital plant which we have built 
up to continue the advances of recent years in the 
scientific and engineering fields essential for success 
in space and aeronautics.

Looked at in another way, the decision means that 
the United States is not pursuing, for the time being 
at least, its goal of 'pre-eminence in space.' The 
U.S.S.R. is quite evidently stepping up its efforts at 
the same time that we are curtailing our own. At the 
time that our production of the large Saturn boosters 
grinds to a halt, the Soviets will be bringing on stream 
their large new booster. While our plans for a Saturn V 
orbiting workshop remain on ice, the Soviets will be able 
to proceed with their long-heralded, multi-manned and 
multi-purpose space station. At present levels, the 
launching of planetary probes and deep space exploration 
in the early 1970's will be left to the almost exclusive 
domain of the U.S.S.R. The U.S. is accepting for a long 
time, perhaps for the indefinite future, both the advantage 
of expenditure reduction and the disadvantage of a second- 
rate position in space. In aeronautical research and 
development the situation is not the same, but is still a 
cause for serious concern.

University, September 
Appendix B-VI.
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While I would be remiss if I did not thus emphasize 
the consequences that will flow from recent decisions, I 
recognize that the totality of the problems our nation 
faces reaches far beyond NASA. As responsible government 
officials, we in NASA accept the result of our nation's 
decision-making process. We know that our immediate job 
is to achieve success in the missions started in past years 
and now nearing completion. We accept the necessity of 
adjusting our organization, programs, contracts, university 
grants, and facilities to meet the reductions that have 
been decided on. In the process, we will do all we can to 
maintain a firm foundation on which we can build in the 
future.

As I say this, let me make very clear that NASA is 
still in business; and it will stay in business. We view 
what is happening not as a defeat but as a challenge of 
the times and we are moving to meet this challenge by 
assuring continuity in our senior management group and 
continuing a hard-hitting, technically sound program aimed 
at keeping open a wide range of options for use when the 
nation decides to resume its advance as a spacefaring 
nation. We are making the necessary adjustments now and 
we are also preparing a base for the nation's longer term 
requirements.

In connection with conditions essential to continuity, 
I should stress that the events of the past few months, 
while they have led to reduced levels of support, have 
nevertheless shown that there exists throughout the coun­
try a strong continuing core of support for research and 
development in both space and aeronautics. When one con­
siders the whole array of problems now facing the Congress 
and the nation, and the fact that all national programs, 
needs, and priorities are being adjusted, it must be taken 
as significant that both the legislative and executive 
branches are standing firm at a four billion dollar level 
for the 1969 NASA budget. I think this shows a recogni­
tion of the need to continue a major effort in aeronautics 
and space.

Also, among thoughtful people in the country at large, 
I do not find a decline in public support for the space 
program. Rather, many feel we are in a period in which 
attention has been focused on other serious needs and 
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problems. The problems of how we stand in the world, 
including our position in Southeast Asia, and the 
problems faced by the cities have been with us for 
many years. But it was not until these approached 
major points of crisis that demands were made for 
major commitments of resources extending over a long 
period of years. We in NASA saw much the same thing 
happen with Sputnik and with Gagarin. This phenomenon 
has been called ’decision by crisis.' The result is 
that many people who in the years following 1961 ascribed 
to space needs a special, top priority status are now 
realizing, as the national leadership in the space pro­
gram has understood all along, that the space program 
must be regarded as only one of a number of essential 
activities of high priority to which the country must 
devote substantial resources. In my opinion, what 
may appear to some to be a decline in public support 
is not a changed attitude toward space, but a reflection 
of a new awareness of other high priority problems and 
requirements.

In Webb's view the Nation was fast approaching another 
period of crisis in its space policy, and some very hard new 
decisions on the priority and level of effort of NASA acitivities 
would have to be made.*  The continued public support Webb 
spoke of, and the Congressional decision to hold space appro­
priations near the $4 billion level for FY 1969, were both bound 
up with the wisdom of completing current programs. But the 
hard, unsolved problems concerned policies, priorities, and 
programs for the future. And for them there was as yet no 
answer. The Johnson Administration had wrestled mightily with 
the problem of renewing America's commitment to space for 
another decade. The ground was well plowed, but a new Adminis­
tration would have to undertake the planting.

*See also Administrator's letter to the President, 
October 2, 1968, in Volume II, Appendix B-II.

The Uncertain Future

The central story of NASA funding from 1958 to 1961 to 
1968 and its relation to national policy and the pressures of 
public opinion raises two key questions for the attention of 
future historians.

11-55



Could large space programs be successfully funded 
to completion over a number of years without prior commitment 
to demanding goals and schedules or prior commitment to an 
annual budget level — or both?

Is the United States likely in the foreseeable future 
to make such commitments (and therefore substantial invest­
ments in space exploration and space technology advances) 
without the stimulus of international competition and without 
serious intent to carry out a national policy of gaining and 
maintaining space pre-eminence?

During the Johnson years the stimulus of the Russian 
competition in space had been less apparent and the responsive 
desire for U.S. "pre-eminence" had grown less clear. But the 
ongoing drive to build American space capabilities rapidly in 
the Saturn/Apollo program, focused on the lunar landing 
goal, called for annual levels of spending that had to be met 
(or repudiated, in an abrupt reversal of national policy); 
and they were met.

The future, as seen from the fall of 1968, appeared 
much less clear for NASA:

— The national commitment to the Saturn/Apollo 
program would soon run out with the accomplish­
ment of the lunar landing goal.

— Congress had indicated it did not want to make 
or imply any commitment to large-scale explora­
tion of the planets, manned or unmanned.

— The commitment to the future continuous use of 
the capabilities built up in the Saturn/Apollo 
program was still tenuous.

— The conviction that the United States would 
need nuclear-powered rockets by 1980 was not 
yet firm.

— The proposal advanced by NASA that a Saturn V 
Workshop (as the interim step to a large manned 
space station in earth orbit) should be an impor­
tant part of the Apollo Applications program had 
not caught on in Congress as a major goal, and 
was hardly known to the public at large.
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And the Administrator, in announcing his 
retirement, took the position that America's 
drive for space pre-eminence in the Sixties had 
not fully succeeded; that, in the future, the 
Soviet Union would "have the reality and the 
image of being out in front" for a number of 
years to come; and that a new national 
decision was needed on whether Soviet "pre­
eminence in space" was something Americans 
were willing to accept.
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If instead of a manned exploration of the 
moon, President Kennedy had chosen as the 
nation's goal the building of a large earth 
orbiting space station, we could have adjusted 
the size of that station downward should there 
be a shortfall in booster thrust. If we had had 
to make one or more such adjustments, we would 
have been subjected internally and externally 
to all kinds of questions and pressures relating 
to whether the goal of pre-eminence in space 
was actually being met. We would have faced 
a particularly difficult kind of credibility 
gap in an endeaver whose real purpose was to 
build a national capability to operate in space 
and to develop a variety of options, any of which 
could be utilized by the nation in the event of 
future need. But the goal chosen by President 
Kennedy, manned exploration of the moon, required 
a full and complete success in the development of 
a booster large enough to do the entire job as 
well as the spacecraft and operational know-how to 
send the men out and bring them back. Even a small 
shortfall in booster performance could only spell 
failure to meet the goal. There could be no yielding 
to temptations to downgrade the objective when 
difficulties in meeting it arose.

Many otherwise thoughtful observers have failed 
to recognize this important characteristic of the 
1961 space decisions and have also failed to recognize 
that the capability to land men on the moon imposes 
the requirement to develop and use energy up to 
ninety-eight percent of the total required to do 
any other job in space. The same booster that can 
take men to the moon and bring them back can put the 
same class payload into synchronous orbit around the 
earth — a particularly difficult but important 
capability which this nation now has and very likely 
would not have if any goal short of the moon had been 
selected in 1961.

The lunar landing goal required us to accept 
elements of technical uncertainty, but it also gave 
us assurance that its achievement would eliminate 
uncertainty as to our national space capability.
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several years to capitalize on the availability of the Saturn 
boosters and the Apollo-LEM manned space flight system for a 
wide variety of worthwhile scientific and technical missions in 
near-earth and synchronous orbits, in lunar orbit, and on the 
lunar surface." The first was, of course, what came to be known 
as the Voyager program, and the second the Apollo Applications 
program.

In his letter to the President, Webb also said the longer- 
range missions for the 1970's and 1980's "offering greatest 
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about not recommending long-range goals or commitments at that 
time. "In my view," Webb said, "what is necessary now is not 
a firm decision to undertake specific large new projects, but 
continued support and funding of the already ongoing scientific 
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and technological efforts, and a rapid assimilation into the 
stream of our national policymaking of the opportunities and 
benefits that can be derived from the Gemini, Apollo, (unmanned) 
Orbiting Observatories, Nimbus, and other programs." See 
Senate hearings, National Space Goals for the Post-Apollo 
Period, p. 5.

The Senate Committee on Aeronautical and Space Sciences, in 
its report on the NASA authorization bill for FY 1966 (Senate 
Report No. 188), commented on NASA's Summary Report as follows:

The committee found this report to be somewhat 
obsolete and to contain less information than expected 
in terms of future planning information. The report 
contains a useful summary of current programs and 
presents some future alternatives, but it does not 
contain important information required to make an 
informed decision of what our post-Apollo space 
program should be. For example:

1. Alternatives are presented, but no 
criteria are given as to how a selection would 
be made.

2. No cost information is given.
3. There is no indication of the other 

resources that would be required to accomplish 
the various alternatives such as manpower, 
facilities, materials, and management.

4. There is no indication of when the 
decisions should be made.

5. There is only brief mention in Mr. Webb's 
letter of military considerations and coordination 
with the Department of Defense.

6. There is little or no discussion of 
foreign programs or about how they might affect 
U. S. post-Apollo programs.

. . . Your committee feels strongly that 
because of the long leadtimes required, and 
in order to avoid an embarrassing and costly 
hiatus after Apollo in the utilization of our 
vast space capability, that some firm decisions 
must be made soon regarding post-Apollo projects. 

The Summary Report obviously was not what the Committee wanted; 
it was intended to be only a broad statement of the various 
directions in which the NASA programs of the future could go. 
But the Senate Committee report overlooked the fact that 
Administrator Webb had gone far beyond the Summary Report in 
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his letter of February 16, 1965, transmitting it to the 
President and had in fact indicated with some precision 
what he thought the next steps beyond Apollo should be, 
and why.

In opening the hearings on NASA's Post-Apollo goals 
(August 23, 24, and 25, 1965), Senator Anderson pointed out 
the significance of the lunar landing goal:

In 1961, as the importance of a more vigorous 
national space program became more apparent, President 
Kennedy and the Congress gave the space effort a new 
framework in which to operate: the mission of landing 
men on the moon and returning them safely to earth 
within this decade.

The committee is satisfied that the progress 
during the ensuing four years has more than justified 
the 1961 decision. We are well on our way to becoming 
the world's leading space-faring nation -- second to 
none in our ability to use space for man's benefit 
and for the Nation's security and welfare.

Senator Anderson also outlined what he hoped the hearings would 
accomplish:

During these three days of hearings we 
want to explore alternative goals for the 
national space program for the near future — 
to 1975 — and for the more distant future — 
1985 and beyond.

We want to discuss the comparative merits 
of manned and unmanned missions to achieve these 
goals.

We must have some discussion of the money, 
time, and technology that will be needed to 
accomplish these alternatives.

And we want to learn more of the definition 
and role of Apollo Extension Systems and the 
DOD-MOL in the national space program.

My interest is heightened by stories that 
our next important goal is a manned flight to Mars, 
with preliminary unmanned flights. Once we embark 
on that program we may be looking at the expenditure 
of $60 billion, and I think the people of America 
want to be sure that it is a program they want to 
undertake before such a costly project gets underway.



Therefore, I would hope that these hearings would 
indicate the steps we should take before we commit 
ourselves to subsequent expenditures.

61. For example, see article on Webb's impending retirement 
in Newsweek, September 30, 1968.

62. The Summary Report of NASA's Future Programs Task Group 
is the one official planning document of its kind made public 
by NASA in the period 1964-68.

An interesting variation on the Summary Report was the 
presentation of five program alternatives for the NASA manned 
space flight effort after Apollo and Apollo Applications, made 
by Dr. George E. Mueller, Associate Administrator, Office of 
Manned Space Flight, NASA. Dr. Mueller's alternatives were 
described to the Senate Committee on Aeronautical and Space 
Sciences on August 23, 1965, and are explained in the record 
of the hearings, National Space Goals for the Post-Apollo Period, 
beginning on page 49. The first three alternatives would 
emphasize extensive earth orbital activities to get maximum 
economic benefits; or extensive lunar operations; or early 
planetary landings. The fourth alternative would stress all 
three in a maximum effort to assure U. S. pre-eminence in manned 
space flight in earth orbit, at the moon, and on the planets. 
The fifth alternative would call for a balanced effort in all 
three areas, but at less cost and with a slower schedule than 
the fourth alternative. The Apollo Applications program was 
presented as a logical first step to any of the five alternatives.

A staff study, entitled Future National Space Objectives, 
was prepared for the Subcommittee on NASA Oversight of the 
House Committee on Science and Astronautics. It was completed 
in July, 1966.

Numerous studies of possible future missions were contracted 
for by NASA and frequently were reported on in the news media. 
Sometimes these accounts failed to make clear to the reader the 
difference between such studies and approved NASA plans.

