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FOREWORD

This document is Volume III of the MIMOSA Technical Report, which constitutes part

of the final report on the Study of Mission Modes and Systems Analysis for Lunar

Exploration (MIMOSA). This study was conducted by the LMSC MIMOSA team for the

George C. Marshall Space Flight Center under contract NAS 8-20262. The entire

final report covers work performed from 3 January 1966 to 3 February 1967 and com-

prises the following parts:

• MIMOSA Summary Digest

• MIMOSA Summary Technical Report

• MIMOSA Technical Report:

Volume I — Lunar Exploration Equipment and Mode Definition

Volume II — Candidate Lunar Exploration Programs

Volume in - Recommended Lunar Exploration Plan

• MIMOSA Planning Methodology:

Volume I — Planners'Handbook

Volume n — Exploration Equipment Data Book

Volume in — Scientific Programs

iii
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INTRODUCTION

The objectives of the MIMOSA study were twofold - to produce a methodology for

generating lunar exploration programs and to generate a recommended lunar explor-

ation plan, using the developed methodology.

The MIMOSA study was divided into the following three phases:

• Phase I - compilation and generation of data for the later phases (these

data are contained in the Exploration Equipment Data Book.)

• Phase II — development of the planning methodology that includes a com-

puter program for the mechanization of data handling, generation of a

broad spectrum of candidate programs, and comparative analysis to

answer certain planning questions

• Phase HI - formulation of a recommended plan of lunar exploration,

generation of three selected lunar exploration programs for implemen-

ting the plan, and intensive design effort for the equipment used in these

three programs

Generation of the recommended lunar exploration plan is described in the MIMOSA

Technical Report. The methodology is presented in three volumes under MIMOSA

Planning Methodology.

This volume describes (1) planning approach, (2) the integrated scientific program,

(3) the equipment selection, and (4) planning considerations.

xv
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Chapter 1

PLANNING APPROACH

The recommended plan for post-Apollo lunar exploration, described in this volume,

was realized through a series of analytical steps. First, equipment candidates and
representative scientific programs were defined within the MIMOSA methodology

(MIMOSA Technical Report — Vols. I and II). Next, a broad spectrum of candidate
lunar exploration programs were generated (MIMOSA Technical Report— Vol. II) to

answer a specific set of planning questions. The analysis of these candidate pro-

grams provided answers to the specific questions, yielded a general philosophy of

exploration based on evolutionary increases in equipment capability and identified

three critical decision points that must be addressed by planners. The final step
consisted of narrowing down the analyses to a more detailed investigation of these

decision points with a limited set of selected equipment in mind. The consequences
of assuming the available program options resulted in three alternate exploration
programs that constitute typical examples of implementing the exploration plan.

1.1 GUIDELINES FOR PLAN FORMULATION

The guidelines given below were approved by NASA for the final phase of the

MIMOSA study. They reflect the information gained from the previous planning

phase and also the conditions imposed by a realistic planning environment. These
guidelines are as follows:

• Maintain program options through an awareness of the possible use of

alternate equipment capabilities; in particular ensure adaptability to any

major Saturn V uprating that might be available from a future planetary

program

• Demonstrate potential to accommodate an increasing demand for scientific

capability

1-1
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• Assume no major R&D commitment before FY 1970

• Plan on a funding level less than $1. 5 billion per year for lunar operations /

• Strive for commonality of equipment with other potential space programs

• Ensure maximum use of developed equipment

• Assure modest launch rates — three to four per year through 1970's and

six per year through 1980's

The prevailing theme expressed by these guidelines is the recognition of a need for

(1) flexibility to future changing demands through the selection of adaptable equipment

and (2) cost effectiveness and low risk through maximum use of well established tech-

niques coupled with efficient utilization of developed hardware.

1. 2 APPROACH TO PLAN FORMULATION

The approach adopted for the formulation of a plan of lunar exploration is summarized

in Fig. 1-1. It represents a synthesis of the conclusions drawn from the candidate

program analysis (MIMOSA Technical Report —Vol. II); in particular it incorporates

answers to the postulated basic planning questions. This information is assimilated

into a general exploration plan under the NASA-provided guidelines. The step increases

in capability and their associated decision points that were developed in the broad

spectrum analysis are maintained to allow for alternate program options.

The Saturn Apollo Application (S/AA) equipment is representative of a number of

possible candidates that can be introduced at decision point 1, and no attempt was

made to optimize performance in this area. The augmented LM (ALM) is used for

delivery of two men to the surface and the logistics LM (i. e. , a stripped LM ascent

stage) is employed for logistics delivery. The Saturn V rating is the minimum re-

quired for delivery of the ALM within the MIMOSA operational ground rules. Mission

staytimes are limited to 14 days.

At decision point 2, two options are available; exploration either is continued with the

S/AA equipment (continued S/AA) or a capability increase to the medium level is

possible. At the medium capability level, three-man surface operations with a large

1-2
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rover for mobility are assumed, and a single stage direct lunar logistics vehicle (LLV)
is introduced for logistics. The LOR delivery of crew is maintained and the Saturn V

uprating is the minimum required by this flight mode. A conservative approach to

crew return is assumed by use of an additional crew pickup launch for mission times

in excess of 14 days. This obviates the need for a long staytime deactivated CSM in
orbit with possible reliability problems.

If medium capability is assumed, a further decicision point is eventually encountered

(decision point 3). Medium capability equipment can be maintained, but additional
equipment in the form of a six-man shelter and a nuclear power supply is required for
the support of extended base operations. Possible use of a large Saturn V launch
vehicle provided by a manned planetary program is accommodated by a stepup to large
capability. In this case, direct delivery of a six-man crew to the lunar surface is
possible and should be utilized when required from operational considerations. To

minimize new equipment developments, the LLV stages associated with the Saturn V
used at the medium and large capability levels should exhibit commonality. There-
fore, a two-stage LLV is suggested at the higher Saturn V uprating that utilizes two
of the single stages of the medium capability level. The actual value of the Saturn V

uprating at the large capability then depends on the requirement for six-man direct

delivery with the compromised performance of the two-stage delivery system.

In keeping with the guideline for responsiveness to increasing evolutionary scientific
demands, a scientific program must be postulated that allows for part, and eventually

all, of the scientific objectives to be achieved with the increasing equipment capability
options. This integrated scientific program is described in Chapter 2., Selection of

the actual equipment designs for use in developing the lunar exploration plan is the

subject of Chapter 3.

1-4
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Chapter 2

INTEGRATED SCIENTIFIC PROGRAM

The example scientific programs up to this point of the study were generated with the

primary intent to provide a wide range of requirements by which to test and compare

the capabilities of many different exploration system concepts. With the reduction of

the spectrum of candidate-system concepts to a select few, it is now proposed to

capitalize on the experience gained from many test cases and formulate an integrated

scientific program to serve as the basis for a recommended lunar exploration plan.

In contrast to the example programs, which were conceived without any particular

exploration systems in mind, the integrated program is tailored to the capabilities of

a prescribed evolutionary pattern of lunar exploration hardware systems.

This chapter discusses the general approach to the formulation of the integrated

scientific program, itemizes the contents of the program and summarizes its

accomplishments.

2.1 GENERAL APPROACH

The integrated scientific program represents a synthesis and refinement of the example

scientific programs generated during the development of MIMOSA methodology. The

basic pattern of the integrated program is indicated schematically in Fig. 2-1. It

comprises three phases.

The first phase begins in the immediate post-Apollo period with an exploration feasi-

bility and lunar surface reconnaissance phase. The scientific objectives during this

phase are confined to the goals identified by the 15 basic questions about the Moon

proposed by the Space Science Board of the National Academy of Science at the Summer

1965 Woods Hole Conference. The level of scientific effort is compatible with 28-day

2-1
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manned lunar orbital missions and 14-day locale-type lunar surface missions with

surface traverse operations limited to a radius of 10 km about the landing site.

The second phase of the program anticipates equipment capability that permits long-
range surface traverses and extended surface staytimes. This is the mobility phase

of the program in which emphasis is placed upon surveys along paths of regional

geological interest. Scientific goals are still those of the 15 basic questions, but the
degree of sophistication of the experiments, the level of scientific effort, and the

rate of acquiring scientific data are at least an order of magnitude greater than for the

first phase of the program. As an example, the techniques of active seismology are

used to probe the lunar subsurface structure to depths of several hundred kilometers
in contrast with the potential penetration of several hundred meters anticipated during

the first phase of the program.

The third phase postulates a second stepup in system capability permitting the estab-

lishment of large lunar bases. The base exploration phase introduces a significant

broadening of scientific objectives to encompass extralunar goals beyond the scope

of the 15 basic questions. The emphasis is now upon exploitation of the advantages

of the Moon as a base for astronomical observatories, for long-term biomedical,
geochemical, and materials science research in an extraterrestrial environment, and
as an engineering technology development facility.

There is, of course, the option to continue indefinitely with the S/AA level equipment
and the more austere objectives associated with that capability rather than advancing

to the medium level capability with its more aggressive desires. In a like manner,
between the second and third phases of the program the option exists for extending the

second phase to the conclusion of the program with the medium level of system capa-

bility. Both options have been considered as subsidiary parts of the integrated

science program.

The integrated scientific program and the subsidiary optional branches are described

in the next two sections.

2-3
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2.2 PROGRAM DESCRIPTION

A complete description of the integrated scientific program and its associated options,

together with the postulated missions, is presented in Appendix A. The surface

exploration patterns are shown in Figs. 2-2 and 2-3.

Throughout the program, emphasis is placed on manned exploration. However,
unmanned systems, e.g., emplaced scientific stations, automated telescopes, geophone
arrays, and orbit-to-surf ace probes are used where applicable. In particular unmanned

orbiters are utilized for communications and site reconnaissance before and after the

detonation of seismic charges.

The main objectives of the first phase of the integrated program are to survey the

entire surface of the Moon from manned lunar orbiters and to acquire ground truth

data essential to the interpretation of the orbital surveys.

The scientific experiments included in the orbital survey missions are capable, for

the most part, of automatic operation. The principal role of men on these missions
is to monitor and repair equipment. However, some experiments can best be done
under direct control of men on the orbiter. For example, experiments in ultra-high

resolution photography require a high degree of judgement in selecting target view

angles and skill in compensating for the high rate of angular motion of the target.

For reasons of safety, the first manned 28-day lunar orbital mission will probably

be in a nearly equatorial plane so as to permit emergency return to Earth throughout
the mission. The equatorial orbit mission will be of particular value in calibrating
photometric experiments on the sunlit side of the Moon and thermal radiation experi-
ments on the lunar dark side because the same sites will be observed repeatedly

under a wide range of view angles and solar illumination angles and at various times
during the lunar night. These observations combined with ground truth data derived

from Apollo and early S/AA missions to equatorial sites will provide the basis for

interpreting the results from polar orbital missions covering the entire lunar

surface.

2-4
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It is recommended that the second and third manned 28-day lunar orbiters be placed

in polar orbits and timed relative to the lunar month so that one mission will observe

the surface just before sunrise and sunset while the other will view the surface just

after sunrise and sunset. In this way the entire range of exposure of the lunar surface

to the cyclic variation of environmental conditions will be observed and, at the same

time, photographic surveys of the entire surface will be obtained with favorable solar

illumination angles from both the east and the west, except for the polar regions,
which are never favorably illuminated.

The first four locales for S/AA surface missions are selected to provide ground truth

data representative of the major portion of the lunar surface. The first locale
includes the Ranger VHI impact point near the southwest edge of Mare Tranquillitatis,
an example of a "blue" mare area, so called because of a bluish cast in its reflectance
spectrum. The Ranger VIII impact crater is of special interest as a means of calibrat-
ing the energies of natural cratering processes on the Moon, inasmuch as the Ranger
VTTT impact was an event of known mass, momentum, and energy.

The second locale is near Capella M, an example of highland terrain with evidence of
tectonism that may have exposed some of the subsurface structure.

The third locale is in an undisturbed and presumably uncomplicated area of Oceanus
Procellarum. Measurements of gravity, magnetism, seismic activity, and subsurface

thermal flux are expected here to be free from perturbations by local structural

anomalies and therefore typical of a large part of the Moon.

The fourth locale is near Moltke B in the contact area between Mare Tranquillitatis

and the central highlands. The slumping of highland material along the edge of the

contact zone is of particular interest at this locale as an example of erosion and

material transport processes operating on the Moon.

At this point of the integrated program there is a step up to the medium level of sys-

tem capability. The principal objective of this second phase of exploration is to
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acquire regional geologic data with more emphasis on determining lunar interior struc-

ture through long-range surveys. However, two more locale-type missions are per-

formed before undertaking an extended surface traverse. One mission is to Hyginus

Rille, a feature strongly indicative of volcanic activity and possibly still seismically

active. The other locale mission is to Grimaldi, a smooth dark mare-like crater

near the western limb of the Moon slightly south of the equator. The increased level

of system capability approximately triples the available manhours for scientific
activity. Hence, these last two locales are investigated much more thoroughly than

were the preceding locales involving S/AA mission hardware.

The mission to Grimaldi represents the first admission of intent to commit the
program to extralunar scientific objectives beyond the scope of goals identified by the

15 basic questions. Grimaldi is to be the site of an astronomical observatory with a

variety of radio, optical, and X-ray telescopes and a permanently staffed 12-man
base. The intent of the first mission to Grimaldi is primarily to verify the environ-

mental suitability of the site for the proposed astronomical equipment.

The path approach to lunar surface exploration (Fig. 2-3) begins with a mission to
Copernicus from which a 400-km traverse is made to a group of dark halo craters

southeast of Copernicus. Copernicus is a very large, recent impact crater in
Oceanus Procellarum and is presumed to expose the lunar crustal structure to a
depth of several kilometers. The dark halo craters southeast of Copernicus are
probably volcanic and are expected to yield data on the subsurface composition of

the Moon at depths perhaps as great as 40 km, according to terrestrial analogs.

Subsequent missions in this phase of the program undertake increasingly ambitious

traverses one of which amounts to 1, 600 km with a staytime of 2-1/2 mo.

With the advent of long surface traverses, the emphasis in lunar geoscientific explora-
tion shifts from limited area surface geology to regional geology and geophysical

probing of the subsurface structure by means of gravity surveys and active seismology.

