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CRp/l (s) Proposal to Establish a Lunar Outpost (C) 

^bief of Ordnance CRD » - 2 0 Mar 1959 

1. CU) Reference letter to Chief of Ordnance from Chief of Research and 
Development, subject as above. 

2. (C) Subsequent to approval by the Chief of Staff of reference, repre­
sentatives of the Army Ballistic Missiles Agency indicated that supplementary 
guidance would be required concerning the scope of the preliminary investigation 
specified in the reference. In particular these representatives requested 
guidance concerning the source of funds required to conduct the investigation. 

3. (S) I envision expeditious development of the proposal to establish a 
lunar outpost to be of critical importance to the U. S. Army of the future. This 
evaluation is apparently shared by the Chief of Staff in view of his expeditious 
approval and enthusiastic endorsement of initiation of the study. Therefore, the 
detail to be covered by the investigation and the subsequent plan should be as com­
plete as is feasible in the time limits allowed and within the funds currently 
available within the office of the Chief of Ordnance. In this time of limited 
budget, additional monies are unavailable. Current programs have been scrutinized 
rigidly and identifiable "fat" trimmed away. Thus high study costs are prohibitive 
at this time. 

4. (C) I leave it to your discretion to determine the source and the amount 
i money to bo devoted to this purpose. 

Signed 
ARTHUR G. TRUDEAU 
Lieutenant General, GS 
Chief of Research and Developmen 

Regraded Unclassified  
. by authority of ~Form DAT5_75 

dtd 21 Sep 1961 _ ^ 
by- Lt. Col. Donald E.~-S*imon. CS 



No contactr. v/ith agencies outside the Army will be made until after the results 
of the preliminary investigation have been presented to the Department of 
Defense. The findings of the initial investigation will be made through my 
office to the Chief of Staff. No additional distribution will be made and 
no public release will be nade concerning this project. Because of the sensi­
tive aspects of this proposal it is essential that this project not be dis­
closed prematurelyI 

5. Your plan of accomplishment should include full utilization of the 
other technical services and combat arms to the extent feasible and necessary. 
In the accomplishment of this investigation the Chief of Engineers v/ill be 
responsible for the design, construction, and maintenance of the base and 
the Chief Signal Officer will be responsible for communications and other 
support for which he is peculiarly qualified. Specific emphasis should be given 
to the Army-wide capability to contribute to this project. The results of this 
preliminary investigation are requested by 15 May 1959. 

6. Reproduction of this letter to the extent you deem essential is au­
thorized. All copies v/ill be recorded. 

1 Incl - - ARTHUR G. TRUDEAU 
Draft Requirement Lieutenant General, GS 

Chief of Research and Development 

"UNCLASSIFIED" 

2 



s 
UNCLASSIFIED 

Requirement for a Lunar Outpost 

1. General 

There is a requirement for a manned military outpost on the 
moon. The lunar outpost is required to develop and protect potential United 
States interests on the moon; to develop techniques in moon-based surveil­
lance of the earth r.nd space, in communications relay, and in operations 
on the surface of the moon; to serve as a base for exploration of the moon, 
for further exploration into space and for military operations on the moon 
if required; and to support scientific investigations on the moon. 

2. Operational Concept. 

Initially the outpost will be of sufficient size and contain 
sufficient equipment to permit the survival and moderate constructive 
activity of a .minimum number of personnel (about 10 - 20) on a sustained 
basis. It must be designed for expansion of facilities, resupply, and rota­
tion of personnel to insure maximum extension of sustained occupacy. It 
should be designed to be self-sufficient for as long as possible without 
outside support. In the location and design of the base, consideration will 
be given to operation of a triangulation station ©f a moon-to-earth base 
line space surveillance system, facilitating communications with and 
observation of the earth, facilitating travel between the moon and the 
earth, exploration of the moon and further explorations of space, and to 
the defense of the base against attack if required. The primary objec­
tive is to establish the first permanent manned installation on the moon. 
Incidental to this mission will be the investigation of the scientific, 
commercial, and military potential of the moon. 

3* Background of Requirement. 

A. References: 

C D NSC policy on outerlspace. 

(2) OCB Operations Plan on Outer Space. 

b. Reason for Requirement. 

