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Photo Number 1VV-130-H3

Feature Name: Clavius

Feature Latitude: 58.8°S

Feature Longitude: 14.1°W

Size: 245 km

Sun Angle: 81.3°

Spacecraft Altitude: 3574.83 km

Medium Photo Center Latitude: 65.02°S
Medium Photo Center Longitude: 25.85°W
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Apollo Command and Service Modules

_ Docking probe leading to
forward access tunnel

. Forward boost protective cover
(landing parachutes underneath)

Pressurized crew
compartment

Yaw engines - - Pitch engines

— Roll engines

— Reaction system

Reaction control quad panel

engines (4)

Cryogenic oxygen &
hydrogen tanks

Main propellant
tanks

Environmental conrol
system space radiation
panel

7 stillwell & quantity
measurement system

Service Propulsion
Engine nozzle

Apollo CSM Facts

The Apollo Command Module was 10.6 ft. tall and 12.8 ft. at its
maximum diameter, and typically weighed 13,090 Ibs. with
astronauts. The Service Module was 24.3 ft. tall and 12.8 ft.

in diameter and weighed 54,074 Ibs.. The Service Propulsion

dali

y g d a thrust of 20,500 Ibs..




Apollo Lunar Module

VHF antennas (2)
Docking hatch Reaction-control oxidizer
(cabin entrance) Relay box

LM/CM docking hatch

Water tank

-control pr t (helium)

Reaction-control fuel (Aerozine 50)
Ascent fuel tank (Aerozine 50)

Rendezvous radar

S-band in-flight antenna

Reaction-control
thrusters

LM Pilot's console

Tracking light

Cabin air
recirculation fan

Exhaust deflectors
Portable Life

Ascent engine
(3,500 Ibs. thrust)

Ingress/Egress
platform and rails

Thermal *
Insulation

Radioisotope
thermal generator

Primary shock

Ladder absorber strut

Secondar shock

Foot pad
absorber strut

Descent structure

Descent fuel tank (2)
S-band erectable (Aerozine 50)
antenna storage

Descent oxidizer tank (2)  Descent engine

(10,000 Ibs. thrust,
throttleable)

The lunar module was 23 ft. tall and had a launch weight of 33,205 Ibs.
(The Apollo 17 J-Series lunar module weighed 36,244 |bs.)
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Apollo Lunar Landing Sites
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LUNAR ROVING VEHIGLE
OPERATIONS HANDBOOK

@ LRV STOWED IN QUADRANT >

® ASTRONAUT REMOVES INSULATION =
BLANKET, OPERATING TAPES A Aoy LRV

® ASTRONAUT REMOTELY INITIATES O TRt B

AND EXECUTES DEPLOYMENT

@ AFT CHASSIS UNFOLDS

© REAR WHEELS UNFOLD

@ AFT CHASSIS LOCKS IR @ FORWARD CHASSIS UNFOLDS
POSITION ©® FRONT WHEELS UNFOLD

{ HASSTS LOCKS @ ASTROKAUT DISCONNECTS SSE
.i(t)iR;gz[l)TEOH. ASTRONAUT @ ASTRONAUT UNFOLDS SEATS,
LON[R.S LRY TO SURFACE FOOTRESTS, (FINAL STOP)
W1Ti SECORD LEVEL

FIGURE 1-39 LRV DEPLOYMENT SEQUENCE s
e S
J Basic Date —2/4/70; ~CHange pate _4/19/71 _ Page 1-67
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National Aeronautics and

Space Administration

The Vision
for Space
Exploration
February 2004



















Lunar Regolith Composition
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1! Candidate Lunar ISRU Products

Volatile Resources

-Water (H and O2 for life support & propellant)
-Nitrogen and carbon gases (CH4 NH3)

-3He

Industrial / Manufacturing
-Sulfur (concrete)

-Soil for agriculture

-Basalt fiber

-Cast basalt

-Iron / Steel

-Aluminum

-Sintered Bricks (e.g. Pavers)
-Solar cells

-Transparent & opaque glass (including fiber)
-Shielding for L1 Gateway

Brad R. Blair, NewSpace Analytics, 2017 LEAG Annual Meeting
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Mosaics of Lunar Poles

North Pole South Pole
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Designing a tiny home to orbit the Moon

SOURCE: LUCKHEED MARTIN
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Figure 26. The telerobotic command and control of robotic agents is a rapidly advancing field.
Recent demonstrations from ISS suggest that this technology could be useful for lunar /Mars
CC/SIS machine operations, circumventing the signal time delay associated with extraterrestrial

surface operations management from Earth mission control and ground station networks. [Credit

NASA GSFC 2012]



Diviner annual maximum temporature (K} J
T T

<60 110 160 230 290 >320
« Ice exposures constrained by M*, LOLA, and Diviner © lce exposures constrained by M?, LOLA, Diviner,
and LAMP

Fig. 4. Distribution of water-ice-bearing pixels (green and cyan dots) overlain on the Diviner annual maximum temperature for the (A) northern- and (8)
southern polar regions. Ice detection results are further filtered by maximum temperature (<110 K), LOLA albedo (>0.35) (12), and LAMP off and on band
ratio (>1.2, only applicable in the south) (13). Each dot represents an M (3) pixel, ~280 m x 280 m.

