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ABSTRACT

America at the Threshold: Report of the Synthesis Group on America’s
Space Exploration Initiative (the "Synthesis Report,” sometimes called
the Stafford Report after its astronaut chair, published in 1991)
recommended that NASA explore what it called four "architectures,"
1.e., four different scenarios for habitation on Mars. The Advanced
Design Programin Space Architectureat the University pf Wisconsin-
Milwaukee supported this reportand two of its scenarios
1" and "Architecture 4"—during the spring of 1992. This report investi-
gates the implications of different mission scenarios, the Martian
environment, supporting technologies, and especially human factors
and environment-behavior considerations for the design of the first
permanent Martian base. The report is comprised aof sections on
mission analysis, implications of the Martian atmosphere and geo-
logic environment, development of habitability design requirements
based on environment-behavior and human factors research, and a
full design proposed (concept design and design dev¢lopment) for
thefirst permanent Martian base and habitat. The desigh is presented
in terms of a base site plan, master plan based on a Mars direct
scenario phased through IOC, and design development details of a
complete Martian habitat for 18 crew members including all labora-
tory, mission control, and crew support spaces.
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Our work built off what the Synthesis Report referred to as the Mars
"Waypoint" (by which is meant Mars planetary activities for human
exploration of Mars and the Solar System, i.e., as a waypoint to later
exploration into the Solar System). We accepted the Synthesis Report
recommendations of a crew size of 6 crew members for the initialhuman-
tended outpost and the EXPO recommendation of a crew size of 18 for
the permanent IOC base. The base is designed assuming a mostly
closed-loop life support system (closed except for food, which will be
produced on an experimental basis in a pair of biotrons or Martian
greenhouses) and remote automatic emplacement, checkout, and veri-
fication of the habitat and life support system.

The Mars waypoint assumes significant transfer of learning from
orbitaland lunar facilitiesincluding evaluation of lunar habitats. Our
previous work in the USRA Advanced Design Program was instruc-
tive. An early phase of ourMartian work was ananalysis and critique
of the five lunar habitats' designed by the Space Architecture Design
Group since 1989--especially the two habitats taken into design
development--for positive lessons to be transferred to the design of
the first Martian habitat. Additional issues considered in this report
include the following: mission scenario analysis; implications of the
Martian atmosphere and geologic environment; changeability, re-
placeability, and expandability; supporting technologies; and espe-
cially human factors and environment-behavior considerations and
design requirements for permanent
Martian bases and habitats.

Until recently, humanand environment-behavior considerations
were not viewed as significantly important elements for successful
extraterrestrial exploration. Instead, science and engineering were
paramount in the eyes of the designers. "There is now an increased
awareness on the part of planners that design does affect behavior”
(Fisher, Bell, & Baum, 1978). By studying the effects of human

! This critiquewas presented at the American Institute for Aeronautics and Astronautics
Aerospace Design Conference, Irvine, California, February 1992 (Moore & Rebholz,
1992) and atthe Environmental Design Research Association22nd Annual Conference,
Boulder, Colorado (by the student TAs). A set of resulting design requirements for
human habitation of extraterrestrial planets was presented at the American Society of
Civil Engineers’ Space 92 Conference, Denver, Colorado, May 1992, and published in
their proceedings (Moore, Paruleski, Huebner-Moths, Fieber, & Rebholz, 1992).
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behavior in isolated and confined environments and then creating
design requirements, it is expected that human factors can have a
profound impact on the success of extraterrestrial space exploration.

A permanent Martian base will provide for a multi-national, multi-
racial, mixed-gender crew for stay times as long as two years. The base
will include mission related facilities such as research |labs, mission
operations workstations, airlock and dust-off chamber, storage for
logistics, and life-support system. It will also contain crew-support
facilities such as crew quarters, individual and group passive recreation
areas,anactive exercise facility, wardroom for eating or teleconferencing
and meetings, hygiene facilities, health maintenance facility, as well as
special places for privacy and psychological retreat.