It is estimated that chemical explosive charges with masses up to 6, 000 kg will be
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required to generate seismic signals sufficiently intense to be useful at ranges up to

600 km. The integrated program uses hard landing probes from logistics launch
vehicles to deliver the largest explosive charges directly to the desired detonation

points after appropriate arrays of geophones have been deployed by surface missions.
The precise detonation points of the large explosive charges delivered by probes is

determined by using lunar photographic orbiters to locate the craters formed by the
detonations.

Although direct delivery by hard landing probes is the most economical way to place

large explosive charges, the corridor of low-energy trajectories for lunar logistics

compatible with the Saturn IB launch vehicle permits use of this mode only for points

within the western hemisphere of the Moon as viewed from Earth and a limited range

of eastern longitudes on the lunar nearside. Explosives delivered to the poles and all
points from 20°E to 200°E are soft landed and manually deployed by surface missions.
In these cases only a few hundred kilograms of explosives are used.

The emphasis upon nearside locale and path missions is primarily a reflection of

present familiarity with nearside topography, which makes selection of significant

targets easier than for the farside. It is anticipated that improved knowledge of the
farside through current lunar orbiter photos will lead to a better distribution of

mission locations. However, farside missions lack the convenience of a direct line-

of-sight communication link to Earth, so lunar orbiting communication satellites are
provided as a part of the support of farside missions.

The objective of the third phase of exploration is to provide semipermanent base
capabilities for more intensive investigations of lunar and extralunar goals. This
third phase of the program begins in the early 1980's with a step increase in capability

permitting a dual-launch mission to accomplish an 1, 800-km traverse, core drill a
300-m hole, and maintain a temporary base for 3-1/2 mo. The traverse in this case

is from the center of Mare Imbrium to the center of Mare Serenitatis and it is expected
to yield basic information about the history and mechanism of mare basin filling,

whether by a single catastrophic event or by a series of successive mare material

flows. The temporary establishment of a base heralds the beginning of the base

exploration phase of this program.
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A second visit to Grimaldi in the mid-1980's begins the establishment of a permanent

astronomical base that is carried through to completion in the late 1980's by a third

mission to Grimaldi in which a complex array of radio, optical, and X-ray telescopes

is set up in conjunction with a 12-man permanent base. The path approach to lunar

surface exploration is carried through the base exploration phase by missions to the

poles and to the far side.

2. 3 PROGRAM OPTIONS

The total integrated scientific program, that is compatible with the increasing equip-

ment capabilities that evolve from S/AA through medium to large capability, is referred

to here as Scientific Program III.

As was mentioned in paragraph 2.1, the option to continue indefinitely with the S/AA

level of capability must be considered. The compatible branch of the integrated

scientific program is called Scientific Program I. In this program, locale-type

missions are carried on for a total of 14 surface missions, the last two missions in

the mid-1980's being to the center farside and to the South Pole. The lunar surface

exploration pattern is shown in Fig. 2-2.

This option provides no practical means to accommodate major scientific equipment,

such as 2-m optical telescopes and 300-m drills. The staytime and payload limita-

tions do not permit use of more than a 100-m drill. However, with visits to a wide

variety of major lunar features and with the orbital surveys, the low level option

does effectively attack the 15 basic questions about the Moon, but not to the degree of

assurance that would be provided by geophysical surveys along extended paths on the

lunar surface.

Another program option occurs after the step up to the medium level of system capa-

bility by assuming no further increases in exploration system capability. This branch

of the integrated scientific program is Scientific Program II (i. e., continued medium
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level of capability). The scientific objectives and the lunar surface exploration pattern

are the same as for the total three-step integrated program, but the scientific effort is

cut almost in half. The difference consists primarily in the establishment of a 6-man

semi-permanent base at Grimaldi under the continued medium level program while the
large program concluded with a 12-man semi-permanent base.

Programs I, II, and III of the integrated scientific program are presented in Appen-

dix A.
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Chapter 3

EQUIPMENT SELECTION

The analysis of the candidate lunar exploration programs (MIMOSA Technical Report —

Vol. II) provided answers to a number of questions regarding the choice and perform-

ance requirements of exploration equipment to be utilized in the post-Apollo exploration

of the Moon. These conclusions were used (Chapter 1) to formulate a general planning

approach within the specified guidelines. In the approach, summarized in Fig. 1-1,

certain broad categories of exploration equipment were associated with the various

equipment options available at three key decision points, together with the operational

constraints to be applied in their utilization. The subject of this chapter is to define the

specific design requirements for each item of equipment to be used in the exploration

plan.

The underlying principle for the selection of the equipment was to ensure (1) evolution-

ary development, (2) adaptability to program changes, and (3) a minimal number of

new equipment items.

The Saturn Apollo Applications (S/AA) equipment items were suggested by NASA as

representative of the type of hardware that will be employed in the initial phase of

lunar exploration; no attempt was made during the MIMOSA study to make an assess-

ment of the various candidate concepts for the S/AA Phase of Lunar exploration.

The equipment design specifications were based on the following requirements:

• One major failure shall not abort the mission; two major failures shall

not prevent a safe return.

• In an emergency, a manned system shall be capable of supporting a crew

for 14 days.

• Apollo state-of-the-art technology shall be used wherever possible;

advances, if required, must be realistic.
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3. 1 TRANSPORTATION SYSTEMS

Transportation systems are required for the delivery of personnel and logistics and

are composed of the basic launch vehicle and its associated flight systems. The

discussion of transportation systems is given below in terms of the related launch

vehicle.

3. 1.1 First Saturn V Uprating

The results of the analysis of the candidate lunar exploration programs showed that

logistics requirements could be satisfied by a relatively modest uprating of the

Saturn V vehicle and that the critical initial uprating would be governed by the per-

sonnel delivery requirements.

During the S/AA phase of exploration the Augmented Lunar Module (ALM) is used for

delivering two men to the lunar surface. The ALM configuration chosen combines

the functions of delivery and ascent with that of a shelter with up to 13 days staytime.

A mass summary is given in Table 3-1.

Maximum use is made of Apollo hardware. Additional life support, environmental

control, and electrical power equipment required for the longer staytime is attached

to the descent stage. Primary power is provided by solar cells and batteries, which

restricts the concept to daytime missions.

At the medium level capability, the same ALM concept is used to deliver three men to

the lunar surface, but only a short time (~ 1 day) shelter capability is provided since

the crew live in the roving vehicle and a pick-up launch is used for crew return.

Table 3-2 summarizes Saturn V performance requirements for the delivery of the

ALM under various operational conditions. The values quoted are based on the

MIMOSA flight/performance ground rules described in MIMOSA Technical Report -

Vol. I. These ground rules stipulate a capability for ± 1 day leeway for launch from
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the lunar surface. For two-man delivery, complete lunar surface coverage would

result in a requirement for 120 percent uprating. However, the restriction of missions

to the lunar equator results in a reduction of this requirement to 109 percent. This

condition is acceptable for the early S/AA missions; however, complete surface cover-
age is desirable later. If the conventional (single launch) personnel delivery mode is

replaced by the "pickup" concept (delivery and retrieval of personnel by separate

launches) all missions can be performed with the 109 percent uprating of Saturn V.

Table 3-1

AUGMENTED LUNAR MODULE MASS SUMMARY

Stage Mass (kg)

Descent Stage

Structure
Propulsion
Guidance & Control

Environmental Control

Power
Telecommunications

Expendables

Miscellaneous

Ascent Stage

Structure

Propulsion
Guidance & Control

Environmental Control

Power

Expendables

Miscellaneous

Total

1,021

628

23

232

343

11

10,393

200

525

234

310

129

339

2,530

296

17,214
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At the medium capability level, a three-man ALM is employed for crew transportation,

and the pickup launch (using a four-man CM) is required because of the long mission

durations. Under these conditions the required Saturn V uprating is 110. 4 percent.

In view of the small difference between the requirements, and to ensure equipment
commonality between exploration phases, a 111 percent Saturn V launch vehicle was
selected for both S/AA and medium capability phases of the exploration program.

This 111 percent Saturn V provides a capability for placing 50,350 kg (111, 000 Ib)
on a lunar transfer trajectory and a corresponding capability to inject 132, 000 kg

(292, 000 Ib) into a 100-nm earth orbit.

During the S/AA phase, the logistics LM (a stripped LM ascent stage) is used for de-
livery of logistics via the LOR mode. Manned logistics delivery to lunar orbit is

assumed, but descent to the lunar surface is automatic. At the medium level, the
direct LLV is employed for logistics delivery. The conceptual design of this vehicle

is strongly dependent on requirements associated with a larger Saturn V uprating

and is discussed below.

3.1.2 Second Saturn V Uprating

The lunar exploration plan calls for the use of a direct lunar logistics vehicle at the

medium and large capability levels, and for direct delivery of six men associated

with the higher capability. The similarity of these transportation modes offers a
certain degree of commonality in the designs resulting in the reduction of the number

of new hardware developments.

There are several ways of approaching this commonality. One approach embodies the

"multi-mission module" concept where only the propellant tank capacity is tailored

for each application, with the remainder of the stage undergoing minimum changes.
Alternately a two-stage concept may be adopted where one stage is maintained constant
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while allowing the other stage to have various tank sizes, depending on the application.

A third approach, which was chosen for MIMOSA, involves using the same basic

stage and tank size in all applications, but off-loading for particular applications.

The assumption of a single tank size results in compromised performance at either

the lower or higher level of Saturn V uprating, and the LLV design becomes an im-

portant factor in the selection of the higher Saturn V uprating. The critical require-

ment for the higher uprating is that it must provide a six-man direct delivery capability.

Three solutions to the problem are illustrated in Fig. 3-1. The alternate design

concepts for the LLV involve (1) single stage optimized for the 111 percent Saturn V

and two of these stages used with the higher uprating, (2) single stage optimized for

the higher Saturn V uprating and used off-loaded at 111 percent, and (3) two stages

optimized for the higher Saturn V uprating and one stage used at the 111 percent level.

The figure indicates the size of the second uprating required to provide the six-man

direct capability under the three conditions and the logistics capabilities at both

levels of uprating. The configuration chosen was the one that involves single stage

optimization at the 111 percent level of Saturn V uprating. This concept provides

the highest logistics capability with the 111 percent Saturn V, which is likely to be

used over a considerable time period at the medium level, and still maintains good

performance at the second level of uprating. This choice results in a requirement

for the second uprating of 188 percent of the basic Saturn V.

The second uprating corresponds to a lunar transfer injection capability of 85, 300 kg

(188, 000 Ib) and a corresponding capability to inject 224, 000 kg (494, 000 Ib) into

100-nm earth orbit.

The LLV design characteristics, in its various applications, are summarized in Table

3-3. Good propellant fractions are indicated throughout, despite the fact that only

minor modifications are made to the stage for each application, with the exception of

the Earth return stage, where the tank size is reduced.
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Configurational arrangements of the selected basic LLV stage in its various appli-
cations are shown in Figs. 3-2 through 3-5.

Medium Level Application. The basic design is employed as a braking and landing
stage for logistics delivery with the 111 percent Saturn V. As shown in Fig. 3-2,

it comprises two liquid hydrogen tanks, two liquid oxygen tanks, two RL10A-4-2

engines developing a thrust of 66, 750N, and a telescoping landing gear assembly.

Large Level Application. At this capability level various combinations of the basic

stage are used with the 188 percent Saturn V for logistics and personnel delivery.

The logistics version comprises a landing stage which is essentially the system
shown in Fig. 3-2 and the braking stage of Fig. 3-3 which is the same as the landing

stage, without unnecessary subsystems, such as the landing gear. The personnel

version comprises the following; (1) a braking stage which is the braking stage of

Fig. 3-3, (2) a landing stage, shown in Fig. 3-4, which is similar to the logistics
version with the removal of those subsystems that are now carried in the earth

return stage, and (3) an earth return stage, shown in Fig. 3-5, which has smaller

tanks than the other versions of the stage.

3. 1. 3 Non-Saturn V Transportation Systems

Certain requirements of the integrated scientific program can be fulfilled by using
transportation systems with smaller capabilities than the Saturn V based system.

These requirements stem from the unmanned delivery of relatively small payloads

such as photographic orbiters, communication relay systems and explosives. Two
existing launch vehicles were considered for these functions viz. Atlas/Centaur and
Saturn SIB/Centaur. These systems satisfy the payload requirements and should be

regarded as representative since their availability in the time period of interest is

by no means certain. In addition, the Saturn SIB was postulated for development

flight testing of some of the new transportation flight systems.
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KEY

1 LIQUID HYDROGEN TANKS

2 LIQUID OXYGEN TANKS

3 RL10A-4-2 ENGINES

4 LANDING GEAR
DIMENSIONS IN METERS

Fig. 3-2 Logistics Braking and Landing Stage (For 111% Saturn V)
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DIMENSIONS IN METERS

6.73

6.6DIAM.

KEY

1 LIQUID HYDROGEN TANKS

2 LIQUID OXYGEN TANKS

3 RL10A-4-2 ENGINES

Fig. 3-3 Logistics and Personnel Braking Stage (For 188% Saturn V)

3-11

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847942
Vol. HI

DIMENSIONS IN METERS

6.73

KEY

1 LIQUID HYDROGEN TANKS

2 LIQUID OXYGEN TANKS

3 RL10A-4-2 ENGINES

4 LANDING GEAR

Fig. 3-4 Personnel Landing Stage (For 188% Saturn V)
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Fig. 3-5 Personnel Earth Return Stage (For 188% Saturn V)
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3. 1. 4 Utilization of Transportation Systems

The evolutionary manner in which the Saturn V-based transportation systems will be

utilized in executing the lunar exploration plan is summarized in Table 3-4. The

introduction dates are based on the exploration program requirements developed in

Chapter 4. Conceptual designs and performance estimates were derived for the launch

vehicles and flight systems shown in the table and are reported fully in the MIMOSA

Data Book (MIMOSA Planning Methodology— Vol. II)*. Similar information for the

non-Saturn V systems is presented in Table 3-5.

Inspection of these tables indicates that a relatively small number of transportation

system components are required for executing the exploration plan. Table 3-4 shows

that a major launch vehicle requirement is for the 111 percent Saturn V. The re-

quirement for the second uprating will be strongly influenced by future plans for

manned planetary flight, but it should be at least 188 percent to provide the six-man

direct delivery capability for lunar missions. The major logistics spacecraft beyond

S/AA is the LLV. Design commonality among the LLV stages for the various ap-

plications results in a small number of new developments. The list of minor trans-

portation systems (Table 3-5) is small. In view of this, and the fact that the avail-

ability of the Atlas-and SIB-systems is in doubt, alternate methods of satisfying the

small payload requirements should be considered.