(1) The national policy on outer space includes the objective 
of development and exploiting US outer space capabilities as needed to 
achieve scientific, military, and potential purposes. The OCB Operations 
Plan to implement this policy establishes a specific program to obtain 
scientific data on space environment out to the vicinity of the moon, 
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including the moon*s gravitational and magnetic fields and to explore the 
characteristics of the moon's surface. There are no known technical barriers 
to the estP-blishment of a manned installation on the moon. 

(2) The establishment of a manned base of operations on the 
moon has tremendous military and scientific potential. Because invaluable 
scientific, military, and political prestige will come to the aation that 
first establishes a lunar base, it is imperative that the United States be 
first. 

(3) The full extent of the military potential cannot be 
predicted, but it is probable that observation of the earth and space vehicles 
from the moon v/ill prove to be highly advantageous. By using a moon-to-
earth base line, space surveillance by triangulation promises great range 
and accuracy. {The presently contemplated earth-based tracking and control 
network will be inadequate for the deep space operations contemplated. 
Military communications may be greatly improved by the use of a moon-based 
relay station. The employment of moon-based weapons systems against earth or 
space targets may prove to be feasible and desirable. Moon-based military 
power ?/ill be a strong deterrent to war because of the extreme difficulty, 
from the enemy point of view, of eliminating our ability to retaliate. Any 
military operations on the moon will be difficult to counter by the enemy 
because of the difficulty of his reaching the moon, if our forces are al­
ready present and have means of countering a landing or of neutralizing any 
hostile forces that has landed. The situation is reversed if hostile forces 
are permitted to arrive first. They can militarily counter our landings and 
attempt to deny us politically the use of their property. 

(4) Tlie scientific advantages are equally difficult to pre­
dict but are highly promising. Study of the universe, of the moon, and 
of the space environment will all be aided by scientific effort on the moon. 
Perhaps the most promising scientific advantage is the usefulness of a 
noon base for further explorations into space. Materials on the moon itself 
may prove to be valuable and commercially exploitable. 

** Organizational Concept. 

The establishment of the outpost should be a special project 
having authority and priority similar to the Manhattan Project in World War 
II. Once established, the lunar base will be operated under the control 
of a unified space command. Space, or certainly that portion of outer space 
encompassing the earth and the moon, will be considered a military theater. 
The control of all United States military forces by unified commands is al­
ready established and military operations in space should be no exception. 
A unified space command would control and utilize, besides the lunar base, 
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operational military satellites and space vehicles, space surveillance systems, 
and the logistical support thereof. Other space commands might be organized 
as our operations extended to translunar space. 

5. Degree of Urgency. 

To be second to the Soviet Union in establishing an_ outpost on 
the noon would be disastrous to our nation's prestige and in turn to our demo­
cratic philosophy. Although it is.contrary to United States policy, the 
Soviet Union in establishing the first permanent base, may claim the noon or 
critical areas thereof for its own. Then a subsequent attempt to establish 
an outpost by the United States might be considered and propagandized as a 
hostile act. The Soviet Union in propaganda broadcasts has announced the 
50th anniversary of the present government (1967) v/ill be celebrated by Soviet 
citizens on the moon. The National Space policy intelligence estimate is 
that the Soviets could land on the moon by 1968. 

6. Maintenance and Supply Implications. 

The maintenance and supply effort to support a lunar base will 
be high by present standards. Continued delivery of equipment and means of 
survival will be required and each delivery will be costly. Every conceivable 
solution for minimizing the logistic effort must be explored. Maximum use 
of any oxygen or power source on the moon through regenerative or other tech­
niques must be exploited. Means of returning safely to earth must be avail­
able to the occupants of the outpost. 

7. Training and Personnel Implications. 

The number of personnel on the base itself will be quite small, 
at least initially, but the total number of personnel supporting the effort 
nay be quite large. Until further study is made a realistic qualitative 
and quantitative personnel estimate cannot be provided. The training require­
ments of earth based support personnel would resemble those of personnel in 
long range ballistic missile units and radar tracking systems. For the re­
latively small number of personnel actually transported to the moon base, 
training requirements would be exacting in many fields. 

