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APPENDIX A, LSB SCIENCE EQUIPMENT LIST

This section contains the summary descriptions of the individual items
of equipment required to conduct the experiments which have been defined. For
each item of equipment the following data is presented where applicable:

1. Equipment Number = NR~assigned index number designed to
assist future users of these data

2. Equipment Name = brief nomenclature for the item

3. Average Power (watts) = during operating periods

4. Weight (pounds)

5. Volume (cubic feet) -~ as packaged for shipment

6. Data Rate (bits per second) =~ peak during operation

T. Experiments Supported - one or more applications for
the equipment item

8. Remarks - comments relative to consumables, number
required, other interfaces, etc.
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LSB Science Equipment L.ist

Equip. ‘ Equipment Average |Weight |Volume | Data Rate Experiments
No, Name Power Hkk Supported Remarks
(watts) (Uh) (cu ft) (bas) (numbers)
11005% | Gamma ray spectrometer | 10,0 85.0 2.0 3000 4057
11064% | Antenna (750-ft dipole) | ** 9.1 3.0 *k 4025
11079 Downhole geophys. probel 34,0 57.0 4.0 1.1x10% 4059
11081 Gravimeter (LaCoste 5.0 33.0 1.4 0.7 4044
Romberg)
11082 Photographic astronomi- | 25,0 120.0 1.8 0.3 4044 Consumables: film
cal transit
11082 Photomicrographic 60.0 15.0 2,0 film 4001 Consumables: film
camera
110886% | Neutron activ, anal, eq, | 25.0 35.0 0.4 280 4038, 4061 | 2 req'd; one for each
experiment
11087 Seismic amplifier 5.0 4.4 .,028 | ** 4046
11088 Seismometer {4 Comp. 1.0 22,2 .56 230 4089, 4047 | 2 req'd; one for each
Lamont) experiment
11091 Vector imped, meter 15,0 20,0 .63 7 4023
11092 K-ray telescope (grazing| 20,0 3564 3106 1x10° 4012 Consumables: film
incidence) ) 1.1 ib/day
11093 Two-element radio 25,0 11,533 ] 1884 | 300 4014
interferometer with 10°
(300 kHz to peaks
1000 kHz)
1094 Two-element radio 25,0 350 18.0 4015
interferometer
(1000 kHz to
15 MHz
11095 Optical telescope 250 11,055 3670 film 4016, Consumables: photo
(50-inch} 4029 film 3 Ib/day; film

proc, mat'l 1.5 |b/day
1 item serves both exps
11096% | X-ray diffractometer 10.0 20,0 0.7 14 4060, 4061 | 1 item serves both
experiments

11098*% | Cosmic ray spectrometer 1.5 7.3 .04 2000 4050
telescope

11099 Optical teiesco?e 4000 33,000 746 3 x lO6 4030 Consumables: photo
(100~-inch film 3 lb/day; film

proc, mat'd, 1.5 Ib/day

11103 J-band spectrophotom, 3.0 33.0 1.05 280 4001 Afso has paper strip
recorder output

11104 Electron microscope 500.0] 150.0| 55.0 *x 4001
11108 Antenna set (0.6 to Fk 440,0 | 10,5 Fk 4027
1.2 MH2)
11109 Antenna set (5 to ok 100.0 | 6.3 Fk 4028
500 MHz)
11i1¢ Sweep freq, radiometer | 3.0 15,0 1.5 300.0 4028
11111 IR radiometer (portable) | ** 10.0 0.3 i 4032 Self-contained power
supply & data readout
iliiz Absolute gravimeter 1.0 22.0 1.8 0.2 4044, 4045 |1 item serves both exps.
11113 UV spectrometer 3.0 33.0 1.05 280.0 4061
11114 X-ray spectrometer 0.5 15.0 0.7 14.0 4061
11115 IR spectrometer 0.3 33,0 0.9 1.0 4061
11118 Heat flow probe ok 3 .01 ** 4088 See item 40009 for
power and data output
12001* | lonization pressure 6.0 2,2 .002 10 4039, 4053 14 items req'd for 4053
Senscr 1 item req'd for 4039
* ltems common to LSB and OLS ** Not applicable **% | aunch configuration
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LSB Science Equipment List (Continued)

Space Division

North American Rockwell

Equip. Equipment Average | Weight |Volume Data Rate |Experiments
No, Name Power Fekk Supported Remarks
(watts) (ib) (cu ft) (bps) (numbers)
14001* |Particle counter (low 0.5 10,0 0.4 1000 4050
energy)
14002 Particle counter (high 5.0 10.0 0.3 1000 4050
energy)
14005* [Mass spectrometer 12.0 15,0 0.9 1000 4039, 14 items req'd for 4053
4053 1 item reqld for 4039
14017 Multivator 5.0 30.0 2,0 10 4001
14018* |Gas chromatograph 15.0 55,0 2.15 % 4001, |Consumables: helium
4003, |2 itemsreq'd: 1 for
4061 4001 and 4003; 1 for
4061
14019 Mass spectrometer 3.0 44,0 .53 560 4053 4 items required
(quadrupole)
14020% |Particle spectrometer 3.0 10.0 0.2 200 4050
14022 Organic carbon analyzer | 10,0 50.0 0.5 ok 4003 Consumables: Op,Hz, He
14025  |Auger spectrometer ok 40.0 | 1.0 ok 4032, |Self-contained power
4033, |supply & data recorder
4038
14026* |Mass spectr, (lab) 3.0 50,0 0.6 ok 4001 , 4038,
4061 , 4003
14027 Mass spectr, (portable) Fk 30,0 0.6 Foke 4033 Self-contained power -
supply & data recorder.
Consumables: paper
14028 Gas chromatograph (port) | ** 55.0 2.0 o 4033 "
14029 Mass spect, (directional)| 12,0 15,0 0.9 1000 4055
14030 Suprathermal ion detec, | 10.0 25,0 2.5 1000 4055
15010*% {Magnetometer-helium 5.0 11.0 0.1 2 4051
15011 Magnetometer - search 10.0 13.0 0.5 320 4051 Consists of magnetome~
coil (emplaced) ter 15002 and data
buffer analyzer 15020,
15012 Electric field detector 0.4 4.4 .03 14 4051
(emplaced)
15013 RF noise survey system § 35,0 800.0 | 150. Ll 4021
- surface
15014 Transmitter & antennas | 40,0 22,0 .56 30 4022
15008 Magnetometer-fluxgate 3.0 15,0 0.2 10 4051
15015 Dipole ant, (2 km) *k 388 110 *x 4023
15016 Dipole ant, (20-meter) | ** 6.1 2 Fok 4023
15017 |Whip antenna (10-meter)| ** 30.0 1.0 ok 4023
15018 Plasma probe assembly | ** 30.0 3.0 F 4024
15019 Field strength meter 5.0 11.0 .35 50 4022
15020 Electrometer assembly 3.0 32,0 4.0 300 4024, |2 items required ~ one
4025 for each experiment
15021 Magnetometer - fluxgate | 5.0 4,0 .25 3 4058
(traverse)
15022 Magnetometer - proton 5.0 13,2 0.7 20 4058
precession
30005 Tape recorder 6.0 10.0 .15 *k 4023 Consumables: magnetic
tape
30008 Transponder (3 freq,) 25,0 128 12,0 ok 4026 |3 items required
with antennas
30011 Interferometer 12.0 55.0 7.0 1560 4027
* [tems common to LSB and OLS ** Not applicable k% | aunch configuration
A-3
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L.SB Science Equipment List (Continued)

Equip, Equipment Average |Weight Volume | Data Rate Experiments
Ne. Name Power Fk Supported Remarks
(watts) (ib) (cu ft) (bps) {number)
40005 | Time base generator 5.0 1.1 .18 4000 4046
40006*% |Signal conditioning 20.0 20,0 1.0 Fk All astronomy and
equipment atmospheric
40009 Electronics unit 3.0 8.8 .14 2000 4088 Used with heat flow
{heat flow) probe, item 11116
50006% {Sampe preparation 500 52.6 23.0 i 4037, 4060 | One item required -
device serves both experiments
50008 Britl - 300-meter 14,000 | 4200 | 360 *k 4048
50009 Drill = 30-meter 3000 200.0 36.0 *k 4033
50010 Seismic energy source ok 500.01 14.0 *x 4046 500 one Ib increments
50012 Geophones *k 50.0 .50 Fox 4046
90004 Convex mirror Fok 5.0 .50 Jok 4017
(12-in diameter)
S0005 Fiat surface mirror Fe 5,0 .50 *k 4017
{12-in diameter)
90006 Concave mirror ok 5.0 .50 ok 4017
(12-in diameter)
50007 Flashing light neg, 10.0 .30 *x 4008
90008% {Petrographic microscope | 100.0] 5.0 .35 *k 4037, }One item serves both
4060 experiments )
90014 Field bioscience kit Fok 33.0 .40 *k 4001
90015 incubator 20.0 26.0 17.0 *k 4001
20016 Time lapse camera neg. 2.0 .20 Fk 4006 Consum,: 35 mm film
90017 Microscope 10.0 4.4 .50 *k 4006
90018 Mapping kit 2.0 52,7 6.8. *x 4032 Incl. survey staff
90019 Geological tool kit *k 8.8 .2 *x 4032, |One item serves both
4033 experiments
90020 UV light - portable *k 15,0 o5 ok 4032 Self-contained power
supply
90021 Biomon, & ecology 50.0 22,0 1,7 Fok 4064
exp, equip.
90022 {Plant life exp. equip, 10,0 | 1034 | 4.0 o 4066
90022 Thin film bearing 200 22.0 .35 sk 4071
experiment equip,
90024  Lunar strata EM prop, 250.0| 6.6 0.5 TBD ' 4078
experiment equip.
90025 Lunar surface trans line | 0 4.4 .17 *k 4079
exper, equipment :
90026 Liguids heat transfer neg, 15.4 .17 ok 4081
exper. equipment
90027 Film and drop heat
transfer exp, equip, neg, 6.6 0.7 *x 4082
90028 Metals joining exp. eq, | 1800 44,0 1,70 ** 4084
90029 Diff, thermal anal, 2,0 11,0 | 3,50 % 4085
exper, equip.
900320 Ore analysis equipment 0 11.0 0.1 ok 4086
90031 Lunar dry cement and
concrete prep, equip. 3250.0 , 240,01 35.0 ** 4087
* ltems common to LSB and OLS ** Not applicable #*% Launch configuration
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APPENDIX B. LUNAR SURFACE EXPERIMENT DEFINITIONS

This section consists of individual lunar surface experiment narrative
descriptions and timelines. Each experiment definition consists of the
following elements:

l.

Discipline - the broad category of activity which the
experiment principally supports

Experiment Identification Number - an NR-assigned index
number designed to assist fubture users of these data

Experiment Title - a concise description of the experiment

Applicable Subobjectives - a tabulation of the disciplinary

subobjectives primarily supported by the experiment together
with an assessment of the contribution the experiment makes

to the achievement of the subocbjectives

Observation Requirements = a narrative description of the
experiment objectives, operations and (where necessary)
equipment ‘

Equipment Required - a list of the prime items of experi-
ment hardware required to conduct the experiment, together
with a summary of (integrated) support requirements

Master Timeline = a summary of experiment operations in
timeline format including the following data:

a. Time-phased operations sequence =~ a bar chart identi-
fying each significant experiment operation and show-
ing their durations and relative phasing

b. Frequency of operations - the desired number (minimum
and maximum) of repetitions of the operations
sequence. (The nunber of repetitions shown under
frequency of operations is over and above any
repetition of operational phases shown on the timeline.)

c. Constraints = gignificant operational limitations for
each phase of experiment operation

d. Equipment nunber - the NR-assigned index nunber for the
equipment used during each experiment phase

e, Manpower requirements - the number of crew man-hours
required to conduct one operations sequence (except as
noted)

B~1 :
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The following listing provides an index to the experiment descriptions which are contained in

this Appendix,

DISCIPLINE EXP. NO, TITLE
BIOSCIENCE 4001 Life Detection
BIOSCIENCE 4003 Terrestial Contamination
BIOSCIENCE 4006 Behavior and Rythms of Plants
AFROSPACE MEDICINE 4008 Flicker Vision
AEROSPACE MEDICINE 4009 Reduced Gravity and Behavior Effects
AFROSPACE MEDICINE 4011 Vision Effects
ASTRONOMY 4012 X-Ray Astronomy
4014 Radio Astronomy - ,3 to 1,0 MHz
4015 Radio Astronomy - 1,0 to 15 MHz
4016 Optical Astronomy - 50-inch
4021 Radio Noise Survey
4022 Radio Propagation
4023 Impedance Measurements
4024 Lunar Plasma Effects
4025 Antenna Dust Accumulation
4026 Cislunar Wave Propagation
4027 Temporal Variations -~ ,6 to 1.2 MHz
4028 Temporal Variations - 5 to 500 MHz
4029 Infrared Astronomy
ASTRONOMY 4030 Optical Astronemy - 100-inch
GEOLOGY/GEQOCHEMISTRY 4032 Geologic Mapping and Stratigraphy
4033 Drilling and Subsurface Sampling
4037 Petrographic Analysis
4038 Mineralogic ldentification
CECLOGY/GEOCHEMISTRY 4039 Transient Activity Investigation
GEQODESY/CARTOGRAPHY 4044 Geodetic Grid Construction
GEOPHYSICS 4045 Gravity Profiling
GEOPHYSICS 4046 Active Seismic Investigations
HEOPHYSICS 4047 Passive Seismic Investigations
GEOLOGY/GEOCHEMISTRY 4048 Deep Drilling and Sampling
PARTICLES & FIELDS 4050 Solar Wind and Energetic Particles
PARTICLES & FIELDS 4051 Magnetic and Electrical Field Variations
LUNAR ATMOSPHERE 4053 Total Pressure and Composition
LUNAR ATMQSPHERE 4055 Escape and Transport Rates
GEDLOGY/GEQCHEMISTRY 4057 Natural Radiation Spectrum
GEOPHYSICS 4058 Magnetic Profiling
GEOPHYSICS 4059 Hole Bore Logging
GEQLOGY/GEQOCHEMISTRY 4060 Mineralogic Analysis
GEOLOGY/GEQCHEMISTRY 4061 Chemical Analysis in Lab
ENG., TECH,, & OPNS. 4064 Biologic Monitor and Eco-System
4066 Effects on Plants
4071 Thin Film Bearings
4074 Mining and Transport
4078 Electromagnetic Propagation
4079 Transmission Line Interactions
4081 Heat Transfer in Liquids
4082 Film and Drop Heat Transfer
4084 Metals Joining
4085 Differential Thermal Analysis
4086 Self-Welding Characteristics
ENG,, TECH,, & OPNS. 4087 Lunar Dry Cement and Concrete
GEOPHYSICS 4088 Near Surface Temperature Gradient

SD 71-477



DISCIPLINE: Bioscience
EXPERIMENT ID NO.: L4001

EXPERIMENT TITLE: Life Detection - Viable Life Forms and Dormant Spores

APPLICABLE SUB~OBJECTIVES:
BI-1 Determine the existence of viable life forms or dormant spores.
Analysis of samples from full range of depths, protected areas,
volcanic sites, and any other representative sample site. This
experiment will provide a major portion of the information required to

characterize life forms on the moon.

OBSERVATION REQUIREMENTS:

Characteristics to be identified include chemicals (amino acids,
peptides, nucleosides, proteins, lipids, carbohydrates) and processes include
turbidity, ph, metabolism, phosphatases. Functions can be performed on site
(at the location of the sample taking) or at the Base depending upon the
number of samples to be taken from a given site. Activities at the Base are
of the more analytical variety. The sample (at the site) is to be separated
into five parts (one for each instrument) thus allowing parallel examination
at both the site and the Base. If a positive indication is observed on any
one sample portion, that examination is required to be repeated at least
three more times to establish confidence in that observation.

Identification of a life form through the above observation then

establishes a candidate for incubation to determine if that form is dormant.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
14026 Mass Spectrometer (1ab)
14018 Gas Chromatography (site)
B-3
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EXPERIMENT ID NO.: LOOl

Equipment No. Equipment Name

1ho17 Multivator (site)

11103 J-Band Detector (UV Spectrophotometer) (lab)
1110kh Electron Microscope (miniaturized) (1leb)
11083 Photomicrographic Camera (1lab)

Q0015 Incubator - with earth atmosphere (lab)
9001k Field Bioscience Kit (site)

Avg. Pwr. (watts) = 3.0 = 500
Weight (1bs) = 392

Volume (cu ft) - 81.0

Data Rate (BPS) - 280

B=l
SD 71-L477
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DISCIPLINE: Bioscience
EXPERIMENT ID NO.: L4003

EXPERIMENT TITLE: Terrestrial Contamination

APPLICABLE SUB-OBJECTIVES:
BI-2 Evaluate the lunar environment for survival of terrestrial
micro~organisms and the amount of forward-back contamination.
The present experiment will provide a major contribution to

this sub-objective.

OBSERVATION REQUIREMENTS:

Primary target is organic carbon of terrestrial living things. Frequently
traveled or exhausting areas will be sampled to check for the number of
terrestrial organisms. To~-be-traveled areas will be examined to verify the
absence of hydrocarbons. Samples will be analyzed in situ by the organic
carbon analyzer or a mass spectrometer; a separate portion of a positive-
indicating sample will be packaged for detailed characterization in the Base
by use of an electron microscope. The in situ spectrography will be performed

on 50 percent of the samples only.

EQUIPMENT REQUIRED:

Egquipment No. Equipment Name

14018 Gas Chromatograph

1L026 Mass Spectrograph (Lab)
14022 Organic Carbon Analyzer
11104 Electron Microscope

Avg. Pwr. (watts) - 3 - 15
Weight (1b) - 155

Volume (cu ft) - 3.25

Data Rate (BPS) - N/A

B-6
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DISCIPLINE: Biosclence
EXPERIMENT ID NO.: LOO6

EXPERIMENT TITLE: Behavior and Rhythmé of Plants

APPLICABLE SUB-OBJECTIVES:
BI-3 Determine the effect of lunar environment of the behavior
of plants and animals.
This experiment provides a major contribution to the sub-
objective. A derived objective is the development of plants which
will grow in the lunar day/night cycle. The animal portion is performed
in conjunction with Experiment LO6L. Genetic effects will also be

obervable through the mechanics of this experiment.

OBSERVATION REQUIREMEWTS:

The seed planting will be scheduled to have the plants at various stages
in the lunar day/night to select the most likely candidate for development.
Artificial light will be required. Observations of growth, development, and
reproduction to be recbrded photographically. Sections of plant leaves will
be analyzed for structure changes by use of an electron microscope. It is
anticipated that the observations would be more frequent during the lunar
night than during the day to determine the timing for light activation.
Control samples on earth will provide relative data for the plant material.
The evaluations will also include genetic effects on the plants; i.e.,

cytological changes.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name
90016 Time Lapse Camera Avg. Puwr., (watts) = 10,0
90017 Microscope Weight (1lbs) - 6.4
Volume (cu ft) = 0.70
Data Rate (BPS) = N/A (film)
B=8
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DISCIPLINE: Aercospace Medicine
EXPERIMENT ID NO.: L4008

EXPERIMENT TITLE: Flicker Vision

APPLICABLE SUB-OBJECTIVES:
AM-1 Determine the effect of the reduced magnetism (of the moon)
on the body rhythms.
An examination of the Flicker Vision Effect in this experiment

will constitute a minor contribution toward meeting the sub-cbjective.

OBSERVATION REQUIREMENTS:

The observation requirement is the onset of flicker fusion response of
each crew member of the Base to a known flashing light source. The threshold
is identified by an increase in the pulse and heartbeat of the individual and
is recorded in intensity and frequency of the light.