Emphasis in our work and in this report is placed, therefore, on
human factors and environment-behavior requirements that impact
on habitability for long-duration habitation. A full r
must be investigated, from pragmatic issues of pr

effects of 1/3rd gravity, safety, astronaut satisfaction a
ity, minimizing or alleviating stress, social interactionjand privacy,
orientation and wayfinding, perceptual variety, efficiency, func-
tional convenience, and place and identity--the quality of "home."
A modular space frame construction system will provide the
protective shelter for the habitat itself, called Pax (for the interna-
tional Peace Settlement, opposite of the Latin name of the planet,
Mars, the God of War), situated at the middle of a north-south axis to
the base as a whole. This framing system will combing open square
and triangular geometries to produce a roof and colpmn support
system. The proposed frame system is a kit of compohents, redun-
dant in size and shape, that will allow the astronauts relative ease of
construction. The system will consist of a structural|space frame,
column support system, textile regolith containment and radiation
shielding system, and Martian regolith.
The habitat, or central portion of Pax, will be constructed in
several stages. Construction can commence when two rigid modules
and six crew members are on site, and their equipment, rovers, and
logistics are in place. Additional modules and their crew will arrive,
bringing the full compliment of rigid modules to fpur, and the
number of crew members to twelve.

It is proposed that the final habitat, at IOC, will be comprised of
five operational modules, each two floors in height: a 9-m hard-
module entry module for dust-off, suit stowage and maintenance,
and full recreation and exercise center in the lower level; two 12-m
inflatable modules, one for laboratories and mission command and
the other for crew quarters and the crew support facility; and two
additional 9-m hard modules serving as two Martian greenhouses.
The last hard module, part of the initial deployment, will be trans-
ferred elsewhere on the Martian surface as a hazardous laboratory.

Design development of all the interior habitat spaces--laborato-
ries, mission control spaces, greenhouses, and all crew quarters and
support spaces--makes up the majority of this report.

In conclusion, several critical design features of Pax are summa-
rized, together with major strengths and limitations of this design
and directions for future research and design development.
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group recreation area (first) and the galley and on the right

is the wardroom with capacity to seat

the entire crew.

Figure 4.5.3.1-1

Figure 4.5.3.2-1

Figure 4.5.3.3-1
Figure 4.5.3.3-2
Figure 4.5.3.5-1

Figure 4.5.3.5-2

Figure 4.5.3.5-3

Figure 4.5.3.6-1

Figure 4.5.3.6-2

Figure 4.5.3.6-3

Figure 4.5.4-1

The wardroom is a gathering space of the entire crew for
formal, communication, and social occasions. It seats 18,
but the tables can separates for smaller groups for meals,
cards or games, or individual pursuits.

The galley is designed for ease of food preparation and
maintenance., ample stowage, three separate worksta-
tions and mobile islands.

View fromtherecreation areaacross the vegetation planter
toward the wardroom.

Casual recreation area will promote social interactionin a
comfortable setting.

Upper level floor plan of the crew support module--the
crew quarters and PHFs.

Overhead view of a single crew quarter. The components
can be easily moved to allow for personalization of the
space by the crewmember.

A shared crew quarter as viewed from the entrance to the
space. Beds are lofted to provide additional floor space.
Stowage compartments, on a modular system, are flexible
and allow for room rearrangement.

One of the pair of personal hygiene facilities.

The transition space between the lower level and the
private level of the crew module is accomplished by the
use of a curved staircase. The entry to this zone is high-
lighted by a two-level-high ceiling.

Circulation space alongside the crew quarters and visual
access is permitted into the green space therecreation level
below.

Floor plan of the upper level of the two greenhouse mod-
ules. Greenhouse accessibility is from the primary circu-
lation space of the crew support module (upper level) and
the botany labs of the laboratory module (upper level).

xi
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Figure454-2  Theplantgrowthracks providehigh density plantgrowth.

Figure4543-1 The chapel in the greenhouse allows for meditation and
reflection for crew members from a variéty of religious
beliefs.

Figure4.5.4.4-1 Thelibrary will provide a space to study, relax, and enjoy
the growing environment.

Figure 4.54.4-2 Floor plan of the lower floor of the two greenhouse mod-
ules, showing the carbon dioxide greenhoyse with central
work area on the left, and the oxygen greenhouse with
central library on the right.

xii




Objectives

1. OBJECTIVES

In 1991, the National Space Council published America at the
Threshold: Report of the Synthesis Group on America’s Space Exploration
Initiative (Stafford, 1991; referred to as the "Synthesis Report"). That
report recommended that NASA explore what it called four "archi-
tectures,” four different scenarios for habitation on Mars based on
lunar exploration and habitation.

For the spring of 1992, the Advanced Design P’rogram in Space
Architecture at UW-Milwaukee supported that report and its four
scenarios, specifically "Architecture 1" and "Architecture 4." The
purpose of this project was to research design, and offer a proposal to
NAGSA for a first Martian permanent base and habitat.