8. Additional Items and Requirements. 

A complete family of requirements and supporting research and 
development projects will be necessary to develop all of the supporting 
equipment to establish a lunar base. Very high thrust boosters, space 
vehicles, intermediate space stations, space dwellings, clothing and 
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(S) CHAPTER I: INTRODUCTION 

A. GENERAL, 

HORIZON i s the p r o j e c t whose object ive i s the e s tab l i shment of a 
lunar outpost by the United States . This study was d i r e c t e d by l e t t e r 
dated 20 March 1959, f r o m the Chief of R&D, Department of the A r m y , 
to the Chief of Ordnance . Responsibi l i ty for the preparat ion of the 
study was subsequent ly a s s i g n e d to the Commanding Genera l , A r m y 
Ordnance M i s s i l e C o m m a n d . Elements of al l Technica l S e r v i c e s of the 
Army participated in the invest igat ion. This report i s a l i m i t e d f e a s i ­
bility study which i n v e s t i g a t e s the methods and m e a n s of a c c o m p l i s h i n g 
this objective and the purposes it wil l s e r v e . It a l so c o n s i d e r s the s u b ­
stantial pol i t ical , s c i ent i f i c and securi ty impl ica t ions which the prompt 
establishment of a lunar outpost wi l l have for the United S ta te s . 

B. JUSTIFICATION 

1. The Broad Requirement 

The US national po l i cy on space inc ludes the object ive of d e v e l o p ­
ing and exploiting this Nation's space capabil ity as n e c e s s a r y to a c h i e v e 
national pol i t ica l , s c i e n t i f i c , and securi ty o b j e c t i v e s . The e s t a b l i s h ­
ment of a manned outpost in the lunar environment wi l l d e m o n s t r a t e 
United States l e a d e r s h i p in s p a c e . It wil l a l s o provide a b a s i s for 
further explorations and operat ions on the lunar surface a s wel l a s a 
supporting capabil ity for other US operat ions in s p a c e . 

2. Purpose of the Lunar Outpost 

The e s t a b l i s h m e n t of a manned US outpost on the moon wi l l : 

Demonstrate the United States sc ient i f ic l eadersh ip in outer 

space. 

Support sc ient i f i c explorations and inves t iga t ions . 

Extend and i m p r o v e space r e c o n n a i s s a n c e and surve i l l ance 
capabilities and control of s p a c e . 

Extend and i m p r o v e communicat ions and s e r v e as a c o m m u n i c a ­
tions relay stat ion. 
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provide a basic and supporting research laboratory for space 
research and development activity. 

Develop a stable, low-gravity outpost for use as a launch site 
for deep space exploration. 

Providr an opportunity for scientific exploration and-develop-
ment of a space mapping and survey system. 

Provide emergency staging areas, rescue capability or 
navigational aid for other space activity*. 

3. A Realistic Objective 

Advances in propulsion, electronics, space medicine and other 
astronautical sciences are taking place at an explosive rate. As 
recently asvlS^T* the first penetration of space was accomplished by 
the US when a two-stage V-2 rocket reached the then unbelievable 
altitude of 250 mi l e s . In 1957, the-Soviet Union placed the first man 
made satellite in orbit. Since early 1958, when the first US earth 
satellite was launched, both the US and USSR have launched additional 
satellites, moon probes, and successfully recovered animals sent into 
space in miss i l e s . In I960, and thereafter, there will be other deep 
space probes by the US and the USSR, with the US planning to place the 
first man into space with a REDSTONE missi le , followed in 1961 with the 
first man in orbit. However, the Soviets could very well place a man 
in space before we do. In addition, instrumented lunar landings pro­
bably will be accomplished by 1964 by both the United States and the 
USSR. As will be indicated in the technical discussions of this report, 
the first US.manned lunar landing could be accomplished by 1965. Thus, 
it appears that the establishment of an outpost on the moon i s a cap­
ability which can be accomplished. 

4. Scientific Implications 

A wealth of .scientific data can be obtained from experiments con­
ducted at a lunar outpost. Without doubt, the scientific community will 
generate many new and unique applications as man's actual arrival on 
the moon draws nearer reality. The very absence of knowledge about 
the moon and outer space is scientific justifications to attempt to breach 
this void of human understanding, 

2 



It is to be expected that civilian efforts to advance science for 
the sake of science will parallel the military efforts. It is also 
expected that the National Aeronautics and Space Admini strati on will 
treat those subjects in greater detail than is either possible or 
desirable in this study, and that such action will further strengthen 
the requirement for earliest possible establishment of an extra­
terrestrial outpost. 