The experiment requires the establishment of the threshold for each
individual, of the flicker vision fusion before the Base tour and after the
Base tour. The measurements should be duplicated for an individual at the
beginning and end of the same day to identify fatigue effects. The experi-
ment should be continued upon the return of the individual to earth to
determine the long term effects of the changes.

The test itself requires the observation of the normal response to

the disturbance and return to the normal. Correlate with Experiment 4051.

EQUIPMENT REQUIRED:

Bguipment No. Equipment Name
90007 Flashing Light (variable frequency and intensity)
90002 IMBLMS (biomedical measurement console)

B=10
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DISCIPLINE: Aerospace Medicine:
EXPERIMENT ID NO.: L4009

EXPERIMENT TITLE:  Reduced Gravity and Behavior Effects

APPLICABLE SUB-OBJECTIVES:
AM=2 Determine the effect of reduced gravity on man.

The experimént will be a minor contribution to meeting this
sub-objective, since & more intensive program will be carried out on
earth orbiters.

AM=-3 Determine the effect of the combined isolation and modified
gravity on man's psychological health.

The present experiment constitutes a minor contribution toward
this sub-objective due to more extensive information being obtained

previocusly elsewhere; i.e.,, on earth orbiters.

OBSERVATION REQUIREMENTS:

This experiment is a part of the continuing medical/behavioral program
of men in the space environment. All of the crew menmbers will participate
as test subjects. Observations will be in cardiovascular, pulmonary,
endocrionology, hematogical, neurophysiologic, nutrition, microbiological,
and behavioral.

Observations are scheduled upon arrival of the crew member on site, at
three~week intervals during the staytime, and prior to departure. The
behavioral activities will be performed on a weekly basis to identify any
changes 1in response of the crew to the planetary type environment.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
90002 IMBLMS (Integrated Medical Behavior Laboratory Measurement
Systems)
B=12
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DISCIPLINE: Aerospace Medicine
EXPERIMENT ID NO.: L4011

EXPERIMENT TITLE: Vision Effects

APPLICABLE SUB-OBJECTIVES:
AM-4 Verify the effect of the lack of atmosphere on human vision.
This experiment will complete the vision verification program

and be a minor contribution toward fulfilling this sub-objective.

OBSERVATION REQUIREMENTS:

This experiment is intended to investigate the influence of size, shape
and patterns on objects in the lunar environment, both direct sunlight and
shade. The appearance of typical hand-held operated tools and the variation
of that appearance with the lunar day require investigation. The investigation
will involve the evaluation of tool handling for each operation under light
and shade conditions, and supplementary lighting. The evaluation of dark
adaptation by various filters will be performed. These vision effects will

be evaluated in conjunction with the operations outside the Base.

EQUIPMENT REQUIRED:

No equipment peculiar to this experiment is required.

B-1k
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DISCIPLINE: Astronomy
EXPERIMENT ID NO: koOl2

EXPERIMENT TITIE: Intensity Distribution for X-Ray Sources

APPLICABLE SUBOBJECTIVES:

AY-1 Investigate celestial regions in X-ray domain. This
experiment is a major contributor to these subobjectives.

AY-3 Perform radio observations of galactic and extragslactic
sources.

ORSERVATION REQUIREMENTS:

The nature of this experiment is to obtain an X-ray map of the sky.
The site should be located near the lunar equator and possibly inside a fairly
large crater, -~ 100 km in diameter, in order to obtain an occulting edge for
the determination of position and angular size of weak discrete sources. The
measurements include the intensity distribution for X-ray sources in the energy
region from 1 to 10 Kev, as a function of angle (watts/steradian). A gas-filled
proportional counter with an approximate area of 100 cm? aperture will fill
the initial requirements. In order to perform the occultation experiment to
g higher degree of acéuracy, an X-ray telescope will be used to yield position

sccuracies of 1.0 to 0.5 arc second. The diameter of the telescope will be on

the order of one meter.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
11097 X-ray Telescope (wide angle)
11092 X-ray Telescope (grazing incidence)

Avg. Pwr. (watts) - 20-150 (RTG)

Weight (1b) - 4019

Volume (cu £t) - 3636

Data Rate (BPS) - 1 x 10° (film - 1.1 1b/day)

B-16
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: LOlk
EXPERIMENT TITLE: Observations of flux densities from galactic and extra

galactic sources in the frequency region of 300 kHz to

1000 kHz

APPLICABLE SUB-OBJECTIVES:

AY-3 Perform radio and optical observations of galactic and
extra galactic sources. This experiment is a major
contributor to this subobjective.

OBSERVATION REQUIREMENTS:

A two-element interfercmeter will be used to resolve radio sources in
the frequency region from 300 to 1000 kHz. The resolving power is directly
proportional to the separation of the two main elements. Each element will
consist of an array of end-loaded, folded dipoles. Bach array consists of 16
multiwire loaded, folded dipole elements, spaced a half-wavelength apart and
with each element horizontal and at right angles to the line of the array.
The arrays will be spaced 9 kilometers apart, center~to-center, to yield the
main lobe's half-power beamwidth of 1.7 degrees at 1 mHz. The location will
be on the lunar equator with the baseline on the east-west line. In order to
overcome transmission losses, solid-state amplifying elements, like tunnel
diodes or transistors will be used at appropriate points in the antenng or
part of the transmission link. Non-resonant corporate feed transmission line
system will be used for this broadband operation. Each element will consist
of a multiwire folded dipole, support structure (with ground screen) and

battery and control circuits.

B~19
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EXPERIMENT ID NO.: Lo1k Page 2

EQUIPMENT REQUIRED:

Fgulipment No. Equipment Name

11093 Two element radio interferometer
(300 kHz to 1000 kHz)

Avg. Pwr. (watts) - 25

Weight (lbs) - 11,583

Volume (cu ft) - 1884

Data Rate (BPS) - 300 with 10° peaks

B-20
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DISCIPLINE: Astronomy

EXPERIMENT ID NO.: LO15
EXPERIMENT TITLE: Observations of flux densities from galactic and extra-

galactic sources in the frequency of 1 mHz to 15 mHz

APPLICABLE SUB-CBJECTIVES:

AY-3 Perform radio and optical observations of galactic and extra-
galactic sources. This experiment is a major contributor to
the subobjective.

OBSERVATION REQUIREMENTS:

A similar setup to Experiment No. 4Ol4 but in the different frequency
interval of 1 mHz to 15 mHz. The dimensions can be scaled by approximately

a factor of 0.1.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

11094 Two element radio interferometer (1 mHz - 15 mHz)

Avg. Pwr. (watts) - 25

Weight (1b) - 350

Volume (cu £t) - 18

Data Rate (BPS) - 300 with 107 peaks

B=22
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: 4016

EXPERIMENT TITLE: Optical Astronomy

APPLICABLE SUB~OBJECTIVES:
AY-3 Perform radio and optical observations of galactic and extra
galactic sources., This experiment makes a small contribution
to this sub-objective in terms of the overall objectives of

optical astronomy.

OBSERVATION REQUIREMENTS :

Determine sky brightneés of the full sky. Optical telescopes approaching
50=inches in diameter will be housed in an appropriate shielded observatory
dictated by the results of the exposure effect experiment. The accessories
would include a photometer, camera and film. The location should be near the
lunar equator in order to achieve near full coverage of the sky and 15 earth
days of darkness. Location at the pole in a region of permanent shade will

afford the longest period of darkness.

EQUIPMENT REQUIRED:

Eguipment No. Eguipment Name

11095 Optical Telescope (50=-in.)

Avg. Pur. (watts) - 250 (RTG)

Weight (1lbs) - 11,055

Volume (cu ft) - 3670 _

Data Rate (BPS) - Film (3 1b/day) (Processing - 1.5 1b/day)

B-2L
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: L4017

EXPERIMENT TITLE: Optical Effects from Environment

APPLICABLE SUB-QOBJECTIVES:
AY-3 Perform radio and optical observations of galactic and extra-~

galactic sources. This experiment mskes a moderate contribution
to this subobjective.

OBSERVATION REQUIREMENTS:

A variety of optical surfaces such as concave mirrors, convex mirrors and
flat surfaces of diasmeters on the ordér of 0.3 meters will be emplaced on
the surface of the moon for environmentai effects (exposure). The actual
emplacements of these surfaces would include locations near the lab and also
a few kilometers away. The measurements to be conducted on these surfaces
would include dust accumulation, micrometeoroid bombardment, fogging of the
surfaces, and warping of the surfaces due to gravitational and thermal effects.
The supporting instruments would be microscopes to view the surface irreg-
ularities and telescope mounts or stands to view light through or reflected
from the surface. Also, thermistors should monitor the thermal environment
of the surfaces.

The stay times should approach several months to a year.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

90004 Convex Mirror (12" dia.)

90005 Flat Surface Mirror (12" dia.)
90006 Concave Mirror (12" dia.)

Avg. Pur. (watts) - N/A
Weight (1b) - 15

Volume (cu ft) - 1.5
Data Rate (BPS) - N/A

B=26
SD T71-L77



4VIA 43d SYNOHNVYIN 2t *INFNIYINDIY JIMOANVIN

sik QT 031 dn sjensdiul
e huiysay Jeaday

9jenleaq
Kep T Kep T ¢ 159
Jeak auo o) °919 Soom T Soom 1 2 ajesadQ

90006
G0006 dle4qljed
70006 WA T ‘ubije ‘dn 398

A ¥ T T -\vm~ | Zma— 7% 1 us aSoU

hé! oLt (£ o 4 0
SiNOH "ON "XV °NIW
*ON °dind3 INIVYLSNGD TNIL NOlLVd3dO AJININDIYS

LTOY "ON "dX3

INITIWIL YFILSVNN

B=27

SD 71=L77






DISCIPLINE: Astronomy
EXPERIMENT ID NO.: ko2l

EXPERIMENT TITLE: Hoise Survey

APPLICABLE SUB-OBJECTIVES:

AY=L Determine surface and subsurface electrical properties, This experiment
makes a moderate contribution to this sub=cbjective,

OBSERVATTION REQUIREMENTS :

Measurement of naturally occurring electromagnetic signals in the frequency
range 10 Hz to 300 kHz in the region of the lunar surface will be made by an
antenna system coupled to a set of broad and narrowband receivers. The antenna
system will consist of a 15-meter crossed vertical loop system, a l5-meter
vertical whip, and s 2 km horizontal wire, each of which operates over
individual receiver channels. Stepping receivers (similar to those employed
aboard the POGO satellite) will be employed to measure amplitudes of signals
that are in an 80-db range above the threshold sensitivity. The measurements
performed by these receivers are: (1) a recurrent amplitude spectrum analysis
of signals in five bands - 10 to 80 Hz, 80 to 600 Hz, 0.6 to 4.7 kHz, 4.7 to
37.5 kHz, and 37.5 to 300 kHz; (2) amplitude of signals at any desired single
frequency; (3) relative amplitude of signals sensed by each loop with respect
to the whip; and (4) relative phase of signals sensed by each loop with respect
to the whip. This information is used to determine noise wave impedance,
polarization and direction of arrival of signals. The broadband receiver is
used to investigate signals in the range of 50 Hz to 200 kHz. Phase and
amplitude are messured in the two bands, 50 Hz to 2 kHz and 5 to 200 kHz. The

crossed loop antenna is 15 meters square. The whip is 15 meters long.

B=29
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EXPERIMENT ID NO.: LO21 : : Page 2

The 2 km horizontal antenna will sample the horizontal

electric field component of the noise. In calibrating the loops and whips,

2 precalibrated simple transmitter of low power feeding & short vertical whip
situated about a kilometer away should be used. The experiment should be
performed during special events (lunar day and night, passage through the
tail of the earth's magnetosphere, during solar flares and quiet solar
activity). Another type of measurement would be to apply a dc potential (both
positive and negative) varied from O to 150 volts between the loops and
ground, the object being to note the effects of the applied potential

against charged dust particles and plasme environment. Also an insulating
plastic balloon radome could be used to cover the antennas in order to

isolate dust particles and their associated noise.

EQUIPMENT REQUIREMENTS:

Bguipment No. Equipment Name

15013 R. F. Noise Survey System (surface)

Avg. Pwr. (watts)- 35
Weight (1bs) = 800

Volume (cu ft) = 150
Data Rate (BPS) = N/A

B-30
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: L4022

EXPERIMENT TITLE: Radio Propagation

APPLICABLE SUB-OBJECTIVE:

AY-L Determine surface and subsurface electrical properties. This
experiment makes a moderate contribution to this sub=-objective.

OBSERVATION REQUIREMENTS:

Evaluation of the ground wave propagation and propagation upon the
lunar surface is the final output of this experiment. Radio transmission,
from a transmitter and an antenna, will be measured by a calibrated field
strength receiver deployed upon the lunar surface at a distance of about
10 kilometers. The radio transmitter will be an AM 10-watt nominal-output-
frequency and amplitude-stabilized master oscillator and power amplifier
capable of providing an output of 4O watts over the frequency range of 1
kHz to 30 mHz. A long~wire Beverage wave antenna(l kﬂ)plus a vertical whip
antenna will be matched to the transmitter. A portable field strength
indicator which measures CW or AF AGC voltage in the frequency range of
1 kHz to 30 mHz in several bands will be located about 10 km away with
ultimate distances of hundred of kilometers. A VHF data link with a wire
mesh ground mat may be used to transmit the field strength measurements to
the home base.

The parameters to be measured are the transmitter antenna current and
field strength. The range and accuracy of the parameters are as follows:
log antenna current of 1 to 103 ma (two significant figures) and log field

L

intensity of 10 to 10" mv/m (two significant figures).
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EXPERIMENT ID NO.: Lo22

EQUIPMENT REQUIRED:

Equipment No.

Equipment Name

. 1501kL

15019

Transmitter and Antenna

Field Strength Meter
Avg. Pur. (watts) ~ 5=40
Weight (1bs) -~ 33

Volume (cu ft) - .91
Data Rate (BPS) = 30~50

B-33
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: L023

EXPERIMENT TITIE: Impedance Measurements of Antennas

APPLICABLE SUBOBJECTIVES:
AY-L Determine surface and subsurface electrical properties. The

experiment is a minor contributor to this subobjective.

OBSERVATION REQUIREMENTS:

Through accurate antenna impedance measurements, useful information
concerning the subsurface properties such as conductivity, permittivity and
depth of penetration, and the surface properties such as lunar surface dens-
ity, permittivity and maybe surface magnetic fields will be determined. The
magnitude and phase angle of the unknown impedance are measured directly from
each antennsa configuration over the frequency range of 1 kHz to 30 mHz in
Present incremental frequency steps. The impedance magnitude will have a
range of 1 to 107 ohms and an accuracy to three significant figures. The
phase angle will have a range of O to + 180 degrees to be known to three sig-
nificant figures. The equipment will consist of (1) a vector impedance meter
and (2) a data recorder and antenns switching box. It is desirable to test as
many antenna types as possible; therefore, a configuration of a long dipole
antenna stretched on top of the surface and one strung 3 to 5 meters above the
surface. The dipoles will be 2 km long and separated into different lengths
to make shorter dipoles (e.g., 1 km, 20 meters, 10 meters, etc.). Also, a
ship antenna 5 to 10 meters will be used and a short dipole of 20 meters
oriented at right angles to the longer antenna. Two configurations should be
run, grounded and not grounded for each antenna. Also, ground screens could
be used on the whip to reduce ground losses. After the measurements have been
made and analyzed, then the antenna shéwing the best response to the lunar
plasma will be set up for control from earth.
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EXPERIMENT ID NO.: L4023

IQUIPMENT REQUIRED:

\Equipment No. Equipment Name

15015 Dipole Antenna ( 2 km)
15016 Dipole Antenna (20 m)
15017 Whip Antenna ( 10 m)
30005 Tape Recorder

11091 Vector Impedance Meter

Avg. Pur.(watts) - 6-15
Weight (1b) - Lsh.l1
Volume (cu ft) - 113.78
Data Rate (BPS) - 7
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DISCIPLINE: Astronomy
EXPERIMENT ID NO: Lo2k

FXPERIMENT TITLE: Ianar Plasms Effects

APPLICABLE SUBOBJECTIVES:

AY-L4 Determine surface and subsurface electrical properties.
The experiment makes a moderate contribution to this
subobjective.

OBSERVATION REQUIREMENTS:

The objectives of this experiment are to detect any plasma or lon-
osphere near the Junar surface, to measure the electrical potential and
vertical electric field gradient. The instrumentation will consist of three
metallic spheres of 5-10 cm in diameter supported by a pole of electrical
insulation (teflon or fiberglass pole) at several heights above the surface.

One sphere will be located on the surface, another two meters from the sur-

face, and one 10 meters from the surface, each connected with switches to
electrometers which are grounded. A fourth spherical probe in a lunar orbiter
would also be desirable. The electrometers will measure the instantaneous

probe potential. From the probe potential versus time curves, the plasma
potential at the various elevations above the lunar surface can be inferred.

The vertical electric field strength could be crudely measured by using the
determinations of the electrical potential versus time at the several elevations.
These measurements would be correlated with the precise electric field strength
meter. Another form of experiment would be to apply different potentials to the

probes and use them as simple Langmuir plasms probes. Two separate setups could

be used.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name Avg. Pur. (watts) - 3.0
15018 Plasma Probe Assembly Weight (1b) - 62
15020 Electrometer Assembly Volume (cu ft) - 7

Data Rate (BPS) - 300

B-38 -
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: L025

EXPERIMENT TITLE: Antenna Dust Accumulation

APPLICABLE SUB~OBJECTIVES:

AY-k Determine surface and subsurface electrical properties. The
experiment makes a minor contribution to this sub=-objective.

OBSERVATION REQUIREMENTS:

The general nature of the experiment is to measure the amount of dust
particles (charged or neutral) that accumulate on and/or near the surface
of the antenna. A 30-meter horizontal wire antenna about 1 mm in diameter
will be stretched parallel to the ground at a 3 meter height. An electro-
meter is hooked up to the highly insulated antenna on one side and a sensing
circuit would measure the potential in millivolts of the antenna as a function
of time. Large fluctuations of amplitude will appear when charge dust
particles are passing overhead. Actual contact of the antenna by charge particles
and micrometeorite showers could cause problems. In this case, a trolley type
device could be run over the wire to remove the particles. The setup must
be removed from the vicinity of the base to obtain measurements that are
unaffected by disturbances that are man-made. The parameter to be measured

is the antenna potential in millivolts at 1 mHz.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
11064 Antenna
15020 Electrometer Assembly

Avg. Pwr. (watts) - 3.0
Weight (1bs) = L41.1
Volume (cu ft) - 7.0
Data Rate (BPS) = 300
B=-L4O
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: L4026

EXPERIMENT TITLE: Cislunar Wave Propagation

APPLICABLE SUB-OBJECTIVES:
AY-5 Investigate cislunar medium. The experiment makes a major

contribution to this sub-objective.

OBSERVATION REQUIREMENTS:

The techniques involve the measurement of electron densities in the
magnetospheric and éxtra-magnetospheric regions and the radar range’to the
moon and the accompaﬁying range-rate. A doppler radar technique is used for
the range rate, a cislunar wave ranging technique for absolute range, a
cislunar wave dispersion technique for total cislunar integrated electron
density, and a Faraday rotation technique to determine the magnetospheric
electron density. A set of three transponders for each of the three RF
carrier frequencies (VHF, L-band and S-band) is used to coherently translate
the earth-to-moon signal to the moon-to-earth signal. The VHF transponder
receives the up-link signal at 47 mHz and transmits the down-link signal at
51 mHz; the carrier is phase modulated with 470 Hz, L.7 kHz and L70 kHz
sinusoidal signals. The L-band transponder receives at 423 mHz and transmits
at 459 kHz with 4.7 kHz and 470 kHz modulation signals. The S-band transponder
receives and transmits at 2115 mHz and 2295 mHz, respectively. Phase
modulation is employed at 470 kHz and 4.7 mHz signals on this carrier. A
single antenna is utilized at each bénd for continuous wave reception and
transmission. At VHF, a crossed Yagi will be used. Paraboloid antennas

will be utilized at L-band and at S-band. A diplexer separates the receiver

B-43
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EXPERIMENT ID NO.: L026 Page 2

from the transmitter. Phase-locked loops are utilized to track the carrier
and modulation sidebands. The locations of the transponder sites should
be separated by several hundred to a thousand kilometers apart. At least
two sites would be located in the equatorial region with a possible third

gsite located toward the polar region.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

30008 Transponder - 3 frequency (with antennas)
Avg. Pur. (watts) - 75
Weight (1b) - 38k

Volume (cu ft) - 36
Data Rate (BPS) - N/A R
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DISCIPLINE: Astronomy

EXPERIMENT ID NO.: L4027

EXPERIMENT TITLE: Radio Astronomical Observation of Discrete Sources
Exhibiting Temporal Variations in the Frequency Range
0.6 mHz to 1.2 mHz

APPLICABLE SUB-~-OBJECTIVE:

AY-6 Perform radio and optical observations of solar system
sources. The experiment makes a significant contribution

to this sub-objective.