3. 2 MISSION EQUIPMENT

The mission equipment as defined for MIMOSA comprises lunar orbiters and probes,

lunar shelters, roving and flying vehicles and power plants required in support of

lunar missions. This section describes the method of selection, and lists the re-

sulting equipment inventory for each mission equipment category.

3. 2.1 Lunar Probes

During the analyses of various missions of the exploration plan, no requirement could

be found for the use of earth launched or lunar surface launched probes. However, two

* Data Book ID numbers for each equipment can be obtained from Table 3-18.
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Table 3-4

TIME UTILIZATION OF SATURN V TRANSPORTATION SYSTEMS

Capability
Level

S/AA

B/AA

S/AA

Continued
S/AA

Medium &
Continued
Medium

Medium &
Continued
Medium

Large

Large

Date of Intro-
duction

1971

1971

1971

1975

1975

1975

1981

1981

Launch Vehicle

111% Saturn V

111% Saturn V

111% Saturn V

111% Saturn V

111% Saturn V

111% Saturn V

188% Saturn V

188% Saturn V

Flight Systems

3-Man CM
SM
2 -Man ALM

3-Man CM
SM
Augmented
Logistics LM

SM

3-Man CM
SM

4-Man CM
SM

Braking &
Landing Stage
(LLV)

Braking Stage
Landing Stage
Earth Return
Stage, 6-Man CM

Braking Stage
Landing Stage

Operation

Personnel delivery
of 2 men to surface
via LOR

Logistics delivery
via LOR

Manned orbiter

Personnel pick-up
of 2 men

Personnel delivery
of 3 men to surface.
Pick-up of 3 men

Direct logistics
delivery

Direct personnel
delivery of 6 men

Direct logistics
delivery

Table 3-5

TIME UTILIZATION OF NON-SATURN V TRANSPORTATION SYSTEMS

Capability
Level

S/AA &
Continued
S/AA

Medium &
Large

Cont. S/AA
Medium &
Large

Date of
Introduction

1971

1975

1975

Launch
Vehicle

Atlas/Centaur

Saturn IB

Saturn IB/
Centaur

Operation

Delivery of photo-
graphic and communi-
cations orbiters

Development test

Direct delivery of
explosives
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types of lunar orbit launched probes were found desirable: (1) a probe, hard landing

about 130 kg of payload on the lunar surface (for delivery of rugged instruments,

e.g. , seismometer at locations not visited on surface missions), and (2) a probe,

capable of soft landing 175 kg of payload (for delivery of sensitive instruments, e. g.,
mass spectrometers). In both cases, the designs identified early in the study were

found to be adequate to perform the required missions. A summary of the recom-

mended probe candidates is given in Table 3-6.

Table 3-6

RECOMMENDED LUNAR PROBES

Launch Mode

Lunar Orbit
Launched

Lunar Orbit
Launched

Data Sheet
Number

2121-01

2122-01
(Modified
Surveyor)

Performance

Hard landing 129
kg payload

Soft landing 175
kg payload

Total Mass*
(kg)

533

1415

* Including payload.

3. 2. 2 Lunar Orbiters

Requirements for two classes of orbiters were identified. An unmanned orbiter

for photography of the lunar surface and a manned orbiter to conduct a wide variety

of lunar experiments using the CSM configuration as a basic vehicle.

The requirement for the various photographic missions and for communications

support of manned lunar missions led to the selection of a 1000-kg unmanned orbiter,

which requires an Atlas/Centaur as the launch vehicle.

For manned lunar orbiter missions a concept was found to be satisfactory which

uses the CSM to accommodate three men for orbital missions up to 30 days and
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which is used in combination with the NASA Rack to accommodate a variety of ex-

perimental packages. Unmanned probes (paragraph 3. 2.1) can be included in the

orbiter payload. This equipment was considered to be representative and no attempt

was made to investigate the possible variations of concepts.

A summary of the lunar orbiter concepts selected for the recommended lunar ex-

ploration plan is given in Table 3-7.

Table 3-7

RECOMMENDED LUNAR ORBITERS

Launch Mode

Unmanned
Orbiter
Manned Lunar
Orbiter with
NASA Rack

Data Sheet
Number

2211-03

2222-03

2222-02

Performance

193 kg payload

3-Men, 30-day stay-
time, 14, 000 kg pay-
load

Total Mass
(kg)

1060

2107

998

3. 2. 3 Lunar Shelter

During the S/AA-phase of the lunar exploration plan the requirement to shelter two

men for up to 14 days could be met by the Augmented LM which is used also for

crew delivery (see paragraph 3.1. 1). For base activities at the medium and large

capability level extended staytime shelters to house 6- to 12-man crews for periods

of six months and with operating life times of three years were required.

The selection of a shelter design was influenced by the desire of using one basic

design at both capability levels and by the desire for utilizing the basic shelter ar-
rangement possibly as a living module for interplanetary and earth orbital missions.

These requirements led to the selection of a shelter which can house six men, using

a cylindrical center section of 6.1-m diameter and an open floor plan, adaptable to
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manifold interior arrangements. At the large capability level, two of these shelters

are used to support a 12-man level base. A summary of the recommended shelter

concepts is given in Table 3-8.

Table 3-8

RECOMMENDED LUNAR SHELTERS

Launch Mode

ALM

Lunar
Shelter

Data Sheet
Number

2321-05

2325-08

Performance

2 men, 13 day stay-
time

6 men for 3 years
with 6 month re-
supply of expend-
ables

Total Mass
(kg)

5600 (shelter/
ascent stage +
shelter expend-
ables on descent
stage)

11,496

3. 2. 4 Lunar Roving Vehicles

Geological and geophysical exploration requirements call for intensive traversing of

the lunar surface. The integrated scientific program provides a requirement for

extensive use of lunar roving vehicles with a wide variation of required ranges and

staytimes. Requirements for 2 classes of roving vehicles were identified. One class

is a one-man vehicle for use early in the exploration plan in association with smaller

logistic vehicle capabilities. This requirement could be filled by the various concepts

of the local scientific survey module (LSSM) as part of the S/AA inventory. The

second class of vehicles required comes into use with the advent of medium and high

logistics vehicle capabilities and calls for a three-man lunar roving vehicle of ex-

tended staytime, range and payload capabilities. The staytime and range require-

ments such vehicles will face are shown in Fig. 3-6, which summarizes require-

ments generated during the mission planning for the candidate lunar exploration

programs early in the MIMOSA study. Each point in the figure represents range
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and staytime requirement for one mission. An analysis was made to define one or

several lunar roving vehicles which can most efficiently and economically perform

the required mission. For this analysis, five missions which showed "Extreme

Requirements" (see Fig. 3-6) were not considered in order to reduce the overall

spread of requirements.

Two approaches to implement the total spectrum of requirements were considered;

(1) a single vehicle design, consisting of a prime mover and a trailer, which would

satisfy all requirements, and (2) a selection of three vehicles (no trailers), each

individually optimized to cover part of the total requirement spectrum.

For the single vehicle design, three design points were considered.

• A vehicle designed with the maximum design point capability (Fig. 3-6).

Use of such a vehicle imposes unacceptably severe performance penalties

on the plurality of missions with essentially smaller range/staytime lunar

requirements.

• A vehicle designed with the capability of the minimum design point

(Fig. 3-6) and augmented by a trailer for the more demanding missions.

The design study of the resulting vehicles showed pronounced differences

in the sizing requirements of wheel and drive mechanism, power system,

and chassis of the prime mover and the trailer which did not satisfy the

desire for commonality of subsystems.

• A vehicle designed with the capability of the medium design point (Fig. 3-6).

The design point was so selected, that the resulting prime mover and

trailer had essentially common subsystems. The prime mover can

satisfy the less demanding missions by off-loading, it can perform the

design point missions by trading expendables between mobility system

and life support systems ( as indicated by the break in the capability line

of the three design points in Fig. 3-6), and it can perform the more de-

manding missions by using the trailer. This concept was selected as the

best compromise for the single vehicle design.
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This single vehicle design was compared in its operational efficiency and cost with the

three optimized vehicles sized for the requirement of the minimum, medium and
maximum capability design points (Fig. 3-6). For the purpose of this analysis a
representative operational theater was selected which called for performing six

missions of 400 km, six missions of 800 km, and three missions of 1600 km tra-

verse length. The results of the analyses are presented in Table 3-9a and b. It can

be seen, that the single vehicle concept calls for 14,163 kg more mass to be trans-
ported to the moon and has a $634 million lower cost for development, procurement

and operations of the roving vehicles. The cost of transporting the additional mass

to the lunar surface is estimated to be $312 million assuming a cost of $22, 000 per kg
using 111% rated Saturn V and an LLV. Accounting for this transportation cost still

leaves a cost difference of 634-312 = 322 million dollars in favor of a single vehicle

concept. This cost advantage and the simplicity of having only one three-man vehicle
with a trailer covering the entire spectrum of missions led to the recommendation

of this concept.

The configuration of the recommended lunar roving vehicle is shown in Fig. 3-7 and
the configuration of the trailer in Fig. 3-8.

A list of the candidate lunar roving vehicles recommended for the lunar exploration
program is shown in Table 3-10.

3. 2. 5 Lunar Flying Vehicles

Mission planning during the MIMOSA study did not establish specific requirements

for lunar flying vehicles. However, the need for such a vehicle to assist in visiting

places that are inaccessible to roving vehicles was recognized. A vehicle has been

selected which provides for sorties up to 3. 5 km radius carrying one man. (See
Table 3-11. )
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Table 3-9

LUNAR ROVING VEHICLE COMPARISONS

(a) Comparison by Mass

Type of Mission

400 km - 14 days

800 km - 30 days

1600 km - 60 days

Total

No. of
Missions

6

6

3

Total Mass of Lunar Roving Vehicles (kg)

Three Optimized
Vehicles

24,612

40,554

30,750

95,916

Single Vehicle

31,146

41,124

37,809

110,079

Mass Difference 14, 163 kg

(b) Comparison by Cost

Type of Mission

400 km - 14 days

800 km - 30 days

1600 km - 60 days

Total

No. of
Missions

6

6

3

Total Cost* of Lunar Roving Vehicles ($M)

Three Optimized
Vehicles

393

406

376

1, 175

Single Vehicle

414

74

53

541

Cost Difference $634 million

* Development procurement and operational cost.
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ACCESSORIES

LO2 TANKS

Fig. 3-7 Lunar Roving Vehicle
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2500-KG PAYLOAD

5.08

__ 2.03
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0.62

LO2 TANKS
(3REQ.)
1.0 DIAM.
SPHERE LFV (REF)

fig. 3-8 Lunar Roving Vehicle Trailer
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Table 3-10

RECOMMENDED LUNAR ROVING VEHICLES

Vehicle Type

Manned Vehicle, no cabin
- 1 man

Manned Roving Vehicle,
cabin 3 man

- Basic Vehicle Off
loaded

- Basic Vehicle

- Basic Vehicle + Trailer
(for traversing)

- Basic Vehicle + Trailer
(for base support)

Data Sheet
Number

2421-01
(LSSM)

2423-03

2423-04

2423-05
+

2434-02

2423-05
+

2434-01

Performance

Range
(km)

30/sortie

400

800

1600

50

Staytime
(days)

6 hr/sortie

14

30

60

Payload
(kg)

320

700

1500

2500

6500

Total
Mass
(kg)

722

5682
7368

12614

15150

Table 3-11

RECOMMENDED LUNAR FLYING VEHICLE

Vehicle Type

Exploration,
one man

Date Sheet
Number

2511-02

Performance

3. 5 km Radius,
Excursion time
3 hours, 40 kg
Payload

Total Mass
(kg)

136.5

3.2.6 Base Power Supply

The exploration plan recognizes a requirement for a power supply in support of 6-man

and 12-man semi-permanent bases with an expected mission duration of up to three

years. Base power requirements were derived from the individual subsystem require-

ments shown in Table 3-12.
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Table 3-12

BASE POWER REQUIREMENTS

Item

Life Support

Telescope (2)

Flood Lights

Communication

Other Experiments

Total

Power Requirements (kw)

6-Man

6.8

2.0

1.0

1.0

2.2

13.0

12-Man

13.6

2.0

1.0

1.0

4.4

22.0

These requirements represent maximum demands and are therefore somewhat conserv-

ative. Since the interrelation of the various duty cycles could not be well established,

it was decided to use the relatively modest totals shown in Table 3-12 as a conservative

power system design requirement.

The first step towards the design of the power supply was to select a system concept.

The following concepts were evaluated:

• Batteries

• Combination of solar cells used during lunar day and batteries used during lunar

night

• Fuel cells

• Combination of solar cells and fuel cells

• Combination of solar cells, fuel cells, and fuel regenerators

• Nuclear

The evaluation consisted of determining the mass of each concept when required to

supply 22 kw for 3 yr, or a total energy of 578,160 kw-hr. Further requirements were

that (1) a single failure should not abort the mission, and (2) a dual failure should not

prevent a safe return. Table 3-13 lists the specific performance assumed for each

system, and the resultant total mass of the system.
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Table 3-13

PERFORMANCE AND MASS OF CANDIDATE POWER SYSTEMS

Power System

Battery (Silver/
Zinc)

Solar Cells(1V
Battery

Fuel Cell

Solar Cells(1)/
Fuel Cell

Solar Cells/
Fuel Cell/
Fuel Regenerator

j Nuclear

Performance

• 50 w-hr/kg
• 50 recharges
• 70% depth of discharge

• Solar cells: 50 kg/kwe

• 0.5 kg/kwe-hr (including spares
and reactants)

• Solar cells: 50 kg/kwe
• Fuel cell: 0.5 kg/kwe-hr

• Solar cells: 50 kg/kwe
• Fuel cell: 100 kg/kwe (including

spares but no reactants)(2)
• Fuel regenerator: 400 kg/kwe

25% efficiency(3)

• 200 kg/kwe

Mass (kg)

11,570,000

147,070

289,000

147,170

16,500

4,400]

(1) Daytime use only.
(2) Reactants regenerated in fuel regenerator.
(3) For example, one w-hr of energy will regenerate reactants for 0. 25 w-hr of

fuel cell energy.
r."L""."U Selected concept.

From Table 3-13 it is apparent that the nuclear system offers substantial mass savings

for the support of a 3-yr base when compared with the other power system concepts.

Therefore, a nuclear system for base power support was elected in principle and an

analysis performed to derive a recommendable solution for such a system.