The following recommendations concerning future NASA pro­
grams came from the science community and were made public:
a) Statement by the Space Science Board of the National Academy 

of Sciences on "National Goals in Space," dated October 28, 
1964.

b) Report by the Space Science Board of the National Academy 
of Sciences on the Summer Study at Woods Hole, Mass., in 
1965 entitled: "Space Research: Directions for the Future," 
in three parts.
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c) Report on NASA 1965 Summer Conference on Lunar Exploration 
and Science, Falmouth, Mass., July 19-31, 1965. NASA 
publication SP-88.

d) Report by the President's Science Advisory Committee entitled 
"The Space Program in the Post-Apollo Period," submitted to 
the President February 11, 1967. A summary of the recommenda­
tions is given in the Weekly Compilation of Presidential 
Documents, Vol. 3, No. 7., pp. 236-38.

e) Report of a Study by the Space Science Board of the National 
Academy of Sciences entitled "Planetary Exploration 1968-1975," 
released August 15, 1968.

f) "The 1967 Interim Report of the Summer Study on Space 
Applications" was submitted to NASA by the National 
Academy of Sciences on November 29, 1967. The study 
continued through the summer of 1968.

63. For example, see comments of House Committee on Science and 
Astronautics on Astronomical and Geophysical Observatories in 
Report No. 338 on NASA Authorization for FY 1968; or comments 
of Senate Committee on Aeronautical and Space Sciences on the 
Voyager program in Report No. 353 on NASA Authorization for 
FY 1968.

64 . See Note 62.

65. Senate Hearings, Independent Offices and Department of 
Housing and Urban Development Appropriations for Fiscal Year 1969, 
Part 1, pp. 1091-2.

66. For example, Webb wrote in his letter to President Johnson 
of May 20, 1964:

While some of the specific technical and scientific 
advances resulting from space activity are more 
immediately obvious, many see its greatest impact 
in the more fundamental improvements in man's 
ability to conduct research. These include the 
new wavs in which large-scale organized efforts 
are managed; the encouragement of multidisciplinary 
effort not only among the scientific disciplines, 
but involving science and engineering; the new 
techniques and tools for the conduct of research; 
and the manner in which these are applied to 
the solution of age-old scientific and technical 
problems.
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Text of letter in Senate hearings, NASA Authori­
zation for Fiscal Year 1966, p p. 1017-1027.

Also, Webb said in his John Diebold Lecture on Technical Change 
and Management at the Harvard University Graduate School of 
Business Administration on September 30, 1968:

I believe what we have done in space measures up 
in importance to any of the other great national 
accomplishments of our history. The space story, 
however, has another significance. There is, as 
suggested earlier, the matter of how as well as 
what. The wav in which we have built up our space 
capabilities and what we have learned in the 
process about the requirements for success in such 
long-scale endeavors, and how well we adapt to 
the conditions of today may constitute as important 
a contribution to our nation — to its ability to 
move forward into the future — as the space 
capabilities themselves.

67. NASA's original estimate of the cost of the Apollo program, 
including the lunar landing, was between $20 billion and $40 
billion. (See interview with Webb in U. S. News & World Report, 
July 3, 1961.) In February, 1968, the total costs of the 
Apollo program were conservatively estimated at $23,869 billion. 
This would include 12 Saturn I-B and 15 Saturn V launch vehicles, 
some of which probably will be available for the Apollo Applica­
tions program. For further explanation of this cost estimate 
see Senate hearings, NASA Authorization for Fiscal Year 1969, 
Part I, pp. 50-51. The cost estimate was up $700 million from 
the estimate made in May 1967, three months after the Apollo
204 accident.

68. In a lecture on "Executive Performance and Its Evaluation" 
at Columbia University on May 16, 1968 (see 54. above), Webb 
said:

We all know that even top level executives have 
to conform to "checks and balances" that are required 
throughout an organization. They must make formal 
reports; provide information about activities and 
operations on a regularized basis; conform to estab­
lished reviewing and clearance procedures; share in 
various group activities; submit to internal audits; 
and in a public endeavor subject themselves and their 
operations to procedures required by the Bureau of 
the Budget, the Civil Service Commission, the General 
Accounting Office, Congressional committees, special 
data collection agencies, and inter-agency coordinat­
ing groups. In the fast-moving areas requiring 
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real-time decision making, as in the case of an abort 
action, if a spacecraft fails to achieve orbital speed, 
we in NASA combine much of this "check and balance" 
concept into what we call "over-the-shoulder super­
vision." However, it is more than that. It is a kind 
of participation and collaborative judgment-forming 
process with up to four levels of hierarchical author­
ity involved, frequently in a simultaneous effort to 
draw valid conclusions from a large body of complex 
incoming information.

I have known executives who chafe at these kinds 
of requirements on grounds that they represent "red 
tape," take too much of their time, and "dilute" their 
capacity to make the "main effort." I have also noted 
Behavioralist studies that show middle executives 
generally anxious to be relieved of "red tape" controls, 
requirements for reports, and other such things in 
order to concentrate full time on "constructive" 
elements of their jobs, and on which they expect to 
be primarily judged. The large complex endeavor 
cannot allow the executive such freedom and personal 
choice as to which parts of the job he will not be 
bothered with. Activities that may seem to one person 
as routine are as essential to his effectiveness as 
many other more appealing activities. As much as any­
thing else, work habits on ordinary day-to-day matters 
frequently make or break an endeavor.

A harsh case in point, as seen by hindsight, was 
the tragic fire at Cape Kennedy in January 1967. 
Within our feed-back system and at several executive 
levels certain trouble signals for the Apollo capsule 
development and test effort began to appear. But none 
of these was so strong as to be singled out and acted 
upon vigorously as it should have been. Everyone 
felt sure our research and development system and that 
tried by our contractors had solved worse problems 
before. No need was felt to feed these into the main­
stream of Agency decision making in such a way that 
corrective measures would be insured. Many actions 
were being taken every day in the steady stream of 
decisions and problem-solving required for a complex 
development project and the nature or severity of these 
signals did not seem very different from the others 
flowing in the system. Our project managers had 
almost always handled such matters in the past. The 
result was a great failure, and a very costly failure. 
Its origins lay not in the lack of creativeness or 
brilliant insight on the part of our engineers, 
project managers, and executives, or in an inability
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on their part to do all of the things required for 
success. The shortfall was in the area of manage­
ment supervision and insistence of the full dedication 
of all of them to making every part of the prescribed 
system work, with exceptions fully evaluated, approved, 
and put into effect in the prescribed ways.

In delivering this lecture Webb used the last paragraph 
quoted above, but deleted it from the lecture as subsequently 
published.
69. These appearances by Webb were in addition to his regular 
testimony before four committees on the NASA authorization and 
appropriation bills. The record of the Senate hearings, en­
titled Apollo Accident, is in eight parts. Part 8 is a report 
from NASA, submitted January 8, 1968, on actions taken in 
response to the recommendations made by the Apollo 204 Review 
Board. Testimony before the Committee is in the first six 
parts.

The record of the House hearings is in three volumes.
Volume II, which has three parts, reproduces the formal accident 
investigation report of the Review Board. Testimony before the 
Subcommittee is all in Volume I.

70. Senate Report No. 956, Apollo 204 Accident.

71. The following exchange is from Senate hearings, Apollo 
Accident, Part 3, p. 194:

Senator (Margaret Chase) Smith: Dr. Thompson, 
the Board’s report points out some serious deficiencies 
relating to design, workmanship, quality control, and 
failure to complete required engineering changes. 
In your opinion, are these deficiencies attributable 
in some measure to the tight schedules used for the 
program in order to assure a manned lunar landing in 
this decade?

Dr. Thompson: (Floyd L. Thompson, Chairman of 
the Apollo 204 Review Board): I cannot identify 
anything of that sort. A program of this kind has to 
have a very hard drive. It has to have built-in 
urgency in order to keep all the people properly 
motivated.

The thing that we directed our attention to was the 
other side of this tremendous project, that is, the 
orderliness that is required to see those things that 
may be overlooked if there just is not sufficient 
attention paid to them.

I cannot conceive of a program of this nature 
that would offer a tradeoff between haste and the other
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orderly side of it. They have to be matched. You 
could not tell people to slow down because we are 
just going too fast here. I say you have just got 
to put the hard drive in both sides of this picture 
from where I sit. 

Senator Smith: Doctor, if the hard drive that 
you refer to is not responsible for these irregularities 
and deficiencies, then what would in your opinion, be 
the primary or underlying reason for such errors of 
omission and commission discussed in the Board's 
report?

Dr. Thompson: Well, I just think somehow or 
other they have not quite found out how to put all 
that order in. It is a very demanding task. This is 
a tremendously big program involving hundreds of 
thousands of people. Even the test itself, just the 
head count for the test itself showed 959 people on 
duty doing various tasks at that time. The organiza­
tion of all that effort is a difficult management 
task but I do not see why it cannot be accomplished. 
I think that an overview of it, as we have done, will 
identify areas that will provide a useful guide to 
improvements that ought to be made.

72. At the hearing before the Senate Space Committee on April 17, 
1967, Mr. Webb had been asked by Senator Smith if North American 
Aviation was "the first choice of the Source Evaluation Board" 
to build the Apollo Spacecraft. Webb replied "Yes. It was the 
recommended company," and went on to describe the "unanimous 
recommendation" to him by Drs. Gilruth, Dryden, and Seamans 
that North American be selected for this work. At the May 9 
hearing, Senator Smith indicated that the Martin Company had 
been rated higher by the Source Evaluation Board. Webb explained 
that his answer to her question on April 17 had been in connec­
tion with North American as the first choice of NASA's source 
selection officials, not the Source Evaluation Board who he stated 
had rated North American second to Martin in the total numerical 
score. (See Chapter VI for a description of the relationship 
of the Source Evaluation Boards and the NASA officials who make 
the selections of major contractors.)

It is not feasible in these notes to indicate the precise 
points in the testimony where other controversial issues are 
discussed. As is usual in Congressional hearings, such issues 
are brought up by one committee member after the other and thus 
appear throughout the record mixed in with many unrelated questions.
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Moreover, it is advisable that anyone interested in forming 
an opinion on the hearings themselves, the various issues brought 
up, and the quality and objectivity of the news reporting at the 
time study carefully the complete record.
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CHAPTER III

MANNED SPACE FLIGHT 1964 — 196 8*

INTRODUCTION

All but the initial manned space flight accomplishments 
lay ahead at the time Lyndon B. Johnson took office as President 
of the United States; however, both the Gemini and Apollo Pro­
grams were evidencing considerable progress. Gemini spacecraft 
and launch vehicles were in final assembly and test and the flight 
phase was rapidly approaching. The system elements of Apollo had 
been defined and were under development.

The nation was preparing for aggressive pursuit of major 
capabilities in manned space flight. . A series of more complex 
and challenging manned space flights were to be carried out in 
earth orbit during the Gemini Program. In Apollo, the effort was 
concentrated on one of the most difficult and far reaching ex­
ploratory ventures in history, the journey by three Apollo astro­
nauts to the moon and back. This chapter is devoted to a history 
of manned space flight in these very significant years, 1964 - 1968.

Prior to the period under consideration, an initial series 
of manned space explorations in earth orbit had been completed 
by both the Russians and the Americans. The accomplishments of 
these programs had created worldwide interest and enthusiasm.
Many of the fears about the ability of man to survive and function 
effectively in this new environment, space, had given way before 
new knowledge. The people of our country were caught up in the 
spirit of progress.

This chapter was prepared under the direction of
Mr. Charles W. Mathews, based in large part on material prepared 
by William D. Putnam.
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In this climate, two new manned space flight programs 
had begun, Gemini and Apollo. Apollo is the ambitious long-term 
effort to develop the capability to carry out manned operations 
in space leading to a position of leadership in space for the 
United States. The national goal stated by President Kennedy 
to land men on the lunar surface and return them safely to earth 
within the decade provided the focus for this undertaking. 
Gemini was a shorter term program designed to gain a substantial 
amount of general space flight experience as well as to accomplish 
and demonstrate a number of specific functions critical to the 
Apollo mission.

The initiation of the Gemini Program was timed to take 
advantage of the knowledge gained in the nation's first series 
of manned space flights — Mercury. The Mercury Program success­
fully demonstrated manned orbital flight, but perhaps more impor­
tant, provided extensive information on how to build and fly 
spacecraft for the more complex missions that were yet to come. 
Drawing on this experience, Gemini was able to produce for its 
time a small but highly flexible space vehicle of considerable 
operational capability. These characteristics enabled a rapid 
expansion of our flight horizons.

The most significant achievements of Gemini involved 
precision maneuvering in orbit and during reentry, and a major 
extension of the duration of manned space flights. Also of great 
general interest were the investigations of the operations of an 
astronaut outside the confines of his spacecraft.

All of these exercises have contributed greatly to ex­
panding activities in space that are now underway or forthcoming. 
In Apollo, the program to land men on the lunar surface, the 
crews must be transported roughly 230,000 miles to the moon and 
then back to earth. This trip will take a week or more. The 
Apollo spacecraft must perform a rendezvous, not near the earth, 
but out at lunar distances in order for this mission to be success­
ful. On the moon, the astronauts must leave their spacecraft and, 
in their pressure suits, step out onto the lunar surface to conduct 
scientific exploration. The fact that all of these things were 
demonstrated and investigated in a number of the Gemini missions 
greatly aided the development of the more difficult missions about 
to be undertaken in the Apollo Program.