OBSERVATION REQUIREMENTS:

The time variable signals that will be studied will come from sources
lying within the solar system such as the Sun, Jupiter, and the Earth's atmos-
phere and possibly other solar systems sources. The instrument will be a
phase-switching interferometer to discriminate the source against the
background and to greatly reduce the receiver stability problem. The basic
system consists of two sets of mutually orthogonal loops spaced 3 km apart
with an angular resolution of ~ 7 degrees. The loops will be 3~meter
crossed loops at a height of 5 meters. The receiver will cover the frequency
range 0.6 to 1.2 mHz and have an IF bandwidth of 25 kHz. The number of lobes
in the antenna pattern will vary from 13 at 0.6 mHz and 25 lobes at 1.2 mHz.

The sweep rate is 6 mHz per second and the phase switch rate is 800 Hz.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
11108 Antenna Set
30011 Interferometer (radio frequency)

Avg. Pwr. (watts) - 12
Weight (1b) ~ 495

Volume (cu ft) -~ 17.5
Data Rate (BPS) ~ 1560

B-U46
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: 4028

EXPERIMENT TITLE: Observations for Correlation with Earth Observations
5 mHz to 500 mHz

APPLICABLE SUB=-OBJECTIVES:

AY=6 Perform radio and optical observations of solar systems sources., This
experiment makes a significant contribution to this sub-cbjective.

OBSERVATION REQUIREMENTS:

These observations will be closely correlated ﬁith earth observations.
The lunar based operétions will study the temporal variations in the received
signals. The earth bésed operations will provide the directional or angular
resolution needed.

Wideband or sweep-frequency radiometric receivers will be sensitive
from 5 mHz to 500 mHz with a variety of antennas. Two log periodic anteﬁpas
will be used, one from 5 to 50 MHz and one from 50 to 500 MHz.

The location of the antennas will preferably be the far side of the

moon or secondarily the limb.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name '
11109 l Log Periodic Antenna System
11110 Sweep Frequency Radicmeter

Avg. Pur. (watts) = 3
Weight (1bs) =~ 115

Volume (cu ft) - 7.8
Data Rate (BPS) - 300
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DISCIPLINE: Astronomy
EXPERIMENT ID NO.: 4029

EXPERIMENT TITILE: Infrared Astronomy

APPLICABLE SUB~OBJECTIVES:

AY-6 Perform radio and optical observations of solar system sources.
This experiment makes a major conmtribution to this sub=-cbjective.

OBSERVATION REQUIREMENTS:

The nature of the experiment will be to closely observe the infrared
phenomena related to the planets, stars, and galaxies. The reasons for the
lunar operations are the long observation time afforded by the lunar night
on the equator, and near full coverage of the planets. Also, the lunar
horizon occults the sun and this permits near-solar access for measurements
of the inner planets.

Observation will be made through the 1.3 meter telescope with

appropriate camera accessories and IR detectors.

EQUUIPMENT REQUIRED:

Equipment No. Egquipment Name

11095 Telescope (50=-in.)

Avg. Pwr. (watts) - 250 (RTG)

Weight (1bs) - 11,055

Volume (cu ft) ~ 3,670

Data Rate (BPS) - Film (3 1bs/day) (processing 1.5 1lbs/day)

SD T1l-L77



DISCIPLINE: Agbronomy
EXPERIMENT ID NO.: L4030

EXPERIMENT TITLE: Optical Astronomy

APPLTCABLE BUB=OBJECTIVES:

AY=6 Perform radio and optical observations of galactic and extras~
galactic sources. This experiment makes a major comtribution
to this subeobjective in terms of the overall objectives of
optical astronomy.

OBSERVATION REQUIREMENTS:

Observe discrete and extended stellar cbjects such as star clusters,
diffuse nebulae, planetary nebulae, galaxies, quasars, and peculiar objects
in the 900 « 10,000 g,spectral region using imaging, spectrographic, and
photometric technigques. These observations will be accomplished through
maltiple experiments covering the entire celestial sphere. The planned
experiments are:

1. Field image videographic recording

2. Concave grating spectroscopy

3. 70 mm and 250 mm photometry

Infrared experiments will not be performed on this telescope.

EQUIPMENT REQUIRED:

Eguipment No. Egquipment Name

11099 Optical Telescope (100=inch)
Avg., Pur. (wabts) = LOOO
Weight (1b) = 33,000

Volume (cu ££) « T46 (launch configuration)
Data Rate (BPS) = 3 x 100

B=51
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DISCIPLINE: Geology/Geochemistry

EXPERIMENT ID NO.: L4032

EXPERIMENT TITLE: Geologic Mapping, Analysis and Stratigraphy

APPLICABLE SUB~-OBJECTIVES: GG - All

This experiment encompasses nearly all geologic field studies
including mapping, analysis, and stratigraphic investigations. It is
a major contributor to the geology/geochemistry program, especially
to sub-objectives GG-2, 3, 4, 5, and 6.
Gp-2 It will also be a significant contributor to determining the
state and composition of the moon by study of ejecta of deep seated
origin and other surface features indicative of lunar geologic
history. —
ET=k Because this experiment involves close observation and sampling
of large areas where water-rich rocks may occur, it is a major

contributor to ET-4, supporting the extraction of water or oxygen

from lunar materials.

OBSERVATION REQUIREMENTS:

(1) In situ observations, analysis and notation of areal geologic features,
specifically geologic contacts, distribution of lithology, structure, and land-
forms. The end product is a geologic map.

(2) Instrumental measurements of lithologic types for reflected and
emitted IR radiation, 1-15/2 , and fluorescence excited by UV at 2500 X and
3500 2.

(3) Point studies of the stratigraphic succession at specific localities,

delineation and measurement of rock units according to lithology and genetic

features representing significant events in the evolution of the lunar surface.

B~52
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EXPERIMENT ID NO.: L4032 Page 2

Geologic Mapping

This is a two=man, EVA mission. The basic equipment will be camera,

. recorder, base map, tools, and sampling kit. The observer is required to
travel around his ares making‘visual observations and collecting samples for
analysis. He will, at times, stop for extended periods (1/2 = 1 hour) and make
description of observed structure. The remaining time will be taken up in

traveling and short (1 = 2 minute) stops to make records.

Instrumental Measureménts

During mapping of stratigraphic investigations, some physical and
chemical characteristics of exposed lunar materials will be defermined,gg
situ, using various portable "black box" devices, such as an IR fadiometer,
Auger spectrometer, and UV "blacklight".

Stratigraphic investigations call for EVA sorties at specific localities
by a two-man team. Useful exposures are generally found in steep crater and
rille walls. Sorties may vary from 100-meter traverses across narrow rilles,
to several km in length. Geologic data will be recorded by cameras and
vocally. TLocation and recording of operations may be assisﬁed by geologic
mapping process (a concurrent operation) or by use of Lunar Surveying System.
Only quantitative measurements always required are stratigraphic thickness,
by measuring tape, clinometer and azimuthal device. Occasional sorties will
involve use of UV fluorescence detector, IR radiometer, and/ér "black box”
such as Auger spectrometer.

Another form of this investigation (same end result) is the

construction cof a drill hole, with concurrent geologic and geqphysical

logging. This activity is described in experiments 4033 and 4059.

B-53
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EXPERIMENT ID NO.: L4032 Page 3

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

11111 IR Radiometer (portable, such as the Barnes PRT-10 model)
90018 Mapping Kit

90019 Geological Tool Kit

90020 UV Light

1h025 Portable Auger Spectrometer

Avg. Pwr. (watts) - 2
Weight (lbs) - 126.5
Volume (cu ft) - 8.8

Data Rate (BPS) - N/A

B=-54
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DISCIPLINE: Geology/Geochemistry

EXPERIMENT ID NO.: L033

EXPERIMENT TITLE: Drilling and Subsurface Sampling (30-meter drill on
Mobile Lab)

APPLICABLE SUB-OBJECTIVES: GG-ALL, BT~k

Drilling and subsurface sampling, with associated geophysical
experiments utilizing the drill hole, will be one of the most
productive operations in the LSB scientific program, and will
contribute significantly to all geoscience sub-objectives.

Those most directly advanced will be GG-2, study of lunar
materials; GG-5, geologic history or geochronoclogy; and GG~L4, study
of ancient processes, such as deposition of hydrocarbons or action
of water on the moon. This experiment is a major contributor~to

ET=l4, the extraction of water or oxygen from lunar materials.

OBSERVATION REQUIREMENTS:

Vigual and Physical

Lithologic logging concurrent with drilling operation; identification
of lithology (rock types), gaseous emanations, textural nature, degree and
manner of bedding, as a function of depth. Same features sought in the
field, Experiment L032. Stratigraphic investigations.

Methods

Largely visual and simple physical inspection of cuttings and cores

from hole.

Instrumental

1. Examined as they are obtained from hole, according to Experiment

4038, mineralogic and chemical analysis in situ.

B-56
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EXPERIMENT ID NO: 4033 Page 2

2. Water and other volatile materials emanating from hole wilil be

detected by gas chromatography/mass spectrometer.

3. OSamples examined and analyzed further in‘LSB lab according to

Experiments 4037 - Petrographic Analysis, 4060 - Mineralogic

Analysis, h061 - Instrumental Chemical Analysis. Preferred

specimens will be returned to earth for detailed study.
Procedure

Holes will be drilled -at places of greatest estimated value for
shallow depth exploration.

The arill will be either a rotary type with diamond bit (as currently
under developnent. by Westinghouse) or a percussive type with a down-hole
anchoring and vibrator driving a tungsten carbide coring bit (currently
under development by Bendix-Martin Marietta). When time permits, the holes
will be coréd continuously. When time or energy for drilling is limited, or
if a hole is being drilled for a specific purpose (e.g., for seismic "shooting"
or a heat flow probe), cores may be taken only at intervals.

As drilling proceeds, the cuttings and cores produced willibe logged
(plotted versus depth) according to their lithology and other physical char-
acteristics. The rate of drilling is‘also recorded to give an idea of rock
tenacity and hardness. Samples are lsbeled and taken to ILSB laboratory for
analysis.

Further Uses of Drilling

1. Following drilling, lower geophysical probes (Experiment'h059) to
measure: resistivity, density (gamma-ray scattering), water
content (neutron bombardment), magnetic susceptibility, and

permittivity.

B~57
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EXPERIMENT ID NO. Lo33 Page 3

EQUIPMENT REQUIRED:

2. Test hole for expelled gas Qith cold cathode gage and mgss
spectrometer for determination of volcanic, organic, or other
emanations.

3., For séismic'exﬁeriments, insert geophone to bottom of hole, thump
surfabe to obtain'difeétwgeasurement of velocity in the upper
level of crust, or regolith.

L, For (heat flow) measurements, temperature sensors will be buried
in thé leéve hole.' Temperatures will be modified for a yéar to
insurg equilibrium conditions will be identified.

5. Detonate explosive charges in bottom of hole for effective active
seismic sounding of subsurface layering or struétures (This

destroys the hole, do it last).

Equipment No. Equipméh%:ﬁaﬁ

50009 30-meter g&bfie*drfIIiﬁé{rig (mounted on mobile laboratory)
90019 Geologic tool kit

14025 Auger Spectrometer

1hoot Portable Mass Spéctrometer

14028

Portable Gas Chromatograph

Avg. Pur. (watts) - 3000
Weight (1b) - 333.8
Volume (cu ft) - 39.8
Data Rate (BPS) - N/A
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DISCIPLINE: Geology/Geochemistry
EXPERIMENT ID NO.: L4037

EXPERIMENT TITLE: Petrographic Analysis of Rocks (in lab)

APPLICABLE SUB-OBJECTIVES:
GG~-2 Determine the physical, mineralogical, and chemical properties
of lunar materials.
Petrographic analysis will identify rock type, give gross fabric
and semi-quantitative mineralogic composition and is, therefore, a major
contributor to this sub-objective. It will also indicate the degree of

alteration due to shock processes or mineralization.

OBSERVATION REQUIREMENTS: R

A thin section of each specimen to be analyzed will be required. These
must be mounted on glass slides and ground to .003 inches. The petrographer
will examine the sample using the petrographic microscope. The main areas of
interest are fabric, texture, composition, and internal structure. Standard
petrographic techniques will be employed. A written description of each

sample will be required.

EQUIPMENT REQUIRED:

Eouipment No. Equipment Name
90008 Petrographic Microscope
50006 Sample Preparation Device (for cutting and preparing

thin sections on glass slides)

Avg. Pur. (watts) = 100 = 500
Weight (1bs) =~ 57.6

Volume (cu ft) -~ 23.35

Data Rate (BPS) = N/A

B=-60
SD Tl=U4T77



80006

90004

*ON °dInD3 INIV4LSNOD

L€0tv "ON

*dX3

31dNYS MI0Y ¥3d SYNOHNVIAN £ *SLNINIYINDIY YIMOINVIN

—_— v 140d2J 3IM

(suo1snjouod pue uol}
-e21j1Uap! 2160 |esBUIW)
¢ uoijeulwexs pajleiQg

(Apnis uotjisodwod
. Jessutw ss04b % 01iqe})
—_— 2 uotjeAtasqo jeljuj

I— 2 u01393s Jo uoijeiedaid

a|dwes 3204 Jad
SINOH b 1
XVIN NIN
JNIL "ON SNOILvY3d0 40
NOILvd3 dO AJN3NDIYA

ANITIWIL 43 LSYW

B-61

SD 71-bT7



DISCIPLINE: Geology/Geochemistry

EXPERIMENT ID NO.: 4038

EXPERIMENT TITLE: Mineralogic Identification and Chemical Analysis In Situ

APPLICABLE SUB-OBJECTIVES:
GG=-2 Determine the physical, mineralogical and chemical properties
of lunar materials. |
The in situ identification of the properties of lunar materials
is a moderate contributor to the sub-objective. The in situ analyses
will assist operational planning of ISB missions and serve to screen
specimens for mofe detailed analyses to be performed in the LSB laboratory

and on earth with returned samples.

OBSERVATION REQUIREMENTS:

In situ analysis will be short duration scanning examinations of
lithologic materials and natural lunar gases from volcanic or other sources.
These analyses will use the Auger spectrometer, the Neutron Activation
Analyzer, and a Mass Spectrometer.

Detailed analyses (X-ray, IR-UV) (5) and (6) éf chips of select materials
will be performed in the Base. Additional analyses will be pérformed on earth.
It is expected that one in five in situ samples will be removed for further

examination inside the Base.

EQUIPMENT REQUIRED:

Eqguipment No. Egquipment Name

11086 Neutron Activation Analysis Equipment
1L025 Auger Spectrometer

14026 Mass Spectrometer

Avg. Pwr. (watts) = 3 = 25
Weight (1bs) - 125
Volume (cu ft) - 2.0
Data Rate (BPS) = 280
B=-62
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DISCIPLINE: Geology/Geochemistry
EXPERIMENT ID NO.: L4039

EXPERIMENT TITLE: Investigation of Lunar Transient Activity (LTA)

APPLICABLE SUB-OBJECTIVES: GG-3, GG-8, GG-1
This experiment yields increased knowledge of active lunar
processes, such as outgassing, moonquakes or other unknown processes;
hence, it is a moderate contributor to sub~-objectives GG-3, study of
dynamic processes; GG-8, locating LSB sites with exploitable resources;
and GG-1, study of lunar surface features (such as active volcanic

landforms).

OBSERVATION REQUIREMENTS:

Glowing or wispy features as seen from earth (hundreds of documccted
occurrences), dust clouds, or flames are candidates for observation. Ionization
pressure sensor will detect outgassing. Mass spectrometer will detect outgassing
and identify composition and seismometers will detect strong ground movement.
Maintain constant atmospheric monitoring on all long rover trips or traverses
(experiments L4053 and L4054) using boom-mounted cold cathode and gas mass
spectrometers. Sites of outgassing found by above or by earth-based telescopy
will be investigated by field crew for clues to the cause of the LTA. Both
day and night observations are useful. At sites at which activity appears

active, but intermittent, a LTA experiment package will be deployed for

remote monitoring.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

14005 Mass Spectrometer

12001 Tonization Pressure Sensor
11088 Seismometer (4 Component Lamont)

B=-65
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 EXPERIMENT ID NO.: L039 Page 2

EQUIPMENT REQUIRED: (Continued)

Avg. Pur. (watts) = 1 = 12
Weight (1bs) - 39.L4

Volume (cu ft) = 1.462
Data Rate (BPS) - 10 - 1000

B=66
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DISCIPLINE: Geodesy/Cartography
EXPERIMENT ID NO.:  LOLL

EXPERIMENT TITLE: Geodetic Grid Construction

APPLICABLE SUB-OBJECTIVES:

GC~-1 Establishment of a three dimensional geodetic control system
over the entire lunar surface in terms of latitude, longitude,
and height above the chosen reference figure.

The present experiment will be a major contributor toward this

sub-objective.

OBSElVATIONvREQUIREMENTS:

Bagic ground observation requirements include construction of
permanent geodetic monuments, visible from orbital altitudes, ground based
stellar photography and absolute gravimeter measurements. These will be
used in conjunction with laser/radar altimetry data and metric photography
taken from orbit. The basic unit of measurement on the surface will be one
degree ( 7=30 km). Accurécy of + 100 meter will be required. This means
absolute gravity measurements accurate to + 10 milligals. A vertical
accuracy of + 10 meters is also required. It is desirable fo set up a net-~
work of regularly spaced measurement stations; however, this is probably
not feasible on the moon. Instead it is anticipated that at each experiment
location an absolute gravity reading will be taken. Surface triangulation

of measurements stations should be accurate to + 1 inch.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name
11112 Absolute Gravimeter
11082 Photographic Astronomical Transit
11081 Gravimeter (LaCoste Romberg)
B-68
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EXPERIMENT ID NO.: LOLL Page 2

EQUIPMENT REQUIRED: (continued)

Avg. Pwr. (watts) - 1-25
Weight (1bs) = 175

Volume (cu ft) = 5.0

Data Rate (BPS) = 0.2 = 0.7
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DISCIPLINE: Geophysics
EXPERIMENT ID NO.: LOLS

EXPERIMENT TITLE: Gravity Profiling

APPLICABLE SUB~OBJECTIVES:
GP-1 Determine the mass distribution and figure of the moon.
GP-L Determine earth-moon mechanical interactions.
This experiment will be a moderately important contribution

toward meeting the above two sub-objectives.