A nuclear power supply incorporates a heat source and a power conversion system.

Many alternate design concepts are available for each of these components. The heat

sources considered in the study are given in Table 3-14.
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Table 3-14

NUCLEAR HEAT SOURCES

Power System

Radio isotope

Reactor

Fuel Type

Alpha

emitter

Beta

emitter

Thermal

Fast

Fuel

Polonium 210

j Plutonium 238J

Curium 242

Curium 244

Cobalt 60

Strontium 90

Promethium 147

Thulium 170

1 Uranium i
[Hydride j

U02
UO0 Cermet

ft

UC

UN

Prime Candidate

Alternate
Candidate

Plutonium 238 was selected as the prime radioisotope heat source candidate because of

its power density for the 3-yr mission requirement, lower radiation level, and experi-

ence in other space applications such as SNAP-3, SNAP-9A, and SNAP-27. The only

reactor program now under development is based on the hydride fuel. This program

is SNAP-8, and previous work on hydride reactors was performed on SNAP-2 and

SNAP-10A. The SNAP-10A program did yield a flight test of a hydride-fuel reactor in

which the power generation system was silicon-germanium (Si-Ge) thermoelectrics.

In view of this experience, the hydride reactor was selected as an alternate candidate

appropriate for the lunar base power system comparative analysis.

The types of power conversion systems considered are listed in Table 3-15.
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Table 3-15

POWER CONVERSION SYSTEMS

Static

Dynamic

Thermoelectric

Thermionic

Magneto-Hydro-
Dynamic

Rankine

Brayton

Pb-TE

Si-Ge
Cascaded

Vacuum

Cs-Diode

Gas
2-Phase

Mercury

Alkali metal

Organic
Water

Argon

He-Xe

Many of the concepts are of academic interest only. The thermoelectric type offers
excellent reliability and ease of development at the expense of relatively low efficiency

and high specific mass. The thermionic type is in an initial stage of development and
it is too early to predict the capability for a 3-yr mission. The Magneto-Hydro-Dynamic

(MHD) system requires even more development and offers no potential advantage for the
lunar application. The Rankine and Brayton cycle systems both warrant consideration in

the lunar application. The Rankine cycle matches well with the reactor heat source; the

Brayton, with the radiosotope heat source. In the power range of interest, only the

combination of hydride reactor and mercury Rankine cycle has received any extensive

development effort. Among the radioisotope systems, the Brayton cycle has received

most attention. Hence, the power system choice can be logically narrowed down to the

radioisotope/Brayton and the hydride-reactor/Rankine-mercury. This process of

elimination has been qualitative, but the selections presented are representative of the

best performance attainable by nuclear systems during the time period of interest.
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The two prime power supply candidates are compared in Table 3-16, which indicates

the masses associated with the various combinations that satisfy the power and relia-

bility requirements. Examination of this table shows that the Reactor/Rankine systems

are consistently heavier than the comparable radioisotope/Brayton systems. It shows
also that for the 6-man base (14 kwe), as well as for the 12-man base (24 kwe), the

total systems mass for the reactor/Rankine concept increases if the total power output

is produced by an increasing number of plants, whereas the reverse is true for the

radioisotope/Brayton system. This is because the reactor system requires consider-
able shielding, and the shielding of a single large unit is lighter than for multiple units

providing the same power level.

Table 3-16

MASS COMPARISON OF REACTOR AND
RADIOISOTOPE POWER PLANT COMBINATIONS

Power Plant

Reactor/Rankine
System Power (kwe)
Plant Power (kwe)
Number of Initial Plants
Number of Standby Plants
Mass of Initial Plants (kg)
Mass of Standby Plants (kg)
Total Mass (kg)

Radioisotope/Brayton
System Power (kwe)
Plant Power (kwe)
Number of Initial Plants
Number of Standby Plants
Mass of Initial Plants (kg)
Mass of Standby Plants (kg)

Total Mass (kg)

Number of Plants
6-Man Lunar Base

2

14
14
1
1

3,727
1,657

5,384

14
14
1
1

2,384
1,768

4,152

3

14
8
2
1

6,374
1,225

7,599

f "™~ ™ ^~ ™ T
14 !
8
2
1

2,860
1,078

^3.._93§j

4

14
4.8

3
1

2,763
710

3,473

12-Man Lunar Base

2

24
24
1
1

4,627
2,377

7,004

24
24
1
1

3,974
2,918

6,892

3

24
14

2
1

7,445
1,657

9,111

24
14

2
1

4,768
1,768

6,536

4

24
8
3
1

9,561
1,225

10,786

1 ~ — - ^™ - *

24 |
81
3 I
1 j

4,290 :
1.078J

5..368J

6

24
4.8

5
1

4,605
710

5,315

Selected
Concept

Selected
Concept
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The reliability requirements - that one failure shall not abort the mission and that

a dual failure shall not prevent a safe return — leads to the specification of a mini-

mum of three independent power plants (two initial plants and one standby plant). A

further stipulation was that the power plant concept selected for the 6-man base could

also be used for the 12-man base. These requirements could be fulfilled by selecting

a radioisotope/Brayton unit concept with a single-plant power of 8 kwe. Three of these

plants are recommended for use with the 6-man base and four plants for use with the

12-man base. A configuration drawing of the selected concept is shown in Fig. 3-9.

3. 3 MAJOR SCIENTIFIC EQUIPMENT

Some lunar scientific operations involve equipment of such size, mass, or support

requirements as to represent major problems in transport, deployment and maintenance.

These are identified as major scientific equipment. Examples are the 300-m core drill,

a Mills cross long-wave radio telescope, and an astronomical observatory.

From the total spectrum of conceptual major scientific equipment, developed for use

in the candidate lunar exploration programs, a selection of recommended items was

made to serve the objectives of the integrated scientific program. The list of recom-

mended major scientific equipment is given in Table 3-17, which identifies the equip-

ment by title and data book number and indicates the principal functions and total mass

of each item.

The main categories of major scientific equipment are drills, telescopes and labora-

tories. The 300-m core drill is the only example of a drill that is treated as an item

of major scientific equipment. It is regarded as an important component of investiga-

tions concerned with the subsurface structure and composition of the moon, the meas-

urement of thermal flux from the lunar interior, the determination of the chronological

sequence of lunar events, and the search for volatile materials, organic activity, and

evidence of life.
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Fig. 3-9 8-kwe Brayton Cycle Powerplant System
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Table 3-17

RECOMMENDED MAJOR SCIENTIFIC EQUIPMENT

Data
Book

Number

3213-02

3242-02

3242-03

3242-04

3242-05

3243-01

3231-01

3224-01

3223-01

3132-02

Title

300-m Core Drill

1-m Optical Telescope

1 . 3-m Optical Telescope

2-m Optical Telescope

Solar Observatory

Stellar Observatory

X-Ray Telescope

Mills Cross Radio
Telescope

Radio Telescope Dish

Geochemical Laboratory

Function

Subsurface samples and structure,
thermal flux, lunar chronology

Moderate resolution planetology
and Earth observations

Moderate resolution stellar
astronomy

High resolution stellar astronomy

High resolution solar physics

Deep-space galactic and inter-
galactic astronomy

High resolution X-ray stellar
astronomy

Long wavelength, 0.3— 1.0 MHz
radio astronomy

Shortwave, millimeter to submilli-
meter radio astronomy

Preliminary analysis, selection
and preparation of lunar samples
for delivery to Earth

Mass
(kg)

10,428

1,300

5,025

13,950

35,410

23,750

1,620

12,528

22,250

1,130

Various telescopes have been recommended, including radio, optical and X-ray tele-

scopes. The scientific objectives of these instruments are primarily extralunar. That

is, they are concerned primarily with solar phenomena, planets, comets and asteroids,

and galactic or intergalactic objects of interest. Their inclusion in lunar scientific

programs is based upon the assumption that the moon will provide an advantageous base

for telescopic observations.

The solar and stellar observatories may be regarded as laboratories in much the same

sense as the geochemical laboratory. That is, they involve the collection and analysis

of data and the preparation of materials for delivery to Earth. In the case of the
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observatories, the data are concerned almost entirely with extralunar phenomena,

while the geochemical laboratory collects data from lunar samples and observations.

All the selected items of major scientific equipment are intended for use during the

later phases of the exploration plan, i.e., medium and large capability levels. The

exploration equipment used in these phases provide the necessary logistics delivery

and crew staytimes for operation of these large equipments. All of the equipment

listed in Table 3-17 are regarded as nonportable and, therefore, are associated with

base-type operations.

3.4 RECOMMENDED EQUIPMENT LIST AND UTILIZATION

A primary objective of the MIMOSA study was to identify the minimum number of
equipment concepts that can in an evolutionary fashion effectively perform the total

lunar exploration program, that offer low program cost, through modularity, and that

are insensitive to changes in program objectives.

The preceding sections described how the requirements extracted from the candidate
lunar programs were used to identify the recommended equipment candidates for each

equipment class. This section presents the total recommended equipment and utiliza-
tion. The Table 3-18 lists, for each phase of the Recommended Exploration Plan, the
equipment recommended for transportation and flight systems, for mission equipment,

and for major scientific equipment. The total number of different equipment listed is

sharply reduced when compared with the large number of items defined and used in the
candidate lunar exploration programs. A relatively small number of equipment is re-

quired for each phase of the plan. Those items that characterize a phase have been

shown enclosed by heavy lines, and those items that first have to be developed for a
phase show an asterisk.
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Utilization of the recommended equipment during various phases of the recommended

plan is as follows:

The Saturn/Apollo Application (S/AA) phases are characterized by a short duration,

two-man system, with shelter provided by the Augmented Lunar Module Shelter, and

limited mobility provided by the Local Scientific Survey Module (LSSM). The trans-

portation systems are based on a 111 percent uprating of the Saturn V. No major

scientific equipment is included. However, a 30-m drill and emplaced scientific

station are utilized throughout the program.

The initial phase of the medium level program is characterized by extended mobility

provided by a large three-man roving vehicle augmented by a trailer. The transporta-

tion system is still based on a 111 percent Saturn V uprating to provide a direct delivery

capability for logistics through the use of a Lunar Logistics Vehicle (LLV). The major

scientific equipment consists of a 300-m drill.

The extension of the medium level program is characterized by an extended base

operation using a 6-man shelter and a nuclear supply. The transportation systems

are the same as used in the initial medium level program. The major scientific equip-

ment includes the 300-m drill as well as an array of optical, X-ray, and radio

telescopes.

The large program is characterized by a 12-man base operation using two of the

6-man shelters. The transportation system is based on a 188 percent uprating of

the Saturn V and provides direct delivery of a 6-man crew. The major scientific

equipment is the same as in the continuation of the medium level program.
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Chapter 4

PLANNING CONSIDERATIONS

With an integrated scientific program defined (Chapter 2) and a specific set of explora-

tion equipment selected (Chapter 3), it is now possible to proceed with an analysis of

the major program shaping factors that must be considered in the formulation of a

lunar exploration plan. Three critical decision points already have been tentatively

identified (Fig. 1-1). The purpose of this chapter is to study these decision points in

detail through an investigation of the alternate program options available and an analy-

sis of the planning implications associated with each option. The results of these

deliberations provide the basic elements essential to the formulation of a recommended

approach to lunar exploration.

4.1 DECISION POINT 1

Decision Point 1 involves two options for continued lunar exploration: either continue

with Apollo or introduce the Saturn/Apollo Application Systems (S/AA). It is assumed

that a decision to proceed with with an S/AA lunar exploration program will be made

in the near future. Thus, the main consideration associated with Decision Point 1

concerns what can be done with the S/AA systems potential and at what cost. Also,

the S/AA activity forms the initial part of any exploration program, regardless of

eventual equipment capability, so the definition of the early phase of exploration is an

important first step.

The equipment suggested by NASA as representative of S/AA performance (Table 3-18)

is typical and no attempt was made in the MIMOSA study to provide a capability compar-

ison of the various candidates. The choice of the optimum set of S/AA equipment is

important to the current planner, but the eventual choice will not significantly affect

the long-range plan being developed here.
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The S/AA portion of the exploration program is summarized in Fig. 4-1. It consists

of three manned orbiter and four manned surface missions together with one unmanned

photographic orbiter mission for the performance of the initial phase of the integrated

science program. Twelve Saturn V launches are involved (logistics, personnel, and

one test flight) in this program which provides 400 surface scientific manhours and

2, 000 orbital scientific manhours for a total cost of $6. 8 billion.

Development schedules and cost* for the major items of equipment in the S/AA inven-

tory are presented in Fig. 4-2. Initial commitment of funds occurs in FY 1968 for

development of the 111 percent Saturn V and modification of the associated service

module (SM). Annual and cumulative commitments are summarized through FY 1971

when the S/AA capability is fully developed and operational. When the cost of develop-

ing additional equipment items, such as scientific equipment, is added to the value

quoted for major equipment, a total nonrecurring investment of $0.9 billion is obtained.

Total recurring costs of $5.9 billion are associated with the procurement and operation

of this new equipment during the period FY 1968 through FY 1975.

To ensure a smooth transition from Apollo to S/AA (CY 1971), Decision Point 1 occurs

in CY 1967. However, as indicated in Fig. 4-2, the actual commitment of funds is

spread over about four years with a maximum commitment (nonrecurring and recurring)

of about $1 billion in FY 1970. Maximum expenditure of nonrecurring funds is $290

million and occurs in FY 1970.

4.2 DECISION POINT 2

In the broad spectrum analysis of candidate lunar exploration programs described in

Vol 2, Decision Point 2 was determined to be critical because it represents the first

opportunity to step up to a capability potential for extensive lunar surface exploration.

Two major options are available to the planner: (1) continue at the S/AA level of

limited locale type exploration, or (2) commit funds for new equipment to increase the

*A11 development schedule and cost data quoted in this volume refer to Phase D hard-
ware development and do not include hardware program definition studies.
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exploration capability to the medium level. These capabilities are represented by the

equipment selected in Chapter 3 (Table 3-18). The intent of an increase in capability
is to:

• Permit extensive surface coverage through increased mobility.

• Achieve greater cost effectiveness through improved performance.
• Provide greater flexibility to meet an increasing scientific demand.