Perhaps the most significant aspect of the Gemini Program 
was the manner in which the astronauts contributed to the success 
of each of ten manned missions. In the flying of the spacecraft, 
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in the management of the systems, in the overcoming of problems, 
and in the attainment of important scientific and technological 
information, their presence greatly enhanced the success of the 
program. They were backed up by a large and dedicated team of 
people on the ground who designed, developed, and checked out the 
vehicles and controlled the flights which provided nearly 2,000 
hours of manned space flight experience.

As already stated, by 1964 the specifics of how the Apollo 
lunar mission was to be accomplished had been defined. It would 
involve rendezvous and docking of two spacecraft while in lunar 
orbit utilizing a special purpose spacecraft, the lunar module, 
to accomplish the descent to and return from the lunar surface. 
All major elements of Apollo spacecraft were well into development, 
including the lunar module, the command module, and the service 
module.

Perhaps even more significant was the development of the 
giant boosters for this mission, the Saturn IB and the Saturn V. 
In the case of the Saturn V with its ability to carry payloads 
of nearly 150 tons into earth orbit, and 50 tons to lunar distances, 
a capability adequately meeting the requirements of the Apollo 
lunar mission was being evolved.

In addition to the flight equipments, many of the facets 
of support to manned space exploration were coming into being. 
The Manned Spacecraft Center at Houston, an outstanding complex 
of facilities, laboratories, and offices was just being occupied. 
A number of new checkout facilities at the Kennedy Space Center 
in Florida were about ready to support Gemini; many other govern­
ment and industrial facilities were in being, supporting the 
development programs.

This was the position of our manned space flight endeavors 
in the beginning of 1964. Now what were the expectations for 
accomplishment in the next four years?

In Gemini, the completion of the flight program was planned 
to occur early in 1967. During this program a large numberof 
significant space accomplishments were achieved. They included: 
(1) The first rendezvous in orbit of one spacecraft with another 
and the docking of two spacecraft together. The docking operation 
allowed the use of the large propulsion system of the target 
vehicle to carry men to heights above the earth that had not pre­
viously been available, thereby providing an ability to view and 
photograph the earth over extensive areas; (2) A series of
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progressively longer flights, ultimately achieving two weeks 
duration in orbit, a duration that has yet to be exceeded as of 
this writing; (3) Precision landings utilizing maneuvering control 
either by the astronaut or by autopilot during the high speed 
reentry; (4) Operations of an astronaut in space outside the con­
fines of his spacecraft protected by his pressurized space suit. 
These extravehicular activities did in fact reveal significant 
difficulties. Treating these directly through improved hardware, 
and indirectly by augmenting crew training, successful operations 
were eventually conducted; (5) Utilization of the astronauts as 
scientific experimenters while in orbit to accomplish such things 
as large scale color photographs of the earth's surface, medical, 
scientific and technological experiments.

The Gemini Program was successfully completed in November 
1966, several months ahead of the scheduled 1967 milestone. With 
the exception of land landing demonstrations, all of the objectives 
were met and the flexibility of the operation enabled many 
variations in these objectives to be investigated. Although 
land landing was not included in the program because of develop­
ment difficulties with the paraglider system, maneuvering during 
reentry to obtain precise landing point control was demonstrated 
on each of the last seven flights. Many activities were included 
which were not contained in original plans. The nearly 2,000 
manhours of space flight experience, obtained by 18 astronauts, 
surpassed by a wide margin the 507 hours of experience obtained 
by the Russians.

The plan for the Apollo Program during this period was to 
proceed through the unmanned development flights toward manned 
flights in a timely manner to meet the objectives of a manned 
lunar landing prior to 1970. By October 1968, the terminal point 
of this chapter, the Apollo unmanned development flights had 
been completed and the manned flight buildup to the ultimate 
mission — the lunar landing — had been initiated with the flight 
of Apollo 7.

Prior to October 1968, six unmanned Apollo flights had 
been accomplished, four with the Saturn IB vehicle and two with 
the Saturn V moon rocket. These flights followed the 10 success­
ful launches of the earlier Saturn I rocket, supporting the 
development of the larger Saturn IB and, in turn, the largest 
vehicle yet flown, the Saturn V.
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The first three unmanned Apollo flights were early tests 
of the Apollo spacecraft and the Saturn IB rocket, conducted in 
1965 and 1966. The Apollo 4 mission in November 1967 was one 
of the most historic events in the U.S. space program, a completely 
successful flight demonstrating the integrity of the Saturn V 
vehicle and the Apollo spacecraft, and the correctness of the 
design and development decisions leading to its creation. Every 
record in rocketry was extended with the launch of Saturn V.

In January 1968, a Saturn IB was employed in the launch 
of the Apollo lunar module, first flight of the spacecraft that 
will carry men to the surface of the moon. In April 1968, a 
second Saturn V was flown, in further tests of the large vehicle.

Meanwhile, the government-industry-university team which 
had been created to provide the U.S. capability in space had 
developed the teams, hardware and facilities for the conduct of 
Apollo lunar missions.

NASA marshalled large segments of the nation's resources 
and applied them to an endeavor which is essentially peaceful in 
nature and of a magnitude virtually unequalled outside of wartime 
efforts. A national challenge was met with a truly national 
response. Three sectors, government, industry and universities, 
were combined into a large coordinated and unified national capability. 
This was done in a way which recognized the importance of 'preserving 
the individual characteristics and goals of strong existing in­
stitutions of our society while at the same time moving swiftly 
to meet program objectives.

At the peak of the Apollo production program over 400,000 
people, a large proportion of whom were scientists and engineers, 
were participating throughout all the States of the Union. About 
20,000 industrial firms and 200 universities took part. NASA's 
capital plant, or facilities base, including an impressive array 
of unique structures and equipments, has been expanded from a value 
of less than $1 billion to more than $4 billion. These facts 
once again demonstrated that the United States can work effectively 
toward a great national goal without a militarily oriented impetus.

GEMINI DEVELOPMENT AND.OPERATIONS 1964-1966.

In December 1961, the decision had been taken to extend 
the manned space flight operations beyond Project Mercury, to 
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provide an interim program before the flights of Apollo could 
begin. In January of 1962, this program, utilizing a two-man 
spacecraft, was officially named Gemini, after the third con­
stellation of the zodiac with twin stars Castor and Pollux.

Gemini was to be a logical follow-on program after Mercury, 
minimizing time and expense, designed to subject two men and 
the necessary supporting equipment to long duration flights to 
accumulate the experience and knowledge necessary for trips to 
the moon and beyond. The accumulation of information and exper­
ience with regard to weightlessness and the physiological re­
action of crew members to long duration missions would establish 
the physiological knowledge necessary for planning missions in 
Apollo and later programs.

A second specific objective was to achieve rendezvous 
and docking with another orbiting vehicle and maneuver the combined 
spacecraft, using the propulsion system of the "target" vehicle. 
Rendezvous and docking were key elements of the lunar orbit 
rendezvous mission mode to be followed in the Apollo Program. 
Experience with this technique and equipment would be necessary 
for Apollo.

Experiments were planned with astronauts leaving the 
spacecraft while in orbit to determine their ability to perform 
useful tasks. This extravehicular activity was a technique 
projected for advanced missions, assembling structures and re­
pairing equipment in space, as well as operations outside the 
Apollo spacecraft on the lunar surface.

Another objective of the program was to perfect methods 
of controlled reentry and landing at pre-selected sites. This 
would be necessary for return from the Apollo lunar landing 
mission.

Another objective originally planned, to develop an 
increased capability for land landing, could not be phased 
into the Gemini Program; Gemini did, however, contribute much 
to the knowledge required for this activity.

The Gemini spacecraft was planned to be, in many ways, 
a two-man orbiting laboratory to increase knowledge and experience 
in the space flight environment by several orders of magnitude. 
Time in space and room within the spacecraft would be provided 
for conducting a variety of experiments and observations during 
the course of the program.
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Gemini*  Flight Program

While the Gemini Program would be an advancement in manned 
space flight in general, it had to be executed in time to support 
Apollo. As much of the specific technology from Mercury as was 
feasible was used. The basic aerodynamic shape of the Mercury 
capsule, enlarged to accommodate a crew of two, was retained for 
the control module; however, the usable volume was greatly in­
creased by adding an adapter section at the aft end of the space­
craft which carried most of the expendable supplies, the main 
electrical power plant, and the propulsion system for maneuvering 
in orbit.

Major changes in design from the Mercury Program placed 
increased emphasis on the role of the crew, based on the con­
fidence acquired in Mercury. Mercury was designed for automatic 
control and sequencing with backup provisions for pilot control; 
Gemini was designed from the beginning to be controlled by the 
astronauts, with ground control as the backup.

A number of advanced systems were developed for the 
Gemini spacecraft that had not been part of Mercury. Among 
these were high performance thrusters, fuel cells to serve as 
a power source, an active cooling system utilizing a space radiator, 
and integrated guidance utilizing a general purpose digital 
computer. Gemini also employed rocket propelled ejection seats 
as the means for escape from a major launch vehicle malfunction, 
although there was no occasion for their use during the flight 
program.

The system concepts and the basic technical approach to 
the Gemini development proved very sound in terms of the objectives 
to be met, but the magnitude of the development effort proved 
greater than anticipated. Prior to 1964, some adjustment in the 
program costs and schedules was made with the expectation that 
the first manned flight would be accomplished in October of 1964. 
At the beginning of that year, a number of problems continued 
to exist, primarily associated with the new system developments. 
Securing an adequate life time for the new pulse.operating thrusters 
was difficult, and they were unavailable for the early Gemini 
flights, being phased in later for the rendezvous missions. The 
development cE a fuel cell electrical power system with a life 
sufficient to support the 8 and 14-day Gemini missions also was 
a problem, requiring a significant advance in the state of the art. 
Development was completed in time for the long duration missions, 
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although conventional battery systems had to be substituted in the 
early Gemini missions. Qualification of the ejection seats was 
a very strenuous effort because of the wide range of conditions 
under which they had to operate reliably. These seats had to 
propel the astronauts a substantial distance away from the launch 
pad in event of a vehicle failure producing a detonation and the 
ensuing fire ball. At the same time, the seats and personnel 
parachutes had to operate at high dynamic pressures and at very 
high altitudes during the actual launch. Similar problem areas 
existed in other test and qualification activities, and as a 
result, considerable effort was placed upon planning to assure 
adequate readiness for the first manned flight.

A new test philosophy was evolved for the Gemini space­
craft. Initially, the Gemini managers had planned to conduct 
very extensive checkouts of the spacecraft in a hangar complex 
at Cape Kennedy, after delivery from the manufacturer's plant, 
as in the Mercury Program. Later, it was felt that the program 
could be greatly expedited by delivering the spacecraft to the 
launch center in a highly flight ready condition, so that after 
pyrotechnic loading and parachute installation, the spacecraft 
could be moved directly to the launch pad.

This philosophy was adopted for the second Gemini flight, 
GT-II. Major elements of the launch team were sent from Cape 
Kennedy to the manufacturer's plant in St. Louis in order to 
directly participate in spacecraft checkout. This approach did 
produce some delay in the delivery of the first two spacecraft, 
but greatly expedited checkout at Cape Kennedy and the ability 
to cycle from one flight to the next with the result that the 
overall program proceeded at a more rapid pace than originally 
planned. The plant checkout not only increased the flight readi­
ness of the spacecraft prior to delivery, but also served to 
develop the confidence of the launch team in what was being done 
at the plant. The first manned launch took place in March of 1965.

Many areas of development were obviated by selecting the 
two-stage Titan II rocket, developed and tested by the Air Force 
as a ballistic missile system, for the Gemini launch vehicle. 
While the basic design of the vehicle was not altered, making 
the Titan II ready for manned Gemini flights was nevertheless an 
extensive development effort.

Two aspects were involved. The first was to achieve very 
high reliability for Titan II, assuring a high probability of 
success in each Gemini launch. The other aspect vas in "man-rating" 
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the basically excellent Titan missile. To maximize crew safety 
during launch, a malfunction detection system designed to detect 
critical failure conditions in the launch vehicle was added.
This system actually interrupted the launch sequence if a failure 
was detected prior to launch release, and during the flight phase 
it provided displays to the astronauts so that escape action could 
be initiated in the event of a serious malfunction. Also incor­
porated into the Titan II was a redundant flight control and 
guidance system. The system was designed to automatically switch 
from the primary system to the backup system when certain classes 
of failures were detected. Many other redundant features were 
incorporated such as in the electrical power supply and distribution 
systems.

Of serious concern in converting the missile to the Gemini 
launch vehicle had been the "Pogo" effect, a longitudinal 
oscillation, evident in the flight test program of the Titan II 
missile. A special modification was tested to reduce this 
oscillation load to the "man-rated" level. Three Titan II test 
flights performed within the "g" load limits prior to the first 
flight of the Gemini launch vehicle.

Late in 1963, the first Gemini launch vehicle had begun 
a lengthy series of prelaunch ground tests at Cape Kennedy. The 
first Gemini launch, on April 8, 1964, was successful in placing 
the spent second stage of the launch vehicle and the attached 
spacecraft into orbit, demonstrating the overallcapabilities of 
the launch vehicle and the structural integrity of the spacecraft 
in the launch environment. No separation or recovery was planned. 
This successful mission paved the way for the second and last 
unmanned flight test, a suborbital flight to demonstrate the 
readiness of all the spacecraft subsystems and the reentry heat 
protection capability. Scheduled for the third quarter of 1964, 
Gemini II fell victim to a series of delays, including a lightning 
strike, two hurricanes, and an engine shutdown on the launch pad 
during the first launch attempt in December of 1964. A rapid 
analysis of the failure and corrective action enabled the launch 
to take place on January 19, 1965. The successful 19-minute flight 
qualified the total spacecraft as an integrated system for manned 
flight.