OBSERVATION REQUIREMENTS:

The general nabture of this experiment is to obtain absolute gravity
measurements and gravity anomalies at all the bases and along all traverses.
It is desirable for absolute measurements to achieve an accuracy of 0.1 milligal
or less. Also obbtained with absolute gravity measurements are vertical gradient
measurements. The accuracies required for gravity anomalies are dependent on
relative elevation accuracies. If a precision of 1 meter in elevation is
available, then a gravity measurement of 0.1 milligal accuracy is usable;
a 1O0-meter precision would permit reductions to 1.0 mgal. Portable gravi=
meters would be used on the traverses with spacing of each measurement to
every 100 meters for features on the order of 200=300 meter extent if elevabion
control is known to 1.0 meter. The range of the gravimeters should be several
thousand milligals. The range of the gravimeters should be several thousand
milligals. Gravity anomalies are the differences between measured gravity
and a normal value; it reflects the difference between subsurface distribution
of density and some density model. Such instrumentation should be free of

drift or have at worst a linear drift. Gravity measurements will be restricted

to the LSB and on traverses. The LSB operations will be limited to the emplacement

B-T71
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EXPERIMENT ID NO.: LOLS

OBSERVATION REQUIREMENTS (con't)

of a gravimeter near the site within walking distance. The traverse opera-
tions will entall measurements taken every 100 meters for the smallest
features to every kilometer for longer traverses. The vehicle must stop

to make the measurements.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

11112 Absolute Gravimeter

Avg. Pwr. (watts) = 1.0
Weight (1lbs) = 22
Volume (cu ft) - 1.8
Data Rate (BPS) - 0.2

B=72
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DISCIPLINE: Geophysics
EXPERIMENT ID NO.: LoLé

IXPERIMENT TITLE: Active Seismic Investigations

APPLICABLE SUB-OBJECTIVES:
GPp-2 Determine the physical state and composition of the lunar
interior.

Active seismic soundings will given information to a depth
of approximately 2000 feet ; will be a minor contributor to this sub-
objective.

GP-3 Evaluate the internal dynamics (heat flow, circulation,
creep, etc.) of the moon.

Active seismic measurements will give information on velogity
of basement rocks and thickness of debris layer, and will be a minor
contributor to this objective.

ET=7  Support the utilization of lunar materials.

Measured seismic velocities will indicate the type of lunar

materials (e.g., unconsolidated vs. rigid materials) existing near

surface which may be utilized.

ORSERVATION REQUIREMENTS:

Seismic data will be taken along geophysical traverses and abt locally
selected areas around the LSB site. There is an initial set=up time of
several hours to emplace geophones along a path several hundred meters
long. An explosive charge is buried approximately two feet below the
surface. The charge will be detonated and travel times of the reflected
and refracted waves measured. Recording equipment may be conbtained within
a rover, Approximately 10=15 pounds of explosive Will be required at each
site. Alternate seismic energy sources may be preferable to explosives.

B-Th
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EXPERIMENT ID NO.: L4046

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

L0005 Time Base Generator
11087 Seismic Amplifier
50010 Seismic Energy Source
50012 Geophones

Avg, Pur. (watts) - 5.0
Weight (lbs) = 555.5

Volume (cu ft) = 1h4.708
Data Rate (BPS) - L0O0O

B~75
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DISCIPLINE: Geophysics
EXPERIMENT ID NO.: LOuLT

EXPERIMENT TITLE: Passive Seismic Measurements

APPLICABLE SUB-OBJECTIVES:

GP-2 Determine the physical state and composition of the lunar
interior.
GP-3 Evaluate the internal dynamics (heat flow, circulation, creep, etc.)

of the moon.

GG~3 Deduce the nature and relative importance of dynamic natural pro-
cesses on the lunar surface.

GG-6 Construct geologic maps of the lunar surface, delineating litho-
logic contacts, tectonic structures, physiographic and petro-
graphic provinces.

GG-8 Locate geologically favorable sites for advanced lunar explora-
tion/exploitation scientific facilities.

This experiment will be a major contribution toward meeting the

above sub-objectives.

OBSERVATION REQUIREMERTS:

The acquisition of seismic data is the highest priority in determining
the structure and composition of the interior of the moon. This experiment
will determine the seismically active areas and will establish the travel
times of body waves and the dispersion of surface waves to infer the seismic
velocity distribution and an elasticity of the moon. The measurements will be
of short period waves, 0.2-25 Hz, and of long period waves, 0.005-3.3 Hz. The
dynamic range should be 1.0 millimicron to 10 micron. The instrumentation will

be a L-component (one short period and three long period components) station

B-T7
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EXPERIMENT ID NO.: LOL7 Page 2
OBSERVATION REQUIREMENTS: (continued)

at each site with two other stations located at the vertices of a 10 kilometer

triangle (minimum). Triangle scale should expand to 1000 km using "arrays of

arrays’,

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

11088 Seismometer (4 Comp. Lamont)

Avg. Pwr. (watts) - 1.0
Weight (1bs) = 22.2
Volume (cu ft) - 0.56
Data Rate (BPS) = 230

B-78
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DISCIPLINE: Geology/Geochemistry

EXPERIMENT ID NO.: LOu8

EXPERIMENT TITLE: Deep Drilling and Sampling

APPLICAELE SUB-OBJECTIVES: GG-2, 4, 5, 6

This experiment will give core samples to a depth of 300 meters

and make it a major contributor to these objectives.

OBSERVATION REQUIREMENTS:

The drill, because of the long term nature of the drilling operation,
will be located at semi-permanent sites. The geclogist in charge will make
preliminary examination of core samples and choose samples to be returned
for detailed examination. A log of drilling rate should be kept. Chips
raised from hole should also be logged. At completion of the drilling the
hole may be used for geochemical/geophysical experiments using down hole

probes,

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

50008 Stationary Drill

Avg. Pwr. (watts) = Self contained power supply
Weight (1bs) = 30,200
Volume (cu ft) = 2,100
Data Rate (BPS) - N/A

B=80
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DISCIPLINE: Particles and Fields
EXPERIMENT ID NO.: L050

EXPERIMENT TITLE: Sclar Wind and Energetic Particles

APPLICABLE SUB-OBJECTIVES:

PF-1 Solar Wind-Moon Interaction

The measurement of solar wind at the lunar surface is a major
contribution toward meeting this dbjective.
PF-2 Fundamental Physics of Plasma Interactions

Measurement of solar wind distributions at the lunar surface
provides a major contribution to the accomplishment of this objective.
PF-4 Lunar Particle Environment

The measurement at the lunar surface of incident, reflected
and secondary nuclel, electrons and radiations is a major contribution

to this sub-objective.

OBSERVATION REQUIREMENTS:

The nature of the first part of this experiment is to better understand
the interaction between the solar wind and the lunar surface. The measure-
ment requirements for the proton distribution are: .(l) proton flux 107 - 1010
particles/cm2/sec, (2) proton energy 10° - 2 x ZLOl‘L ev, (3) angular extent.

The instrument will be a solar plasma spectrometer. Two instruments, at least,

are necessary for measurements toward the sun and in a fixed direction away

from the sun (in the horizontal direction away from the ecliptic).

B-83
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EXPERIMENT ID NO.: L0350 . . Page 2

The nature of the second part of this experiment is to observe and
record incident charged particles in the solar and anti-solar direction with
discrimination techniques from galactic particles and scolar particles. The

measurement requirements for the galactic particles are: (1) flux 1-20

8

particles per cm?, (2) energy - 5 x 10° to 1 x 1010 ev, (3) energy accuracies

+ 20%. The measurement requirements for solar particles are: (1) primary

ol0 L

particle flux up to 1 particles/cm?/sec and secondary fluxes up to 10

particles/cm®/sec, (2) proton energy 3 x 10° - 5 x 108 ev, (3) electron

L

energy 5 % 107 « 5 x lO7 ev, and (4) resolution in energy and flux + 10%.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

14001 Particle Counter (Low Energy)
14002 Particle Counter (High Energy)
14020 Particle Spectrometer

11008 Cosmic Ray Spectrometer Telescope

Avg. Pwr. (watts) = 0.5 = 5.0
Weight (1bs) = 37.3

Volume (cu ft) = 0.94

Data Rate (BPS) = 200 ~ 2000

B=-8L
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DISCIPLINE: Particles and Fields

EXPERIMENT ID NO.: L4051

EXPERIMENT TITLE: Magnetic Field and Electric Field Temporal Variations

APPLICABLE SUB-OBJECTIVES:
PF-3 Magnetic and Electric Fields Around, On and Within the Moon.
Direct measurement of the magnetic and electric fields at
the lunar surface will fulfill a major part of this sub-objective.
AY-L Plasma Properties (surface and subsurface)
This experiment gives major support to the sub-objective with
respect to measuring the magnetic fields at low frequencies in the

plasma at the lunar surface.

OBSERVATION REQUIREMENTS:

A metastable helium magnetometer will be utilized to measure the
magnitude (gammas) and direction (degrees) of the ambient magnetic field
vector. These measurements will be conducted at a sample rate of once
per second, (duration 5 minutes) and the experiment will be carried out
twice each 2U~hour period during the lunar day and lunar night. The
experiment duration will be extended as required during periods of solar
wind activity and special events. The sensor should be placed at a location
where unwanted stray magnetic fields are less than 0.25 gamma. The range
of the magnitude of the magnetic field will be 0.25=100 gammas with an

accuracy of two significant figures.

SD 71=U4T7



EXPERIMENT ID NO.: L4051 Page 2

Low frequency plasma waves in the range of 0.01 to 10 Hz will be
monitored with respect to magnetic field magnitude and intensity by two
additional types of magnetometers: a search coil system and a flux gate
instrument. Magnetic field range will be from 0.0l to 100 gammas.

The emplacement of the experiment must be near the noise survey
experiment and far enough away from the base to cbtain measurements

free of man-made fields,

The intensity and direction of the electric field will be measured at
the surface and 5 to 10 meters above the surface. Two electric field meters
will be used -~ one at the foot of a mast and the other at a variable
height on the mast. The experiment would be automated after the initial
setup and calibration. The interval of electric field values to be measured

is from 0.0l to 100 volt/meter with a sensitivity of 0.0l volt/meter.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

15011 Search Coil Magnetometer

15008 Flux Gate Magnetometer

15010 Helium Magnetometer

15012 Electric Field Detector (Emplaced)

Avg. Pwr. (watts) - 0.4 ~ 10
Weight (1bs) - 43,4

Volume (cu ft) = 0.83

Data Rate (BPS) = 2 =~ 320

B-87
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DISCIPLINE: Lunar Atmosphere
EXPERIMENT ID NO.: 4053

EXPERIMENT TITLE: Total Pressure and Composition

APPLICABLE SUB~OBJECTIVES:
LA-1 Determine the total quantity and distribution of the component
Species of the lunar atmosphere.
LA-3 Monitor atmospheric contamination resulting from lunar missions
including transport and escape rates.
This experiment will provide a minor unique contribution in
defining the lunar atmosphere but will provide a major portion of the

contamination aspect.

OBSERVATION REQUIREMENTS:

Establish influence of Base on the lunar atmosphere by the concurrent
measurement--in four places-- of the absolute pressure and atmospheric
constituents for a total period of 2 months. Beyond that range of influence,
the four concurrent readings (pressure and composition) shall be recorded
over the period of one earth year.

Pressure/composition recording time per se is not considered since
remote recording/display is required. One sample per 5 minutes is required
for both pressure and each constituent.

Within the established range of base influence four pairs of instruments
are required to continue the monitoring of the effect of the Tug landings and

the Base itself on the lunar atmosphere.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

12001 Ionization Pressure Sensor

14005 Mass Spectrometer

14019 Mass Spectrograph (Quadrupole)
B=-89
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EXPERIMENT ID NO.: L4053 Page 2

EQUIPMENT REQUIRED: (Continued)

Avg., Pur. (watts) - 12 =48
Weight (1bs) - 244.8

Volume (cu ft) - 5,728
Data Rate (BPS) = L0 = 1000

B-90
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DISCIPLINE: Lunar Atmospheres
EXPERIMENT ID NO.: LO5S5

EXPERIMENT TITLE: Escape and Transport Rates

APPLICABLE SUB~OBJECTIVES:
LA-2 Determine the principal natural atmospheric source, loss and
transport mechanisms and their rates.
LA-3 Monitor atmospheric contamination resulting from lunar missions
including transport and escape- rates.
This experiment will be a major contribution to these sub-
objectives requirements which also include the observations from an

orbiting vehicle.

OBSERVATION REQUIREMENTS:

Known times of additions to the lunar atmosphere; e.g., Tug/Lander
descent or controlled releases will dictate many of the times of occurrence
of this experiment. Observation of the transport mechanism of the natural
lunar atmosphere will be keyed to natural events (fumaroles). Observing the
natural occurring atmosphere will not be so time critical but will be more
demanding because of scarcity and moon perturbations. The samples release
should be performed remotely to avoid interaction of excess gases in the
vicinity of the sample. The observations require long duration recording
(remotely) to accurately record the full escape history, especially of the

natural occurring lunar events.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

14029 Mass Spectrometer (Directional)

14030 Supra Thermal Ion Detector
B-92
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DISCIPLINE: Geology and Geochemistry
EXPERIMENT ID NO.: L4057

EXPERIMENT TITLE: In-Situ Measurement of the Natural Radiation Spectrum

APPLICABLE SUB-OBJECTIVES: GG-2, GG-4
This experiment will be a minor contribution to determining
the chemical nature of lunar material (GG-2) and the nature of
chemical differentiation of the lunar crust and related long term

geologic processes (GG-U4).

OBSERVATION REQUIREMENTS :

Natural and induced gamma radiation from surface materials at
different lunar locations and on rover traverses. The locations. of all
areas from which readings have been taken will be recorded.

Procedure/Equipment Requirements

Gamma Spectroscopy on Traverses: During all rover traverses, the
scintillation detector and pulse height analyzer (gamma ray spectro=-
meter) will monitor the distribution in the lunar crust of gamma ray
emitting radionuclides--primarily uranium, thorium and potassium and their
decay products. Pulse height analysis will be used to determine the gamma
ray flux vs. energy spectrum of specific materials to be analyzed. The
energy spectra are then compared to the known spectra of the nuclides to
identify constituents.

This experiment will be performed continuously (300 to 800 times) during
rover traverses. At locations of anomously high radiocactivity, stops will be
made for detailed analysis of the gamma ray spectra of the local soil or rock.
This must be done before or concurrently with any experiment making use of

radioactive sources.

B-9kL
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EXPERIMENT ID NO.: LO57

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

11005 Gamma Ray Spectrometer

Avg. Pwr, (watts) - 10
Weight (1bs) = 85
Volume (cu ft) = 2
Data Rate (BPS) - 3000

B=95
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DISCIPLINE: Geophysics
EXPERIMENT ID NO.: L4058

EXPERIMENT TITLE: Magnetic Profiling

APPLICABLE SUB-OBJECTIVES: GP-2, GG-1, GG-2, GG-4
This experiment will contribute to the accomplishment of =all
geology and several\geophysics sub=objectives., It will especially
contribute toward the interpretation of lunar surface features (GG-1),
physical state and composition of the interior (GP-2), and the

physical properties of lunar materials (GG-2).

OBSERVATION REQUIREMENTS:

Local and regional magnetic anomalies measured as horizontal variations
in intensity and polarity on the lunar surface. This experiment is designed
to obtain magnetic profiles across specific geologic features, and during
other rover traverses to obtain information on hidden magnetized
bodies. It is to be performed concurrently with gravity profiling; and in
areas of special interest, seismic sounding experiments
may also be performed to aid in interpretation of the magnetic and gravity
data.
Procedure

The experiment will be performed on rover traverses with a boom-
mounted 3 component fluxgate magnetometer and a proton precession magneto=-
meter. Readings will be taken under shirtsleeve conditions at intervals ranging
from 1 km for regional structures to 20 meters for location of smaller structures.
More detailed traverses may be performed on foot.

A total field magnetometer will be operated at the LSB to provide

secular data for correction during data analysis.

B=-97
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EXPERIMENT ID NO.: L4058 Page 2

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name
15021 Fluxgate Magnetometer (on traverse)
15022 Proton Precession Magnetometer

Avg. Pur. (Watts) - 5.0
Weight (1b) 17.2
Volume (cu f£t) 0.95
Data Rate (BPS) 3 -20
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DISCIPLINE: Geophysics
EXPERIMENT ID NO.: L4059

EXPERIMENT TITLE: Geophysical Bore Logging

APPLICABLE SUB-OBJECTIVES: GG-2, GG-6, GP-2
This experiment will contribute moderately to determining the
nature of lunar surface materials (GG-2) and will be a significant
aid in geologic mapping and correlation of buried near surface geologic
units (GG-6). It will be a minor contributor to GP-2, determining the

physical state and composition of the lunar interior.

OBSERVATION REQUIREMENTS:

Electric resistivity by dry hole resistivity sonde using multiple
electrodes, wetted with liquid electrolyte. Density by gamma ray bombardment
in which back scattered gammas are proportional to rock density. Water, ice,
or other hydrogenous matters by neutron bombardment, in which fast neutrons
(energies > 0.025 ev) are absorbed in porous zones filled with hydrogenous
matter. Magnetic susceptibility by ac induction probe. Permittivity by
induction.

Procedure: These sensors and energy sources can be assembled in one or two
sondes for lowering down boreholes. Automatic readout will be recorded or
transmitted as the probe is raised slowly from the botton. Data will be

plotted and analyzed as a function of depth.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

11079 Down-~hole Geophysical Probe

Avg. Pwr. (watts) - 3b
Weight (lbs) = 57

Volume (cu ft) = k4

Data Rate (BPS) - 1.1 x 10t

B-100
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DISCIPLINE: Geology/Geophysics
EXPERIMENT ID NO,: L4060

EXPERIMENT TITLE: Mineralogic Analysis in Lab

APPLICABLE SUB-OBJECTIVES: GG-2, 4, 6, 7, and 8
Identification of the minerals and the determination of their
association with other minerals will make major contributions toward

these sub-objectives.

OBSERVATION REQUIREMENTS:

The astronauts will be working with samples collected in the field.
They will be required to prepare samples for analysis by making thin sectionc
and powder mounts of each sample. Standard petrographic analysis techniques
will be employed in the microscopic analysis., The X-ray analysis i; a

matter of making the exposure and reading the film. Where deemed necessary,

samples can be returned to earth for detailed analysis.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

50006 Sample Preparation Equipment
11096 X-Ray Diffractometer

90008 Petrographic Microscope

Avg. Pur. (watts) = 10 = 500
Weight (lbs) = 77.6

Volume (cu ft) - 24.05

Data Rate (BPS) - N/A

B=102
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DISCIPLINE: Geology/Geochemistry
EXPERIMENT ID NO.: LO61

EXPERIMENT TITLE: Instrumental Chemical Analysis in Lab

APPLICABLE SUB-OBJECTIVES:

GG-2 Determine the physical mineralogical and chemical properties
of lunar materials.

The nondestructive chemical laboratory analysis of lunar materials
is a major contributor to this sub-objective, although the laboratory
analyses may be performed in greater detall on earth, as required,
with returned samples.

GGk Study the effects of ancient or long~term geologic processes.
This experiment will allow investigation of chemical differentiation

of lunar crust as related to long-term processes and, therefore, will be

a major contributor to this sub-objective.

GG-6 Construct geologic maps of the lunar surface, delineating
lithologic contacts, tectonic structures, physiographic and
petrographic provinces.

The identification of chemical elements from different lunar
regions will establish the degree of chemical differentiation and aid
in the delineation of regional differences and thus be a major
contributor to this sub-objective.

GG-T7 Determine the nature of morphologic differences between the
near and far side of the moon.

This experiment will support this sub-objective only in a
minor way since samples from opposite sides of the moon will be
collected only on OLS-Tug sorties and probably be analyzed on earth
or at best very infrequently at the LSB.

B-10L
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EXPERIMENT ID NO.: LO61 Page 2

GG-8 Locate geologically favorable sites for advanced lunar
exploration/exploitation scientific facilities.
Samples brought from other lunar surface locations to the
LSB lab may, upon chemical analysis, be of unusual interest and
grossly different from locél samples and, thereby, provide some
motivation for establishing a new exploration site. Therefore, this
experiment will provide a major contribution toward meeting this sub-

objective.