4.2.1 Alternate Programs

Utilizing each of the equipment options described above produces the alternate programs
shown in Fig. 4-3. For comparison purposes, the two programs are shown extending

over a 10-yr period; obviously, they could be shortened or extended at the planners

discretion. Building onto the previously developed S/AA missions, each alternate

program (i. e. , medium or continued S/AA) includes six additional manned missions.
A significant improvement in operational performance is evident when the medium
capability is utilized rather than continuing at the S/AA level, for approximately the

same total program cost. The increase in capability available at the medium level

permits the delivery of 50 percent more mission equipment and provides almost 3 1/2
times the total surface manhours than does the continued use of S/AA equipment. The
improved capability of the medium level program is further illustrated by a compar-

ison of scientific achievements, summarized in Fig. 4-4. Associated with the buildup
of scientific manhours, achieved through the introduction of the medium capability

systems, is an increase in the depth of scientific investigation associated with the
introduction of the 300-m drill and more extensive seismic experimentation. Of princi-

pal interest, however, is the increased replications of basic experiments and the
greater surface coverage associated with the medium level exploration.*

4.2 .2 Funding Requirements

The annual funding rates to support these two programs are shown in Fig. 4-5. For
the launch rates suggested by the guidelines (three or four Saturn V's per year through

*
A more detailed comparison of the missions achieved in each program may be
obtained by consulting the program data of Appendixes A and B.
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the 1970's), the annual funding for both programs is about $1 billion per year. The
slightly higher rate associated with the medium program over the period FY 1970 to

FY 1972 reflects the development of new equipment.

Program scientific return, in terms of potential manhours of surface scientific activity,
is illustrated in Fig. 4-6 as a function of the cumulative total program spending. This
allows comparison of the scientific effectiveness of the two candidate programs inde-
pendent of arbitrary scheduling differences or mission planning peculiarities. A sig-
nificant improvement in the efficiency of providing surface scientific manhours is

evidenced by the abrupt change of slope of the medium capability curve. By FY 1980,

the medium capability program shows a total expenditure of $0.8 million to provide
and support each surface scientific manhour. The cost of a scientific manhour for the
continued S/AA program is about seven times this value.

The total program costs of about $12 billion for both programs through 1980 are

divided up as shown in Fig. 4-7. The S/AA portion that is common to both programs
accounts for some 60 percent of the total. For the continued S/AA program, all the

remaining funds are allocated to recurring procurement and operations. In the case

of the medium capability program $1 billion dollars of the remainder is invested in
nonrecurring R&D. The residue of $4. 2 billion is spent on procurement and operation

of the uprated equipment. It is this new equipment that permits the accomplishment of

the significantly more extensive, and presumably more productive, scientific investi-

gations of the medium level program.

4.2.3 Funding Commitments

An anatomy of Decision Point 2 is presented in Fig. 4-8 in terms of development sched-
ules and cost for the major items of new equipment associated with the medium level
program. As in the case of Decision Point 1, the commitment of funds at Decision
Point 2 again takes place over a period of years rather than at one point in time. In

accordance with the guidelines, no commitment to new developments is made until
FY 1970. This means that the decision on the desirability of the increased capability
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can be made no earlier than CY 1969. If the improved capability is desired, about

$875 million must be spent on the development of the principal items shown in Fig. 4-8.

The initial commitment of $50 million in FY 1970 is towards development of the large

roving vehicle which requires the longest lead time. The peak funding for new equip-

ment occurs in FY 1974, and amounts to approximately $375 million. This figure

includes initial funds for the eventual procurement of the new equipment as well as
development funds. The peak nonrecurring dollar requirement also occurs in FY 1974,

and amounts to about $280 million for the equipment listed in Fig. 4-8. The cumulative
investment is also shown as an indication of the "write-off" involved if development of
the new equipment is terminated before operational returns are obtained. An initial

operational capability is achieved by CY 1975 and full operational capability, which

includes the availability of the large drill and extended mobility range through the use
of a supplementary trailer, is possible in CY 1978.

The important conclusion to be drawn from the analysis of the Decision Point 2 options
is that considerably greater potential for scientific return can be expected from the

medium capability exploration program than from continued use of the S/AA capability
for approximately the same total cost and annual funding level. Further, since the
funding commitment to the new equipment occurs over a period of about seven years,
this improved performance can be achieved at a relatively low investment risk.

4.2.4 Effect of Delay

The data given in the preceding section were predicated on a decision point occurring
in CY 1969 to provide funds for new development in FY 1970. The utilization of the
new capability resulted in the provision of 6, 200 surface scientific manhours by CY 1980.
It is now pertinent to ask what is the effect of delaying the decision to step up to the
increased capability of the medium level equipment. The answer to such a question is

provided by the data of Fig. 4-9. The increase in program cost to yield 6, 200 scien-
tific manhours is presented as a function of time of decision (FY). These results
involve the assumption that lunar exploration is continued at the S/AA level during the
period of delay. Of course, if the exploration is slowed down, a smaller penalty is

incurred, and if exploration ceases, pending a decision, there may be no penalty; but

there is no progress either.
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Based on the foregoing assumption, it can be seen that a five-year delay results in a

program cost increase of $4. 4 billion or, on the average, a penalty of $880 million

per year. Thus, each year of delay accumulates an additional program cost that is
approximately equal to the total nonrecurring investment required to provide the

increased medium capability. Also, the year in which the 6, 200 scientific manhours
is achieved is delayed. If the stepup decision is delayed until 1975, the requisite
scientific manhours are not realized until 1983, a delay of three years.

If a steady launch rate is to be maintained and the assumed scientific program achieved,

these results clearly indicate that a decision to introduce the higher capability equip-
ment should be made as soon as possible. Of course, this conclusion is dependent on
the level of exploration activity envisaged. For the lowest funding level examined in
MIMOSA — $500 million per year (corresponding to a manned mission every other year),

it was found that advantage can still be taken of the higher capability without a cost

penalty.

4 .2 .5 Effect of Pickup Launch for Crew Return

The conservative approach taken in formulating an exploration program with the

medium-level capability systems assumed that, for surface mission staytime exceeding
14 days, the crew would be picked up and returned to Earth through use of a separate
pickup launch. This mode of personnel transportation involves two personnel system

launches per mission with the pickup launch utilizing a four-man CSM. Since the trans-

portation system is a major contributor to program cost, the use of a pickup launch
incurs additional costs over the approach that uses a deactivated CSM in lunar orbit.

To ascertain the magnitude of the cost penalty associated with the utilization of the
pickup launch, the medium-level exploration program was restructured using a deacti-
vated, three-man CSM in lunar orbit for all missions in the period of interest. A cost
comparison of the two programs using the alternate crew return techniques is given

in Fig. 4-10. Eliminating the pickup launch reduces program costs by about $300
million per year and reduces the total cost by $1.4 billion over the ten-year period.
This magnitude of cost saving justifies a concerted development effort towards a solu-
tion of the operational problems associated with the long-time deactivated CSM. The
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potential cost savings with a one-launch capability are considerably increased if the

medium level equipment is utilized beyond 1980 as discussed in the following paragraphs.

4.3 DECISION POINT 3

The environment influencing the deliberation concerned with Decision Point 3 is not

clearly definable at present. Certainly, the needs of a manned planetary program

might be an important planning factor. Such a program would strengthen the require-

ment for a large capability, uprated Saturn V launch vehicle. Thus, one option likely

to be available to the lunar planner is to increase the scope of lunar exploration through

the introduction of large capability systems (as defined in Table 3-18). This would

ensure completion of the integrated scientific program through the provision of a large

(12-man), extended base capability and provide flexibility to possible requirements for

greater exploration of the Moon itself. Alternatively, the option is available to con-

tinue exploration with the basic medium capability equipment. However, this equip-

ment must be supplemented by the addition of a six-man shelter, a nuclear power

supply, and some major scientific equipment to provide an extended base capability

at the six-man level.

4.3.1 Alternate Programs

Examining each of these options results in the alternate programs given in Fig. 4-11.

Lunar exploration is now extended into the late 1980's, and the optional scope is

greatly enlarged. Each program accomplishes 21 manned missions at a rate of approx-

imately one mission per year. There is a six-man base at the continued medium capa-

bility level and a 12-man base at the large capability level; the latter employs a six-

man direct delivery system for personnel rotation every six months. Reference to

Fig. 4-11 shows that the investment in the development of the higher capability system

is beneficial. Use of the 188% Saturn V and its associated systems yields more total

manhours and delivered mass with fewer launches than is possible at the continued

medium capability level. The total program cost for the large capability program is

$22. 9 billion compared with $23. 8 billion for the continued medium capability program;

i.e. , the additional development costs are more than amortized by the reduced opera-

tional costs. However, it must be noted that about $3. 5 billion of the medium program

dollar requirements results from the continued use of the pickup launch for the LOR

return of the three-man surface crew.
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Scientific achievement for both programs is presented in Fig. 4-12. The continued

use of the medium capability results in a total potential of 56,000 surface scientific

manhours. It includes one six-man astronomical base extending over a period of

2 1/2 years, five 300-m drillings, and eight major active seismology experiments.

The large capability program can complete the entire integrated science program by

CY 1988 which requires 97,500 scientific manhours on the surface. This program

includes one extended 12-man base (approximately two years) and three six-man

bases of about six-mo duration, ten 300-m drillings, and ten major active seismology

experiments.

4.3.2 Funding Requirements

The funding requirements to maintain each program are given in Fig. 4-13. The con-

tinued medium capability program funding rate is always less than the guideline value

of $1.5 billion per year even though the Saturn V launch rate is increased to six per

year in the 1980's. The large capability funding history has a peak in FY 1980 slightly

in excess of the $1. 5 billion value due to the development costs for new hardware. The

peak in the cost curve of Fig. 4-13 is almost entirely removed if a certain degree of

cost sharing with a planetary program is assumed. Major equipment items that exhibit

commonality with a planetary program are the 188% Saturn V, the six-man CM (used

as an Earth return vehicle) and the six-man shelter which might be used as an integral

part of the planetary mission module. To examine the effect of sharing nonrecurring

costs with a planetary program, it was assumed that the planetary program provides

the Saturn V uprating, and only the cost of modifying planetary hardware to provide a

six-man CM and lunar shelter is charged to the lunar program. The resulting saving

to the large capability lunar program is summarized in Table 4-1.

4.3.3 Funding Commitments

Since both options available at Decision Point 3 involve new hardware commitments,

two cost and schedule anatomies must be considered. The total nonrecurring cost
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Table 4-1

LUNAR PROGRAM COST SAVINGS DUE TO COMMONALITY
WITH PLANETARY PROGRAM

Equipment

188% Saturn V

Six-Man CM

Six -Man Shelter

Total

Nonrecurring Cost Savings

(%)

100

75

75

($M)

984

382

316

1,682

associated with continued medium exploration is about $0. 9 billion and is distributed

among the new equipment shown in Fig. 4-14. The large (2.5-m diameter) optical

telescope represents the longest lead time item and development is started in 1979 for

a first mission use in 1986. The large capability is attained through an investment

of $2.8 billion in nonrecurring activities (assuming all costs are borne by the lunar

program) distributed as shown in Fig. 4-15. Peak funding occurs in the years 1980

and 1981 at a total rate (nonrecurring and recurring for new hardware) of about $1.4

billion; the peak nonrecurring dollar requirement occurs in 1980 and amounts to

$880 million.

The timing of Decision Point 3 is not critical as the large capability can not be fully

utilized until extended base operations are introduced (compare the scientific manhours

of Fig. 4-12). The general objective was to introduce the large Saturn V in the early

1980's. (This date is compatible with present predictions for a planetary program and

also ensures about five years of usage of the medium level equipment.) This is pos-

sible in 1982 if the funding rate requirement is not to be disturbed significantly. To

meet this schedule, Decision Point 3 must occur in CY 1976.
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4.4 POTENTIAL LUNAR EXPLORATION PROGRAMS

The recommended plan for lunar exploration as presented above advocates not one

single program with a specific hardware evolution, but a number of program alternates
associated with equipment and science options at three key-decision points over the

next 10 to 15 years. The resulting lunar exploration program will depend upon the

decisions made and the timing of those decisions. Figure 4-16 presents three
examples of the type of program that could result from the decision alternates.

4.4.1 Exploration Program Descriptions

Exploration programs I, II, and III, as shown in Fig. 4-16, represent the result of

three distinct passes through the recommended plan, yielding different levels of lunar
exploration. Each program has a distinct science accomplishment (Scientific Programs
I, II, III of the integrated science program, respectively), a distinct equipment evolu-
tion, and a distinct resource allocation requirement.

Exploration program I results from the development of an S/AA capability at Decision

Point 1 and a decision at point 2 to continue with that capability. All missions are

accomplished using Apollo techniques for crew and cargo delivery. All missions are
locale-type, with 10 to 20 km radius of operation accomplished by two men on the sur-
face. As presented here, Program I consists of 27 post-Apollo missions from 1971

through 1984 with only 14 missions involving manned landings. Exploration program I
offers 4, 200 scientific manhours of which almost 50 percent are associated with the

three-manned or biter missions.

Exploration program II typifies the kind of program resulting from a commitment to a

large roving vehicle and direct unmanned cargo delivery beginning in 1975 supplemented

by a six-man shelter with separate nuclear power supply in 1986. The program con-

sists of 34 post-Apollo missions from 1971 through 1989 of which 18 involve manned

surface activity. This program involves almost 10,000 km path-type explorations

plus the establishment of a six-man astronomical base at Grimaldi for 21/2 years.
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Exploration program in is typical of a large-scale effort at lunar exploration. It

involves the same equipment as Program II plus the introduction of a 188% Saturn V

for direct delivery of six-man crews. As a result, Program III accomplishes the
same path exploration as Program II, but places increased emphasis on base-type

activity. Four temporary bases are established: two at Grimaldi, one at the South

Pole, and one at the center farside. One of the Grimaldi bases involves 12 men for
two years performing astronomy, biology, and applied science experiments. As

presented here, Exploration Program in contains 34 separate post-Apollo missions,
including 18 manned-surf ace missions, performing almost 100,000 manhours of

scientific activity.

Appendixes A and B present details of the three exploration programs and their

associated scientific programs. Appendix A illustrates the scientific requirements
of the integrated science program and the manner in which the missions were planned
for each exploration program. Appendix B summarizes cost and schedule information
and the important mission and equipment usage data of each exploration program.

4.4.2 Program Accomplishments

A quantitative statement of the anticipated accomplishments of the integrated scientific
program is given in Appendix A by enumerating the individual experiments performed
on each mission and the number of times each experiment is repeated. This informa-
tion is given in the format used by the mission planner for mission-mode matching.