Rather than responding to all the issues that ultimately would have
to be considered in the design of a mature Martian base, and based ona
self-critique of our last two years' work and very helpful suggestions
from colleagues around the country, we decided to focus on human/
environmental considerations of Martian base design. Three other sets
of issues were investigated to less depth. The objectives, therefore, were
to investigate and design in response to the following:

- Mars mission scenarios
- Mars environment

- human factors and environment-behavior considerations
- changeability, replaceability, and expandability

1.1 MARS MISSION SCENARIO

A Mars mission scenario outlines the activities|that will occur in
getting to Mars, and what will be done there. Scenarios are divided
into four phases of development, beginning with precursors and
continuing to a permanent Martian base. The ¢bjectives in this
portion of the report will be to outline and then integrate different
scenarios for getting to and staying on Mars. ‘

1.2 MARS ENVIRONMENT

The Martian environment will have a great impag
any habitat, its infrastructure, and the activities thatoqj

't on the design of
rurinand around

it. The "environment" includes factors such as atmospheric consider-
ations, radiation, altitude, soil composition and temperature.

Key environmental issues that will determine the location and
character of a Martian base include the presence of water, distance
from the origin of dust storms, elevation, geologic features, and
surface conditions. All of these will impact the safety of the base and
crew and the possibilities of scientific gain from the mission.

1.3 HUMAN FACTORS AND ENVIRONMENT-
BEHAVIOR CONSIDERATIONS

Until recently, humanand environment-behavior considerations
have notbeen viewed as significantly important elements for success-
ful extraterrestrial exploration. Science and engineering were para-
mountin the eyes of designers. "Thereis now anincreased awareness.
on the part of planners that design does affect behavior” (Fisher, Bell,
& Baum, 1978). By studying the effects of human behavior inisolated
and confined environments and then creating design requirements,
it is expected that human factors can have a profound impact on the
success of extraterrestrial exploration.

A permanent Martian base will provide for a multi-national, multi-
racial, mixed-gender crew for stay times as long as two years. The base
will include mission related facilities such as research laboratories,
mission operations workstations, airlock and dust-off chamber, storage
for logistics, and life-support system. It will also contain crew-support
facilities such as crew quarters, individual and group passive recreation
areas, an active exercise facility, wardroom for eating, teleconferencing
and meetings, hygiene facilities, and a health maintenance facility, as
well as special places for privacy and psychological retreat.

Emphasis in our work and in this report is placed on human
factors and environment-behavior (HF/EB) requirements that im-
pact on habitability for long-duration habitation. A full range of
issues will be investigated, from pragmaticissues of productivity and
functionality to more abstract issues of imagery and symbolism.
Considerations included but were not limited to anthropometric
effects of 1/3rd gravity, safety, astronaut satisfaction and productiv-
ity, minimizing or alleviating stress, social interaction and privacy,
orientation and wayfinding, perceptual variety, efficiency, func-
tional convenience, and place and identity--the quality of "home."
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Though Martian bases have not been explored in|any detail to
date, a number of lunar base designs have appeared in technical
publications (Alred, 1989; Capps & Moore, 1990; Graf, 1988; Lin,
Senseney, Arp, & Lindbergh, 1988; Moore, Baschiera, Fieber, &
Moths, 1990; Moore et al.,, 1991; Namba, Yoshida,| Matsumoto,
Sugihara, & Kai, 1988; Nowak, Sadeh, & Janakus, 1992; Richter,
Drake, Kumar, & Anderson, 1990; Thangavelu, 1991; Vanderbilt,
Criswell, & Sadeh, 1988). The vast majority of these have been driven
by mass efficiency and cost containment, adaptation of| current tech-
nology, or structural considerations, not by detailed analyses of
human factors/environment-behavior consideratians. Yet, as
Clearwater and Harrison (1990; cited in Cohen & Brody, 1991) point
out, the temptation to trade cost or structural efficiency|for habitabil-

given to psychological and social adjustment to space. 1t is becoming
increasingly acknowledged, however, that psychological and social
factors are important determinants of the success or fajlure of extra-

terrestrial missions (Connors, Harrison, & Akin, 1985)