5. Political Implications 

The political implications of our failure to be first in space 
are a matter of public record. This failure has reflected adversely 
on United States scientific and political leadership. To some extent 
we have recovered the loss . However, once having been second best 
in the eyes of the worlds population, we are not now in a position to 
afford being second on any other major step in space. However, the 
political implications of being second in space activities accomplished 
to date have not been nearly as serious as those which could result from 
failure to be the first in establishing a manned lunar outpost. 

The results of failure to first place man on an extra-terrestrial 
base will raise grave political questions and at the same time lower US 
prestige and influence. The Soviet Union has announced openly its 
intention that some of its citizens will celebrate the 50th anniversary 
of the October Revolution (1967) on the moon. The US intelligence 
community agrees that the Soviet Union may accomplish a manned lunar 
landing at any time after 1965. Judging from past experience, it is 
not difficult to visualize all manner of political and legal implications 
which _the Soviet Union might postulate as a result of such a successful 
accomplishment nor the military advantages it might achieve thereby. 

6. Security Implications 

The extent to which future operations might be conducted in 
space, to include the land mass of the moon or perhaps other planets, 
is of such a magnitude as to almost defy the imagination. In both 
Congressional and military examination of the problem, it is generally 
agreed that the interactions of space and terrestrial war are so great 
as to generate radically new concepts. 

Admittedly, the security significance of the moon, per se, in 
the context of offensive and defensive operations, is a matter for con­
jecture at this time. From the viewpoint of national security, the 
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primary implications of the feasibility of establishing a lunar outpost 
is the importance of being first. Clearly the US would not be in a 
position to exercise an option between peaceful and military applications 
unless we are first. In short, the establishment of the initial lunar 
outpost i s the first definitive step in exercising our options, 

7. Summar y 

Unquestionably, there are other applications of space ( i .e . 
reconnaisance, meteorology, communications) which will permit an 
earlier attainment of meaningful accomplishments and demonstrate US 
interest in space. Individually, however, these accomplishments will 
not have the same political impact that a manned lunar outpost could 
have on the world. In the still vague body of fact and thought "on the 
subject, world opinion may view the other applications similar to action 
on the high seas , but will view the establishment of a first lunar outpost 
as similar to proprietary rights derived from first occupancy. As the 
Congress has noted, we are caught in a stream in which we have no 
choice but to proceed. Our success depends on the decisiveness with 
which we exercise our current options. The lunar outpost is the most 
immediate case . It is the basis for other more far-reaching actions, 
such as further interplanetary exploration. 

C. CONCLUSIONS 

Four major conclusions summarize the more detailed deductions 
which may be drawn from the entire report: 

1. Political, scientific, and security considerations indicate that 
it is imperative for the United States to establish a lunar outpost at 
the earliest practicable date. 

2. Project HORIZON represents the earliest feasible capability 
for the U. S. to establish a lunar outpost. By its implementation, the 
United States can establish an operations lunar outpost by late 1966, with 
the initial manned landings to have taken place in the Spring of 1965. 

3. The importance of an early decision to proceed with the program, 
coupled with adequate funding, must be clearly understood. Inordinate 
delay will have two inescapable results: 

a. The program's ultimate accomplishment will be delayed, 
thus forfeiting the change of defeating the USSR in a race which is 
already openly recognized as such throughout the world. 
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b. Delayed initiation, followed later by a crash program, 
which would likely be precipitated by evidence of substantial Soviet 
progress in a lunar outpost program, will not only lose the advantage 
of timelir ss , but also will inevitably involve significantly higher costs 
and lower reliability. The establishment of a U. S. lunar outpost will 
require very substantial funding whether it is undertaken now or ten 
years hence. There are no developments projected for the predictable 
future which will provide order of magnitude type price reductions. 

4. The U. S. Army posses ses the capability of making significant 
contributions in all aspects of such a program. 

D. ORGANIZATION AND CONTENT OF THE REPORT 

The Project HORIZON report has been divided into two volumes 
whichjare entitled as follow&i 

Volume I - Summary and Supporting Considerations 
Volume II - Technical Considerations and Plans 

Volume I i s , as indicated, a document which gives a short summary 
of the other volume, a discussion of non-technical considerations, and 
a resume of the resources and facilities of the Army Technical 
Services which can lend support to this program. 