The data in the table consists of the following: the equipment mass and approximate
manhours required for one replication of each experiment, the total number of replica-

tions of each experiment in the program, and the number of replications of each experi-

ment on each mission. Open-ended experiments, such as those for permanent bases

and astronomy, have the required manhours expressed on a monthly basis. In these

cases, the number of replications on a mission represents the number of months the

group of experiments is counted as a part of the program. The set of notes appended to
the tables advises the mission planner concerning the distribution of certain experi-

ments in time and location.
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It will be remembered that the total integrated scientific program is Scientific Program

III. The program options, to continue at the S/AA level (Scientific Program I) and at

the medium level (Scientific Program II) of exploration system capability, are also

given in Appendix A.
..-

The distribution of scientific equipment mass delivered to the Moon and scientific man-

hours invested in experiments for each of the principal scientific disciplines are given
in Table 4-2 for Exploration Programs I, II, and III. The geosciences and astronomy

are the major consumers of mass and manhours in Program II and Program III, while

at the S/AA level geosciences virtually stand alone because the extralunar goals of

astronomy are not a part of that program. Although Program II and HI do not differ
greatly in total amounts of scientific equipment, there is a large difference in scienti-

fic manhours budgeted. The 12-man, semipermanent base of Program III allocates
a great deal more time to the use of lunar-based astronomical facilities than does the

six-man, semipermanent base compatible with the continued-medium level equipment.

In conclusion, the program accomplishments may be summarized in broad terms as
follows: Exploration Program III, based upon the level of exploration associated with

the large capability systems, undertakes a total exploitation of the advantages offered
by the Moon in pursuing extralunar as well as lunar-scientific goals. It attacks the
15 basic questions about the Moon by integrating lunar-orbital and lunar-surface oper-
ations, using both the local and the path exploration approaches on the surface. It con-
cludes as an open-ended program with a 12-man, semipermanent lunar base devoted to

long-range exploitation of the Moon in pursuit of extralunar goals.

If the option to implement the large capability equipments and pursue agressive extra-
lunar goals, represented by the complete integrated science program, is declined and

the lunar exploration program continues to depend on the medium capability systems,

then essentially the same objectives as regards the Moon itself (the 15 basic questions)

will be achieved. The important difference, scientifically, between Programs II and

III is the considerably less extensive basing activity available with the continued-

medium, Program II, option.
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Lunar exploration, utilizing the low level or S/AA system capability, alone can under-

take to answer all 15 of the basic questions, but does so without the advantages of the

path approach to exploration associated with a significant surface-mobility capability.

The degree of confidence in the results is, therefore, considerably less than for the

other programs because Program I must depend very much upon extrapolations of lunar

orbital survey data to characterize the total surface of the Moon. The restriction to

a locale range of ground truth calibration of orbital data does not provide nearly as

much statistical confidence as does the more comprehensive sampling of surface proper-

ties permitted by the path approach. The S/AA level program performs feasibility

investigations associated with pursuit of extralunar goals, but does not attempt to

establish any scientific facility for long-duration observations and investigations.

4 .4 .3 Exploration Program Comparison

Table 4-3 compares the three typical programs. Note that Program II requires a non-

recurring investment of $1. 9 billion for 13 new equipment items over and above that

needed for Program I. However, with the more capable equipment, Program II

accomplishes over 25 times the surface scientific manhours of Program I and yields

over 14 times the delivered scientific mass. These significantly increased accomplish-

ments are achieved for an expenditure 1.6 times the cost of Program I.

Program III accomplishes approximately twice the scientific manhours of Program II,

primarily due to the operations associated with the 12-man, 2-year base. Program III

also results in delivery of 65 percent more total mass and almost 20 percent more

scientific mass than Program II. It has all of this extra capability at $0.8 billion lower

total cost than Program II. This lower cost results mainly from the reduced number

of Saturn launches required for Program III because of the more efficient crew trans-

portation available with the 188% Saturn V.

The Program III systems allow six men to be transported to and from the Moon with

one uprated Saturn V launch, whereas, the pickup mode of Program II requires two

launches of the Saturn to transport only three men to and from the surface. As
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Table 4-3

COMPARISON OF LUNAR PROGRAMS

Program Parameter (Post Apollo)

General:

Program start date (yr)

Program end date (yr)

Number of missions

Number of manned surface missions

Total manhours on surface

Total mass delivered to surface (kg)

Maximum surface crew

Science Accomplishment:

Science manhours — surface

Science manhours — orbit

Science manhours — at base

Science mass — surface (kg)

Science mass — orbit (kg)

Number of extended bases

Traverse range (km)

Resource Allocation:

Number of new equipment starts

Total Saturn V launches

Total program cost ($B)

Nonrecurring cost

Recurring cost

Programs

I

1971

1984

27

14

18,000

132,000

2

2,200

2,000

0

17,000

5,500

0

3,100

11

45

14.8

0.9

13.9

II

1971

1989

34

18

188,000

469,000

6

56,000

2,000

41,000

241,000

5,500

1

9,700

24

79

23.8

2.8

21.0

III

1971

1988

34

18

306,000

608,000

12

97,500

2,000

86,000

285,000

5,500

4

14,700

29

63

22.9

, 4.7

18.2
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previously discussed, Program II costs could be cut by $3. 5 billion if special backup

launches for crew return were eliminated. This would partially reduce the disparity

in the effectiveness between these schemes.

Figure 4-17 compares the cumulative cost vs. cumulative scientific manhours for

Programs I, II, and III. The figure also indicates the years in which various manhour

values are achieved. The relative timing of the three key decision points is also

shown.

Three observations can be made from Fig. 4-17. First, Program n offers more

scientific manhours per dollar spent than Program I; the crossover occurs in 1976,
one year after introduction of the medium capability equipment resulting from Decision
Point 2. Second, Program III offers more scientific manhours per dollar spent than
Program II, but only after introduction of large base activity in the mid-1980's.

Third, the average performance data, representing ratios of final program cost to
final scientific manhours, indicate that the programs providing more manhours per
launch than S/AA can cut the cost per manhour by factors of 15 to 30.

4. 5 IMPLICATIONS OF RECOMMENDED EXPLORATION PLAN

The recommended lunar exploration plan presented here advocates exploring the moon

on the installment plan as opposed to committing the country to a single program. If
it is assumed that the commitment to S/AA has been made at Decision Point 1, NASA
must face Decision Point 2 around 1969. Decision Point 2 involves the possible com-

mitment to begin work on new hardware of the medium capability level. The indications

provided in this report show a greater potential return (in terms of scientific mass and
manhours) from the medium-level hardware within one year after its introduction than
is possible with continued S/AA equipment use. However, if a decision is made to

continue with S/AA hardware, a meaningful lunar program (such as Program I) is

possible.

Emphasis has been placed on scientific manhour and scientific mass delivery as
means of comparing alternate lunar program options. This is not because mass and
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manhours represent a measure of scientific merit (although at this writing, no other
good measure is available). Rather, mass and manhour capability indicate the potential
for performing a meaningful scientific program.

A particular program option is much like a block at the top of a ramp. The potential
energy of the block can be easily measured. However, the kinetic energy of the block

will depend in large measure on the interaction and inefficiencies between the block
and its environment as it moves down the ramp. The potential of a program option

can also be measured. But the final value of any particular option will only be made

clearer as more is learned about the Moon and about this country's motivation toward
lunar exploration.

4.6 SIGNIFICANT RESULTS

The analyses described in this volume represent a typical application of the MIMOSA
planning tool to the evaluation of alternate approaches to lunar exploration and the
formulation of a recommended plan. The results, together with those of Volume II
(Candidate Lunar Exploration Programs) illustrate that the MIMOSA planning methodolo-
gy is a working tool that can be used in a meaningful manner. It represents, therefore,
a valuable aid to the lunar program planner.

In summary, the planning methodology provides a standard logic for lunar program
generation and analysis. Mechanization of data handling, routine calculations, and
data presentation are achieved through the utilization of a thoroughly checked-out
computer program. The methodology has been developed in such a way that the
planner is always in the analysis loop and can make his own decisions from the data

presented to him.

Many of the results derived during the MIMOSA study are dependent on the original
assumptions made. Such assumptions, of course, are governed by the planning environ-

ment, and represent some of the very parameters that the MIMOSA tool is intended

to study. For this reason, the significant results of this volume, summarized below,

should be interpreted in the light of the guidelines given in Paragraph 1.1 and the

various assumptions developed throughout the volume.
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Significant results arising from the development of the recommended plan are docu-

mented in the following paragraphs.

4.6.1 Scientific Program

• An integrated scientific program for lunar exploration can be postulated that

reflects responsible adherence to the national lunar exploration objectives

and represents a sound and reasonable approach to the attainment of those

objectives. This scientific program accommodates alternate equipment

options by phasing the scientific requirements to be compatible with the

equipment capabilities, and permits smooth transition between phases when

the increasing equipment capability is utilized in an evolutionary manner.

• The integrated scientific program emphasizes geology early (1970's) and

astronomy late (1980's), and involves the following main phases:

(1) Visits to widely separated locales with limited mobility capability

(radius of action approximately 15 km).

(2) Performance of long traverses (up to 1500 km) with large rovers.

(3) Establishment of extended lunar bases at an operating level of 6 to 12

men.

• Achievement of the total effort postulated in the MIMOSA integrated science

program calls for the performance of about 100, 000 scientific manhours

and the delivery of about 285, 000 kg of scientific mass. Geology and astronomy

account for over 90 percent of the scientific mass and over 80 percent of the

scientific manhours.

• Active seismology requires the delivery of substantial amounts of chemical

explosives — about 20 percent of the total scientific mass delivered in per-

forming the integrated scientific program.

• Earth return mass requirements (samples, film, etc.) exceed existing CSM

capabilities by a factor of six.

• Fulfillment of scientific manhour requirements is more difficult than fulfill-

ment of scientific mass requirements, particularly in early phases of the

integrated scientific program.
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4.6.2 Exploration Equipment

• A modest equipment inventory permits extensive lunar exploration.

• Recommended Saturn V uprating steps are: 111 percent (in 1971) and 188

percent (in 1981) of the basic Saturn V. Critical requirements arise from

personnel delivery considerations.

• An efficient logistics delivery system is essential. The direct lunar logistics

vehicle (LLV) is the most cost effective and should be introduced as soon as

possible after S/AA phase of exploration. Commonality of equipment, with

little compromise in performance, can be achieved at both Saturn V uprating

levels by using a single stage LLV at the lower uprating and the same basic

propulsion unit in a two-stage arrangement with the larger vehicle.

• A three-man lunar roving vehicle with a range of about 800 km is required

by about 1975. When supplemented by the use of a trailer, this vehicle

would satisfy the long traverse requirements(up to 1500 km) of the integrated

scientific program.

• A six-man shelter and nuclear power supply are not required until the early

1980's, if the exploration-first/exploitation-later philosophy is maintained.

• The main requirement for a lunar flying vehicle arises from a likely need to

visit places that are inaccessible to surface rovers in support of scientific

observations. A one-man flyer, "pogo stick," with a range of about 7 km

(introduced in 1975) should suffice.

4.6.3 Operations

• Post S/AA surface manning level requirements are 3 (1970's), 6 to 12 (1980's).

• Three-man LOR delivery techniques can be utilized through the 1970's; six-

man direct delivery systems can be used efficiently in support of long-duration

bases (1980's).

• The program cost penalty, associated with the use of separate launches for

crew delivery and crew pickup, justifies a concerted effort towards developing

a long-term CSM capable of being deactivated and stored unmanned in lunar

orbit for the duration of the surface mission (up to 90 days).
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4.6.4 Program and Resources

Three key decision points regarding commitment to new capability

developments will be encountered. The associated program option

and the dates of these decision points are as follows:

(1) Introduce S/AA (approximately 1967).

(2) Continue with S/AA or provide extended mobile exploration potential at

the medium-level capability (approximately 1969).

(3) Complete the medium-level program (six-man base) or provide a larger

logistics and six-man delivery capability for expanded 12-man base

activities (approximately 1976).

Limited-lunar exploration can be conducted at the S/AA capability level, re-

sulting in a potential of 2, 200 surface scientific manhours at a total program

cost of about $15 billion.

Extensive lunar exploration can be conducted with uprated systems which

would yield 56,000 surface scientific manhours (medium capability level)

and 97,500 surface scientific manhours (large capability level). Total

program costs are about $23 billion in each case.

Nonrecurring costs associated with the program alternates are relatively

small viz. $0.9 billion (S/AA), $2. 8 billion (medium capability), and

$4.7 billion (large capability).

The sensitivity of the program resource demands to the selection of the

Earth-to-Moon transportation systems can be clearly understood from the

distribution of total program cost by equipment categories observed in the

program resource results:

Transportation systems 80 percent

Mission equipment 10 percent

Major scientific equipment 4 percent

Other (integration, minor science, etc.) 6 percent

Extensive lunar exploration can be conducted at a funding rate of about

one-third of the present manned spaceflight budget, and at a total cost

approximately equal to that of the Apollo program.
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Appendix A

INTEGRATED SCIENTIFIC PROGRAM OPTIONS AND MISSION SPECIFICATIONS

A detailed tabulation of the contents of the integrated scientific program is presented

in this appendix. The format is one that evolved from previous mission-mode matching
exercises and was found most useful for purposes of mission planning. It consists of
a two-dimensional matrix comprising a list of scientific experiments by title and ID

number along one coordinate and the sequence of lunar locations at which the experiments

are to be performed along the other coordinate. The mass and approximate manhours
per replication of each experiment are listed, and the number of replications of each
experiment at each location is entered in the appropriate cell or element of the matrix.
The composition of any particular mission consists of all the experiments for which

replication numbers have been entered in the column under the location for that mission.

The data presented here represents the final allocation of experiments to missions

resulting from the mission-mode matching operation. The actual process of scientific
program formulation is an iterative operation beginning with a tentative specification of
total number of replications of each experiment and allocation of experiments to appro-

priate locations. This is followed by one or two and sometimes three trial runs with

the MIMOSA computer program needed to reach a suitable compromise between desired
and permissible experiment load on each mission.