The final Gemini flight qualification was a short duration 
manned flight of three orbits duration (Gemini III). This 
mission involved the first maneuvers of a spacecraft while in 
orbit and was accomplished with near perfect system operation.

III-9



Gemini III was the first of ten manned missions carried out over 
a period of twenty months and enabled a rapid movement into the 
operational mission phase of the program.

Long Duration Flight

The long duration objectives were achieved with success 
in three missions of four, eight, and 14 days. These were the 
flights of Gemini IV (June 3-7), Gemini V (August 21-29), and 
Gemini VII (December 4-18) during 1965. The second of these, 
Gemini V in August, established a new manned space flight record 
of 190 hours, 55 minutes, surpassing the Soviet record of 119 
hours, 6 minutes, set by Vostok 5 in 1963. Gemini VII's 14-day 
mission subsequently raised this record to 330 hours, 35 minutes. 
Both Gemini V and Gemini VII utilized fuel cells for generation 
of electrical power. This was the first application of the fuel 
cell principle to power generation. It was also the first time 
cryogenic (liquid) hydrogen and oxygen were stored aboard a space 
vehicle over long periods of time. The loss of a heater in the 
cyrogenic hydrogen tank on Gemini V resulted in very low supply 
pressure to the fuel cells and necessitated operation in a low 
power mode over most of the mission; however, the fuel cells 
continued to perform quite well under this "off nominal" condition.

Medical evaluation of astronauts after these flights re­
vealed no serious effects from their lengthy exposure to 
weightlessness, although some evidence of effects such as cardio­
vascular deconditioning has existed on all flights. A definite 
pattern of adaptation to weightlessness was detected on Gemini VII 
when post flight data on cardiovascular deconditioning showed 
a leveling trend when compared to flights of shorter duration. 
The relatively small physiological changes were similar to those 
obtained from experiments with physical immobilization. High heart 
rates were observed under high stress conditions during liftoff, 
extravehicular activities, and other critical mission phases; 
but, again, this condition is similar to those experienced in 
stressful activities on the ground. To this date, no Gemini pilot 
has felt any permanent after effects from his space flight.

*A flight-by-flight summary of the Gemini Program may be 
found in Appendix B-III.
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By the end of the Gemini Program, Mercury and Gemini 
space flights had provided approximately 2,000 manhours of 
weightless exposure for evaluating results against predicted 
physiological effects of the space flight environment. The 
environmental hazards and effects on man appear to be of far 
less magnitude than originally anticipated. No abnormal psycho­
logical reactions were observed and no vestibular disturbances 
related to flight occurred. Although much remains to be learned, 
it has been shown that if man is properly supported, he can remain 
in space for 14 days and probably for a considerably longer time 
with no untoward effects.

Rendezvous and Docking

The maneuvering capability necessary for rendezvous and 
docking in space was demonstrated on the first manned Gemini 
flight, Gemini III (March 23, 1965), when spacecraft propulsion, 
guidance, and control systems were exercised by changing both 
orbital path and phase. Attempts to station keep (fly formation) 
with the second stage of the launch vehicle during the Gemini IV 
mission were a failure because of the techniques used, but this 
experience did allow the adjustment of procedures to facilitate 
such operations on subsequent flights. After midcourse maneuvers 
were practiced during the Gemini V mission, as well as validation 
of radar and rendezvous display operations, the first attempt at 
rendezvous and docking between the Gemini spacecraft and the un­
manned Agena target vehicle took place on the Gemini VI mission.

The target vehicle, which was launched first, failed to 
achieve orbit on October 25, 1965 because of a propulsion system 
failure. While corrective action was taking place for subsequent 
missions, an alternate plan was developed to work around the 
schedule complications created by this failure. The plan called 
for removing the Gemini VI launch vehicle and spacecraft from the 
launch pad and placing them in storage, maximizing their mated 
integrity. The Gemini VII booster and spacecraft would then be 
erected and made ready for the scheduled 14-day endurance mission 
as quickly as possible. The Gemini VII spacecraft would serve as 
the target vehicle while on its 14-day mission. Gemini VI would 
be launched a few days later and conduct rendezvous operations, 
even though docking would not be possible. On October 28, 1965, 
only three days after the aborted attempt, NASA Administrator 
James E. Webb recommended this course of action to the President; 
the President approved the plan, and it was announced at the Texas 
White House.

III-ll



After the Gemini VII launch on December 4, 1965, and an 
unsuccessful launch attempt of Gemini VI on December 12, Gemini 
VI was successfully launched on the rendezvous mission on Decem­
ber 15. In addition to the basic technical sophistication in 
accomplishing the first space rendezvous, this mission also demon­
strated a high degree of launch and preflight operational proficiency 
in carrying out this complex mission. On the fourth orbit of 
Gemini VI, command pilot Walter Schirra maneuvered to within 50 
feet of Gemini VII. In the course of sustained station keeping 
and formation flying maneuvers, Gemini VI flew to within one 
foot of Gemini VII.

Rendezvous and docking with an Agena Target Vehicle was 
accomplished on the Gemini VIII flight (March 16 , 1966) . The 
docking maneuver, achieved for the first time, was completely 
successful. This mission was terminated shortly after the docking, 
however, because of a spacecraft malfunction involving attitude 
control which sent the spacecraft into uncontrolled spinning at 
an increasing rate. Timely corrective action by the astronauts 
under very difficult circumstances, in combination with the backup 
capabilities intrinsic in the spacecraft design, enabled the 
condition to be stabilized. The flight controllers on the ground 
then set up a contingency recovery in the Western Pacific and 
the landing was made within sight of a recovery aircraft diverted 
to the scene.

Three different types of rendezvous maneuvers were 
investigated during the Gemini IX flight (June 3-6, 1966). An 
Augmented Target Docking Adapter was used as the target for 
this flight in place of the Agena Target Vehicle. Docking could 
not be performed, however, because the launch shroud covering 
the docking collar had failed to jettison.

One of the most significant rendezvous maneuvers carried 
out on Gemini IX was a simulation of the future rendezvous between 
a lunar module and a command module in lunar orbit. The maneuver 
successfully performed by Gemini IX would be required during an 
Apollo lunar mission if a decision were made not to continue with 
a lunar landing after the lunar module had descended toward the 
moon.

The third area of the rendezvous and docking objectives, 
large maneuvers while docked through the use of the Agena's primary 
propulsion system, was accomplished on the Gemini X flight (July 18- 
21, 1966). During this mission, rendezvous was first made with the 
Agena X target vehicle launched one orbit before the manned space­
craft. After docking with Agena X, the combined Gemini/Agena 
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vehicle was maneuvered to a higher orbit with an apogee of 476 
miles, the highest man had yet ventured into space.

This orbital change was the first in a series of orbital 
maneuvers using the Agena X propulsion system, in preparation 
for rendezvous with another orbiting vehicle. The second rendezvous 
target was the derelict Agena vehicle which had remained in orbit 
since the Gemini VIII mission four months earlier. Terminal 
rendezvous of Gemini X with Agena VIII using purely optical 
techniques was successfully accomplished after the Gemini space­
craft had separated from Agena X. This operation was the first 
to demonstrate the practicality of visiting a passive satellite 
for purposes of inspection and repair.

Gemini XI (September 12-15, 1966) for the first time com­
pleted a rendezvous with its target vehicle during its first 
revolution of the flight, using onboard guidance information ex­
clusively. This rendezvous was most efficient in terms of time, 
looking to future applications where timeliness may be a factor 
in rendezvous. Later in the mission a second maneuver, called 
a coincident orbit rendezvous, was performed. This type of rendez­
vous was most efficient in conserving fuel, but required sig­
nificant tracking time. It can find later application on missions 
where maximum fuel efficiency is required.

During the Gemini XI mission, docking was practiced twice 
by each crew man. The docket spacecraft combination was flown 
to new altitude (853 miles) and speed (17,943 miles per hour) 
records for manned space flight.

Gemini XII (November 11-15, 1966), achieved rendezvous 
and docking on the third orbit. A total of 10 rendezvous oper­
ations were conducted furing the Gemini Program, demonstrating 
that rendezvous is operationally feasible with either an active 
or passive target. Accumulated crew experience in rendezvous 
and docking operations, and tracking and control experience, pro­
vided a new confidence level for prescribing this technique in 
future manned space flight missions.

Extravehicular Activity

During the first long duration mission, Gemini IV (June 3-7, 
1965), pilot Edward White demonstrated the feasibility of astronaut 
activity outside the spacecraft. In this first U.S. extravehicular 
activity (EVA), White stayed outside the spacecraft for 23 minutes, 
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maneuvering himself about, taking pictures, and making observa­
tions of equipment. During the early portion of the EVA, he 
used a hand-held maneuvering unit which provided propulsion by 
emitting jets of oxygen. Astronaut White was restrained by a 
25-foot tether to which was attached an umbilical hose system 
supplying breathing oxygen. A chest pack which maintained his 
suit pressure contained an emergency supply of oxygen. White 
wore a special protective suit and a protective helmet visor for 
the mission. Because no major work tasks were involved, the EVA 
operation appeared to be quite easy, a conclusion not borne out 
in later flights. The astronauts did experience an extremely 
heavy work load during egress in closing a balky spacecraft hatch. 
This problem was corrected on subsequent missions.

An expanded extravehicular mission was included in the 
Gemini IX flight (June 3-6, 1966), during which Eugene Cernan 
worked outside the spacecraft for over two hours. Astronaut 
Cernan accomplished work tasks over all areas of the spacecraft 
from the nose to inside the aft adapter section under both day 
and night conditions. A more ambitious demonstration of extra­
vehicular mobility, using an Astronaut Maneuvering Unit, was 
cancelled when the moisture overload inside Cernan's suit caused 
his visor to fog. The overload was created by Cernan's unex­
pected exertion in preparing to don the 166-pound maneuvering 
unit.

On the Gemini X flight (July 18-21, 1966), pilot Michael 
Collins performed two extravehicular maneuvers. During his first 
exposure to space outside the cabin, Collins stood up in the 
open hatch of the spacecraft for nearly 45 minutes taking photo­
graphs and making observations. Later in the flight, during 
rendezvous with the Agena vehicle which remained in orbit after 
the Gemini VIII mission, he left the cabin, and with Astronaut 
John Young station keeping on the Agena, he maneuvered in space 
for 55 minutes with a hand-held maneuvering unit. Using a 50-foot 
tether and umbilical, and the hand-held maneuvering unit, Collins 
"translated" over to the derelict Agena and retrieved a micro­
meteoroid experiment which had been in space for four months.

When the extravehicular activity of pilot Richard Gordon 
was terminated early due to excessive fatigue after 33 minutes 
during Gemini XI (September 12-15, 1966) , new restraining devices, 
training, and conditioning techniques were developed for the last 
Gemini flight. Unexpected difficulties with work outside the 
spacecraft had identified this as a problem needing more investi­
gation. Specific routine tasks were established for Gemini XII 
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extravehicular activity, to obtain some standard measurements 
of their difficulty. Several new body restraints and hand holds 
for maintaining body position were added to evaluate them as 
devices to reduce the work load on this mission, and training 
in water tanks under neutral buoyancy conditions was initiated. 
Three separate EVA operations were conducted during this mission 
in which 5 1/2 hours of EVA time were accumulated. On the second 
day of the mission, pilot Edwin Aldrin conducted a two hour and 
six minute test of the techniques and equipment developed. 
Following a schedule allowing for frequent rest periods, he 
completed 19 tasks, demonstrating that useful extravehicular 
work was feasible with careful planning, sufficient training and 
conditioning, and adequate restraint devices.

Reentry Control

On the last seven Gemini flights, control of the landing 
point was obtained by using the aerodynamic lift of the space­
craft as it reentered the atmosphere. An inertial guidance 
system provided the input data, an onboard computer solved the 
necessary guidance equations and the crew controlled or monitored 
the trajectory, quiding the spacecraft toward a preselected 
target. In Gemini VI through X, this procedure was controlled 
by the crew; on Gemini XI and XII an automatic system fired the 
attitude control system thrusters in response to guidance system 
commands. Average navigation accuracy of the guidance system for 
all seven flights was 2.2 nautical miles. The most accurate 
touchdown was made by Gemini IX, less than half a mile from the 
aiming point. The last five missions all landed within 3 1/2 
miles of the aiming point.8

Experiments

Advanced techniques and equipment in the Gemini Program 
made possible a large number of scientific and technological 
experiments on the 10 manned Gemini flights. A total of 52 
separate experiments were flown in the program, many of them re­
peated on several flights, producing 111 experiments in flight. 
Of these, 90 returned useful information to the experimenter. 
The experiments ranged from specific physiological measurement 
of the crew to precise measurement of the space environment to 
technological developments proving out new equipment and techniques 
for space flight.
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Of the 52 experiments flown, 17 were classified as 
scientific, 27 technological, and eight medical. Some of the 
nation's leading scientists participated as principal investigators 
in Gemini scientific experiments. The scientific experiment 
program was interdisciplinary in character and comprised investi­
gations in the fields of astronomy, biology, geology, meteorology 
and physics. Over half the experiments used photographic techniques 
with the investigators taking advantage of the flight crew to 
guide and select the targets, returning the film for permanent 
record. A photograph frequently clarified data which otherwise 
were ambiguous.