OBSERVATI&N REQUIREMENTS :

The chemical analysis of lunar samples in the LSB laboratory involves
measurements using neutron activation, gas chromatography, mass spectroscopy,
X~-ray spectroscopy, IR spectroscopy, and UV spectroscopy.

Activation analysis with a neutron activation analyzer consists of
the irradiation of a sample of lunar matérial with fast neutrons from a
fast neutron generator, which typically might be a positive ion Cockecroft-
Walton accelerator with either a tritium target ﬁroducing 14 Mev neutrons
or a deuterium target producing 3 Mev. The fast neutron flux through (n, p)
reactions prodﬁces gamma rays of energies characteristic of the elemental
composition of each lunar sample. 'The gamma rays are detected typically with
a NaI(Tl) scintillation crystal and their energies determined in a pulse
height analyzer. A layer of paraffin between the.neutron source and the
sample will provide neutron moderation resulting in thermal neutrons, which
when absorbed by the lunar sample will release capture gamma spectra cf

distinctive characteristics and allow additional means of element identification.

B-105
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EXPERIMENT ID NO.: L4061 Page 3

A gas chromatograph will be used for analyzing solid lunar samples
which have first been volatilized in an oven. The sample vapors are carried
through the absorbing-desorbing column by a carrier gas (typically He).
After a sufficient length of flow the components are separated spacially
and each component may be identified by a glow discharge detector whose
measured differences in breakdown voltage were a function of the identify
of the isoclated component of the Ilunar sample.

A mass spectfometer will be used for the compositional analysis of
sclld surfaces and layers below, but near the surface. A sputter-ion
souree allows monolayers to be removed from the sample for analysis and
thus establish change of composition with depth. A magnetic mass. analyzer
for the LSB laboratory will be used with a resolution intermediate between
those of earth-based laboratories and those of flight hardware (e.g., inter-
mediate values might be a resolution of 1000 and a sensitivity of parts per
million). An electron multiplier type of ion detector will give adequate
sensitivity.

An X-ray spectrometer, including an X-ray source, will bé used to
identify elements and measure compositions in lunar samples brought inside
the LSB laboratory. An X-ray Coolidge tube type source irradiates the test
sample which fluoresces X-rays in all directions. A multiple fixed
dispersive channel system is used to separate the X~-rays according to Qave-
length. Each channel consists of a collimator, roflecting crystal and

detector oriented at the appropriate Bragg angle to detect the particular

intended wavelength interval of X-rays.

B~106
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EXPERIMENT ID NO.: L4061 Page L

An infrared spectrometer system will be used to analyze lunar samples
by both absorption and reflection. The source of infrared radiation is
typically a Globar (bonded silicon carbide rod) or a Nernst glower (bonded
mixture of rare earth in rod form) heated to 1000° to 1200° K with an
electric current. Dispersion is.accomplished in prisms. The sample~transmitted
and sample-reflected radiations are sensed by infrared detectors (fhermistor
or photocell) followed by signal amplification as required. To provide
sensing across the dispersed wavelengths in both transmission and reflection,
a scanning- and beam—éplitting system is required. Samples for absorption
spectral measurements may be powdered and pressed into KBr pellets. Samples
for reflection spectral measurements are prepared with polished surfaces
from lunar mineral powders formed into briquets bound by Lucite.

The IR wavelength-integrated results from this experiment will be
compared with the measurements of the IR emissivity and reflectivity in situ
in Experiment No. 4063. Optics for IR experiments will be NaCl from 2 to 15
microns and interchanged with XKBr to extend wavelength interval to 2.5 microns.
Replacement of gratings with prisms will extend operation fo 400 microns.,

Ultraviolet absorption measurements of lunar samples will also be made
in the LSB laboratory. A continuous spectrum UV light source will be
provided. A high resolution monochromator with good light gathering power
without excessive transmission loss is required. Quartz optics are to be used.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

11086 Neutron Activation Analyzer

14018 Gas Chromatograph

14026 Mass Spectrometer

11114 X~Ray Spectrometer (with source)

11115 IR Spectrometer (with source)

11113 UV Spectrometer (with source)
B-107
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EXPERIMENT ID NO. Lo61 Page 5

EQUIPMENT REQUIRED: (continued)

Avg, Pwr. (watts) = 0,3 = 25
Weight (1bs) - 228

Volume (cu ft) - 5,8

Data Rate (BPS) - 1 ~ 280

B~108
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DISCIPLINE: Engineering, Technology and Operations
EXPERIMENT ID NO.: LO6L "

EXFPERIMENT TITLE: Biological Monitor and Eco-System Prototype

APPLICABLE SUB-OBJECTIVES:
ET-2 Verify performance of a long-duration life support system.
This experiment is a major activity of this sub-objective since

it will enable evaluation of a working, closed ecology model.

OBSERVATION REQUIREMENTS:

This experiment is to be conducted within a greenhouse. An atmosphere
is reguired and all elements of the experiment require exposure to the same
atmosphere. Five experiments (406L, 4065, 4066, 4067 and L068) will be
included within the environment; all are required to enable the ciosea system
evaluation. Atmospheric pressure, temperature, moisture and constituent
monitoring are required. The animal portion of the experiment requires
control of the food and water the animals eat, their waste products, the
measurement of their physiological characteristics (body temperature,
respiration analysis), and animal autopsies. The measurements are to be
performed daily. The duration is expected to be at least one year. An
identical closed Ecological System on earth is required for comparative
purposes. The above will enable evaluation of their growth, development,

reproduction, and survivability.

EQUIPMENT REQUIRED:

Eguirment No. Equipment Name

90021 Biological Monitor and Ecological Experiment Equipment

Avg. Pwr. (watts) - 50
Weight (1bs) - 22
Volume (cu ft) = 1.7
Data Rate (BPS) - N/A

=110
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DISCIPLINE: Engineering, Technology and Operations
EXPERIMENT ID NO.: L066

EXPERIMENT TITLE: Effects of Lunar Conditions on Plants

APPLICABLE SUB~OBJECTIVES:
ET-2 Verify a long-duration life support system.
This experiment will verify the plant growth characteristics
on the moon for acquisition of plant data and projection of that data

to the closed ecological system and provides a moderate contribution

toward meeting this sub-objective.

OBSERVATION REQUIREMENTS:

The effect of the lunar gravity and ionizing radiation on barley, beans,
corn, tomatoes will be observed and photographed. Both lunar soil and hydro-
ponic farming methods will be evaluated. This experiment will continue that
which is being evaluated in an earth environment. A concurrent control
experiment will be in progress.

The plants will be physically evaluated photographically with a grid
for dimensions and liminal angles and micrographically for minute structure
comparisons (histological).

A chemical analyzer will utilize gas chromatography and a parafine
oven for amino acids, carbohydrates, sugars, acids. The growth, development,

reproduction, and survivability of the plants will be determined.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

90022 Plant Life Experiment Equipment

Avg., Pur. (watts) - 10
Weight (1bs) ~ 1034
Volume (cu ft) - L
Data Rate (BPS) - N/A
B-112
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DISCIPLINE: Engineering, Technology and Operations
EXPERIMENT ID NO.: LOT71

EXPERIMENT TITLE: Tests of Thin Film Bearings

APPLICABLE SUB-OBJECTIVES:
ET=3 Effects of long duration exposure of equipment materials to
the lunar environment.
This will provide a major contribution to the sub-objective
since it will be a test of equipment in the lunar enviromment to

understand lunar unique problems of machinery.

UBSERVATION REQUIREMENTS:

Bearing wear will be measured (photographically and physically) to
evaluate the performance of candidate thin film bearings. An electrically
driven shaft will hold five bearing samples and the response of the
different samples to one load will be observed. ©Setup requires installation
of the bearings on the shaft and loading the shaft. The "test" involves the
running time of the shaft while the evaluation requires visual inspection
and measurement-wear spots, characteristics of wear-prior to resuming the
test or dismantling.

Some samples may fail requiring interruption at times other than

scheduled.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

90023 Thin Film Bearing Experiment Equipment

Avg. Pwr. (watts) = 200
Weight (1bs) - 22
Volume (cu ft) = .35
Data Rate (BPS) - N/A

B=114
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DISCIPLINE: Engineering, Technology, and Operations
EXPERIMENT ID NO.: LOTA

EXPERIMENT TITLE: Mining/Transport of Lunar Materials

APPLICABLE SUB-OBJECTIVES:
BET=4 Support the extraction of water from lunar
materials. The present experiment will be a major

contribution toward meeting this sub-objective.

OBSERVATION REQUIREMENT:

The exact nature of this experiment is dependent upon the discovery
of water on the Moon and the state of that water. If the water
occeurs in a natural state, i.e. a mixture, then transporting it will have
to include an enclosed leak proof volume for holding the material during
transport and storage. (It is assumed that surface material will not con-
tain water which can be easily extracted, thus mining is directed toward
sub-surface material). The lunar material will be tested for solubility

(1)

in a liquid for gpplication of a Frasc@-type mining technique. Several
samples of each water-bearing material will be prepared to be analyzed for
solubility according to liquid, temperature of liquid, mixture of liquid.
The transportation of the material is dependent upon the type of mining
and whether a continuous or batch method is required. The continuous method
reguires storage for quantities of lunar materials as well as protection.

The experiment involves evaluation of protective alternates for the mined

ma*erials; i.e., open, covered, sealed, pressurized.

(1) wASA CR77720, "A Study of Lunar Resources,” 22 May 1965,
R. Q. Shotts, University of Alabama
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DISCIPLINE: Engineering, Technology, and Operations

EXPERIMENT ID NO.: L4078

EXPERIMENT TITLE: Lunar Strata Electromagnetic Propagation Parameters

APPLICABLE SUB-OBJECTIVES:
ET=3 Support the construction of a lunar astronomical observatory.
The experiment will be a minor contributor to the sub-objective

since isolation methods can be applied.

OBSERVATION REQUIREMENTS:

Existing core‘hole - geologic surveys - will be utilized to define the
composition of the sﬁbsurface. Additional holes will be drilled in conjunction
with soil composition changes to investigate the effect of the lunar strata
on communication between two points for the significant levels (Task 1).

The procedure is to sweep a power and frequency range to establish a
satisfactory combination, if any (tasks 2 and 3). Once established, trans-

mission quality may be observed. Three levels per drill holes are included.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

9002k Lunar Strata E. Mf Propagation Experimént Unit

Avg. Pwr. (watts) = 250
Weight (1bs) = 6.6
Volume (cu ft) - 0.5
Data Rate (BPS) - TBD
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DISCIPLINE: Engineering, Technology, and Operations
EXPERIMENT ID NO: Lo79

FXPERIMENT TITLE: Tnmar Surface Transmission Line Interactions

APPLICABLE SUBOBJECTIVES:

ET=6 Support the construction of a lunar astronomical
observatory. This experiment should satisfy the
requirements completely.

AY-k Determine lunar surface and near-surface electrical
properties. The experiment will maske a moderate
contribution to this subobjective.

OPRSERVATION REQUIREMENTS:

The interaction between the lunar surface and electrical transmission
line components (supports, insulators, lines and terminal equipment) will be
investigated. The components’ performance will be evaluated for shape,
surface (lunar surface) finish, and material Tor best heat rejection. The
experiment sebup involves site selection and preparation, line and components'
setup, stimulus and instrumentation hookup. Varying the components, type or
arrangement will be a manual function; data recording for analysis is required
at the Base. The experiment itself involves evaluation of power transmission
data transmission and R¥F transmission. The experiment may_be conducted in the

three areas concurrently and will require a full lunar day (28 earth days) at

each site,

FQUIPMENT REQUIRED:

Eguipment No. Equipment Name

300725 Iunar Surface Transmission Line Experiment Equipment

Avg. Pur. (watts) - N/A
Weight (1b) - L.k
Volume (cu ft) - 0.17
Data Rate (BPS) - N/A
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DISCIPLINE: Engineering, Technology, and Operations

EXPERIMENT ID NO: Lo81

EXPERIMENT TITLE: Heat Transfer in Liquids through Natural Convection

APPLICARLE SUBORJECTIVES:

ET=lL Support the extraction of water and oxygen from lunar
materials., .The experiment will make a major contribu-
tion to this subobjective.

ET=5 Support the vprocessing or storage of propellants. This
experiment will provide a minor portion of the inform-

ation required to satisfy the subobjective.

OBSERVATION REQUIREMENTS:

It is intended to derive heat btransfer coefficlents within liquids
and between liquids and contaliner walls. The experiment is an instrumented
cylindrical container with electrical heater. Data requirements are in the
form of thermocouple readout and motion picture photography of suspended

particles. The experiment may be conducted inside the base laboratory.

EFQUIPMENT REQUIRED:

Eguipment No. Equipment Name

90026 Liquid Heat Transfer Experiment Egquipment

Avg. Pur. (watts) - neglipible
Weight (1b) - 15.4

Volume (cu ft) - 0.17

Data Rate (BPS) - N/A

B-122
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DISCIPLINE: Engineering, Technology, and Operations.
EXPERIMENT ID, NO.: L4082

EXPERIMENT TITIE: Heat Transfer in Film and Drop Condensation
Processes

APPLICABLE SUBOBJECTIVES:

ET=kL Support the extraction of water or oxygen from lunar
materials
ET=5 Support the processing or storage of propellants.

This experiment provides a portion of the information .

required to satisfy these subobjectives.

OBSERVATION REQUIREMENTS:
Heat transfer and condensation characteristics will be observed. A

mall vessel, with a controlled electric heater, will be used to heat s

[0

metered quantity of vapor (from the test liquid) and fed into a condenser.
The amount and rate of condensation will be monitored by nuclear trace tech-

nigues, while the temperatures will be monitored by thermocouples.

EQUIPMENT REQUIRED:

Egquipment No. Equipment Name

20027 Film and Drop Heat Transfer Experiment Equipment
Avg. Pur. (watts) - negligible
Weight (1b) - 6.6

Volume (eu f£t) - 0.70
Data Rate (BPS) - N/A
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DISCIPLINE: Engineering, Technology, and Operations
FXPERIMENT ID NO.: Lo84

EXPERIMENT TITIE: Metals Joining Techniques

APPLICABLE SUBOBJECTIVES:

ET=6 Support the construction of a lunar astronomical
observatory
ET=7 Support the utilization of lunar materials (resources).

This experiment provides a moderate contribution of

information to the subobjectives.

OBSERVATION REQUIREMENTS

This experiment utilizes an electron beam welding machine and will
evaluate (1) loss of weld materials by vaporization, (2) pattern of vapor-
ization, (3) quantities and pressures of inert gases required to direct

metal Tlow.

EQUIPMENT REQUIRED:

Fouipment No. Egquipment Name

90028 Metal Joining Experiment Equipment

Avg. Pwr. (watts) - 1800
Weight (1b) - Lh.0
Volume (cu ft) - 1.7
Data Rate (BPS) - N/A

B-126
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DISCIPLINE: Engineering, Technology, and Operations

EXPERIMENT ID NO.: L4085
EXPERIMENT TITLE: Differential Thermal Analysis of Potentially Castable
Materials

APPLICABLE SUB~OBJECTIVES:
ET=7 Support the utilization of lunar materials (resources).
This experiment will provide a major contribution to the

utilization of lunar materials.

OBSERVATION REQUIREMENTS:
The observation objective is melting temperature of lunar materials.
This experiment is performed inside the Base. The procedure utilizes

de

[
o
s

tification of the samples, experiment no. 4038. Samples are placed in
differential thermal analyses cells and heated, coocled, cycled or maintained
by a Thermal Analyzer. Thermomechanical properties variation with time and
temperature are also observed. The volatiles from the materials are condensed
Tor the analysis. This may lead to identification of lunar materials worthy

of further evaluation of the construction gqualities of the materials.

EQUIPMENT REQUIRED:

Eguipment No. Equipment Name

Q0029 Differential Thermal Analysis Experiment Equipment

Avg. Puwr. (watts) = 2.0
Weight (1lbs) - 11.0
Volume (cu ft) = 3.5
Data Rate (BPS) = N/A
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DISCIPLINE: Engineering, Technology, and Operations
EXPERIMENT ID NO.: LO86

EXPERIMENT TITLE: Characteristics of Lunar Ores--Self Welding

APPLICABLE SUB~OBJECTIVES:
ET=T7 Support the utilization of lunar materials (resources).
This experiment will contribute major information toward the
utilization of a lunar material, since it will potentially use lunar

material in a lunar structure.

OBSERVATION REQUIREMENTS:

The change in the cochesive characteristics of lunar materials will be
evaluated after being freshly broken. The materials may be obtained from
surface modification of seismic sites. The procedure requires the fglling
and compacting of cylindrical specimen molds with uniform size granules
of material. Several molds - each with a different size granule =~ will be
filled. The cylinders will be subjected to time sequenced load tests the
day the samples are acquired. The tests are to be repeated once a day at
one week and at two-week intervals to establish a change in cohesion with
time. The test must be performed outside the Base,

Cohesion 1s of importance since reduction of it affects the performance

of extraction, screening and crushing operations while increased cohesion

is deslrable for fill or handling operatioms.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

90030 Ore Compaction Equipment

Avg, Pur, (watts) - N/A
Weight (1bs) - 11.0
Volume (cu ft) - 0.1
Data Rate (BPS) - N/A

~130
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DISCIPLINE: Engineering, Technology, and Operations
EXPERIMENT ID NO.: L4087

EXPERIMENT TITLE: Lunar Dry Cement and Concrete Applications

APPLICABLE SUB-~-OBJECTIVES:
ET=7 Support the utilization of lunar materials (resources).
This experiment is a major contributor toward meeting the

sub~objective.

OBSERVATION REQUIREMENTS:

Purpose is to develop and apply an approach to combining fillers and
binders in physical-thermal~chemical processes to form a lunar concrete.
£ candidate process uses ash, pumice and clinkers as filler; sulphur as a
binder; and exo-thermic reactant additives for setting. Once a lunar concrete
is identified, applications to foundations, form casting, cementing of
ca$t or natural block materials and sealing and calking will be assessed.

This experiment should be performed after site analyses for geologic
PUTPOSES.

Evaluation of the applications requires analysis of the forms after

exposure to lunar environment and structural loading.

EQUIPMENT REQUIRED:

Equipment No. Equipment Name

50031 Lunar Dry Cement and Concrete Experiment Equipment

Avg. Pwr. (watts) - 350
Weight (1bs) - 240
Volume (cu ft) - 35
Data Rate (BPS) ~ N/A
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DISCIPLINE: Geophysics

EXPERIMENT ID NO.: LO88

EXPERIMENT TITLE: Determination of Near Surface Temperature Gradient
for Heat Flow Studies

APPLICABLE SUB-CBJECTIVES:

Successful determination of lunar heat flow will be a major
contribution to an understanding of internal dynamic processes in
the moon (GP-3, GG-3) and, indirectly, will provide important clues
to the moon's internal constitution (GP-2).

In planetary bodies such as the moon, internal heat is presumed
due to (1) energy retained from initial formation, and (2) energy
generated from internal processes such as radioactive decay.
Because of the moon's smaller size, 1t is probable that itAhagvlost
a greater percentage of its original heat than has the earth.
Consequently, surface heat flow probably results more from dynamic
internal processes distributed throughout the moon's volume and,

therefore, could yield more information about its internal

constitution than terrestrial measurements yield about the earth.

OBSERVATION REQUIREMENTS:

The experiment determines near surface heat flow at a point on the
moon's surface by measurement of the steady state temperature gradient (dT)
along a vertical path (dz), and the thermal conductivity (K) of the
material across which the gradient was measured. The heat flux per unit

area'ﬁ’is calculated by the conduction equation:

-y
Q = -K aT
dz

B-134
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EXPERIMENT ID NO.: L4088 Page 2

Procedure

In the Apollo Program, these measurements were made with slender
probes 1 meter long placed at the bottom of two 3~meter boreholes. For
advanced experiments, these same instruments will be employed in similar
and deeper boreholes. The instrumentation consists of several components.
A linear array of Chromel-constantan thermocouples emplaced near the top
of the hole to measure temperature transients propagating downward from the
lunar surface. In fhe lower part of the hole are more thermocouples for
measuring the natural steady state thermal gradient and a heater mechanism
for measuring the effective thermal conductivity.