Ourresearch since 1989, and our continued approa
in the this project, has investigated the effect of ele
factors and environment-behavior criteria in extraterrs
design (Moore, 1990; Moore et al., 1990, 1991; Moore
Moths, 1991; Moore & Rebholz, 1992; Moore, Parules
Moths, Rebholz, & Fieber, 1992).

h as explored
ting human
estrial habitat
& Huebner-
ki, Huebner-

A sizable amount of research has been published, conducted, or
supported by NASA documenting important findings an habitability
design from the human factors, psychological, sociological, and envi-
ronment-behavior points of view (e.g., Connors et al., 1985; Clearwater,
1985, 1987; Clearwater & Harrison, 1990; M. Cohen, 1990; Cohen &
Brody, 1991; Cordes & Moore, 1990; Harrison, Caldwell, & Struthers,
1988; Harrison, Sommer, Struthers, & Hoyt, 1988; Hewes, Spady, &

Harris, 1966; Moore, 1990; Stuster, 1986). It is not the p

irpose of this

report to present additional empirical findings, nor to¢ review and
criticize the literature to date. A primary purpose, however, is to begin

the process of extracting design-relevant requirements fr
ture and show their impact on Martian base design.

pbm this litera-

1.4 CHANGEABILITY, REPLACEABILITY, AND
EXPANDABILITY

Changeability, modularity, replaceability, and expandability are
crucial factors in the design of a Martian or any other extraterrestrial
base. Modularity and replaceability not only allow ease of construc-
tion, but can contribute to the ability to easily adapt the base to
changing functions over time. If the reorganization of spaces is make
easy, expansion of the base becomes simpler. Allowing the crew to
change the space around them will create an environment that is
comfortable and may contribute to lessened stress and increased
productivity. Including these factors in the design of any base and
habitat will assure needed flexibility that will positively influence
both the form and the function of the mission.
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2. PROCEDURE

exploration: long-duration missions on the order

f 1,000 days with

The Synthesis Report presented two mission c}:’\raﬁons for Mars

atypical stay time on Mars of approximately 500 da
16-17 months), and short-duration missions on the
with a 30 to 100 day stay on Mars (1-3 months).
to believe that there were significant architectura
environment-behavior issues to be explored and r
duration permanent Martian habitat that would
work stations and crew living quarters. Reviewin
mission scenarios (Stafford, 1991; Weaver, 1992;
Gwynne, 1991) also lead us to believe that an initj
outpost will quickly be followed by one or more
duration outposts, which in turn will be followed
long-term base. The focus of our work for 1992, th
long-duration permanent base.

Our work built off what the Synthesis Report
Mars "Waypoint" (by which is meant Mars plane

s(1-1/3rd years,
order of 500 days

thinking lead us
, habitation, and
psolved in a long-
contain research
g other published
Zubrin, Baker &
al short-duration
pxploratory long-
| by a permanent
erefore, was on a

referred to as the
tary activities for

human exploration of Mars, i.e., as a waypoint to|later exploration
into the Solar System). Phasing the development of a permanent
base, we accepted the Synthesis Report recommendations of a crew
size of 6 crew members for an initial human-tended outpost for
change-out durations of 500 to 600 days on the Mattian surface. The

first permanent base, termed initial operational configuration (10C),
would be accomplished by repeating the mission via a revisit of a
previously explored site, emplacement of one additional 6-person
outpost, and then development of a permanent base for long-dura-
tion missions with stays on the order of 500 to 600 days or longer, and
this time for multiples of 6 crew members, likely a full crew of 18 crew
members.

TheMars waypoint assumes significant transfer of learning from
orbital and lunar facilities including utilization of lunar in-situ re-
sources and evaluation of lunar habitats. Our work in Years 1 and 2
of the USRA Advanced Design Program is thus very instructive. An
early phase of our Martian work was an analysis and critique of the
five former lunar habitats— especially the two alternatives taken into
detailed schematic design—for positive and negative lessons to be
transferred to the design of a Martian habitat. TheSynthesis Report

recommended that the Mars habitat would be tested as a prototype
on the Moon. As our previous work started with the Moon (see the
four previous monographs in this series, listed in Appendix B), we
expanded from our lunar knowledge base and lunar habitat design
experience to generate alternatives for Martian habitation.

Thus, in the spring of 1992, the Space Architecture Design Studio
designed a permanent, long-duration base for the surface of Mars.
Subsequently named Pax (for the international Peace Settlement,
opposite of the Latin name of the planet, Mars, the God of War), this
first Martian permanent base will be capable of providing housing,
research space, mission control space, and all amenities for 18 astro-
nauts to live on Mars for durations up to two years.