Approximately 1,400 of the color photographs obtained 
were useful for geology, geography, oceanography, hydrology, 
aprology and agronomy. For example, one photograph of the Near 
East taken on Gemini XII appears to have considerable potential 
value in the study of the continental drift theory. Proponents 
of this theory consider that the Red Sea, which structurally is 
a large down-dropped block, represents incipient continental 
drift; that is, the Arabian Peninsula is considered to be drifting 
away and rotating from Africa.

Specific geological knowledge was acquired from photo­
graphs taken during Gemini IV, revealing new characteristics 
of a volcanic field in Mexico and a fault area in the Lower 
California peninsula only recently discovered. Similarly, the 
synoptic weather photography experiment produced color photo­
graphs of storm patterns and cloud cover from relatively low 
orbital altitudes. These pictures have been very helpful in 
interpreting results obtained from unmanned meteorological 
satellites.

Flight and Ground Crew Proficiency

The mission control and operations concepts established 
for Project Mercury, and refined during the Gemini Program, are 
being developed further for the Apollo missions. A world-wide 
network of tracking stations, first established to gather data 
on Mercury spacecraft and pilots, was expanded and refined for 
Gemini flight control and monitoring and is now being augmented 
for Apollo missions.

Gemini rendezvous and docking maneuvers, multiple vehicle 
missions, and long duration flights required a ground control 
system capable of processing and reacting to a vast amount of

*Tables showing experiments, experimenters, and results can 
be found in Appendix B-III.
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complex data in real-time. A new control facility was established 
to support not only the Gemini Program, but future space flight 
programs as well. The new Mission Control Center was located at 
the Manned Spacecraft Center where the crews, both flight control 
and astronauts, were stationed and the detailed mission planning 
was done.

This new facility was designed to direct and control 
Gemini flights through the Manned Space Flight Network, the world­
wide communications, tracking, and telemetry network. This network 
of stations had proved its operational capability through the 
Mercury flights. The network was modified to have the capability 
to track two vehicles simultaneously and to provide dual command 
data to the spacecraft computers. Information generated during 
a typical Gemini mission was over 40 times the amount handled 
during the most complex Mercury flight. Carefully coordinated 
planning was done in building up to support Gemini, so that all 
changes would also contribute to the Apollo requirements.

Support facilities performed well in response to the 
Gemini requirements, including such severe tests as the Gemini VIII 
emergency landing and the short turn-around time of the Gemini 
VII/VI missions. As the flights progressed, a nucleus of qualified 
control personnel was greatly expanded. Techniques evolved during 
Gemini have resulted in flight plans providing maximum mission 
achievement with minimum use of consumables and optimum crew 
activity. Development of satisfactory work-rest cycles for 
astronauts and use of simultaneous sleep periods are examples 
of learning carried forward to Apollo planning.

Valuable flight crew experience from Gemini includes 
both preflight preparation for missions and the reservoir of 
actual flight time. Adequate crew preparation can now be assured 
in all areas. High fidelity mission simulators are proving very 
useful in training both flight and ground crews as a functional 
team, capable of dealing with problems as they arise. The 
accumulated total of 1,940 man-hours of space flight time, dis­
tributed among 16 astronauts, qualified Gemini pilots for long 
duration flights and complex rendezvous operations.^0

Department of Defense Support

Support provided by the Department of Defense throughout 
the Gemini Frogram was of such importance that it deserves 
specific mention. The launch vehicles for both the manned 
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spacecraft and the rendezvous target vehicle were rockets developed 
and tested by the Air Force as ballistic missiles. Extensive 
adaptation of the Titan II missile was necessary to convert it 
into a man-rated booster for the Gemini spacecraft, and this 
development and procurement program was conducted by the Air Force 
Space Systems Division. Atlas launch vehicles and Agena space­
craft modified to the Gemini Target Vehicle configuration were 
also supplied to NASA through Air Force Spiace Systems Division. The 
launch operations functions, both for the manned spacecraft and 
the target vehicles, were provided by the Air Force’s 6555th Aero­
space Test Wing at Capt Kennedy. Range support was provided by 
the Air Force Eastern Test Range.H

Worldwide capabilities of the - Department of Defense were 
utilized extensively in recovery operations and tracking and 
communications support. All of these activities in support of 
Gemini were conducted through the agency of a special Department 
of Defense Representative with authority to communicate with any 
element of the Department and speak with the voice of the Secretary 
of Defense concerning operational support needs as presented by 
NASA. Some measure of the scope of this cooperation, in executing 
the Gemini Program as a national effort, can be seen through the 
total cost figures for the support arrangements.

A total of $540,912,300 was expended through this channel, 
$455,139,900 reimbursed by NASA and $85,772,400 absorbed by the 
Department of Defense. Measured by the total number of personnel 
involved, the department's support for manned flights ranged from 
a high of 11,301 people on the Gemini IX mission to a low of 
9,054 for Gemini XI. Recovery forces deployed 27 ships for the 
Gemini III mission, and this number was gradually reduced over 
life of the flight program to 12 for Gemini XII. 2

Gemini Program Management

As is characteristic of most advanced research and de­
velopment programs, early cost and schedule estimates for Gemini 
proved to be excessively optimistic as the program and the flight 
vehicles became defined in more detail. By late 1963, however, 
program managers were able to establish a schedule which called 
for the final flight, Gemini XII, early in 1967. During the next 
three years, careful planning, intense top management attention, 
and hard work, on the part of the entire Gemini team produced 
a phenomenon rather unusual for an advanced research and development 
program — a schedule which had moved ahead rather than back.
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Gemini XII flew in November 1966 rather than early 1967, completing 
the program at least two months earlier than anticipated three 
years earlier. One of the most important results of this develop­
ment was that total program costs to completion were estimated 
at $1,350 billion in Fiscal Year 1964 and actually totaled out 
at approximately $1,290 billion.

APOLLO DEVELOPMENT, MANUFACTURE, ASSEMBLY, AND TEST 1964-1966

During the years 1964, 1965 and 1966, steps were taken 
to bring to maturity the manufacturing, test, and launch facili­
ties for the Apollo lunar mission. Near the end of this period 
a very heavy activity was underway on the production and check­
out of launch vehicle stages and spacecraft modules.

Schedule plans and cost estimates for the manned lunar 
landing program, established in March of 1964, were subject to 
much strain and stress throughout the 1964-1966 period. In 
spite of some minor alterations, however, these plans and estimates 
formed the framework within which the Apollo Program proceeded. 
Under this plan, fifteen Saturn V vehicles and their associated 
spacecraft would be flown before 1970 to achieve a high degree 
of assurance that the lunar landing could be accomplished by that 
time.

The first major Apollo schedule adjustment took place 
late in 1964 as part of the decision that the Agency budget 
should be limited to the $5.25 billion level supported by the 
Congress for Fiscal Year 1965. The Apollo flight program was 
realigned so that the last two of fifteen Saturn V flights would 
occur in 1970 rather than in 1969. The timing of earlier., flights 
was maintained, and a "reasonable opportunity" remained for 
accomplishing the lunar landing before the last two of the fifteen 
Saturn V flights, thus still within the decade.

The schedule stretchout made necessary by this lower 
level of annual funding for the Agency ultimately resulted in 
a somewhat higher estimate for the Apollo Program cost as well 
as the total manned lunar landing costs. The manned lunar landing 
cost estimates include the Apollo Program as well as the total 
cost of operations of the three Manned Space Flight Centers, 
building, equipping and operation of the Tracking and Data Network 
and the construction of all Manned Space Flight facilities including 
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the Manned Spacecraft Center, Kennedy Space Center, and supporting 
manufacturing and test facilities. In March 1964, the Manned 
Lunar Landing costs were estimated at $19.5 billion assuming a 
NASA budget level of $5-1/2 to $6 billion and that there would 
be a timely follow-on program to utilize and share the cost of 
the facilities and capabilities brought into being. In March 
of 1966, as a result of the reduced funding levels and the 
necessary schedule stretchouts, a new estimate to completion was 
made totaling slightly under $23 billion. This estimate was 
made on a more conservative basis and assumed that there would 
be no follow-on program in the period after the lunar landings 
to use the Apollo-Saturn system capability created. Nevertheless, 
the program proceeded through these three years with adequate 
progress and a good degree of stability. New approaches were 
also defined, such as the "all up" concept of flight testing 
with the expectation of expediting the flight program and hold­
ing cost levels in later years.15

Launch Vehicle Development and Test — 1964-1966
During 1964 and 1965 the Saturn I flight program was 

completed with six launches of the two-stage vehicle. The 
Saturn I was the first of three major steps in the development 
of a large launch vehicle capability for the nation and for the 
lunar program. Following four launches of the first stage 
completed in early 1963, the ten successful launches in ten 
attempts comprised an unprecedented accomplishment in large 
rocket development managed by the Marshall Space Flight Center. 
The clustered engine principle of the booster stage, a technique 
central to the design of both the Saturn IB and Saturn V launch 
vehicles, was proved.

The further extension of technology essential to operation 
of high energy upper stages, using liquid hydrogen for fuel and 
liquid oxygen as oxidizer, was developed and tested, as was the 
guidance system, improved versions of which would fly on both 
Saturn IB and Saturn V.

The SA-5 mission on January 29, 1964, was the fifth 
flight of the Saturn I first stage, but the first launch of the 
complete two stage vehicle, and the first orbital flight in the 
program. A historic milestone in American large booster develop­
ment was reached as 37,700 pounds were placed into earth orbit. 
The first stage was powered by eight engines producing a total 
thrust of 1.5 million pounds. Flight of the second stage, with 
six liquid oxygen-liquid hydrogen engines producing a total 
90,000 pounds of thrust, established another landmark.
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On May 28, the flight of SA-6 carried boilerplate Apollo 
command and service modules (of non-production construction, but 
duplicating the mass and external characteristics of the real 
spacecraft) into orbit, demonstrating the compatibility of the 
Apollo spacecraft with the launch vehicle and also testing the 
jettison sequence of the launch escape system. The "engine-out" 
capability designed into the booster, and checked out in 1963 on 
the SA-4 flight, was graphically demonstrated once again when one 
of the H-l engines shut down prematurely. Longer burning of the 
remaining seven engines and appropriate course corrections by the 
guidance system compensated for the loss and put the payload into 
the planned orbital path.

Postflight reviews established that the first six flights 
had completed all Saturn I development and qualification testing 
in a program which had planned ten flights for this purpose. The 
remaining four flights were then considered operational missions. 
SA-7, the first operational mission, was successfully launched 
on September 18, 1964, to test the boilerplate Apollo spacecraft 
through launch and in orbit.

The last three Saturn I flights took advantage of the 
vehicle’s operational status to place into orbit Meteoroid Tech­
nology Satellites named Pegasus after the winged horse of Greek 
mythology because the satellite had two large "wings" or panels 
to detect meteoroid impacts. In addition to the basic scientific 
value of such data, knowledge of the density and frequency of 
such impacts was crucial to the design of spacecraft structures 
for the manned space flight program. On each of the last three 
Saturn I flights (SA-9, February 16; SA-8, May 25; and SA-10, 
July 30, 1965), Pegasus satellites were placed into orbit, and 
after unfolding of their "wings," were monitored by telemetered 
signals transmitted from the spacecraft. Each flight also orbited 
Apollo boilerplate spacecraft with sophisticated telemetry to 
return detailed data on launch vehicle and spacecraft performance. 
The Saturn I program also accomplished a transfer of launch 
vehicle development and production responsibility to the industry. 
The last two launch vehicles of the Saturn I series were built 
entirely by private industry, whereas previous first stages had 
been assembled at the Marshall Space Flight Center.

While the flight activity of the Saturn I was underway, 
the development and ground test of Saturn IB and Saturn V com­
ponents progressed toward flight test. The Saturn IB launch 
vehicle was a more advanced version of the Saturn I. The Saturn IB 
first stage was powered by eight, H-l engines, as was Saturn I, but 
each engine was uprated to 200,000 pounds of thrust, producing a 
combined first stage thrust of 1.6 million pounds. A new second 
stage, with one J-2 engine, was fueled by liquid hydrogen and
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produced 200,000 pounds of thrust. It would also be the third 
stage for the Saturn V and considerable flight experience was 
obtained through flights of the Saturn IB. During 1964, fabri­
cation of both stages began and the preflight rating tests of the 
J-2 engine were completed.

Saturn V component developments during 1964 included 
completion of initial designs for the three stages, assembly 
of a full scale mockup at the Michoud assembly plant, and over­
coming problems with combustion instability to complete flight 
rating tests on the F-l engine (1.5 million pounds thrust) for 
Saturn V's first stage. Two major achievements were realized 
during the year in development of the Saturn V second stage 
with five J-2 engines. In September, the 33-foot diameter 
common bulkhead was completed and on November 9 the engines were 
fired as an integral part of the stage for the first time.

During 1965, marks of progress in the Saturn IB program 
included formal qualification of the uprated H-l engine for the 
first stage, and acceptance testing of the first stage. By 
December both stages were mated with the spacecraft and the first 
Saturn IB was ready for launch in early 1966. Meanwhile, in the 
Saturn V program, all three stages of the launch vehicle were 
static fired during the year in full duration runs. A critical 
test was passed on August 5, when the first full duration firing 
of the 7.5 million pound thrust first stage was conducted.