The Apollo experiment was designed with a gradient interval (dz) of
1 meter for use in 3-meter (10 ft.) deep hole.

For advanced experiments, employing drill holes of 30 meters and
more, the gradient interval should be increased to 10 meters, with provision
for even greater expansion for exceptionally deep holes.

The probes will be buried in the drill holes (after other experiments;
e.g., geophysical logging and geophone emplacement, utilizing them have been
completed) and temperatures will be monitored for an experiment period of

one year.

EQUIPMENT REQUIRED:

Egquipment No. Equipment Name

11116 Heat Flow Probes
4 thermocuples, Chromel-constantan
1 heat flow/conductivity probe (containing heater &
sensors)
L0009 Electronics Unit (developed by Gulton Industries,
Albuquerque, New Mexico)
gradient bridges and telemetering system

B~135
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EXPERIMENT ID NO.: 4088 Page 3

EQUIPMENT REQUIRED: (Continued)

Avg. Pur. (watts) = 3.0
Weight (1b) = 9.1
Volume (cu ft) - 0.15
Data Rate (BPS) - 2000

B-136
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’ Space Division
North American Rockwell

APPENDIX C. REQUIREMENTS ANALYSIS SHEETS

This appendix contains the Requirements Analysis Sheets (RAS) developed
for the lunar surface missions. The function number and functional regquire-
ment are taken from the functional flow diagrams. The performance require-
ments scope the functional tasks. For the more important functions, alternate
methods are identified to form the initial basis for tradeoff studies. Be-
cause an excessive number of in-depth trades can be made, they were limited

to just those which defined the top level mission concept. These trades are
covered in Sections 6 and T.
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North American Rockwell

APPENDIX D, SURFACE NAVIGATION CONCEPTS

The objective of the navigation system is to supply information
sufficient to enable the crew to maneuver the vehicle to some predetermined
site or destination and return to the Lunar Surface Base.

Information to be provided in terms of operational requirements are:

L. Display vehicle present position during
each sortie mission.

2. Display range and bearing to the destination
of a previously visited site and to the LSB.

3. Display steering angle or heading data re-
quired to steer the vehicle to a predetermined
site, a previously visited site or to the LSB.

L. Provide capability for position fix and heading
reference update.

5. Provide capability for calibration and alignment
of navigation equipment on lunar surface.

6. Provide a means for crew safe return to the LSB
in event of on-board system failure.

The basic modes of navigation or guidance defined for the selection of
component units were heading, velocity or distance, updating or position fix-
ing and homing. Table D-1 is arranged to show weight, power and performance
data for each alternate component concept listed under the above four modes.
A wide range of weight and power is shown for some equipment. The more
elaborate design configurations have less error but are heavier and require
more power to operate.

Sun sensors and landmark correlation data are included, although
these could be eliminated from consideration as a result of the assumptions
given in the equipment survey.

Figure D-1 is a block diagram of subsystem components used in the trade-
off study under each navigation mode. Heading and distance are combined to
define a dead-reckoning mode which provides continuous position and heading
information. The position-fixing mode is used to update the dead-reckoning
system when the accumulated error exceeds specified tolerances. The homing
mode satisfies the abort requirement by providing an alternate method of
navigating in the event of an onboard system failure.

SD 71-L77
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Table D-1. Alternate Component Concepts

Space Division
North American Rockwell

. HEADING TECHNIQUES
Accuracy Weight | Power
Component System Installation | (Ib) (watts) Requirements
Direction gyro 821 to! 0.5deg | 4-7 |5-12 Realignment/calibration
deg/hr
Continuous star tracker with 20 sec 0.5deg | 20 20 Stabilization
vertical gyro 4-9 15-34 Star acquisition
Strapdown MU 0.01 0.5deg | 20 70 Realignment/calibration,
deg/hr digital computer complex
Platform MU 0,01 0.5deg | 40 200 Realignment/calibration,
deg/hr digital computer
Digital computer (com-
4-9 | 5-34 plex processing)
100 sec; 0,5deg | 22 49 Preflight data
50 sec 0.5deg | 14 20 Star field maps
10deg/] 0,5deg | 1 1 Initial heading computer
hr - secondary
+ 5 deg 4 1 Sunlight operation only
1, VELOCITY TECHNIQUES
Accuracy after 4 hr
Component and 10 km (ft)
Gdometer 1 1 Initial heading
with tilt sensor i-5 | 2-10 Tilt sensor for correc-
tions; computer
with DG 700
without DG 1700
Strapdown 1IMU 2800 20 70 Alignment/calibration
Digital computer
Platform MU 2800 40 200 Alignment/calibration
Digital computer
Ontical velocimeter 600 1 1 Terrain illumination
Complex computer
Doppler velocity sensor 450 4 5 Sensitivity to low
speeds, Very short _
range transmission
Groundwave (Loran) 1000 15 30 Established beacons
Computer

D=2
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Table D-1. Aiternate Component Concepts (Cont'd)

IH. UPDATE TECHNIQUES Position
Accuracy | Heading Weight | Power

Component (ft) Accuracy (Ib) (watts) Requirements

Handheld space 1500 2 deg 9 1 Horizon or vertical

sextant ephemeris

Mounted sextant 700 30 sec 15 2 Horizon or vertical ephem,

Theodolite/inclinometer| 700 30 sec 18 3 Computer or ephemeris

Navigation satellite 500 20 30 Surface slave station
computer

Groundwaves {(Loran) 1000 10 5 Established beacons
Computer

Star tracker 5000 20 sec 29 54 Stabilization

Savet Gyrocompass 0.25 deg 15 30 Calibration procedure
Computer

TV star field 10,000 .6 deg 2

Landmark correlation 1500

(w/TV camera)

IV, HOMING TECHNIQUES
Component
Star tracker 50 sec 29 |Imanual | Mechanical drive
-} Vehicle mobility

Theodolite/inclinometer 50 sec 18 |manual Mechanical drive
Vehicle mobility

Handheld space 1500 2 deg 9 1 Harizon or vertical

sextant ephemeris

Handheid RDF 600 3 deg 15 5 | LSB transmitter
Line-of-sight range

D=3
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The preferred navigation system concept contains a theodolite for
position fixing, a directional gyro (DG) for providing instantaneous heading
data, and wheel odometers with selection logic and calibrated electronics
arranged to measure the distance traveled. The odometers are considered s
part of the mobility system. A radio directional finding (RDF) unit is pro-
vided for homing on the LSB.

In addition to supplying star pointing data, the theodolite serves as
a heading reference to update the DG. Manual drives on the theodolite could
serve as & backup method for navigating the vehicle in the event of a system
failure. Transformation of star azimuth and elevation angular data into
coordinate system axes are corrected for vehicle roll and pitech throughout
tilt sensor electronics. Figure D-2 shows the functional block diagram for
the navigation subsystem. The subsystem weighs 64 pounds and requires 58
watts of electrical power.

The navigation computer processes the information obtained from sensory
equipment aboard the vehicle and provides output functions necessary for the
navigation of the vehicle., The two major navigation functions provided by
the computer are position fixing and dead-reckoning.

The position-fix mode of operation is performed while the wvehicle is
stopped at a surface location chosen by the astronaut or at a site location.
Position-fix calculations performed by the computer are reviewed by the
astronaut before being used to make the new position update, or before de-
fining a new DG heading reference.

Biasing of the DG is not required each time a position fix is made;
however, the heading reference is redefined and an update of vehicle heading
is accomplished. During dead-reckoning operation while the vehicle is in
motion, odometer information obtained from at least two pairs of wheels isg
processed by the computer to determine distance traveled. Attitude (pitch and
roll) information from the tilt sensor and heading information from the DG
are processed to compute a change in position which is added to the original
Position to yield an updated position in terms of latitude, longitude, and
elevation or position in terms of some chosen coordinate system.

This unit consists of alignment optics used to obtain an accurate line-
of-sight to a celestial body and a reading optics portion which provides the
operator with elevation data in the vertical plane and azimuth data in the
horizontal plane. The astronaut inputs ephemeris and time reference data into
the computer to obtain a position fix on the lunar surface.

The tilt sensor unit is the attitude system that establishes the local
vertical reference by sensing components of the lunar gravity vector along two
orthogonal axes when the vehicle is tilted. During dead-reckoning, navigation
roll angle information 1s used to compute a correction for the heading angle
obtained from the directional gyro. Pitch angle information is used to resolve
the distance traveled into horizontal and vertical components. During position
fixing, pitch and roll angle information is used to transfer the sensed celestial
angles to the local vertical.

D=5
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The directional gyro provides the heading reference during dead-reckoning
navigation. The unit incorporates a two-degree-of-freedom gyro with its spin
axis kept horizontal by tilt sensor outputs. The gyro spin axis maintains a
fixed azimuth angle in inertial space. This initial angle may be any value
between +180 degrees relative to the vehicle fore-aft axis. Initial gyro
calibration to determine the gyro azimuth reference location relative to lunar
north is accomplished using the theodolite.

The odometer system consists of four tachometers, each mounted on
wheels, and selective circuit logic to determine which tachometer output
should be used in the dead-reckoning computation. Selection is made on the
basis that the tachometer with the slowest pulse rate is on the wheel with
the least slip and, therefore, the most accurate measure of distance traveled.
The pulse rate from the selected tachometer is proportional to vehicle wvelocity.

The RF homing system consists of a CW transmitter, operating at a con~
stant frequency from an antenna of the LSB. A receiver unit and sensing
antenna is located on the vehicle. Heading angle information to the LSB is
the only data provided for navigation.

The sextant provides a backup mode for making a position fix. The unit
provides a method for measuring the angle between a celestial body and the
natural horizon.

Navigation Subsystem Performance

Accuracy of the system in the position update and dead-reckoning
navigation modes are of interest. To relate vehicle position information,
a north-east set of axes is chosen at the LSB. Position errors will
accumulate as a function of time as the vehicle navigates on the lunar
surface to a predetermined site. The position error accumulated during the
dead-reckoning mode is maintained within limits by performing a position-
fix at selected time intervals. As seen in Figure D-1, a position fix may
be accomplished by the use of the periscope theodolite or by landmark navi-
gation.

Lunar landmarks must be recognized and correlated with their positions
shown on maps in order to establish vehicle position. Actual landmark navi-
gation studies conducted on earth using TV cameras give a mean position error
of 760 meters, with a variance of 1765 meters. When the worst cases were
eliminated, the mean position error reduced to 268 meters with a variance of
216 meters. It is estimated in Reference D-1 that the position error utilizing
this method would be 500 meters. Also, there are many influencing factors
affecting this technique such as optimum distance of landmarks, landmark density
and. the need for establishing range to distant landmarks. TIandmarks in close
proximity of the vehicle (.5 to 2 miles) and those beyond 20 miles give
erroneous results. Too many features in sight are confusing, so landmarks
should be isolated for best results. It was found that large distance travel
such as four miles was unwise until a series of successful location determinations
could be obtained. )

-
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Craters and hills on a scale approximating camera resolution may
hamper to an intolerable degree a clear view of the horizon and significant
landmarks unless fixes are taken by moving to nearby elevated locations such
as crater rims. This method of position-fixing is most likely to be employed
during sunlight hours for sorties within a 30 kilometer radius of the LSB.
As time progresses, maps with detailed lunar landmarks could be prepared for
use during daytime operations. Position updates, on long navigation missions
(LOO to 800 statute miles) and during night time operations will be accomplished
with the theodolite. Nominal position fix error with the theodolite is
2 to 6 statute miles (Reference D-2).

The dominant error sources during the dead-reckoning mode for a con-
inuous measuring system are: (1) initial gyro heading misalignment, (2) DG
1%, and (3) wheel slip velocity errors. The initial gyro misalignment
rror 1s a combination of theodolite azimuth misalignment, DG pickoff mis-

Lgnment, and tilt sensor axes misalignment (attitude system misalignment).
lippage or slip is a function of terrain pitch, and is expressed as:

S = Kl + Ky tan P

S = fractional slip

Kl = .01
Ko = proportionality constant

P = terrain pitch

For pitch equal zero, slip is about one percent of the distance traveled.
Another possible error is vehicle tilt caused by terrain tilt or slope and

by chassis tilt due to loading. This error is random and difficult to
estimate other than by terrain simulation using a computer. The magnitude

of error has been less than one percent of the distance for results reviewed
to date. The solution to eliminate errors due to tilt is to use a tilt sensor
unit and measure chassis tilt continuously. This unit replaces the static
inclinometer used to establish the local vertical during a position fix.

Pogition Accuracy

The 3o component errors used to determine the maximum position error
during the dead-reckoning mode are summarized as follows:

Odometer: 3% of distance traveled
Directional Gyro Drift: 0.5°/hr
Direction Gyro Pickoff: 0.5°

Tilt Sensor Axes Misalignment: 0.5°
Theodolite Azimuth Misalignment: .05°

W ELL RO

Heading misalignment errors (3, 4, and 5) were combined in RSS fashion and
used with the DG drift error in the following position error equations:

D=8
SD T1-L77



‘ Space Division
North American Rockwell

APy =Vt - VD [sin(k + Dt) - sin K|
APy = U/D  [cos(k + Dt) - cos K|
AP=( AP+ aPRR)/2

where

A Pp is the error due East in a North, East and Vertical coordinate
system

A Py is the error due North in a North, East, and Vertical coordinate
system

AP 1is the radial error in the horizontal plane.

These equations are plotted in Figure D-3 for a vehicle velocity of 4 Km/hr
and 10 Km/hr, traveling in an eastward direction at the lunar equator.

For sortie distances less than 30 Km, a position fix by theodolite
will not likely improve the position accuracy provided by dead-reckoning.
For a high speed vehicle (10 Km/hr) a position fix every two to three hours
would be adequate.

REFERENCES

D-1. Dual Mode Lunar Roving Vehicle Preliminary Design Study,
Volume ITI, 1970 Grummon Aerospace Corporation

D-2. Lunar Landmark Study Document T60-45, 1970, Jet Propulsion
Laboratory
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APPENDIX E, LSB SITE MATHEMATIC MODEL

A mathematic model of a typical ILSB site was formulated to summarize the
regults of the remote exploration sortie analyses and to provide the basis for
subsequent studies of additional sites.

The model was developed in the form of histograms as shown in Figures
E=]l through E~13. These figures show the frequency with which the various
sortie variables occur on the missions planned at the various sites. The
data are plotted independently of site location on the histograms. Table E=l
presents the equations which resulted from a least squares curve fit through
smoothed data and also limited to a maximum of 4th degree in order to emphasize
this study. Data from the three payload histograms are not included in the
module because the variations were too small to be generalized. Alsc shown on
the histograms are the design points selected for the mission variables
(marked DP).

A generalized form of this model was developed for studying sites
significant different in scope from those of this study. This model is
presented in Table E~2. It is a normalized form of E=1 and the normalizing
values are given in Table E-3, These are the peak values taken from the
individual histograms. Because of the relatively large number of samples of
sorties and experiment locations (sites) available, these equations could be
converted to probability density functions by normalizing the total number of
sorties or locations as given on each figure., However, this was not done as a
more general form could be achieved by normalizing both the frequency of
sortie or location and the random variables such as mission duration, payload
weight, and so on.

To use the model, the maximum values for the sortie or experiment
Location frequency and the random variable should be known. These, along with
chogen intermediate values for the random variable will yield the frequency
of sorties or experiment locations from the particular equation. Thus a site
layout on a scaled map must be available with the location of the shelter
and routes to all preselected experiment locations specified by computing,
estimating, or choosing the maximum value of each random variable and know-
ing the number of sorties and experiment sites from the planned routes.

An inspection of the site dependent histograms shows a tendency towards
a Gaussian distribution of the variables, generally centered on the shelter
location. This is to be expected from the spatial nature of this problem and
the addition of more sorties to more experiment locations would result in a
smoother distribution more closely approximating the ideal Gaussian form.
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Table E~1. LSB Site Model

Figure . .
Number Curve Fit Equation
E-1 Y = 7.67 - 2.8 x 1073X - 2.7 x 10-5%2 + 2.0 x 10-8%°
E-2 Y = 2,34 + 45K - 7.8 x 1073%° + 3.5 x 10~9%3
E-3 Y = 9.0k + LOhLX - 3.2 x 1072
Bl Y = 19.33 - .0T8X + 8.1 x 1077%2
E-5 Y = 21.33 - 097X + 1.2 x 10~4x2
E-6 Y = 8.85 - 024X + 2.2 x 10-5%° - 1 x 10~8%3
E-7 Y = 68.85 - 6.30X _+ .25X2 - 4.9 x 10733 + b7 x 10'”X“
- 1.8 x 10-Tx?
E-8 Y = 40.66 - 2.23K + .061%2 - 8.6 x 10~3x3 + 5.8 x 10-6xk
-1.0 x 10~9%>
E-9 Y = 6.0 + ,012% - 2.4 x 10-5%2 + 1 x 10753
E-10 Y = 7.40 + .118% - .001X2 + 1.9 x 10~0%3
Table E-2. Normalized Model
Figure . R
| Tumber Curve Fit Equation
E-1 T/¥o = .986 - .306 /X - 2.36 (X/%5)% + 1.75 (X/¥o)3
E-2 Y/¥o = -.252 + L.U9 X/X - 7.2 (X/X.)% + 3.02 (%/%,)3
E-3 Y/Y, = .636 + .TL X/Xg - 1.21 (¥/X,)2
E-k4 Y/Yo = 1.07 - 1.85 X/X, + .82 (X/X)2
E-5 Y/Yy = 1.12 - 2.17 X/Xo + 1.09 (X/%X,)2
E-6 T/Yp = 1.19 - 2.82 /%o + 2.24 (%/%,)° - .538 (X/%,)3
E-7 Y/, = 1.60 - 10.99 X/Xo + 32.4 (X/%.)° - 48.09(X/X,)3 +
° 3l+.92(X/Xo)2 - 9282 (x/%5)5 0
E-8 Y/Yy = 1.31 - 9.01 X/X_ + 30.96(X/X,)2 - 5445 (X/x,)3 +
° ks (XL -°wIs (x/k5)5 ©
E-9 Y/Yg = Jbh2 + 1.22 XfXq - 3.40 (X/X.)2 + 1.77 (%/%,)3
E-10 Y/Y, = .520 + 2.57 X/X, - 7.06(X/XO)2 + 4,01 (X/Xo)3

E-15
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Table E=3, Normalizing Values

Figure No. Yo Xo
E-1. 9 825
E=2 13 92.5
E=3 18 230
E=l 18 Y25
E=5 19 Los
E=6 8 875
Ew7 43 75.0
E=8 31 125
E=9 25 1400
E-10 18 310

Figures E=-1h through E~18 present the remote sortie timelines for all

exploration missions originating from the five LSB sites analyzed. These
timelines were formulated to determine the mission durations of Histogram
B2, the starting time for each mission in order to arrive at the experiment
site by sunrise, the amount of night driving time, and the effectiveness of
the mission planning of equieduration missions. Total mission durations

including corrections for enroute maintenance and repair and shelter
turnaround time were based on these timelines,