To show the contents of the program options involving three different levels of system

capability, three program matrices are presented here. Scientific Program I is com -
patible with the option to continue the S/AA level of system capability throughout the
entire exploration program. Scientific Program n is consistent with the equipment

option that steps up to a medium level of capability immediately after the mission to

Moltke B with a continuation at that level to the end of the exploration program. Scien-
tific Program HI is the total integrated science program and can be performed by an

equipment evolution that follows the course of the second option up to the mission involv-

ing paths a and b, whereupon there is another step up in system capability permitting
eventual establishment of a 12-man permanent lunar base near the end of the program.
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This appendix also presents a list of experiment packages used in planning the integrated

scientific program. These packages consist of groups of compatible experiments that

exhibit commonality in equipment or lunar program usage. The individual experiments
in each package are tabulated together with relevant mass and manhours data. All
packages have been assigned the number 999999XX.
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PROGRAM I MAJOR SCIENTIFIC EQUIPMENT

No major scientific equipment is specified for Program I.
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NOTES FOR DISTRIBUTION OF EXPERIMENTS

(1) Site and technique evaluation experiment. May be performed anywhere on lunar

surface but prefer site selected for permanent astronomical base.

(2) One replication per 10-m hole, two per 30-m hole, ten por 300-m hole.

(3) Schedule for period of low solar activity - 1974-76 or 1985-87.

(4) Schedule for period of intermediate solar activity — 1971 —73 or 1977—79.

(5) Schedule for period of high solar activity — 1980 — 82.

(6) Manhours given on a monthly basis for a one-man level of effort.

(7) Manhours given on a montly basis for a three-man level of effort.

(8) Manhours given on a monthly basis for a six-man level of effort.

(9) Perform at least once on every path but avoid duplication where ends of two or

more paths join.

(10) Type I locales are associated with areas of volcanic activity with possible out-

gassing.

(11) Type II locales are associated with nonvolcanic areas.

(12) Manhours given on a monthly basis for a 2.5-man level of effort.

(13) Manhours given on a monthly basis for a five-man level of effort.

(14) At every intermediate and advanced locale and near the midpoint of every path or

at 500-km intervals on long paths, preferably near significant features.

(15) If 30-m drill is available it may be used in place of the 10-m drill by overriding

the mass of the smaller drill.

(16) Performed with experiment 41010405 using same equipment.

(17) Consider direct delivery of explosives or delivery from oi-biters. If direct or

orbital delivery is used, then the event must be followed by a photographic orbiter

(99999945) to determine the exact locations of the detonation points.

(18) Type II locales (nonvolcanic) are most likely places.
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NOTES FOR DISTRIBUTION OF EXPERIMENTS

(1) Site and technique evaluation experiment. May l>e performed anywhere on lunar

surface but prefer site selected for permanent astronomical base.

(2) One replication per 10-m hole, two per 30-m hole, ton per 300-m hole.

(3) Schedule for period of low solar activity - 1974-76 or 1985-87.

(4) Schedule for period of intermediate solar activity - 1971-73 or 1977-79.

(5) Schedule for period of high solar activity — 1980-82.

(6) Manhours given on a monthly basis for a one-man level of effort.

(7) Manhours given on a montly basis for a three-man level of effort.

(8) Manhours given on a monthly basis for a six-man level of effort.

(9) Perform at least once on every path but avoid duplication where ends of two or

more paths join.

(10) Type I locales are associated with areas of volcanic activity with possible out-

gassing.

(11) Type II locales are associated with nonvolcanic areas.

(12) Manhours given on a monthly basis for a 2.5-man level of effort .

(13) Manhours given on a monthly basis for a five-man level of effort.

(14) At every intermediate and advanced locale and near the midpoint of every path or

at 500-km intervals on long paths, preferably near significant features.

(15) If 30-m drill is available it may be used in place of the 10-m drill by overriding

the mass of the smaller drill.

(16) Performed with experiment 41010405 using same equipment.

(17) Consider direct delivery of explosives or delivery from orbiters. If direct or

orbital delivery is used, then the event must be followed by a photographic orbiter

(99999945) to determine the exact locations of the detonation points.

(18) Type II locales (nonvolcanic) are most likely places.

(19) Coherent radar transponder; located at or near center of lunar nearside.

(20) Coherent radar transponder; located near east or west limb of lunar nearside.

(21) Coherent radar transponder; located as far north or south as feasible on the lunar

nearside.

(22) If feasible, should be set up at bases with a staytime of at least 6 mo or at locales

to be revisited by a subsequent mission.

(23) Should be set up at same locales as experiments 7802101, 7802102, and 78020103.
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NOTES FOR DISTRIBUTION OF EXPERIMENTS

(1) Site and technique evaluation experiment. May be performed anywhere on lunar

surface but pi'efer site selected for permanent astronomical base.

(2) One replication per 10-ni hole, two per 30-m hole, ten per 300-m hole.

(3) Schedule for period of low solar activity - 1974-76 or 1985-87.

(4) Schedule for period of intermediate solar activity - 1971-73 or 1977-79.

(5) Schedule for period of high solar activity - 1980 — 82.

(6) Manhours given on a monthly basis for a one-man level of effort.

(7) Manhours given on a montly basis for a three-man level of effort.

(8) Manhours given on a monthly basis for a six-man level of effort.

(9) Perform at least once on every path but avoid duplication where ends of two or

more paths join.

(10) Type I locales are associated with areas of volcanic activity with possible out-

gassing.

(11) Type II locales are associated with nonvolcanic areas.

(12) Manhours given on a monthly basis for a 2.5-man level of effor t .

(13) Manhours given on a monthly basis for a five-man level of effort.

(14) At every intermediate and advanced locale and near the midpoint of every path or

at 500-km intervals on long paths, preferably near significant features.

(15) If 30-m drill is available it may be used in place of the 10-m drill by overriding

the mass of the smaller drill.

(16) Performed with experiment 41010405 using same equipment.

(17) Consider direct delivery of explosives or delivery from orbiters. If direct or

orbital delivery is used, then the event must be followed by a photographic orbiter

(99999945) to determine the exact locations of the detonation points.

(18) Type II locales (nonvolcanic) are most likely places.

(19) Coherent radar transponder; located at or near center of lunar nearside.

(20) Coherent radar transponder; located near east or west limb of lunar nearside.

(21) Coherent radar transponder; located as far north or south as feasible on the lunar

nearside.

(22) If feasible, should be set up at bases with a staytime of at least 6 mo or at locales

to be revisited by a subsequent mission.

(23) Should be set up at same locales as experiments 7802101, 7802102, and 78020103.
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SUMMARY OF EXPERIMENT PACKAGES

Package

ID No.

99999901

99999902

99999903

Name

Early Locale
Experiment 1

Early Locale
Experiment 2

Intermediate Locale
Experiment 1

Experiment

ID No.

11010101
12010202
21020307

24030413
40010202
40050326

40050338
40130373
40140357

Name

•Selenodetic Astronomy
Selenodetic Survey
Shallow Drilling
Paleomagnetism
Seismic Velocity
Magnetic Susceptibility
Dielectric Constant
Radioactivity
Sample Collection

Package Total

13030303
21010203
21010204
21040205
32010107
32010101
32010113
32010114
32010115
33010101
40090356
40130371
45030314

Absolute Gravity
Fine Structure Definition
Geologic Mapping
Surface Photogeology
Mine ralX -Ray

Neutron Activation
Gamma Scattering
In Situ X-Ray
Visible Spectra
Gamma Spectrometry
Surface Hardness
Alpha Mass Spectrometry
Gravity Survey

Package Total

11010101
12010202

13030303
21010203
21010204
21020307
24030413
40050326
40050338
40010202

Selenodetic Astronomy
Selenodetic Survey
Surface Gravity
Fine Structure Definition
Geologic Mapping
Shallow Drilling
Paleomagnetism
Magnetic Susceptibility
Diel ctric Constant
Seismic Velocity

Package Total

Manhouri per
Replication

10
6

10<»)
1

1
2<»)
2(»>

2<»>
10<a>

44

2

10

16
5<a>
9<a)

9<«)

5<»)

3<a>
12<»>

2<»)

-
-

10<»>

81

10
6
2

10

48<a>

10<»>

1
2(a)

2(a)

3<»>

94

Mass
(kg)

ISO

290

44

1

11

2

4

2

6

480<b)

27

38

28

33

9

16

2

9

15

30

2

12

30

207<b>

150

290

27

38

28

44

1

2

4

11

5300.)

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999904

99999905

99999906

99999907

99999908

Name

Intermediate Locale
Experiment 2

Intermediate Locale
Experiment 3

Astronomical Experiment,
8-in. Telescope

Astronomical Experiment,
1-m Telescope

Biorhythms and Genetic

Experiment

ID No.

21040205

32010107

32010108

32010101

40060330

44070444

Name

Surface Photogeology

Mineraloglcal X-Ray

Mineralogy and Petrography

Neutron Activation

Self-Potential

Subsurface Temperature

Package Total

32010113

32010114

32010115

33010101

40090356

40120378

40130371

40130373

41020411

45030314

Gamma Scattering

In Situ X-Ray

UV and Visible Spectra

Gamma Spectrometry

Surface Hardness

Gamma Spectrometry

Alpha Mass Spectrometry

Radioactivity

Seismic Array

Gravity Survey

Package Total

55220101

55220201

Outer Corona Spectra

Flare UV Spectra

Package Total

55220301

55220401

55220601

55230101

72010308

72010309

72010310

72010311

72010312

72010313

Granulation Fine Structure

Sunspot Formation

Flare Ejection

UV Low Dispersion

Photographic Observations

Photographic Photometry

Photoelectric Photometry

Spectroscopy

High -Dispersion Spectroscopy

Spectroscopy Scan

Package Total

67010201

67010301

67020202

67030303

Plant Biorhythms

Plant General Effects

Animal Biorhythms

Microorganism Genetic Effects

Package Total

Manhours per
Replication

5
21<a)

25<a>

12<a>

8<a>

1

72

20<a>

io(*'
12^)

20<a>

-

1

1

2

4

10<a>

80
_

-

25<a>
_

-

-

-

-

-

-

-

-

-

79«=>
_

-

-

-

60«=)

Mass
(kg)

33
9
7

16
2

1

68

2

9

15

32
2

6
12

2
11

30

107<b)

110

30

140

100

100

10

900
30
50

15

85

300
75

1,665

26

260
100
100

486

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999:109

99999910

99999311

99999912

99999913

99999914

99999915

Name

Early ESS

Later ESS

Goochemical Package

Bore -Hole Logging
Package

100-km Package (Path)

Geophysical Package - 1

Thermal Package

Experiment

ID No. Name

Package Total

Package Total

32010101

32010113

32010114

32010115

33010101

Neutron Activation

Gamma Scattering

In Situ X-Ray

U V and Visible Spectra

Gamma Spectromctry

Package Total

21040411

40010202

40050326

40050338

40060328

40060334

44070343

34010402

Visual Logging

Seismic Velocity

Magnetic Susceptibility

Dielectric Constant

Self -Potential

Subsurface Resistivity

Subsurface Temperature

Mass Spectrometer

Package Total

41010405

41010406

21010204

Deep Seismic Reflection

Deep Seismic Refraction

Geologic Mapping

Package Total

21020307

40010202

40010303

40010304

40050324

40060330

40060332

400C0334

41050341

Shallow Drilling

Seismic Velocity

Reflection Profile

Refraction Profile

Magnetic Susceptibility

Electromagnetic Survey

Surface Resistivity

Subsurface Resistivity

E-M Pulse

Package Total

44070047

44070050

44070148

44070343

44070449

Surface Diffusivity

Surface Emissivlty

Subsurface Diffusivity

Subsurface Temperature

Subsurface Diffusivity

Package Total

Manhoura per
Replication

22

22

2.2

0.1

0.1

0.1

0.2

2.7

2

3

2

0.2

2

0.2

0.2

5

15

2

-

8.0

10

19<»>

2«

2<«>

6<»>

2

2

1

2

-

36

1

2

1

1

1

6

Mass
(kg)

150

150

16

2

9

15

32

74

2.0

11

2.0

4.0

2.5

2.0

0.6

20

44

12

11

28

51

44

11

11

11

2

4

4

2

4

93

6

1

2

1

1

11

Fr^truM/>ri letter notAtinnH annpar at ond of the table.
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PACKAGES (Cont.)

Package

ID No.

99990916

99999917

99999918

99999919

99999920

99999921

99999922

Name

Particle Experiment - 1

Particle Experiment - 2

Particle Experiment - 3

Particle Experiment - 4

Particle Experiment - 5

Particle Experiment — 6

Solar Astronomy, 8-in.
Manned

Experiment

ID No.

52020101

52020201

52020401

Name

Solar Charged Particle. Low
Energy

Solar Charged Particle, High
Energy

Nuclear Radiation Environment

Package Total

52020102

52020202

Solar Charged Particle, Low
Energy

Solar Charged Particle, High
Energy

Package Total

52020103

52020203

Solar Charged Particle, Low
Energy

Solar Charged Particle, High
Energy

Package Total

52020402

52030101

52030201

53010101

53050101

Solar High Energy Electrons

Galactic Nuclei

Galactic Electrons

Solar Wind

Solar Geomagnetic Field

Package Total

52030102

52030202

53050103

Galactic Nuclei

Galactic Electrons

Solar Geomagnetic Field

Package Total

52020403

52030103

52030203

Solar High Energy Electrons

Galactic Nuclei

Galactic Electrons

Package Total

55220101

55220201

Outer Corona Spectra

Flare UV Spectra I

Package Total

Manhours per
Replication

(d)

(d)

(d)

5

(d)

(d)

5

(d)

(d)

5

(d)

(d)

(d)

(d)

(d)

10

(d)

(d)

(d)

5

(d)

(d)

(d)

5

_

15(c)

Mass
(kg)

5

20

5

30

5

25

30

5

43

48

20

110

110

5

5

150<b>

110

110

4.1

134<b>

18

110

110

166<D)

115

130

145

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999923

99999924

99999925

99999926

99999927

99999928

Name

Solar Astronomy, 40-in.
Manned

X-R»y Astronomy

Radio Astronomy,
Automatic

Earth Observations, 6-ln.

Earth Observations, 40-in.

Stellar Astronomy,
40-in.

Experiment

ID No.