Although the Saturn V second stage completed a substantial 
portion of its ground testing during the year and the common 
bulkhead was structurally certified, a test stage failure at 
the Mississippi Test Facility and other difficulties developed 
which caused delivery of the first flight article to fall far 
enough behind schedule to become the pacing item in the Saturn V 
development program.

In 1966, acceptance testing was completed on the first 
three flight units of the Saturn V first stage and the first 
complete Saturn V flight vehicle was being assembled in the 
Vehicle Assembly Building at NASA's Kennedy Space Center. The 
test program was drastically rescheduled to complete necessary 
testing with the remaining second stage test hardware. Mean­
while, embrittlement cracks were found in second stage liquid 
hydrogen tanks and leaks appeared in the liquid oxygen tanks, 
requiring repair, reinforcement, and application of sealant in 
early flight stages after careful review and inspection.

The Apollo-Saturn IB flight program got underway with 
three successful missions during 1966. These flights accomplished 
their individual objectives by testing the spacecraft heat shield 
integrity and subsystems performance, and added confidence in 
the second stage of the Saturn IB (as previously mentioned, also
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the third stage of the Apollo-Saturn V lunar launch vehicle). 
The first critical test of the all-up flight test philosophy 
came on February 26, 1966, when the first Saturn IB and Apollo 
spacecraft combination was launched with all systems operating. 
Successful suborbital flight and recovery of the unmanned space­
craft was a major event in the early flight phase of the lunar 
landing program.

On July 5, 1966, a second Saturn IB flight placed the 
second stage, the instrument unit, and a nose cone into a 117- 
mile circular orbit. This 58,500 pound satellite, including 
19,000 pounds of liquid hydrogen, was the heaviest American 
satellite to that date. Principal objective of this flight was 
to qualify the Saturn IB second stage as the third stage for the 
Apollo lunar mission by testing and observing the behavior and 
control of liquid hydrogen in orbit. The restart capability of 
the stage, a needed capability for lunar missions, was demonstra­
ted and behavior of the liquid hydrogen was observed in real 
time through use of an onboard television camera.

A second suborbital flight to test the Apollo spacecraft 
and qualify the command module for manned flight was success­
fully conducted on August 25, 1966. On this flight from Cape 
Kennedy to recovery in the Pacific, the service propulsion engine 
was fired four times, demonstrating the multiple restart capability 
critical to the lunar mission, and the command module heat shield 
was tested at high heat loads through a long, shallow entry pro­
file. The speed at reentry of 24,530 mph was the highest experi­
enced to that time. As a result of the success of this series 
of flights, the first manned flight of an Apollo spacecraft was 
planned for early in 1967.

Apollo Spacecraft Development and Test - 1964-1966

The Apollo spacecraft is comprised of three major modules: 
the command module, service module, and lunar module. The 
command module provides the main living quarters and control 
stations. Its familiar squat cone shape serves as the crew 
compartment for the launch, the flight into lunar orbit, and 
the return flight from lunar orbit. It is the only module that 
reenters the earth's atmosphere. A two-stage lunar module is 
the vehicle in which two crewmen will leave lunar orbit, land on 
the moon's surface, and return to rendezvous and dock with the 
command and service modules in lunar orbit. The service module
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carries the fuel cells to generate the necessary electrical 
power for the spacecraft, oxygen for the life support system, 
other equipments and expendables, and houses the rocket pro­
pulsion systems for attitude control, velocity corrections on the 
way to the moon, deceleration into lunar orbit, and boost from 
lunar orbit for the return to earth.

The work on the command and service modules had preceded 
that on the lunar module by a year or more. As the design of 
the lunar module became better defined, and as early testing 
commenced on the command module, certain additional requirements 
became evident that called for the Block II version of the command 
and service modules.

During 1964, design and development progressed through 
freezing the design of the Block II spacecraft to be used in 
lunar missions, while the manufacture of the first orbital flight 
test spacecraft (Block I) was underway. Four boilerplate space­
craft were flown during the year. The launch escape and para­
chute recovery systems were tested successfully in two different 
critical phases of the planned flight profile.

Lunar module design in 1964 progressed to the stage 
where a full scale detailed mockup was fabricated and available 
for inspection and design engineering use in October. Component 
development tests for the service module propulsion engine were 
completed in preparation for complete service module system 
testing to begin at the White Sands Testing Facility. Fuel cell 
design verification tests were completed and fuel cell modules 
were successfully tested while connected in parallel.

Extensive ground testing of major spacecraft components 
was the primary activity in 1965, with the critical firing se­
quences of the service module propulsion system begun in February 
and continuing throughout the year in preparation for the first 
flight test of the command and service modules in early 1966.

In 1965, boilerplate spacecraft were aboard the last 
three Saturn I launches which also placed Pegasus spacecraft 
in orbit. The launch escape system was qualified early in 1966. 
By August 1965, fabrication of the more advanced Block II command 
and service modules had begun. The first flight spacecraft was 
delivered to the Cape in October and mated with its Saturn IB 
launch vehicle in December. Extensive component test for the 
lunar module was conducted in 1965, with test articles undergoing 
detailed evaluation. The descent engine was tested in contractor 
facilities during 1965, in preparation for compatibility testing 
at White Sands in 1966.
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Then, in 1966, with two unmanned suborbital flights 
aboard Saturn IB launch vehicles, the performance of the command 
and service modules was successfully verified under actual flight 
conditions. The heat shield design was qualified, subsystems 
performance checked out, and the Block I spacecraft was cleared 
for manned orbital flight on the next mission, scheduled for 
early 1967. At that time, it was planned to accomplish two 
manned flights using the Block I spacecraft for astronaut familiar­
ization and validation. As for the lunar module, careful weight 
control was necessary to keep it below the maximum weight allow­
ance. Also, engine combustion problems developed which were not 
entirely unexpected since injector design had been more of an 
art than a science from the beginning of liquid rocket engineering.

THE APOLLO 204 ACCIDENT

At the beginning of 1967 the Gemini Program had been 
successfully completed and, after a series of delays, the first 
manned Apollo flight aboard Saturn IB number 204 was about ready 
for launch. Three flights of the launch vehicle in 1966 had 
qualified the entire space vehicle for manned flight.20

On January 27, 1967, a tragic accident took the lives of 
the three-man Apollo crew during a ground test on the launch 
pad at Cape Kennedy. Astronauts Virgil I. Girssom, Edward H. 
White II, and Roger B. Chaffee died inside the spacecraft within 
seconds after a fire broke out and spread rapidly, precipitating 
unconsciousness and death from inhalation of toxic gases. In­
vestigation to determine the cause of the accident began immediately. 
On January 28, a review board was appointed — under the chair­
manship of Dr. Floyd L. Thompson — to establish the cause, 
direct further investigations as necessary, report its findings 
to the NASA Administrator, consider the impact on other Apollo 
activities, develop recommendations for corrective action, and 
document its findings in a final report.21 Although it was not 
possible to determine in definitive fashion the exact ignition 
source, the rapid spread of the fire and the material consumed 
established that very unusual and special precautions had to be 
taken to avoid fires in the pure oxygen environment of the space­
craft. The basic approach taken was to attempt to select materials 
that would not sustain combustion under these conditions and to 
demonstrate this capability by full scale flammability tests in 
boilerplate spacecraft. Because many materials which are fireproof 
in air burn readily in pure oxygen, many cases existed where new 
materials had to be developed.
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Other changes were made such as a redesign of the space­
craft hatch to provide for more rapid egress capability. In 
fact, during the period wherein fire related modifications were 
incorporated, the entire spacecraft design was reviewed in de­
tail. Additional testing was accomplished and although no major 
changes to systems approach were made, many specific improve­
ments were made. A similar series of reviews and rework activities 
were implemented on the lunar module.

NASA officials reported at a Senate hearing on February 27, 
1967, on efforts already underway to follow the investigating 
board’s preliminary recommendations.

The redesign, test, and full qualification of these 
changes took many months and had the practical effect of delaying 
the first manned Apollo launch for at least 18 months.

On May 9, 1967, NASA's top Apollo Program officials 
appeared before the Senate Space Committee and presented the 
revised program planning. Block I spacecraft would be flown 
only on the unmanned qualification flights of the Saturn V and 
manned flights would be accomplished with Block II spacecraft, 
with all the design changes incorporated and qualified. The 
first manned flight would take place on a Saturn IB launch ve­
hicle in 1968. Depending on when a man-rated Saturn V was avail­
able, this first Apollo manned flight could be followed by the 
first manned Saturn V flight. If Saturn V was not ready in time 
for this plan, alternate missions would be flown using dual flights 
of Saturn IB vehicles. This schedule would allow Saturn V flights 
before the end of 1969, slipping two more — now a total of 
four — into 1970.

By the time of the authorization hearings for the Fiscal 
Year 1969 budget, held in February 1968, the flight schedule 
planning had been adjusted further to the funding levels estab­
lished in 1968 and anticipated for 1969. The revised schedule 
called for only a total of nine Saturn V launches before the 
end of 1969 and the end of the program had slipped into 1971. 
With "reasonable success" it was anticipated that the lunar landing 
could still be accomplished within nine Saturn V flights. Stretching 
the program into 1971 and procuring four additional command mod­
ules had raised the total run-out cost estimate, still assuming 
no costs absorbed by a follow-on program, to approximately $24 
billion as of mid-1968.22
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TOWARD THE MANNED LUNAR LANDING 1967-1968

While the manned spacecraft modifications were being 
incorporated, the Apollo Program moved forward in an unmanned 
flight test phase. Three unmanned flights were accomplished 
between November 1967 and April 1968. The first of these, 
Apollo 4, marked the passage of a monumental milestone, not only 
in the Apollo Program, but in the history of rocket development. 
This was the first flight of the Saturn V launch vehicle, placing 
the Apollo spacecraft and third stage into parking orbit. The 
weight in orbit totaled 278,699 pounds. After two revolutions, 
the third stage restarted, as it would on a lunar mission, and 
placed the command and service modules in a high apogee trajectory. 
A first burn of the spacecraft's service propulsion system raised 
the apogee to 9,767 nautical miles; then a second burn on the way 
down accelerated the command module to a reentry speed of 24,911 
miles per hour, demonstrating for the first time the effective­
ness of the heat shield at lunar reentry speed. In this first 
test of the launch vehicle with all stages and all systems 
operating, the performance of both the launch vehicle and the 
spacecraft was virtually flawless, establishing a significant 
landmark for the Apollo Program.23

Apollo 5, launched January 22, 1968, was an unmanned 
flight of the lunar module on its first flight test, aboard a 
Saturn IB launch vehicle. The lunar module was successfully 
placed into earth orbit. The flight emphasized propulsion testing 
and both the ascent and descent engines were fired. The lunar 
module was the last major piece of Apollo Jj^rdware to be flight 
tested; Apollo 5 was a successful mission.

The second flight of the Apollo-Saturn V vehicle took 
place on April 4, 1968, the Apollo 6 mission. First stage opera­
tion was nominal, but before the second stage had finished 
thrusting, problems began to develop. Two of the second stage's 
five engines shut down prematurely, but the planned burning 
time of the remaining three was extended to compensate as was 
the burn of the third stage. The third stage and command and 
service modules achieved an adequate orbit, but later in the 
mission, the third stage engine did not reignite as planned. An 
alternate mission was flown, using the service propulsion system 
to attain the high apogee planned to produce a high speed reentry 
of the command module.
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Postflight analyses teams went to work and with swift 
and thorough detective work, using temperature distributions 
and other data transmitted to the ground during the flight, were 
able to pinpoint the engine system failures to small oxidizer 
lines in the engine start system. The failures were verified 
by testing which proved that the line behavior was different 
in the hard vacuum of space compared to previous tests in vacuum 
chambers on the ground.

Perhaps even more significant, the postflight analyses 
revealed a high level of longitudinal vibration (Pogo effect) 
during the flight of the first stage. This vibration trans­
mitted unacceptable "g" loads to the spacecraft portion of the 
vehicle. A team was organized from many agencies and elements 
of industry to solve this problem, using experience obtained 
from previous programs such as Gemini. In rapid order, com­
prehensive analyses and tests were implemented on a large scale 
to establish the nature of the corrective action. A high level 
of confidence was obtained in the design changes recommended, 
and by mid-1968, a decision to man the next Saturn V flight was 
reached, pending the successful flight of the first manned 
spacecraft on the Saturn IB. The engine and stage modifications 
were successfully tested on Saturn V number 506 at the Mississippi 
Test Facility and incorporated in the next flight vehicle (Saturn 
V number 503) at the Kennedy Space Center.

Astronaut Selection and Training - 1964-1968

Through the.end of 1967 NASA had selected a total of 66 
astronaut candidates, and, in the summer of 1968, 52 were still 
active in the manned space flight program. Eight deaths, none 
in the course of an actual space flight, and six resignations 
were the attrition over the nine years since the original seven 
Mercury astronauts were named in 1959.