Volume II is a technical investigation of the problem. It includes 
practical preliminary concepts for all elements of the program and, in 
many cases , relates actual hardware available from current programs 
to the solution of specific problems. It includes a broad development 
approach and a funding breakout by fiscal year. Also included are 
personnel and training requirements for all segments of the operation 
together with the policy of the US with respect to space and the legal 
implication of a lunar outpost. This volume was prepared by a unique 
working group, comprized of a special segment of the Future Projects 
Design Branch of the Army Ballistic Missile Agency (ABMA), which war 
augmented by highly qualified representatives of each of the seven 
Technical Services of the Army. These representatives were carefully 
selected for the specific task and, during the course of the study, be­
came resident members of the aforementioned ABMA group. The 
resident representatives 01 the Technical Services were supported by 
their respective services with a group of the highest caliber specialists 
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who were made available exclusively to support the project. Thus, 
it is believed that the depth of experience, knowledge, and judgement 
brought to bear on the problem by this group is commensurate with 
the task of accomplishing the report objectives. 

Throughout the preparation of the entire report, and especially 
within this technical volume, the guiding philosophy has been_one of 
enlightened conservatism of technical approach. Briefly stated, this 
philosophy dictates that one must vigorously pursue research to 
"advance the state-of-the-art", but that paramount to successful major 
systems design is a conservative approach which requires that no item 
be more "advanced" than required to do the job. It recognizes that an 
unsophisticated success is of vastly greater importance than a series 
of advanced and highly sophisticated failures that "almost worked. " 
Established engineering principles, used in conjunction with the best 
available design parameters, have been applied throughout in order to 
remove the elements of science fiction and unrealistic planning. 
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(S) CHAPTER II: TECHNICAL CONSIDERATIONS AND PLANS 

A. OBJECTIVES AND SCOPE OF THE STUDY 

This p. -t of the study presents applicable technical information 
which substantiates the feasibility of the expedited establishment of a 
lunar outpost, and it relates U. S. capabilities and developments to 
the accomplishment of the task. It is comprehensive in its scope, 
covering the design criteria and requirements for all major elements 
of the program including the lunar outpost, the earth-lunar transpor­
tation system, the necessary communications systems and the consid­
erable earth support facilities and their operation. The technical 
assumptions concerning design parameters for this program are 
realistic yet conservative. Likewise, the assumptions which concern 
the scope and magnitude of other U. S. programs which will support 
HORIZON are reasonable and in line with current and projected 
programs. _ " ' 

B. RESUME OF THE TECHNICAL PROGRAM 

The basic carrier vehicles for Project HORIZON will be the 
SATURN I and II. The SATURN I, currently being developed under 
an ARPA order, will be fully operational by October 1963. The 
SATURN II, which is an outgrowth of the SATURN I program, could 
be developed during the period 1962-1964, The SATURN II will utilize 
improved engines in the booster and oxygen/hydrogen engines in all 
of its upper stages. 

By the end of 1964, a total of 72 SATURN vehicles should have 
been launched in U. S. programs, of which 40 are expected to con­
tribute to the accomplishment of HORIZON. Cargo delivery to the 
moon begins in January 1965. The first manned landing by two men 
will be made in April 1965. The buildup and construction phase will 
be continued without interruption until the outpost is ready for bene­
ficial occupancy and is manned by a task force of 12 men in November 
1966. 

This buildup program requires 61 SATURN I and 88 SATURN II 
launchings through November 1966, the average launching rate being 
5. 3 per month. During this period some 490,000 pounds of useful 
cargo will be transported to the moon. 
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During the first operational year of the lunar outpost, December 
1966 through 1967, a total of 64 launchings have been scheduled. 
These will result in an additional 266,000 pounds of useful cargo on 
the moon. 

The totai cost of the eight and one-half year program presented 
in this study is estimated to be six billion dollars. This is an average 
of approximately $700 million per year. These figures are a valid 
appraisal and, while preliminary, they represent the best estimates 
of experienced, non-commercial, agencies of the government. Sub­
stantial funding is undeniably required for the establishment of a 
U. S. lunar outpost; however, the implications of the future impor­
tance of such an operation should be compared to the fact that the 
average annual funding required for Project HORIZON would be less 
than two percent of the current annual defense budget. 