E-16
SD T71=L77
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APPENDIX F., EXPERIMENT MANPOWER ALLOCATIONS

Enclosed are the worksheets by discipline with the EVA and IVA hours
by experiment from which all manpower estimates have been made. A chart
showing buildup times for the astronomical observatory and radio telescope
networks is also included.
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Tahie E-1 . Exparimenis Mansowaer Reaulrements = Summary
Expartment
: i First Year Second Year
Astronomy Total Time | Monthly Average Total Time Monthly Avg,
EVA VA _EVA VA EVA VA EVA JvA
4012 880 720 73.0 60,0 730 720 60.1 60,
4016 1220 1465 102,0 | 122.0 560 730 46.6 61,
4017 184 42 15,3 3.5 42 3.5
4014 308 1008 25,6 84,0 960 80,0
4018 144 1008 12.0 84,0 1008 84.0
4021 40 392 3.3 32.7
4022 56 75 4,7 6,2
4023 32 9 2.6
4024 62 75 5.2 6.2
4025 25 15 2.1 1.2
4026 40 180 3.3 15.0
4027 56 1008 4,7 84,0 1008 84.0
4028 56 444 4,7 37.0 128 10.7
4029 200 550 16.7 45.8
4030 1130 2875 94,0 | 240,0 720 2540 60.0 | 211.0
Time Share
4029 200 1300 17.0 {1080 2nn | 1300 17.0 1 108.0
Total | 3113 6441 259,6 | 535,8 2100 5881 174,1 | 490,2
Geology -~ Geochemistry
4032 260 120 21.6 10.0 260 120 21.6 10,0
1% 144 12.0 Intermed,] 168 14,0
4033 159 ol 132 | 3chalow| 76 6.3
#4037 2000 167.0 2000 167.0
4038 50 4,2 50 4,2
4039
4048 556 4060 46,3 | 338.0
4087 102 8.6 102 8.4
4059 25 2,1 25 2.1
5909 h 3300 275.0 3300 275.0 )
Total | 1296 9480 108.0 | 791.3 681 5420 56.6 | 452.0
Bioscience ;
4001 80 66 6.7 5.5 160 13.3
4003 100 50 8.3 4,2 100 50 8.3 4,2
4006 57 4,8 57 4.8
4009 2490 20,0 240 20,0
4011 125 10,2 125 10,2
Total | 305 | 413 25.2 i 34.5 _282 450 23,3 | 37,5
Particles & Fields
4050 | &7 300 5,6 25.0 67 300 5.6 25.0 .
Lunar Atrmosphere
4053 200 8.3 16,7
4055 80 20 26.7 1.7
Total = 180 220 35,0 | 18,4
Engineering Technology
4064 720 210.0
4064 510 72.5
4071 &0 5.0
Total 1290 287.5
4074 TBD
4075 TBE
4078 180 90 15,0 7.5
4079 32 36 2.7 3.0
4081 110 9.1
4082 65 5.4
4084 398 33.2
4085 225 18.7
4086 425 35.4
4087 90 7.5
Total 127 924 6£0.6 76.9
Geophysics
4045 42 3,5
4046 250 20.8
4047 105 1.0
4051 12 1.0
4058 26 2,2
4088 40 3.3
Total 3805 31.8
Geodesyﬂ(}artographg
4044 3 2.7
F2
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Table F-3. Experiments Marpower Requirements

3

i PP S : ¥
2 % > B § o
EL ) ep Function wg (Sg_ 5. Remarks 23| o,
5 & 8 1338 Bes 88| T
g2 | 5% 8x |23 £5% gs| 2E
= 8= - e " 520 ) =
H-RAY TELESCOPE
4012 | 11092 |instaifation 120
Activation 40
11097 [Maint, and film 720 1 /day] Plus travel time
change
Operation 720 60 ey. 12/36] 1 month
880
1.3 METER OPTICAL TELESCOPE
4016 11095 linstaliation 90
Time~ Activation 10 5
sharing Servicing 720 360 |1/day| 1/day [Plus travel time 1| 1year
Dperatien 400 11100 750 man hours /yess 13 1year
4029 | 11095 |Operation 200 550
1420 2015
2.5 METER OPTICAL TELESCOPE
4030 Instailation 325 80
Activation ECLSS | 10 100
Actly, Telescope 75 150
Servicing 720 360 |1/day 1/day 1 1 year
Operation 2180 &/day
1130 2875
OPTICAL EFFECTS FROM ENVIRONMENT
4017 906004 |Set up-aligicalib, 184
20005 |Operate 42 1/10| 8-day runs
Q0006 1Test .
KMOISE SURVEY
4021 15013 |instaliation 40 20 1/2 |1 month
Operation 32
Observe 360 1 hr |Observe 1 hr/day for a year
- 392
RADI0 PROPAGATION
4022 15014 |instaliation 40 J
15019 |Calibrate 16 4 4 cycles (10 hr calibration} 4/32] 1 week
Operate 75 minimum. for year observation
IMPEDANCE MEASUREMENTS OF ANTENNA
4023 15015 |[Instafiation 20 10
15016 |Calibrate 12 2}
15017 |[Operate 9 3 3 Iw observation/cycie 3/5 1 57 hours
30005 .
11091
LUNAR PLASMA EFFECTS
4024 15018 |installation 2 1
15020 |Calibration 60 1 30/0] 24 hours
Operate 75 1+ |Observe 2 twice daily/l ke
ANTENNA DUST ACCUMULATION
4025 11064 }installation 4 2
15020 |Catibration 20 i
Operation 15 1+ |1 hr/day 10/20] 24 hours
RADIO TELESCOPE, 300 kHz
4014 11093 |Site preparation 48 Based on G, Tiener writeup
Instatla, ~Antenna 236
" refay station 12
Hardline to LSB 12
Calibration 48 | 4 Recalibrate each cycle
Qperation 960 . 2 years 1286 | month
308 1008
“NADIO_TELESCUPE T 10 15 mHz
4015 11094 (Site preparation 24
Install, - antenna 120
Joint use of relay | Calibration 48 q
data processing Operation 960 ] 80ty 2 years " "
stations 144 | 1008
RADIO TELESCOPE (PHASE SWITCHING) 0.6 miz
4027 | 11108 | install, - antenna | 32 16
and " - relay stat, 12 6
30011 ¥ - data process 12 3 @ 0.? mifiw for 11.4 mi
] ine
Hardline to base 19 f
Calibration 288 24
Operatien 720 60 {2 years 12/36] 1 month
RADIC TELESCOPE (TEMPORAL VARIATIONS FROM 5 miz
4028 11109 instatl, ~ antenm 32 116
and w - relay station 12 6
11110 | " - data process 12 [
Calthvation 60 15451 32 Ir/cycle
Operation vt 3P4 3o 15 cyclos/yr
56 | 444
CISLUNAR WAVE PROPAGATION
4026 | 30008 Installation 36 18
Calibration 4 2 ‘J
Operation 180 054 0.5 te/day /21 Lyesmr
!
F=5
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GEOLOGY-GEOCHEMISTRY Table F-3, Experiments Manpower Reguirements (Cont'd)
(%) v
. 5 2
! NE ' E cué © 8‘ é
g 5 , £_| 37 53] g2 5 |xals| 8
£3 g Function 2T —5,—’ ! 2.1 2L Remarks 28l w2| 2 a
gE £ «| E§<E| 53 go| 28| 5| 3
L ST 232z 23 ES| 8218 &
SURFACE GEOLOGICAL MAPPING
4032 11111 | In-situ observations Exclusive of travel 18 |6/20] 38{13 hrs
9N018| Instrument measur. . ’ Time to site
Inois 260 | 120; 6,5] 6.0
90020
14025
SUBSURFACE DRILLING & SAMPLING
4033 500091 Survey sltn 1§ 40
Prepare site 2 1
Transport equip, 12 6
Set up 3m drill 5 2,5
Drili 60 2 5 holes per 100 ft hole 15
159
Drill 30 m holes
Drill 78 13 3 holes per 1000 ft hole 3
Core removal 18 3
Raise and lower drill} 12 2
Add and retract dril! 12 2
Analyze core 12 16 16
Secure and transport | 12 6
Transport deep drill 12 6
to site
144 | 16
303
16
: 319 24,5 days
PETROGRAPHIC ANALYSIS (LAB)
4037 1 90008 Lab analysis 2000| 2 [per sample l 2000 l
50006 Average 6 samples/day
MINERALOGIC IDENTIFICATION, IN-SITU
4038 11086
14025 | Operation 50 { 0.5 0.5 hr/sample 15 50
14026
INVESTIGATE SITES QF TRANSIENT ACTIVITY
4039 14005 | Atmos. monitoring 6 hrs min, ,not chargeable 6 Not used
12001 | Qutgassing sites 1.5 | In-situ examination at base
1110881 Setup and calibrate ' 12 . L
| DEEP DRILLING 300M HOLES T
4048 | 50008 Site preparation 130 65 10 days @ 6,5 hr EVA 2 1923 hr
Setup and C/0 130 65 includes move to 2nd site per hole
OE‘eration 1250 250 Drilling @ 4 ft/br 2-man crew
Changing barrels 34 17 + factor of 2.5
Raising and lowering | 340 170
Maint. and repair 39 19.5 3 days maint. per hole
1923 586.5 90 working days per hole
Site preparation and '
| drill assembly 960 37 days (4033 24.5 days)
| Shelter erection 78 19.5 3 days 2 1581 m/hr
| Operation 2000 500 | 50 days + factor of 2 per hole
Disassembly 65 32,5 5 days
Transport 24 12 1 day
Maint, at L.SB 60 30 | 3 days
i Transport to site L (24.5 days of pre ops,4033) 2308 hr per
i Set up equipment 162 81,10 12,5 days hole
Install shelter 39 19.5 3 days
Drilling 2000 500 | 50 days + factor of 2
Secure and disassem] 65 32.5 5 days
Transport to base 12 6 1 day
Maint, and repair 30 30 | 3 days
! 278 12080 74,5 days
IN-SITU RADIATION MONITORING
4057 11005 | Set up onsite ‘ | man hour per hole ’ 12 | 25 11 min,cycle
Measurement 25 0.5 including setup
SUBSURFACE LOGGING
4059 111079 | Setup 5 |10 ]10 min/4 hr
Operate 30 L5 hr avg.,
MINERALOGIC LAB ANALYSIS .
4060 11096 Set up 2000 o
90008 Operate l
50006
INSTRUMENTAL CHEMICAL LAB ANALYSIS 1 man full time for
lab sample work for 2000 Conti lab
4061 114005 | Set P ontinuous
11086 | Operate ‘ 4060 and 4061 ; operation
401 :
114018 SD 7l-b77{ i |




‘ ‘ ’ Space Division
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EXPLOITATION Table -3, Experiments Manpower Requirements (Cont'd} '
- . ' [ r
2 ¥ S 1Eaz B - I g
g g Wy loss [3% 14, B S
gé §_§ Function Eé a2° }: £ § B 'g.‘:: Remarks g-‘i gzﬁ&m
. = R E
‘53 o= = . 7 aiw 5:?‘% I
MINING/TRANSPORT EQUIPMENT
4674 T8D ' Manpower not defined
WATER EXTRACTING PROCESSES
4075 TBD Manpower not defined .. |. Continuous
LUNAR STRATA EM PROTPAGATION
4078 | 90024 | Site preparation 120 4 15/20 24 hows
Antenna placement| 30 1
Transmit 90 6
Dismantie 1 30 1
180
LUNAR SURFACE TRANSMISSION
4079 90025 | Setup 16 8 . ) 5/15 28 days
Operate 36 1.5] 1.5 hrs/day, 24 days
Dismantle 16 8
32
HEAT TRANSFER-LIQUIDS
4081 90026 | Setup 20 4 Lab experiment 5/15 | 40-hows
Expmt. liquid 80 1 16 hours
Lig. walls 12 hours
Dismantle 10 2
110
HEAT TRANSFER ~ FILM
4082 90027 | Setup 10 . 2 Base lab 5/5 14 hours
Operate 50 10 .
Dismantle 5 1
65
METALS JOINING
4084 90028 | Setup 100 1 100/400, 8 hours
Welding 198 6 3 samples/day,33 days
Dismantle 100 1
398
DIFFERENTIAL THERMAL ANALYSIS Utilize samples from 4038
4085 90029 | Set 25 0,25 100/300¢ 3 hours
Cgl?gration 100 i
Heat-cool 2 hours not chargeable
Mech, testing 100 1
225
CHARACTERISTICS » LUNAR QORES
4086 90030 | Sample preparatiorr 50 1 25/75 9 hours
Load testing 350 7
Dismantie 25 0.5
425
LUNAR DRY CEMENT AND CONCRETE
4087 90031 | Sample prepar, 30 3 5/50 9 hours
Mix 15 1.5 1.1 mh/hr EVA buddy
Application 45 4.5 will take care of 0.1 hr
‘90
F=7
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APPENDIX G. SURFACE MISSTION TRADE STUDIES

The computational details of the trade studies conducted to select
the optimum transportation concepts for conducting the remote sorties and
deep drilling operations and the optimum siting concept for the observatory
are presented in this section. The summary results were given earlier in
Section 1.0 of Part 2.

Ten remote sortie concepts are evaluated in Tables G-1 through G-10.
In each evaluation the concept is defined in terms of its significant events
and their individual and total duration. The initial mass of equipment to
be delivered to the experiment site is established along with the number of
round trips required to complete the exploration and the mass of spares and
consumables required on each trip. All requirements are based on those
developed earlier for a typical LSB site. This site, for example, has an
average of 17.4 experiment sites and this is what determined the number of
round trips necessary in concept No. 1. The total program mass, the primsry
criterion for optimization, is the sum of the initial mass and the total re-
supply mass required to be delivered to lunar orbit in order to complete the
exploration. The program duration is the product of the individual sortie
duration and the number of sorties required.

While many of the absolute values of the individual task durations
and weights have been obsoleted since these trades were performed, the re-
sults and conclusions remain valid because the relative differences within
gsortie are essentially unchanged.

Some deep drilling concepts have been studied and evaluated in a
manner similar to that employed on the remote sorties. The operational
concept, the initial and resupply mass in lunar orbit, the total program
mass and duration for each of these concepts is given in Tables G-11 through
G-17.

The observatory - LSB-OLS combinations are gimilarly analyzed in
Tables G-18 through G-22.

G=1
SD 71-L77



Table G=1.
SORTIE CONCEPT DESCRIPTION 1.0, OLS-TUG SORTIE, NO ISB AVAILABLE

Operaticnal Concept

(a) Tug sortie concept is assembled at OLS (1lh-day turnaround)

(v} T-8 is dispatched from OLS to each locale with crew and all equipment
required (1 day)

(¢) Explore locale and live in Tug CM (16 days)

(d) Return to OLS after explorations of locale (1 day)

(e} TRepeat {a) through (d) for 1T locales.

(32 days/sortie)

Tnitial Mass (Delivered and Returned Mass) 17 RT's

Tug 21,600
Mtg. Struc. 1,200
Seience Equipe. 1,850
Mobility 6,900
Power 3,00 34,6 klb

Resupply Regulrement

Tug Fuel 55,000
Crew Consum. 1,094
Mobility Spares 350
Science Spares 151

56.6 k1b x 17 = 962.2 klb

Min. Program Mass 996.8 k1b

Min. Program Duration 32 m 17 = 5kl days

G=2
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Teble G=2.
SORTIE CONCEPT DESCRIPTION 2.0, OLS - TUG SORTIE GROUPED LOCALES, NO LSB

Operstional Concept

) T-S is dispatched from OLS to locale grouping (1 day)

¢) Explore locale grouping, tug qulescent, live in mobile shelter
(3 locales at 16 days each + 3 driving = 51 days)

(d) Return to OLS after each locale group (1 day)

(e) Repeat (a) through (d) for six groups (1lh-day turnaround)

(65 days/sortie)

%a% Tug sortie concept assembled at OLS (with mobile shelter)

Initial Mass (Delivered snd Returned to OLS)

Prog. Tug 21,600
Science Equip. 1,850
Mobility 6,900
Power Trailer 3,150
Mobile Shelter 5,800
Mtg. Struc. 1,200 40.5 k1b

Resupply Requirement

Tug Fuel 70,000
Crew Consumsahles 3,131
Mobility Spares 600
Science Spares 208

73,938 x 6 = Lh3.6 x1b

Prograin Mass 484.1 klb

Min. Program Duration, 65 x 6 = 390 days

G=3
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Teble G=3,
SORTTIE CONCEPT DESCRIPTION 3.0, OLS & LSB, SURFACE RESUPPLY, CREW BY TUG,

LIVE IN TUG
Operations
(a) Tug delivers mobility to LSB
(b) Mobility dispatched, unmsnned to locale (6 days)
gc) Crew dispatched to locale by second tug landing (1 day)
(d) Fxplore one locale only, live in tug (16 days)
(e) Crew and science return to OLS via tug (1 day)
(£) Mobility dispatched unmanned to next locale (6 days)

{(g) Repeat (c) through (£) for 17 locales
(22-day/sortie)

Initisl Mass
Program Tug 21,600
Mobility & Power 12,923
Fuel to Land
Mobility 35,000
Science Equipment 1,800 71l.4 k1b .-

Resupply Requirement (17 times)

Tug Fuel 35,000
Mobility Spares 350
Crew Consumsbles 1,00k
Science Cousumables 151
36,6 klb x 17 = 622.2

693.6 k1b

Min. Program Duration (22 x 17) = 374 days

G=k
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Table Gel4,

SORTTE CONCEPT DESCRIPTION 4.0, OLS & ILSB SURFACE RESUPPLY, CREW BY TUG,
USE MOBILE SHELTER

Operations

Tug delivers mobilily, power and shelter to LSB

(a)
(b) Vehicle train dispatched unmanned to first locale group, (6 days)
travels continucusly at low speed.
(¢) Crew dispatched by tug to locale group (1 aay)
(a) TIocale grouping explored, crew lives in mobile shelter
tug is quiescent (3 locales @ 16 days each + 3 drivings. (51 days)
(e) Mobility dispatched to next locale group (6 days)
(f) Crew returns to OLS for rotation (1 day)
(g) Repeat (c) through (f) for six locale groupings
(63 aays/
sortie)

Initial Mass Required

Program Tug 21,600
Mobility Shelter
and Power 18,719
Fuel to Land
Mobility 40,000
Science Equip. 1,850 82.3 kl1b

Resupply Required (6 times)

Tug Fuel 35,000
Mobility Spares 720
Crew Consumables 3,040
Sci. Consumables 308
38,968 x 6 = 233.8 k1b
Program Mass 316.1 k1b

Program Duration 63 x 6 = 378 days

G=5
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Table G=5.

SORTIE CONCEPT DESCRIPIION 5.0, LSB TO INDIVIDUAL LOCALES OVERTLAND,
LSB AVATTABLE

Operational Concept

Ship sortie convoy to LSB
Make up sortie convoy at LSB

()
(b)
gc) Dispatch convoy over lurain to locale 6 days
(d) Set up camp and explore locale 16 days
(e) Return over lurain to LSB 6 days
(f) Debrief, repair vehicles, rotate crew and 14 days
vehicles
(g) Tepeat steps (c) through (£) for 1T sorties
42 days/sorties
Initial Mass
2 Prime Movers 6,880
Power Trailer 35170
Supply Trailer 1,200
Program Science 1,850
Deployable Shelter 2,700 15.8 k1b
Tug Fuel 25  k1b 40.8 k1b

Resupply Requirement (17 times)

For systems and 2,562
personnel
Sci. Consumables 151
Vehicle Spares 341
3,05u x 17 = 51.9 kl1b
Tug Fuel 52.1
Program Mass 144.8 k1b

Progran Duration

L2 days/sortie x 17 sorties = T1h days
Preparation Time = 30 days
Thh days

G=6
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Teble G=b.