The major innovation in astronaut recruiting in the 
1964-1968 period was the scientist-astronaut program initiated 
in 1964. NASA asked the National Academy of Sciences to assist 
in establishing criteria for scientists in medical, engineering, 
or scientific specialties who could be selected for flight training

*See Appendix B-III for list of all astronauts and bio­
graphical sketches.
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and astronaut duties. The National Academy of Sciences recom­
mended 16 outstanding candidates to NASA. NASA's Office of 
Manned Space Flight and Manned Spacecraft Center announced the 
selection of six scientist-astronauts to join the training pro­
gram. Crew performance in the Gemini Program was accumulating 
conclusive evidence that the crewman would plan an indispensable 
role in the exploration of space as observer, investigator, and 
pilot. A second selection of eleven scientist-astronauts was 
made on August 4, 1967.26' 27' 28' 29' 30’

In addition to searching for and selecting scientifically 
trained candidates for astronaut duty, NASA had increasingly 
stressed scientific training for astronauts already in the pro­
gram in an attempt to make them more effective investigators, 
especially on the lunar surface. Thus, both classroom and field 
work in geology, mineralogy, petrology, and related subjects have 
been added to crew training.3

Thus, in astronaut training and in many other areas, 
the space program has established a precedent for bringing 
various disciplines together. An unusual feature of astronaut 
participation in space flight is that more often than not complex 
missions have been undertaken by crew members as a first time 
exposure to the space environment. This approach has placed 
stringent requirements on ground simulation and other forms of 
training.

MANNED SPACE FLIGHT FACILITIES

By 1968, the Saturn V Launch Complex 39 at Cape Kennedy 
had been proved through two launches; a second launch pad, 
additional assembly facilities and launch umbilical towers were 
nearing completion. Value of the investment at the Kennedy Space 
Center, as of June 1967, was $945.3 million. At the Manned 
Spacecraft Center in Houston, Texas, investment at the same date 
totaled $317.5 million. This included a number of large vacuum 
chambers, the newly completed Lunar Receiving Laboratory, as well 
as the Mission Control Center and extensive crew training facilities 
and simulators. The Marshall Space Flight Center in Huntsville, 
Alabama, comprised facilities in which $312.4 million had been 
invested. Included were diversified facilities for development, 
manufacturing research, and test of large rocket components and 
stages. The Michoud Assembly Facility at New Orleans, Louisiana,
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represented an investment, with all facilities operational, of 
$142.4 million as of the end of fiscal year 1967. At the same 
time, investment at the Mississippi Test Facility totaled 
$234.0 million with all major construction completed. Other 
locations supporting the manned space flight program, including 
government-owned, contractor-operated manufacturing and test 
locations, all operational, represented $325.7 million in invest­
ment. The total investment in manned space flight facilities, 
as of June 30, 1967, had reached $2,277,175,000, representing a 
significant national capability to perform the necessary manu­
facture, test, checkout, launch, and control for extensive manned on space flight operations.

Manned Space Flight Network Development - 1964-1968

One of the major national assets created in the conduct 
of the space program is the tracking, communication, and command 
and control network, built and operated to satisfy the require­
ments for manned space flights. Originally created for the 
Mercury Program, and expanded for Gemini, the Manned Space Flight 
Network had been undergoing augmentation to support Apollo 
missions since 1961. A summary sketch of the network's develop­
ment to full operational capability provides some measure of 
the scope and significance of this portion of the national space 33 program. J

The Manned Space Flight Network for Gemini evolved from 
the original tracking and data acquisition facilities developed 
to support Mercury. During Mercury the network consisted of 
eighteen stations, including two ships.

Efficient performance of the network in support of Mercury 
flights, and the confidence acquired in that program permitted a 
reduction in the number of network stations for Gemini. As con­
figured for this second manned space flight program, the Manned 
Space Flight Network consisted of twelve stations. These included 
seven primary land stations, three secondary land stations, and 
two instrumentation ships. By the end of 1963, the primary land 
stations and the instrumentation ships were being modified by 
addition of digital command and more up to date telemetry, computer 
and communications equipment for Gemini, while network modifica­
tions for support of the Apollo Program were concurrently in the 
final planning stages.

During 1964 the network easily supported one unmanned 
Gemini mission and three Saturn I flights.
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Planned augmentation to support Apollo lunar operations 
included provision of new stations collocated with Deep Space 
Network Stations at Goldstone, California; Madrid, Spain; and 
Canberra, Australia. These stations were planned to include 
85-foot parabolic dish antennas, unified S-band receiving, 
transmitting and ranging systems, and highly automated data 
handling and processing equipment.

The unified S-band (USB) system, a major technological 
advance in network capability, was developed by the Jet Pro­
pulsion Laboratory for use in Surveyor, Lunar Orbiter, and 
Mariner missions. Gemini used separate antennas for tracking, 
telemetry, command, and voice communications with the space­
craft. Apollo support, with the unified S-band system, makes 
it possible to provide all these functions (plus television and 
other special uses) using only one antenna at each station. In 
addition, use of the unified S-band system and 85-foot antennas 
would extend the communications and data acquisition range of the 
network to lunar distance and extend the network's traking range 
capability from 4,000 miles to more than a million miles.

Five instrumentation ships, equipped with systems similar 
to those at the land stations, were planned for use where land 
stations were not feasible.

These Apollo changes were a major undertaking, estimated 
to require 3 1/2 years to complete. Contracts were awarded by 
late 1964 for long lead time items.

Beginning with the unmanned Gemini II flight on January 19 
1965, the network successfully supported all Gemini missions with 
no significant ground system failures. The new unified S-band 
systems were used, during Gemini, for test evaluation purposes 
only. Three stations were deactivated following the last Gemini 
mission in November 1966.

Congressional approval of two stations and eight instru­
mented jet aircraft for Apollo support was granted in the Fiscal 
Year 1966 program, and the necessary contracts were awarded in 
late 1965.

During 1965 and 1966, while Gemini was flying, the network 
building for Apollo proceeded concurrently. In August 1966, 
support of the Apollo-Saturn 202 flight, the first mission to 
carry the Apollo spacecraft unified S-band system, validated 
network operations.
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For the complex Apollo flight missions, real time 
operational control was to be maintained in the Mission Control 
Center^Houston. Studies conducted with the National Communi­
cations System established that the requirements could not be 
met by conventional systems alone, but use of communications 
satellites would be an answer.

NASA asked the Communications Satellite Corporation to 
determine whether it could meet the specified communications 
requirements. The proposed service was found acceptable, and the 
contract with Communications Satellite Corporation formed the 
hard core upon which the corporation based its INTELSAT system. 
Spurred by the early NASA need date, the corporation was able 
to accelerate its plans and put international commercial communi­
cations satellites in service approximately two years ahead of 
the planned date.

By April, 1967, the critical Manned Space Flight Network 
stations were utilizing communications satellites which had 
enough excess capacity to provide service as commercial carriers.

During 1967, the Apollo augmentation was completed and 
the network successfully supported the first Spollo-Saturn V 
mission (Apollo 4) in November, as well as the flight that followed 
in 1968.
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INTERNATIONAL RELATIONS

The fact that this nation and others are operating in 
space has provided a great opportunity for re-examination by 
nations of their national interests and the achievement of 
broad measures of international agreement and understanding. 
The Outer Space Treaty of 1967 is a good example of the 
realization by many nations that the relatively untraveled 
environments of outer space and celestial bodies should remain 
available for the benefit of all mankind, and that the conduct 
of activities in outer space and on celestial bodies should be 
subject to an international code.

The area of disarmament,Article 4 of the Outer Space 
Treaty, reflects an agreement to bar orbiting weapons of mass 
destruction from outer space or from celestial bodies or space 
stations. As of October 8, 1968, 89 states have signed the 
Outer Space Treaty, 31 states ratified it and seven states 
acceded to it. The recent Agreement on the Rescue of Astronauts, 
the Return of Astronauts and the Return of Space Objects is 
another example. As of October 8, the Agreement has been signed 
by 74 states and ratified by two states. States with widely 
divergent political, social, economic and legal systems and 
philosophies have proved their ability to come together and achieve 
mutual understanding. The agreements and the support obtained 
from foreign countries in the implementation and operation of 
stations of the Manned Space Flight Network on foreign lands is 
another area where the working-together of nations has been most 
gratifying. These endeavors, plus actual foreign participation 
in space experiments, open the way to better relationships between 
nations.

POST-APOLLO MANNED SPACE FLIGHT 1965-1968

Progressively detailed studies made over a period of 
several years have produced information necessary for post­
Apollo mission planning. The broad questions concerning future 
goals in space exploration were posed by President Johnson in a 
letter to Administrator Webb on January 30, 1964. Discussions 
leading to the decisions on the Fiscal Year 1965 budget had 
brought to the surface a problem endemic to any research and 
development oriented activity — the difficulty of justifying 
advanced hardware development programs not identified with 
specific missions. Why should a larger rocket, or a more
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sophisticated spacecraft be developed if there is no specific 
mission for which they must be used? The President asked Mr. 
Webb to review future plans for space exploration". . .with 
the object of relating hardware and development programs to 
prospective missions .,r*34

*For discussion of the broader Congressional and public 
dialogue which ensued over the future of specific programs, 
see Chapter II.

From this presidential request to NASA to propose 
specific advanced missions grew the post-Apollo manned space 
flight proposals eventually known as the Apollo Applications 
Program.

A report by NASA's Future Programs Task Group in February 
1965 dealt with all areas of NASA's responsibility, aeronautics 
and unmanned space flight as well as manned space flight. For 
future manned operations, the report identified a first phase 
based on making the most effective use of launch vehicles and 
spacecraft developed in the Apollo lunar landing program. 
Projecting a capacity to launch six Saturn IB and six Saturn V 
vehicles annually, with eight manned spacecraft provided, the 
report envisioned a broad spectrum of missions and identified 
the necessary changes to Apollo hardware which would make these 
activities possible.

Seen as an interim program for the immediate post-Apollo 
period, this recommendation was appropriately named "Apollo 
Extension Systems"' when presented to the Congress in the Fiscal 
Year 1965 authorization hearings. Extended earth orbital op­
erations could be performed by increasing the supply of oxygen 
and other consumables, to make missions of a month or longer 
possible. Various experiments would be housed in a modified 
lunar module and a special section of the service module. 
Lunar surface exploration missions were projected by landing an 
unmanned lunar module to serve as a shelter on the moon with 
additional life support provisions. Extended lunar orbital 
flights, to survey and map the lunar surface, and earth orbital 
operations anticipating eventual space stations were projected. 
The only approval requested at this time, however, was for Apollo 
mission support funds to conduct design studies and find some 
very long lead time components.36

By the late summer of 1965, planning for application of 
the Apollo capability to future manned missions had advanced to 
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the point of considering approximately 150 scientific experi­
ments as candidate possibilities for manned flight. The 
scientific community had been consulted extensively. A summer 
conference of the National Academy of Sciences at Woods Hole 
devoted a portion of its time to defining the role of manned 
space flight in carrying out space science. Studies had been 
accomplished by universities and non-profit research institu­
tions, the NASA Science and Technology Advisory Committee was 
providing continuing review and guidance, and a Space Medicine 
Advisory Group had been established to aid in defining medical 
experiments for manned space flight.

In hearings before the Senate Committee on Aeronautical 
and Space Sciences in August 1965, NASA presented the details 
of advanced manned space flight proposals now being called 
"Apollo Applications." Proposed schedules were shown indicating 
that mid-1968 was the earliest possible date for applications 
flights. A broad spectrum of possibilities was outlined, 
demonstrating the results of the program definition work which 
had been accomplished to that time. Program alternatives, in 
broad terms, were presented for consideration, recognizing 
that what was to be emphasized in future programs and at what 
level of effort they would be pursued was a subject for a 
national decision.3'

During the Fiscal Year 1967 authorization hearings, NASA 
presented more details of the planning and program definition 
process. Since program definition was projected to extend 
until the end of 1967, the decision on commitment of large 
sums of money was deferred until the next budget year (Fiscal 
Year 1968). NASA spokesmen identified this as the crucial 
year, if there was not to be a hiatus in manned space flight 
operations. In the broad context, this procedure was viewed 
as holding open the option to proceed with further programs 
beyond Apollo. In 1966 it was already becoming a matter of 
intense concern that production lines for boosters and space­
craft would be shut down, the skilled teams of scientists and 
engineers in government and industry would begin to break up, 
and facilities were destined for "mothballing" if a decision 
to proceed were not reached soon.38

The Fiscal Year 1968 budget cycle was the long anti­
cipated time of decision for the Apollo Applications Program. 
A relatively ambitious program at a funding level of $626.7 
million was proposed by NASA to the Bureau of the Budget, the 
President's budget requested $454.7 million, Congress appro­
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priated $315.5 million, and the NASA operating plan — adjusting 
for a total agency budget reduction of $500 million — allocated 
$253.2 million. During the course of the year 1967, the Apollo 
Applications Program was thus reduced from a $626.7 million 
proposal to a $253.2 million program.^9

An overall summary of the changes to the proposed program 
resulting from the combined budgets for Fiscal Years 1968 and 
1969 may provide a useful overview of the status of the program 
in mid-1968. Further adjustments to an even smaller budget will 
have to be made as a result of actions on the Fiscal Year 1969 
budget.

Successive reprogramming actions, in response to this 
series of decisions, have stretched out hardware delivery 
schedules and tentative flight dates, with various missions 
cancelled or deferred. The original concept of using the 
capability to produce and launch six Saturn IB's, six Saturn V s 
and eight spacecraft per year was reduced to four, four and 
seven, respectively, in the program presented in early 1967. 
By mid-1968 this had been reduced to a commitment to buy only 
two additional Saturn IB launch vehicles over and above the 
vehicles being procured for the Apollo Program.