C. OUTPOST 

The lunar outpost proposed for Project HORIZON is a permanent 
facility capable of supporting a complement of 12 men engaged in a 
continuing operation. The design of the outpost installation herein 
is based on realistic requirements and capabilities, and is not an 
attempt to project so far into the future as to lose reality. The result 
has been a functional and reliable approach upon which men can stake 
their l ives with confidence of survival. 

1. Location 

The exact location of the outpost site cannot be determined 
until an exploratory probe and mapping program has been completed. 
However, for a number of technical reasons, such as temperature 
and rocket vehicle energy requirements, the area bounded by +_ 20° • 
latitude/longitude of the optical center of the moon seems favorable. 
Within this area, three particular sites have been chosen which appear 
to meet the more detailed requirements of landing space, surface 
conditions, communications, and proximity to varied lunar "terrain." 

A rather extensive lunar mapping program is already underway 
in order to satisfy existing requirements in Astro-Geodesy. Maps to 
a scale of 1:5,000,000 and 1:1,000,000 are planned for completion 
by December I960 and August 1962, respectively. Larger scale 
mapping will then be undertaken for several specific site selections. 
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2.. Design Criteria 

The design of the lunar outpost facilities will, of course, be 
dominated by the influence of two factors - the lunar environment and 
the space transportation system capabilities. A few of the more pro­
nounced primary lunar environmental parameters are lisjted below: 

a. Essentially no atmosphere. 

b. Surface gravity approximately 1/6 earth gravity. 

c. Radius of approximately 1000 miles is about 1/4 that of 
earth. ' (This results in a significant shortening of the horizon as 
compared to earth. ) 

d. Surface temperature variations between a lunar day and 
night of+ 248° F to-202° F. 

e. Maximum subsurface temperature at equator is -40°F. 
These and many other unfamiliar environmental conditions require 
that every single item which is to be placed on the lunar surface have 
a design which is compatible with these phenomena. However, a 
careful determination has been made of man's requirements to live 
in this environment, and it appears that there is no area which cannot 
be adequately solved within the readily available state-of-the-art. 

3. Outpost Facilities and Their Installation 

_The first two men will arrive on the lunar surface in April 
1965. They will be guided to an area in which the cargo buildup for 
future construction has already begun. Their landing vehicle will 
have an immediate return-to-earth capability; however, it is intended 
that they remain in the area until after the arrival of the advance 
party of the construction crew. During their stay, they will live in 
the cabin of their lunar vehicle which will be provided with necessary 
life essentials and power supplies. For an extended stay, these will 
be augmented by support from cargo previously and subsequently 
delivered to the site by other vehicles. 

The mission of the original two men will be primarily one of 
verification of previous unmanned environmental investigations and 
confirmation of the site selection and cargo delivery. 
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Figure 1-1 shows the HORIZON outpost as it would appear in 
late 1965, after about six months of construction effort. The basic 
building block for the outpost will be cylindrical metal tanks ten feet 
in diameter and 20 feet in length. (Details of typical tanks are shown 
in Fig. 1-2.) The buried cylindrical tanks at the left-center of Fig. 
1-1 constitute the living quarters of the initial construction crew of 
nine men who will arrive in July 1965. (Details in Fig. 1-3.-) During 
the construction period, this force will be gradually augmented until 
a final complement of 12 men is reached. The construction camp 
is a minimum facility and will be made operational within 15 days 
after the beginning of active work at the outpost site. Two nuclear 
reactors are located in holes as shown in the left portion of Fig. 1-1. 
These provide power for the operation of the preliminary quarters 
and for the equipment used in the construction of the permanent facility. 
The main quarters and supporting facilities are shown being assembled 
in the open excavation to the right-center of the figure. These cylinders 
will also ultimately be covered with lunar material. Empty cargo 
and propellant containers have been assembled and are being used for 
storage of bulk supplies, weapons., and life essentials such as insulated 
oxygen/nitrogen tanks. Two typical surface vehicles are shown: one 
is a construction vehicle for lifting, digging,scraping, etc. , the other 
is a transport vehicle for more extended distance trips needed for 
hauling, reconnaissance, rescue, and the like. In the left background, 
a lunar Landing vehicle is settling on the surface. A lightweight para­
bolic antenna has been erected near the main quarters to provide 
communications with earth. 