SORTIE CONCEPT DESCRIPTION 6.0, LSB TO GROUPED LOCALES OVER ILURAIN, LSB
AVATTABLE

Operational Concept

(a) Ship surface convoy to ISB

(b) Assemble surface convoy at LSB 1 day
?c) Dispatch expeditions to first locale group 6 days
d) Set up camp snd explore first locale 16 days
(e) Break camp and travel over lurain to 2nd locale 1 day
(f) Set up camp and explore second locale 16 days
(g) Bresk cemp and travel over lurain to 3rd locale 1 day
(h) Set up camp and explore third locale 16 days
gi) Return over lurain to LSB 6 days
j) Debrief, repair and exchange vehicles, rotate crew _14 days

T7 days/sortie
(h) Repeat steps (b) through (j) for six sorties

Tnitial Mass (Delivered to LSB)

2 Prime Movers 6,880
Supply Trailer 1,200
Power Trailer 3,170
Program Science 1,850
Mobile Shelter 5,796 18,896

Tug Fuel 28,000 46.9 k1b

Resupply Requirement (6 tiﬁes@

Systems & Personnel Consumables . 3,843
Science Consumables 215
Vehicle Spares 700
4,758 x 6 = 28,548
Tug Fuel 35,000 63,548
Program Mass 110,44l pounds
Min. Program Duration = T7 x 6 = 462 days
Buildup = 30
Lo2 days
G=T7
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Table G=T-°

SORTIE CONCEPT DESCRIPTION 7.0, SYSTEMS & SUPPLIES BY UNMANNED SURFACE VEHICLE,
PERSONNEL BY FIYER, LSB AVAITABLE

Operaticonal Concept

(a) Ship surface vehicles, flyer, personnel and fuel to LSB
(b) Make up unmanned sortie convoy at LSB
{c) Dispatch sortie convoy over lurain to first locale 6 days
(nearly continuous travel at low speed)
(a) Fly persomnel to first locale 1 day
(e) Explore locale 16 days
(f) Drive to second locale 1 day
(g) Explore locale 16 days
(n) Drive to third locale 1 day
(i) Fxplore locale 16 days
(3) Drive to flyer site and prepare convoy for return 1 day
() 1. Dispateh sortie convoy to LSB (6 days) 1 day
o, TFly personnel to LSB (1 day)
(1) Debrief, repair vehicles, rotate crew and surface veh. 14 days
(m) Repeat steps (b) through (1) for six sorties 67 days/
-sorbie

Tnitizl Mass (Delivered to LSB)

2 Prime Movers 6,880
Supply Trailer 1,200
Poyer Trailer 3,170
Program Science 1,850
Mobile Shelter 5,800
Flyer (4 men) 8L0 19.7 kl1b

Tug Tuel 29 klb 48.7 k1b

esupply Requirements (6 times)

Systems and
Personnel Consum. 4,087

Sci. Consumsbles 215
Surf. Veh. Spares T00
Flyer Spares 80
Flyer Fuel 3,800
8,882 x 6 53,292
Tug Fuel 55,000

108,292

Program Mass = 156,992 pounds

Min. Program Duration 67 x 6 = 402 days
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Table G=8, ,
SORTIE CONCEPT DESCRIPTION 8.0, SURFACE TO SURFACE TUG SORTIE, LSB AVAITABLE

Operational Concept

(a) Ship vehicles, personnel and fuel to LSB

(b) Assemble tug sortie at LSB 1 day
(c) TFly to locale grouping and set up camp 1 day
(d) Explore first locale 16 days
(e) Drive to second locale 1 day
(f) Explore second locale 16 days
(g) Drive to third locale 1 day
(h) Explore third locale 16 days
(i) Return to tug and load on vehicles 2 days
(j) Fly to LSB, debrief, rotate crew and turnaround 15 days
(k) Repeat (b) through (j) for six sortie groups 68 days/

sortie
Initial Mass Required (Delivered to LSB)

2 Prime Movers 6,880
Supply Trailer 1,200
Power Trailer 33170
Program Science 1,850
Mobile Shelter 5,796

Program Tug 21,600
HO,SOO
Tug Fuel 28,000

638.5 k1b

Resupply Requirements (6 times)
Systems & Personnel

Consumables 4,148
Sci. Consumsbles 215
Surf. Veh. Spares 550
Tug Spares 148
Tug Fuel 33,000

38,001 x 6 = 226.4 k1Db

Tug Fuel 230.0 klb

Program Mass 527 klb

Min. Program Duration 68 x 6 = 408 days
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SORTIE CONCEPT DESCRIPTION 9.0, AUTONOMOUS MOBILE BASE, TUG RESUPPLY DIRECT,
NO ISB REQUIRED

Operational Concept

o
o
e

Assemble mobile base on tug in earth or lunar orbit

(b) ©Ship base by tug to first locale

(c) Deploy and assemble mobile base constituents

(a) FExplore locale 16 days
(e) Drive to next locale 11 day
(£) Explore locale 16 days
{g) Drive to next locale 1 day
(n) Explore locale 16 days
(1) Meet resupply tug, perform repairs, rotate crew, transfer 14 days

cargo to moblle base

(3) Travel to next locale group 6 days
(k) Repeat steps (d) through (j) for six cycles 70 days

Tnitial Mass to Lumar Orbit

Mobile Base ki x1Db
Program Science 1.9
Program Tug 20.6 66.5 k1b
Tug Fuel 6.5 k1b 113.0 k1b

Resupply Requirement (6 times)

Systems & Personnel Consumables h,331
Seience Consumables 35790
Vehicle Spares 1,650

Tug Fuel 38,000

Program Mass 400 k1b

70 x 6 = 420 days
30
E5O days

Min. Program Duration
Buildup

o
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Table G=10.

SORTIE CONCEPT DESCRIPTION 10.0, AUTONOMOUS MOEILE BASE, RESUPFLIED BY
OVERLURAIN LRV, LSB REQUIRED

Operstional Concept

a) Moblile base delivered by tug to first locale

b) Deploy and assemble base constituents

c) Explore locale 16 days

(d) Drive to next locale 1 day

(e) Explore locale 16 days

(£f) Drive to next locale 1 day

(g) Explore locale 16 days

(h) Meet overlurain resupply convoy, perform repairs,

( ) exchange crew, exchange mobility units 2 days

i) Travel to next locale grouping days
50 days

(3) Repeat (c) through (i) for six groupings

Initial Mass (In Iunar Orbit)

Mpbile base concept Ll x3p
Program Science Equip. 1.9 k1b
L6 x1b
Tug Fuel ' 46,5 k1b

92.5 k1b

Resupply Requirements

Systems & Personnel Consum. 3,538
Science Consumables

- Lab . 2,970

- Field 215

Vehicle Spares 1,350

Sortie Resupply = 8,073

Togistic Sortie Requirements

Systems & Pers. Consumables

(14 day RT) 854
Vehicle Spares 170
1024
Total Resupply, 9.1 klb x 6 =
54.6 k1b
Tug Fuel 55.4 k1b

Program Mass = 202.5 k1b

Program Duration = 58 x 6 = 348 + 12 = 360 days
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~ Table G=11.
DEEP DRILL MISSION CONCEPT DESCRIPTION 1.0, OLS-TUG SHELTER, EVA DRILLING

OPERATIONS
; Time
Operationsal Concept (Days)
(a) Mission assembled at OLS 3
(v) Mission systems and personnel dispatched by tug to site 1
(e¢) Drill location and assembled on first location 31
(d) Drilling operations conducted EVA, crew lives in tug To¥
(e) Drill disassembled and overhaul 8
(£f) Tug and crew rotation with resupply at 60-day intervals
(g} Drill relocation, identification and assembly 31
(h) Drilling operations, second hold To¥
(i) Disassembly, stow and return crew to OLS NA
*Contingency for EVA drilling operations, 218
factor of 2.5 213
431
7 tug and crew rotation and resupply @ 60-day
intervals @ 2 days 14
Program Duration hht -
Initial System Mass Requirement (In Lunar Orbit)
Program Tug 20,600
Deep Drill L, 002
Prime Mover 3,440
Power Trailer 3,170 31,232
Tug Fuel¥** 56,000 87.2 k1b

(Based on 14.8 k1b)

Consumables Requirement for 60-Day Cycle

Vehicle Stores 354
Crew & Systems (3 men) 1,360
Drill Spares 21k
Bit Replacements 181
EPS Cryogens (Tug) 2,340
Lab 100
k.5 lst 4.5 k1b
Tug Fuel 36.
0.5 x 6 = 2h3, k1b

Program Mass = 335 klb
Program Duration = 447 days

¥ Includes delivery of first consumables load
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Table G=12.

DEEP DRTLL MISSION CONCEPT DESCRIPTION 2.0, OLS - DEPLOYED SHELTER AND
EVA DRILLING OPERATIONS

: Time

Operational Concept (Days)
(a) through (i) same as 1.0 except add 431
(c') Deploy shelter 1
2 tug and crew rotations @ 140-day intervals L
Program Duration 436

Initisl Mass Requirement

Deep Drill 4022
Prime Mover 3440
2 Power Trailers 6340
Shelter 4830 18.6 k1b
Tug Fuel - 55.0 k1b 73.6 k1b

Consumables Requirement/140-Day Cycle

Vehicle Spares 400
Crew & Systens 5250
Drill Pts. 640
Bit Spares 550
Lab Supplies 300
2 cycles @ , 7140 lst T.1 k1b
Tug Fuel 36 X ea.
2 Resupply Missions 43,1 = 82.6 klb
Program Mass 166.9 k1b
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Table G=13.

DEEP DRILL MISSION CONCEPT DESCRIPTION 3.0, OLS - INTEGRATED SHELTER, IVA
DRILLING OPERATIONS

Time
Operational Concept (Days)
(a) Mission assembled at OLS 3
(b) Mission system and personnel delivered to site 1
{¢) Drill location and assembly on first location 31
{d) Deploy personnel shelter and camp facilities 2
(e) Drilling operations (IVA) 50%
(£) Drill disassembly and overhaul 8
(g) Drill relocation identification and assembly 31
(n) Camp redebloyment 2
(i) Drilling operations (IVA) 50%
(j) Disassembly, stow and return to OLS NA
178
*Contingency Factor for IVA 100
Drilling Ops = ~ 2.0 e ——
Program Duration 278
1 Resupply @ 140 days 2
280
Initial Systems Mass
Prime Mover 34ko
2 Power Trailers 6340
Deep Drill Lo22
Personnel Shelter 4830
Drill Shelter (Temt) 750
Tunnel/Airlock 470 19.9 k1b
Tug Fuel 45  k1b 65 k1b
Consumsbles Requirements (140O-Day Cycle)
Vehicle Spares koo
Crew & Systems 5250
Drill Pts. 640
Bit Spares 550
Lab. Supplies 300 7.1 k1b 1st = T.1 klb
Tug Fuel 36 klb 43.1 k1b
One required 43  k1b
Program Mass 115 k1b
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Table G=1llk,
DEEP DRILL MISSION CONCEPT DESCRIPTION 4.0, LSB - LOCAL EVA DRILLING OPERATIONS

Time
Operationsl Concept (Deys)
(a) Ship misdion systems to LSB NA
(b) Drill location and assembly on first location 31
(c)a EVA drilling operations on first location (Live @ LSB) To%
(d) Drill disassembly and overhsul 8
(e) Drill relocation identification and assembly 31
(f) EVA drilling operations on second location To%
(g) Disassemble, stow drill system - NA
o1k
*Contingency Factor for EVA drilling ~ 2.5 213
Program Duration Lot

Inithal Systems Mass

Deep Drill ho22
Power Trailer 3170  T.2 k1b
Tug Fuel¥** 36  kl1b 43,2 x1b

¥*¥*Based on manned delivery

Consumables Requirement (140-Day Cycle)

Crew and Systems 5250
Drill Pts. 640
Drill Bits : 550
Lab Supplies 300 6T7hO 1st = 6.7 k1b
Tug Fuel** 35,260 42 x1b ea.
> Resupplies @ 42 X1b = 8k x1b
Program Mass = 133.9 k1b
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Table G=15,

DEEP DRILL MISSION CONCEPT DESCRIPTION 5.0, LSB - EVA DRILLING WITH
ONE HOUR OF TRAVEL FROM LSB

Time
Operational Coneept (Days)
(&) Ship mission system to LSB NA
(b} Exploration, drill location and assembly 37
(¢} EVA drill operation on first location 86%
(4) Drill disassembly, transport to LSB and overhaul 10
{e) Drill relocation identification and assembly 37
(f) EVA drilling operations on second locatbion 86%
{g) Drill disassembly, transport to LSB and stow NA

‘ 256
*¥EVA drilling contingency factor ~ 2.5 213
Program Duration 469

Initial Syvstems Mass

Deep Drill ko2
Power Traller 3170 _ -
Prime Mover 3440  10.6 k1b
First Tug Fuel 43,4 x1b 54 kx1b
Consumsbles Requirement @ 160-Day Cycles
Crew & Systems 6000
Drill Spares 640
Drill Bits 550
Vehicle Spares L2o
Leb Supplies 300 1.9 k1b First 7.9 k1b
Tug Fuel 37.1 kK1b 45 ¥X1b ea., 90 klb
2 Resupplies @ 35K
P 35 152 k1b
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Table G=16.
DEEP DRILL CONCEPT DESCRIPTION 6.0, LSB - INTEGRATED DRILLING SHELTER

(IVA DRILLING)
Time
Operational Concept Days
(a) Ship mission systems to LSB NA
(b) Exploration, drill locations and assembly 31
(¢) Drill shelter and tunnel erection and activation 2
(a) 1IVA drilling operations on first location 50%
(e) Drill disassembly and overhaul
(f) Drill relocation survey, and reassembly 31
(g) Drill shelter relocation 3
(h) 1IVA drilling operation on second site 50%
(i) Drill disassembly and stow NA
175
*Contingency factor for IVA drilling ops ~ 2.0 100
Program Duration 275

Initial Systems Mass

Power Traller 3170

Deep Drill Loz22

Drill Shelter T50

Tunnel 470 8.4 x1b
Tug Fuel 42,6 ¥1b

Consumables Requirements (138-Day Cycle)

51 k1b

Crew and Systems 5180
Drill Parts 620
Spare Bits 550
Lab Supplies 300 6.65 k1b First 6.7 klb
Tug Fuel 35.35 klb 42,0 k1b
(1 flight) 99.7 kib
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Table G=17.
DEZP DRILL MISSION CONCEPT DESCRIPTION 7.0, LSB & DRILLING OUTPOST

Time
Operational Concept (Days
(a) Ship mission systems to LSB
(b) FExploration, drill location and assembly 37
{¢) Outpost and drill shelter erection 3
(a) IVA drilling operations on first location 50%
(e) Outpost disassembly and return to LSB 5
(£} Drill overhaul 3
{g) Drill relocation survey and reassembly 37
(n) Outpost and drill shelter erection 3
(1) IVA drilling operations on second location 50%
(3) Outpost disassembly and return to LSB NA
188
*Contingency factor for IVA drilling ~2.0 100
Min. Program Duration 288

Tnitisl Systems Mass

Prime Mover 3440
2 Power Trailers 6340
Deep Drill Lo2o
Drill Shelter 750
Tunnel 70
Mobile Shelter 5800 20.8 k1b
Tug Fuel 52.2 k1b 73 k1b

Consumables Requirement (140-Day Cycle)

Vehicle Spares 400
Crew & System 5550
Drill Spares 640
Spare Bits 550
Lab Supplies 300
TLL0 First 7.4 k1b
Tug Fuel 38060
15,500
One Resupply 45,5 k1b

125.9 k1b
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)

Space Division
North American Roclkwell

Table G-18. Astronomical Observatory Mission Concept

Description, Autonomous Central Observatory,
with or without OLS, Near or Farside

Operational Concept

a)

b)
c)
d)
e)
f)
g)
h)
i)
i)

k)

1)

Ship telescope set and base constituents
to preselected site (4 man).

Deploy base housing elements § unload Tug
Perform site selection survey

Install 5 to 500 MHz telescope

Install 0.6 to 1.2 MHz telescope

Install 300KHz to 1 MHz telescope

Install 1 Meter X-ray telescope

Install 1.3 Meter Optical telescope
Install 3.0 Meter optical telescope

Complete Communications* & Power Net

Minimum Installation Time
Perform Observatory Operations (4 men)
Perform resupply operations @ 180 ddys

Perform housekeeping operations

Time

(Days™*)

NA

11
16

38

39

107 days

*For the farside case without the OLS, add surface link deployment.
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"' Space Division
North American Rockwell

Table G-19. Observatory Installation Factors

Initial Systems Mass

Telescope Sets

5-500 MHz Radio
0.6 to 1.2 MHz Radio
1 to 15 MHz Radio
300 K to 1 MHz Radio
X-Ray ,
1.3 Meter Optical
2.5 Meter Optical

OHWH OO O
= ONUT S
~N R AARARA

£

66.7

Additional Mass for Autonomous Observatory*#

4 Man Base § Lab 20.
2 Prime Movers
Equipment Trailer
Mobile Power Source
Mobility Attachment

OWLWH O

N RO oo

RARARRN
|

32.3 K

Consumable Requirement (180 day cycle)

Vehicle spares

Personnel & Systems Cons.
Lab Supplies, Photo
Astro System Spares
Astro Consumables

O OO
== O W

12.2K

*Local use only
Tug Fuel (2/4 Men) 56K#

**%For farside add 1K# for comm. link
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Table G-20.

‘ Space Division
North American Rockwell

Astronomical Observatory Mission Concept
Description Integrated with LSB (Frontside
or Farside, with or without an OLS)

Time

Operational Concept (days)
a) Ship telescope sets to LSB N/A
b) Perform site survey § selection 16
c) Unload telescope sets & deploy to sites 6
d) Install radio telescope sets (3) 38
e) Install optical telescope sets 39

(1.3 & 2.5 meter)
f) Deploy communications § power net 3

(local)

Minimum Installation Time 102 days

Note: Housing & resupply services provided by the LSB.
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’ . Space Division
North American Rockweli

Table G-21. - Astronautical Observatory Mission Concept
Descriptions Separate Facilities on Limb, Part
with LSB on Frontside, Part at Backside Outpost

Time *
Operational Concept (Days)
a) Ship radio § X-ray telsecope to LSB NA
b) Perfomm local site survey § site selection 9
c¢) Install X-ray telescope § activate (4012) 11
d) Install 0.6 to 1.2 MHz telescope (4027) 6
e) Install 1 to 15 MHz telescope (4015) 12
f) 1Install 300K to 1 MHz telescope (4014) 20
g) Travel to farside, Astro location, 18.0
deploy comm. net & meet Tug
h) Deploy Astro outpost shelter complex 7.0
i) Perform remote site survey § selection 8.0
j) Unload telescope sets § move to sites 6.0
k) Install 5 MHz to 500 MHz telescope (4028) 4
1) Install 1.3M optical scope 8
m) Install 2.5M optical scope 32
Total Deployment Time 141 days
n) Perform Observatory operations
o) Perform resupply operationt@ 3 mo. intervals 36 days/RT
*4 Men
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‘ Space Division
North American Roclkwell

Table G-22. Extended Communications Link Deployment, Farside
to Nearside, without OLS or to Augment OLS

Support
Time
Operational Concept ‘ (days)
- a) Ship mobility systems to Astro site
b) Make up communications sortie at Astro base 1 1
c¢) Travel over lurain to lst relay site*
d) Deploy VHF comnmunications relay (2% hrs ea) 20
e) Repeat c § d for the required number of
cycles to achieve over 300 miles of relay
f) Set up Astro base to MSEN comm. antenna, 1
power, system § shelter
g) Return to Astro base . 18
40 days
Support System Requirements*#
2 Prime Movers 6880%*
Power Trailer 3170%%
Supply Trailer 1200%*
Mobile Shelter 5800 Total = 17K 1bs
Consumables Requirements for Link Deployment (1 300 mi R/T at
6 mo intervals) _
Personnel & Systems 1500
Vehicle Spares 700
Communication System 300
2500 1bs Total = 2.5K lbs
Consumables Requirements for Two Independent Sites
2 Three-man Crews 5200
2 Vehicles Spares 1400
6600 1bs Total = 9.1K 1bs
*Distance based on average height of 3200 ft ea point
**May be part of LSB
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