The flight to provide an embryonic laboratory in earth 
orbit, the Saturn I Workshop, was delayed until 1971. Launch 
of the Apollo Telescope Mount, to provide a manned telescope 
outside the earth’s atmosphere for extensive study of the sun, 
was also deferred to 1971. Plans for an early mission to carry 
experiments concerned with earth resources, second Saturn I 
Workshop in earth orbit with revisit and reuse flights, and a 
second Apollo Telescope Mount were cancelled.40

Since adjustments to this tentative program were still 
being made in the summer of 1968 in response to further reduc­
tions in the Fiscal Year 1969 budget request, the precise 
content of the Apollo Applications Program was not yet establish­
ed. The tentative nature of future manned programs was described 
by President Johnson on December 12, 1967, at New Orleans, 
Louisiana:

"So we will advance in space to the extent that our 
our people and their representatives are prepared for us 
to advance and ^je prepared to pay the cost of that 
advance . . .,r
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The basic theme of the Johnson years in a broader sense 
is discerned in his presidential report to Congress on aeron­
autics and space, of January 1965, when he said:

trWe expect to explore the moon, not just visit it or 
photograph it. We plan to explore and chart planets as 
well. We shall expand our earth laboratories into space 
laboratories and extend our national strength into the 
space dimension.

A BROADER PERSPECTIVE

This country*  s advancement into outer space represents 
a logical progression of the technologies which grew out of the 
challenge to creativity by the Second World War, the last 
previous event to harness this nation’s energies as space ex­
ploration has since done. The space effort has stimulated and 
advanced the developments of World War II in the areas of 
synthetic materials; nuclear energy; rocket propulsion; micro­
wave technology; computers and electronics; and the management 
techniques which enable this country to control large scale 
national efforts.

It was the vision of Lyndon B. Johnson and of those who 
worked with him to draft the National Aeronautics and Space 
Act that the space program would become a balanced, broad- 
guaged effort inspiring man to his best forward-looking efforts.

Underlying all of the accomplishments which were produced 
to support Apollo are significant technological advances, in and 
out of government, to develop new materials, devise new structures 
and building the comples electronic, mechanical and chemical 
systems and equipments of high reliability for the extremes of 
service imposed by aircraft and space vehicles. This new tech­
nology, in composite, brought with it revolutionary change in 
the way of making and testing things, not only for space systems, 
but for innumerable non-space services, processes and materials.

The supervisors in government, the doers in industry, and 
the thinkers in the universities are working together in order 
to accomplish very difficult technical and management jobs. 
This precedent, as well as some of the actual working relation­
ship, which have developed, may be drawn upon for attacking, upon 
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the basis of the mobilization of our total national competency, 
large-scale problems which require the teamwork of the govern­
ment supervisor, the industry doer, and the thinker. A number 
of our universities are now richer national resources because 
of the multidisciplinary studies which NASA encouraged and 
funded. In these space-related studies at least some of the 
traditional barriers to thinking across the lines of academic 
specialties have been broken down.

The space effort can be viewed as a movement of man to 
satisfy his intellectual appetite for discovering, understanding 
and controlling the elements of his total environment, including 
himself. The ability to fly men in outer space not only allows 
the learning of new facts, but also of seeing the world and 
ourselves from a new perspective.
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NOTES TO CHAPTER III

1. Background on Mercury and the early Gemini Program will be 
found in Chapter I. Also see Swenson, Grimwood, and Alexander, 
This New Ocean for a detailed historical account of Mercury. 
For a detailed account of Gemini technology and operations, see 
James M. Grimwood and Barton C. Hacker, Gemini Technology and 
Operations, a Chronology (hereafter cited Gemini Chronology), 
now in publication as NASA SP-4002. A full history of the 
Gemini Program is now in preparation as part of the NASA 
Historical Program.

An excellent summary of the contractor's effort in the 
Gemini spacecraft program is NASA Contractor Report CR-1106, 
Project Gemini, A Technical Summary, by P. W. Malik and G. A. 
Souris, June 1968, available from the Clearinghouse for Federal 
Scientific and Technical Information.

2. Gemini Mid Program Conference, NASA SP-121, 1966; Gemini 
Chronology.

3. Gemini Chronology; A good account of each flight is in 
the Post Flight reports of the NASA Headquarters Mission 
Operations Reports series. See the Appendix for a table of 
details on each Gemini flight.

4. Gemini Summary Conference, p. 197.

5. A & A 1965, p. 493; Gemini Chronology; interview, George 
E. Mueller by W. D. Putnam, October 4, 1966, in NASA Historical 
Archives.

6. Details of rendezvous, docking and post-docking operations 
may be found in Gemini Summary Conference, pp. 7-64.

7. Extravehicular activity planning, training, equipment 
development, and mission results are discussed in detail in 
Gemini Summary Conference, pp. 67-146, and further elaborated
in Summary of Gemini Extravehicular Activity, NASA SP-149, 1967.

8. See Gemini Summary Conference, p. 159.

9. Gemini Summary Conference, pp. 221-317, Especially the 
striking photographs with analysis by R. W. Underwood, on pp. 231- 
290. Also see NASA SP-129, Earth Photographs from Gemini III,
IV and V, 1967; SP-171, Earth Photogrpahs from Gemini VI through 
XII, 1968; and SP-168, Exploring Space With a Camera, 1968.
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10. See Gemini Mid Program Conference, pp. 153-232; and Gemini 
Summary Conference, pp. 321-336.

11. Department of Defense support for Gemini is summarized in 
Summary Report, POD Support of Project Gemini. January 1963- 
November 1966, submitted to the Secretary of Defense by Lt. Gen. 
L. I. Davis, USAF, DOD Manager, Manned Space Flight support 
Operations. Launch systems research and development and launch 
operations activity are detailed in Gemini Program, Launch 
Systems Final Report, Aerospace Corporation Report No. TOR-1001 
(2126-80)-3, January 1967; Launch Operations Techniques, Manned 
Space Flight, prepared by Gemini Launch Vehicle Division, 6555th 
Aerospace Test Wing, Space Systems Division, Air Force Systems 
Command, 22 December 1966; and Howard T. Harris, Gemini Launch 
Vehicle Chronology, 1961-1965, AFSC Historical Publication 
Series 66-22-1, June 1966.

12. Summary Report, DOD Support of Project Gemini, January 
1963-November 1966.

13. House FY 1965 Authorization; House FY 1968 Authorization.

14. NASA Twelfth Semiannual Report, p. 28; House FY 1966 
Authorization, Part I, pp. 8, 46; see Chapter II for discussion 
of the Fiscal Year 1966 budgetary process.

15. Senate FY 1967 Authorization, pp. 8-9; Memo, Willis H. 
Shapley, Associate Deputy Administrator, NASA, for Heads of 
Headquarters and Program Offices, subj: Statement on Cost of 
the Manned Lunar Landing Program, March 10, 1965; NASA Release 
66-295.

16. A good short summary of the Saturn I program is found in 
the brochure "Saturn I Summary,'1 published at the George C. 
Marshall Space Flight Center, NASA, February 15, 1966. Detailed 
accounts of each mission are found in NASA Headquarters' Mission 
Operations Reports series, one for each flight. Even more detail 
on all three Saturn research and development programs (Saturn I, 
Saturn IB, and Saturn V) can be found in the series of Marshall 
Space Flight Center Historical Monographs titled History of the 
George C. Marshall Space Flight Center, published for six-month 
intervals. The account of the Saturn program in this section
is based, in part, on all of these sources.

Useful in tracing developments in the overall Apollo Pro­
gram are the annual Administrator's Program Review documents, 
the Apollo Program Monthly Status Reports, the Apollo Weekly 
Program Status Reports, and the Manned Space Flight Monthly 
Report to the Administrator, which includes the most significant 
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program developments. These should be useful to future historians 
in that they provide contemporary accounts of developments which 
will indicate to future readers the relative importance attributed 
to specific events by the immediate program managers.

17. House FY 1966 Authorization, part 2, pp. 77-88; Report to 
the Congress from the President of the United States, United 
States Aeronautics and Space Activities, 1964, (hereafter cited 
President's Report, 1964, etc.) pp. 12-13; NASA Eleventh Semi­
annual Report, p. 37; NASA Twelfth Semiannual Report, pp. 31-33 .

18. NASA Release 65-348; A & A 1966, pp. 21, 33; House FY 1967 
Authorization, Part 2, pp. 104-118; PresidentlsrReport, 1965,
p. 16; NASA Thirteenth Semiannual Report, pp. 27, 28.

19. President's Report, 1966, pp. 14-17; House FY 1968 
Authorization, Part 2, pp. 100-105.

20. President's Report 1966, pp. 14-15.

21. A vast literature has been produced as a result of the 
public interest in the Apollo 204 accident, the exhaustive 
report of the review board, and investigation into the accident 
by both the Senate Committee on Aeronautical and Space Sciences 
and the House Committee on Science and Astronautics.

The first official reports on the accident investigation 
were made by memoranda from Robert C. Seamans, Jr., NASA's 
Deputy Administrator, to James E. Webb, Administrator. These 
reports, dated February 3, February 14, and February 25, 1968, 
were made public by NASA as they were received by Mr. Webb. On 
February 7, the Senate Committee on Aeronautical and Space 
Sciences held a hearing in executive session, released the 
record on February 11, then held another hearing on February 27, 
1967.

Report of the Apollo 204 Review Board to the Administrator, 
NASA, with a transmittal letter from the board chairman dated 
April 5, was delivered simultaneously to Mr. Webb, Congressional 
Committee members, and the press on Sunday, April 9, 1967. This 
report contains an exhaustive description of all the board's 
activities, ending with conclusions and recommendations. It 
was printed for sale by the Superintendent of Documents, U.S. 
Government Printing Office, and is further reprinted completely 
in the Investigation into the Apollo 204 Accident, Hearings, 
before the Subcommittee on NASA Oversight of the Committee on 
Science and Astronautics, U.S. House of Representatives,
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Ninetieth Congress. When combined with the published record of 
hearings in both houses of the Congress, this is an exhaustive 
account of the accident, its investigation, and the aftermath. 
Future historians will want to begin with a careful reading of 
this record.

22. House FY 1969 Authorization, Part 2, pp. 291-293.

23. Apollo 4 Post Mission Operations Report; President  s*
Report 1967, pp. 11-12.

24. Apollo 5 Post Mission Operations Report; Release 68-19.

25. Apollo 6 Post Mission Operations Report.

26. A & A, 1965, p. 423; A & A, 1966, p. 127; NASA Astronauts, 
EP-34, NASA, Washington, October 1967.

27. NASA Release 64-248.

28. NASA Release 65-212; letter, Frederick Seitz, President, 
National Academy of Sciences, to H.L. Dryden, Deputy Adminis­
trator, NASA, May 19, 1965.

29. NASA Release 65-212; see the following section of this 
chapter for the astronauts' accomplishments in the Gemini 
Program.

30. A & A, 1966, p. 302; NASA Release 67-21.

31. President's Report, 1964; NASA Astronauts, EP-34; NASA 
Eleventh Semiannual Report, pp. 48-49.

32. House FY 1969 Authorization, Part 2, pp. 5-7, 321.

33. This summary account of the Manned Space Flight Network 
development is based on material provided by the Office of 
Tracking and Data Acquisition at NASA Headquarters. Yearly 
summaries of development and status can be found in the 
authorization hearings, with most detail being available in the 
House restimony. See, specifically, for this period; House 
Authorization Hearings for Fiscal years 1967, 1968, and 1969, 
where the Office of Tracking and Data Acquisition testimony is 
made before the Subcommittee on Advanced Research and Technology. 
An interesting overview of the international relations aspects
of building and operating the worldwide tracking and communication
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network may be found in a paper for the U.N. Conference on Peace­
ful Uses of Outer Space in Vienna, Austria, August 1968, by 
Gerald M. Truszynski, NASA's Associate Administrator for Tracking 
and Data Acquisition. Al£o see W.R. Corliss, The Evolution of 
the Manned Space Flight Network Through Gemini, Goddard Space 
Flight Center Historical Note #5, April 1968.

34. Letter, President Johnson to Webb, January 30, 1967.
This letter, Mr. Webb's interim reply of May 20, 1964, Webb's 
letter of February 16, 1965, transmitting his report to the 
President, and a letter from Webb to the chairmen of author­
ization committees of both houses of Congress dated April 2, 1965, 
are all printed as enclosures to the Summary Report, Future 
Programs Task Group, by the House Committee on Science and 
Astronautics, April 1965.

35. Summary Report, Future Programs Task Group, pp. 49-59.

36. House FY 1966 Authorization, Part 2, pp. 135-142.

37. National Space Goals for the Post-Apollo Period, Hearings 
before the Senate Aeronautics and Space Sciences Committee, 
August 23, 24, 25, 1965, pp. 77-104.

38. House FY 1967 Authorization, part 2, pp. 1195-1205, 
pp. 163-184.

39. House FY 1969 Authorization, part 2, p. 206; NASA's Proposed 
Operating Plan for FY 1968, Hearing before the Senate Committee
on Aeronautical and Space Sciences, November 8, 1967, pp. 8-9; 
Senate Hearings, NASA Appropriation for FY 1968, Hearings before 
the Subcommittee of the Committee on Appropriations of the 
U.S. Senate, pp. 144-145.

40. House FY 1969 Authorization, part 2, pp. 206-207.

41. Text, Office of the White House Press Secretary, Remarks 
of the President at Michoud Space Assembly Facility, Michoud, 
Louisiana, December 12, 1967.

42. President's Report, 1965.
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