The basic completed outpost is shown in Fig. 1-4. Significant 
additions beyond the items illustrated in Fig. 1-1 are two additional 
nuclear power supplies, cold storage facility, and the conversion of 
the original construction camp quarters to a bio-science and physical-
science laboratory. 

A number of factors influenced the decision to locate the main 
structures beneath the surface. Among these were the uniform temper­
ature available (approximately -40°F) , protection from meteoroids, 
security, good insulating properties of the lunar material, and radia­
tion protection. Each of the quarters and cylinders will be a special 
double-walled "thermos bottle type" vacuum tank with a special insu­
lating material in the space between the walls. (Vacuum is easily 
maintained simply by venting the tank to the lunar void. ) Despite the 
ambient subsurface temperature of - 4 0 ° F , the heat losses from these 
special tanks will be remarkably low. Investigations show that the 
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Fig . 1-1. HORIZON Outpost in Late 1965 
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Fig. 1-2. Cross Section of Typical Outpost Compartments 

AIR LOCK a LIVING QUARTERS 

Fig. 1-3. Overall View of Initial Construction Camp 
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_ Fig. 1-4. Layout of Basic 12-Man Outpost 

incidental heat given off by an adequate internal lighting system will 
nominally supply essentially all of the heat required to maintain com­
fortable "room" temperature in the outpost quarters. 

A suitable atmosphere will be provided within the quarters. 
The basic gas supply will stem from special insulated tanks containing 
liquid oxygen or nitrogen. The nitrogen supply needs only to provide 
for initial pressurization and replacement of leakage losses ; whereas, 
the oxygen i s , of course, continuously used to supply bodily needs. 
However, the weights and volumes-of both gases are quite reasonable 
and presents no unusual problem of supply. Carbon dioxide and mois­
ture will be controlled initially by a solid chemical absorbent and 
dehumidifier. Such a scheme requires considerable amounts Of mat­
erial; therefore, a carbon dioxide freeze-out system will be installed 
later. 

4» Personnel Equipment 

For sustained operation on the lunar surface a body confor­
mation suit having a substantial outer metal surface is considered a 
necessity for several reasons: (1) uncertainty that fabrics and elasto­
mers can sustain sufficient pressure differential without unacceptable 
leakage; (2) meteoroid protection; (3) provides a highly reflective surface; 



(4) durability against abrasive lunar surface; (5) cleansing and 
• erilization. Figure 1-5 shows a cutaway and "buttoned up" concept 

ior such a suit. It should be borne in mind that while movement and 
dexterity are severe problems in suit design, the earth weight of 
the suit can be allowed to be relatively substantial. For example, 
if a man .nd his lunar suit weigh 300 pounds on earth,_they will 
only weigh 50 pounds on the moon. 

A comprehensive program will be undertaken to provide spe­
cial hand tools , load-handling gear, and dining equipment to meet 
the unusual requirements. Initially, all food will be pre-cooked; how­
ever, as water supplies increase with the introduction of a reclaiming 
system, dehydrated and fresh-frozen foods will be used. Early at­
tention will be given to hydroponic culture of salads and the develop-* 
ment of other closed-cycle food product systems. 

5. Environmental Research 

In order to corroborate essential environmental data, a series 
of unmanned experiments are planned. There are early data require­
ments in/the areas of radiation, meteoroid impacts, temperatures, 
magnetic field, surface conditions, ionization, radio propagation and 
biological effects. 

D. SPACE TRANSPORTATION SYSTEM 

*• Flight Mechanics r 

In choosing appropriate trajectories to use in this program, 
one must strike a balance between the low-energy paths and the high 
energy curves. The low energy trajectories give the highest payload 
capability, but are sensitive to small variations in the injection con­
ditions and can also lead to unacceptably long transit t imes. The 
higher energy trajectories are faster and are not as sensitive to 
deviations in the injection conditions, but they result in payload 
penalties and higher terminal velocities which in turn require greater 
braking energy at the termination of the trip. A good compromise 
appears to be a trajectory which will yield a transit time from earth 
to moon of approximately 50 to 60 hours. 

Several different trajectory schemes will be used in Project 
HORIZON. They include trajectories for transit: (1) direct from 
the earth to the moon, (2) from earth to a 96-minute (307 nautical mile 
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altitude) orbit of the earth, (3) from this 96-minute earth orbit to the 
moon, and (4) direct from the moon to earth. In addition, there are 
special considerations for the terminal phase of each type trajectory. 