Li, et al., Direct evidence of surface exposed water ice in the lunar polar regions,
PNAS, 2018, pnas.1802345115



Diviner annual maximum temperature (K}

)
<60 110 160 230 290 >320
« Ice exposures constrained by M*, LOLA, and Diviner © lce exposures constrained by M?, LOLA, Diviner,
and LAMP

Li, et al., Direct evidence of surface exposed water ice in the lunar polar regions,
PNAS, 2018, pnas.1802345115



B - xs' x

num temperature (K)

230 290 >320

Ice exposures constrained by M?, LOLA, Diviner,
and LAMP

Li, et al., Direct evidence of surface exposed water ice in the lunar polar regions,
PNAS, 2018, pnas.1802345115



Colorado School of Mines / Dreyer, Williams, Sowers
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European Space Agency, ESA / Foster + Partners
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Figure 2. A Contour Crafting robot is shown here printing a road in front of a parabolic hangar
structure housing a lunar lander. In the background can be seen a plant intended for processing
regolith that will be used in the construction process.

University of Southern California / Behrokh Khoshnevis, Anders Carlson,
Madhu Thangavelu



LIQUIFER Systems Group, 2018 / René Waclavicek




IN-SITU RESOURCE UTILIZATION

POWER (As Appropriate)
PRODUCTION u‘a‘vg PRODUCTS
« Neclvar Aescior w Sturling Eogines « Ceramics

“PVA | RFC (inital Pawer in Mab Aces)

SCIENCE

CREW HABITATION LEY / MEV Servicers

- Nadilet Module Sl
 Laburatory Medute

« Rleloghs

« Consteuctibis Madilat

clegirtics Madules

» Communications Yower

Figure 4. Architecture from the Space Exploration Initiative
90 Day Report [90 Day Report, NASA 1989]

Figure 23. Bird's eye view of the NASA SEI lunar base show the schematic layout of an early
lunar base. [Credit NASA JSC Alred etal., 1989, O’Handley Orbitec NASA NIAC Report 2000
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With advanced propulsion,
one must always look to the past
and look to the future.







Phase 1 Plan

Establishing deep-space leadership and preparing for Deep Space Transport development

Deep Space Gateway Buildup
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Configuration
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international
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Known Parameters:

Gateway to architecture
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beyond activities
International and U.S.
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of elements and systems
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Ability to support science
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space

Open Opportunities:

Order of logistics flights
and logistics providers
Use of logistics modules
for available volume
Ability to support lunar

surface missions 10
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At Saturn






REACTOR POWER

POWER SOURCES POWER CONVERSION SYSTEMS
PRIMARY: ‘
T 2 BAAYTON-CYCLE 2
e REFERENCE U2l g o/ MERCURY RANKINE-CYCLE a
SOLAR ARRAY . MEACTOR. s 4 ORGANIC RANKINE-CYCLE
100 kwe e ADVANCED REFERENCE .’2 Voo LR g siss » :2
30,000 FT2 REACTOR
e ROLL.OUT ® MECURY RANKINELYCLE
e RIGID e THERAMOELECTRIC
e SEMI-RIGID STANDBY/EMERGENCY:

e FAST REACTOR
* HIGH-TEMPERATURE BRAYTONCYCLE

m RECOMMENDED ® INCORE THERMIONIC

STANDBY/EMERGENCY: P77 7777777777777 777,

SOLAR ARRAYS/PANELS B

Figure 3-2, Candidate Electrical Power Subsystems




At Saturn: Enceladus Lander Mass (MT), Two-Way Flights,
delta-V = 0.6 km/s, Isp =480 s, M,tank = 0.4 M,p
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At Saturn: lapetus Lander Mass (MT), Two-Way Flights,
delta-V = 1.40 km/s, Isp = 480 s, M,tank = 0.4 M,p
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At Saturn: Titan Lander Mass (MT), Two-Way Flights,
delta-V =6.34 km/s, Isp =480 s, M,tank = 0.2 M,p
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Krafft Ehricke,
Selenopolis
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Lunar base project lifetime mass summary,
total, notional (MT)

Lunar base project mass elements (in MT), OTV, Lander, and Factory assets only:
| = initial, R = replacement,
OTV: alpha = 40 kg/kWe, P = 10 MWe, Isp = 5,000 s; Lander Isp = 480 s
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The Emerging Cislunar Marketplace

NASA-Science
Military Missions
Debris Management
Satellite Servicing & Refueling ———
International Space Station

Human Exploration
Space Solar Power
Self-Sustaining Colonies

Brad R. Blair, NewSpace Analytics, 2017 LEAG Annual Meeting
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1! Candidate Lunar ISRU Products

Volatile Resources

-Water (H and O2 for life support & propellant)
-Nitrogen and carbon gases (CH4 NH3)

-3He

Industrial / Manufacturing
-Sulfur (concrete)

-Soil for agriculture

-Basalt fiber

-Cast basalt

-Iron / Steel

-Aluminum

-Sintered Bricks (e.g. Pavers)
-Solar cells

-Transparent & opaque glass (including fiber)
-Shielding for L1 Gateway

Brad R. Blair, NewSpace Analytics, 2017 LEAG Annual Meeting



Lunar Surface Access Module
(LSAM)




Notional Schedule
of Lunar Surface Activities

Figure 4-57. Notional Day _D 1 9 3 1 5 6 7
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Apollo 15 Imbrium Basin Impact Melt




Mineral abundances in highland rocks
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Mineral ahundances in mare basalts
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Apollo 15 “Genesis Rock”
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Apollo 16 Anorthosite
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Prospector’s Footprint
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Mosaics of Lunar Poles

North Pole South Pole
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Evidence of Polar Water lce

EQ North EQ = South EQ
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Biosphere 2 Campus Map
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Simple Crater

A Breccia }“ Fractured bedrock
& Impact melt

Impact ejecta / / \\ Central peak uplift

Complex Crater







The Maon as seen from Earth
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High Priority Lunar Exploration Sites

North Pole

South Pole

Near Side

