55220301

55220401

55220601

55230101

55230102

55230201

Name

Granulation Fine Structure

Sunspot Formation

Flare Ejecta

UV Low Dispersion

UV High Dispersion

Flare UV Spectra H

Package Total

73020622

73020623

73020624

X-Ray Spectral Characteristics

X-Ray Angular Positions

Distribution of Interstellar
Material

Package Total

75010101

75010102

75030101

Non-Directional Radio
Astronomy

Directional Radio Astronomy

Submillimeter Radio Astronomy

Package Total

47010101

47020202

47030303

47040404

47050505

49010101

49020101

Heat Balance

Albedo and Reflectance

Air Glow

UV Scattering

IR Scanning

Ocean Heat Balance

Multlband Photo

Package Total

47050512

47060606

47070707

49010102

49020102

49030101

Large-Scale Phenomena

Atmospheric Refraction

Solar Eclipse

Ocean Heat Balance

Multlband Photo

Ocean Height Measurement

Package Total

72010308

72010309

72010310

Photographic Observations (40)

Photographic Photometry (40)

Photelectrlc Photometry (40)

Manhours per
Replication

-

-

-

-

-

240 (per month)

6

26

436

468

(d)

<d)

(d)

0

-

-

-

-

-

-

-

55«=>

-

-

-

-

-

-

240 (per month)

:
-

Mass
(kg)

90

5

10

905

9

5

l,020<e)

105

30

-

135<e>

7

-

-

7«»

78

78

78

78

78

69

73

92<b>

12

11

7

69

20

110

210<b>

:
15

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

m NO.
99999928

99999929

99999930

99999931

99999932

99999933

Name

Stellar Astronomy,
40-in. (Cont.)

Stellar Astronomy, 100-in.

Geophysical Package 2

Point Package

5-km Path Package

10-km Path Package

Experiment

ID No.

72010311

72010312

72010313

Name

Spectroscopy (40)

High-Dispersion Spectroscopy (40)

Spectral Scanning

Package Total

72010414

72010415

7201041C

72010417

72010418

72010419

High-Resolution Photography (100)

High-Dispersion Spectroscopy (100)

High-Energy Stars (100)

Stellar Outer Envelope (100)

Planet-Like Companions (100)

Photoelectric Magnitude and
Color (100>

Package Total

40090055

40110277

40120479

41040281

41050322

41050423

44070742

Surface Hardness

Neutron Spectra

Gamma Spectrometry

Magnetism - Telluric

Magnetism - Remnant

Magnetism - Remnant

Near-Surface Temperature

Package Total

21010203

21010204

24030310

21040411

40140357

45030314

Fine-Structure Definition

Geologic Mapping

Section Measurements

Visual Logging

Surface Sampling

Gravity Survey

Package Total

45030314

45030415

46040320

Gravity Survey

Gravity Survey

Magnetic Survey

Package Total

40070383

32010111

Spectral Reflectance

Neutron Activation

Manhours per
Replication

—

-

720 (per month)

-

-
-
-

-
—

1,440 (per
month)

0.3
0.4
2

6
4
6
0.2

19

10(a>

16(a)

6«
4 (a)

20<a)

10<»>

66

0.2

0.4
0.1

0.7

-

0.2

Mass
(kg)

30

200

25

270<e>

-
2,000

-

-

-

16

2,016<e>

2.0

5

6

5

2

2

1

23

38.0
28.0
28.0

1.7

6.0

30.0

l.rf)

15.0

15.0
6.0

21.0<b>

12.0

16.0

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999933

99999934

99999935

99999936

Name

10-km Path Package
(Cont.)

100-km Path Package

200-km Path Package

500-km Path Package

Experiment

ID No. Namo

32010113 Gamma Scattering
32010114 In Situ X-Hay
32010115 UV and Visible Spectra
33010101 Gamma-Ray Spcctrometry

Package Total

21010309 Surface Sampling
40060330 Electrical Surveying
40060332 Surface Resistivity
41010405 Deep Seismic Reflection
41010406 Deep Seismic Refraction
21010204 Geologic Mapping

Package Total

21010204 Geologic Mapping
21010203 Fine -Structure Definition

21040205 Surface Photogeology
24020210 Section Measurement
32010301 Volatile Determination and

Collection
44070047 Surface Temperature Diffusivity
44070050 Surface Emissivity
44070148 Subsurface Diffusivity
44070343 Subsurface Temperature
44070449 Temperature Diffusivity

Package Total

13030303 Absolute Gravity
40010202 Seismic Velocity

40090055 Surface Hardness

40110277 Neutron Spectra

40120479 Gamma-Ray Spcctromotry
41040281 Magnetism - Telluric
41050322 Magnetism - Remnant

41050423 Magnetism - Remnant
44070742 Near-Surface Temperature

Package Total

Manhours per
Replication

0.2
0.1
0.1

0.2

0.8

10. OW
1.5

0.4

2.1

-

8.0

22.0

6

10

5.0

2.0

4.3

2

4

2

0.4

0.4

41

2.2

0.5

0.3

0.400
2<»)

oW
4<a>
6<»)

0.2

22

Mass
(kg)

2.0
9.0

15.0

32.0

86.0

4.1
4.3
4.0

12.0
11.0

28.0

58. e^)

28
38.0

33.0

28.0

7.0

6.8
1.0

2.6
0.6

0.5

103<b>

27.0

11.0

2.1

5.5

6.0

4.6

2.0
2.0

0.6

60.8

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999937

99999938

99999939

99999940

99999941

Name

Type I Locale
Experiment 1

Type I Locale
Experiment 2

Type II. Locale
Experiment 1

Type n. Locale
Experiment 2

Type I, Locale
Experiment 3

Experiment

ID No.

21010203

21010204

21010412

21040205

24030310

40130373

40140357

21040411

4005032C

40050338

40060328

40060334

44070343

40010202

32010108

Name

Fine-Structure Definition

Geologic Mapping

30-m Drilling

Surface Photogeology

Section Measuring

Radioactivity

Surface Sampling

Visual Logging

Subsurface Magnetic Susceptibility

Subsurface Electrical Permittivity

Subsurface Self-Potential

Subsurface Resistivity

Bore-Hole Logging Temperature

Seismic Velocity

Mineralogy and Petrography

Package Total

99990940

34010402

Type II Locale Experiment 2

Mass Spectrograph

Package Total

Manhours per
Replication

15

8

25

15
4<a>

20»

10<a>

2

2

0.2

2

0.2

0.2

3.2
10(a)

100

30

6

36

Mass
(kg)

38.0

28.0

110.0

5.0

28.0

1.8

6.0

1.7

2.0

4.0

2.5

2.0

0.6

11.0

7.3

201.3<b>

223.5

6.3

229. 8<b>

Same as 99999937 except the replications of the individual experiments
differ.

Package Total

11010101

13030303

41010405

41010406

44070742

45030314

68030401

Sclenodetic Astronomy

Surface Gravity

Seismic Reflection

Seismic Profiling

Temperature Shallow Probe

Gravity Survey

Soil Bank

Package Total

21010203

21010204

21020307

21040205

24030310

Fine-Structure Definition

Geologic Mapping

10-m Drilling

Surface Photography

Section Measurements

104

10

2.3

8.2<a>

O.O(a)

2.0
10.5<»>

0.0

33

8.0

5
io(»>

4<»>

201.3<b>

150.0

27.0

12.0

11.0

0.5

30.0

0.0

223.5<b>

38.0

28.0

42.0

5.0

28.0

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Packago

ID No.

89999941

99999942

99999943

99999944

Name

Type I, Locale
Experiment 3 (Cont.)

Type n. Locale
Experiment 3

Temporary Base
Experiments

Permanent Base
Experiments

Experiment

ID No.

40130373
41040357
99999912 '

32010108

Name

Radioactivity

Surface Sample
Logging Package
Mineralogy and Petrography

Package Total

21010203
21010204
21020307

21040205
24030310

40130373
41040357
99999912
32010108

Fine -Structure Definition
Geologic Mapping
10-m Drilling
Surface Photography
Section Measurement
Radioactivity
Surface Sample
Logging Package
Mineralogy and Petrography

Package Total

32010102
32010105
32010106
32010107
32010110

32010111

32010112

Infrared Chemical Analysis
Wet Chemical Analysis
Density by Floatation
X-Ray Diffractometry
Mass Spectrometry
Neutron Activation
X-Ray Fluorescence

Package Total

32010102
32010103
32010105
32010106

32010107

32010108

32010110

32010111

32010112

52020101

52020102

52030101

Infrared Chemical Analysis
NMR Spectrometry
Wet Chemical Analysis
Density by Floatation

X-Ray Diffractometry
Microminerology
Mass Spectrometry
Neutron Activation .
X-Ray Fluorescence
Solar Charged Particles,
Low Energy

Solar Charged Particles,
High Energy
Galactic 'Nuclei'

Manhours per
Replication

I0(a)

14

10.0<*>

78

8.0

5
5<»)

J0(a)

2<«)

10<»>
14
10.0<»>

74

_

-

-
-
-
-

600 (per month)

-
-
-
-
-

-
-

—

—

—

Mass
(kg)

2.0

6.0

44
7.0

2oo<>»
38.0

28.0

42.0

5.0

28.0

2.0

6.0

44

7.0

200<b>

16

21

0.5

9

23

16

7

93

16

20

21

0.5

9

7

23

16

7

5

25

110

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99999944

99999945

99999946

99999947

Name

Permanent Base
Experiments (Cont.)

Photographic Orblter,
Unmanned

Early Emplaced
Scientific Station

Advanced Emplaced
Scientific Station

Experiment

ID No.

52090101

53010101

53050101

80200101

80200C01

80201001

80201101

80300101

80300102

80300104

80300202

80340303

Name

Neutrino Flux

Solar Wind

Magnetic Field

Clinical Monitoring

Psychological Testing

Cardiovascular Phenomena

Bone Demincralization

Evaluation of Algae

Lunar Soil Use by Higher Plants

Plant Growth, Development and
Reproduction

Animal Growth, Development
and Reproduction

Exposure Effects on Materials

Package Total

21040101

32010116

32010117

33010102

Geologic Base Maps

UV and Visible Spectra

IB Spectra

Gamma-Ray Spectrometry

Package Total

-

-

-

-

-

Magnetic Field

Ion Detection

Thermal Conductance

Passive Seismology

Electron/Proton Flux

Active Seismology

Solar Wind

Package Total

-

-

-

-

Ion Gauge

Mass Spectrometer

Ion Analyzer

UV Spectrometer

Mcteoroid Detector

Electric- Field Detector

Manhours per
Replication

-

-
-

-

-

-

-

-

—

—

-

1,200 (per month)

—

-

-

-

-

-

-

-

-

-

2

_

-

-

-

-

Mass
(kg)

460

5

5

14

7

7

65

320

300

470

470

1

2,400

155

15

15

32

220

6

3

1

9

3

3

5

68(0

3

7

3

3

30

4

Footnoted letter notations appear at end of the table.
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PACKAGES (Cont.)

Package

ID No.

99099947

Name

Advanced Emplaced
Scientific Suit ion (Cont.)

Experiment

ID No.

-

-

-

-

-

-

-

-

-

-

-

-

Name

Plasma Probe

Charged- Particle Analyzer

Nuclear Emulsion*

Scintillometer

Magnetometer

VLF Field Meter

Gravimeter

Seismometer (passive)

Geophones

Radiometer

Temperature Probe

Corner Reflector

Star Tracker

Package Total

Manhours per
Replication

-

-

-

-

-

-

-

-

-

-

-

-

12

Ma.,
(kf)

5

5

1

7

7

2

14

9

3

1

2

2

9

220<fl

(a) Accounts for several replications per package.
(b) Total mass adjusted for equipment commonality.
(c) Total manhours allocated for purposes of mission-mode matching.
(d) Automatic experiment.
(e) Total mass does not Include major scientific equipment.
(I) Includes power supply and structure.
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"ôJ
CO

-4->

CO

1
o
0

s
CD

1
•rH

&
CD

CO

rC

H

10
c^
O5
rH

>H
f

MH

C
• rH

a
0i — i
£
CD

T3

0
H-J

O
•r-H

CO
• i-H

O-s
-2
|+j
rt

•s
-t-J

•3
CO
CD
rH

rt

cS

r^

1

S

1

0
o
CD
rH

O
-u

a.

CDi
rt
SH

rt

6

I
CD

i-H
O

•r^

CD
>

a
1
SH
1
S
S
rJ

,—1

@

a

£^CO
00
rH

>
C
rH

•M

rt
C/D

T3

1
!H
a
3

is
 c

o
n
s
is

ts
 o

f 
a
r

(H

H

rH

00

O5
rH

tH

rH

_C

T3
0)
O1
rH
+J

fi

CO
•rH

«

0)

a
•r-1
iH

&
CD

1

CD"
rH

rt

1

p
a
b
ili
ty

 h
a

rt
0

CD
'-ruuj^
d

r-H

SH*
<D

1

e
r 

w
it
h
 n

u
c
le

a
r

~t-j

o
n
g
-d

u
ra

tio
n

 s
h
e
l

i— i

-m
an

CD

rH
CDa
rt

1
M

a
CD

+•>
en
>,
w

rT

CD

•rH

"oS•a
d
rte
i
CO

-l_>
0
CD
rH

•rH

T3

rt

th
e
 f

o
llo

w
in

g

C3
•rH

•8
•*->
•rH

cn

'>
CD
rH

rt

CD
rH

1
<

|a
<

tt
e
rn

 i
n

 A
p
p
e
n
d
ix

rt
0,
CD

%
4H
rH

en

3, — i

CD
£

do

o
-CCO

0)
rH

rt
rC
O1
CO
CD

13
0
O

1 C

CD
d

•rH

'Z

a
rC

1

rD

?
VrH

1
CD

O

rC

1

be

T3

C

b
llo

w
in

g
 o

rd
e
r:

MH
tr

a
v
e

rs
e

d
 i
n
 th

e

CD

%

cn

S
rt
a

CD
CD

*H•rH

fe

r-^
CM

• CD
rH

1
05
CM

rH
CM

1
rH

1
CD
CM

CO
rH

1
co
i

c-
1 — 1

SH'
CD
-a
SH
O

&

CO

T3
CD
0

1

O jg

nJi
rn' t

^ rrf
fll TO

I R
« rH

3 &

LO

CD

1
OO
05

§

rH

•8
CD
O
X
CD

O
-4->

H->

§ *
TJ rt
(U 0).s >>
EH *
-rJ

r

8,
O
0 CD"
a> t>
rH 05
rt rH

cn _cts s?
2 2
13 *
3 rH

S rtc g,

rH

<2
CM

73

rt

r-1

r-1

CD

£•4-J

rH

0

<HH

rH
^^

CO
CD

rC

0

rt
r—l

-t->

eo
Z
CO

•s
rt
„

£o
'to
cn

a
o
rH

O
â
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