Figure 1-6 illustrates the two basic schemes of transporting 
man and cargo from earth to the moon. 

The first scheme (1 above) is the direct approach, that i s , a 
vehicle would depart the earth's surface and proceed directly to the 
lunar surface using a retro-rocket or landing stage for the final landing 
maneuver. Since the moon has no appreciable atmosphere, a rocket 
type propulsion system will be required for the landing. The second 
scheme (2 and 3 above) shown is that for proceeding first into an earth 
orbit and later departing the orbit for the flight to the lunar surface, v 

again using a landing stage. In either scheme, the flight time from 
the earth or earth orbit to the moon will be the same. 

The direct scheme, which is the most straightforward, has two 
advantages: first, it offers the shortest flight time from the earth's 
surface to the lunar surface since an orbital stopover is not required. 

In the orbital scheme, much larger payloads can be transported 
into orbit, assuming the vehicle s ize to be constant, and by accumulat­
ing payloads in orbit, it is possible to transport a payload to the moon 
on the order of ten times (and more if desired) the capability of a 
single vehicle flying directly to the moon. 

To illustrate this point, it has been assumed in the study that 
the, first men arriving on the jnoon will be provided with an immediate 
return capability. Figure 1-7 depicts the vehicular requirements for 
the two schemes. 

The direct approach would require a six stage vehicle with a lift­
off thrust of 12 million pounds, as compared to a two-million-pound 
thrust vehicle for the orbital schemes. By placing the upper stage and 
payload of two-million-pound thrust vehicle into orbit, and with additional 
vehicles as shown, performing a fuel transfer and checkout operation, 
the same mission, that of transporting two men to the moon and 
returning them to earth, could be accomplished-

It should be pointed out, however, that if the United States is 
to have a manned lunar outpost by 1966, and at the same time provide 
the first men arriving on the moon with the desired return capability, 
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the orbital approach is mandatory, since a 12-million pound thrust 
vehicle will not be available to meet the required schedule. 

For the return to earth, from either the earth orbit or the lunar 
surface, aerodvnamic braking will be used, since it allows significant 
overall payload increases when compared to rocket braking. The 
aerodynamic braking body used for this study is similar in shape to a 
JUPITER missile nose cone modified by the addition of movable drag 
vanes at the base of the cone. Though the size varies, the same basic 
shape was considered for use from the lunar surface to earth as was 
for use from the 96-minute orbit to the earth's surface. Studies show 
that, within acceptable l imits of entry angle, the vehicle can make a 
successful descent which is well within the physical tolerances imposed 
by man's presence,and which can be guided with acceptable accuracy 
for final recovery. The recent successful flight and subsequent 
recovery of two primates aboard a nose cone further substantiates the 
validity of this approach to earth return braking. This test vehicle was 
fired to IRBM range and, due to the steep re-entry angle, the 
decelerative forces associated with this operation were many times 
greater than expected for project HORIZON trajectories. 

2. Orbital Carrier and Space Vehicles 

Only two basic carrier vehicles are required to carry out Pro­
ject HORIZON - SATURN I and a further development, SATURN II. 

The SATURN I vehicle, shown in Figs. 1-8 and 1-9 consists of 
a clustered booster with a lift-off thrust of 1, 504, 000 pounds, a twin 
engine second stage of about 360,000 pounds of thrust, and a lox/ 
hydrogen (0 2 /H 2 ) third stage of 30, 000 pounds of thrust. The initial per­
formance of this vehicle will enable it to place 30, 000 pounds of net 
payload in a 96-minute orbit and 7, 500 pounds of net payload to earth 
escape velocity. It will be powered by eight North American H-1 
engines which are a greatly simplified version of the engine used in 
JUPITER, THOR, and ATLAS. The second stage is a modified version 
of the TITAN booster. The third stage is a modified CENTAUR 
vehicle currently under development by Pratt St Whitney and Convair. 

The SATURN II vehicle (Figs. I-10 and I-11) is based on a 
modified SATURN I booster. The North American H- 1 engines of the 
original version will be replaced by H-2 engines which will up-rate the 
total thrust by 1/3 to a sea level value of 2, 000, 000 pounds. The sec­
ond stage will incorporate two 500, 000-pound thrust H^IO^ engines, a 
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