The work was accomplished in an overlapping sequence of eight
principle phases, as shown in the time line of Figure 2-1.

2.1 ORGANIZATION/MISSION SCENARIO

Analysis of alternative mission scenarios. As thereare significant
differences in the literature (Stafford, 1991; Weaver, 1992; Zubrin, et
al., 1991), we elected to develop an integration of the commonalties
between the three most prominently discussed mission scenarios (2
weeks-- January 6-21, 1992).

2.2 BASE DESIGN RESEARCH

Detailed scenario presentation followed by background research
and development of design requirements on overall base design. A
range of base design issues were explored (e.g., implications of the
Mars environment) relevant to site selection, size and character of the
site, site design, master plan, and sequencing of phases to IOC and
NOC. Otherissues were explored relevant to overall configuration of
the site plan (siting of the habitat, solar array field, methane produc-
tion facility, wind power facility, launch and landing facility, vehicle
storage and maintenance facility, nuclear power plan, and transpor-
tation infrastructure; 3 weeks--January 23-February 11).
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2.3 CONCEPT DESIGN EXPLORATION

Schematic design studies to develop and explore different base
layout master and site planning concepts. The implications of four
alternative concept designs for the base as a whole were explored,
analyzed, and then compared at an internal preli
review (PDR-January 30):

- hard module habitat, partially buried and partiglly in the
edge of a Martian crater

- inflatable habitat, partially buried and partially i
of a Martian crater

- Earth-like technology for Martian surface application

- space-frame construction spanning between crater edges

the edge

From the late-January PDR, considerable advantaggs were found
for surface construction with a combination of hard module and
inflatable structures (2-1/2 weeks-- January 24-February 11).

2.4 HABITAT DESIGN RESEARCH AND REQUI-
REMENTS

Accomplished in two parts:
- literature research on the full range of human factors and
environment- behavior considerations in habitat design,
including but not limited to crew quarters, crew support
facility, mission operations, research workstatjons, bio-
sphere, wardroom, recreation spaces, hygiene facility, and
research laboratories;

- development of design requirements based on|accumu-
lated research (3 weeks-- February 4-20).

2.5 HABITAT SCHEMATIC DESIGN

Schematic designs developed for each space (laboratories, crew
quarters, etc.) in response to the design requirements. |Design direc-
tions and objectives were established for the complete schematic
design of each activity space, the habitat as a whole, and the base site

and master plan. Design attention was paid, however, to the habitat
interior design in order to respond most directly to the human factors
and environment-behavior requirements. Following an internal
PDR (March 3), a formal intermediate design review (IDR) was
conducted (April 3) to review the results of individual schematic
designs and set priorities for the continuing work. Special guest
reviewers from the UW-Milwaukee Department of Architecture,
from the local profession, and from NASA- Johnson Space Center
offered critical comments and recommendations for continued de-
sign development (7 weeks--February 13-April 3).

2.6 INTERIOR DESIGN DEVELOPMENT

Design development of all interior spaces, refinement of design
details, response to raised criticisms, and beginning of integration
across the habitat as a whole. The layout of the base site and master
plan were refined and solidified during this time. The overall
conceptual design for the habitat as a whole, in response to a set of
environment-behavior derived design principles, was integrated at
this time. The final designs for each module and their subspaces was
refined and consolidated. A not-quite-final design review (NQFDR,
April 16) was conducted of the design development to identify areas
needing fine-tuning (e.g., materials handling within thelaboratories)
and issues of integration across the habitat or base as a whole (e.g.,
lighting, color and material selection and coordination; 6 weeks--
March 5-April 16).

2.7 DESIGN INTEGRATION AND PRESENTATION

In response to this final, internal self-evaluation, final design
development and design integration occurred. The presentation of
the results of the project—in mid-fidelity models for each floor of each
module withlighting, colors,and textures, a mid-fidelity model of the
habitat and regolith-containment space- frame structure, and draw-
ings of site selection, site plan, and construction sequence to IOC and
NOC--was developed. Slides were taken of all models and drawings,
and of diagrams to explain theenvironment-behavior bases of habitat
and base design (3 weeks--April 16- May 7).

4
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Activities/Milestones January I February March April May ‘ June
First Class
L Course Layout
Organization/
Mission Scenario | §———k—}
1/6 1/21
Base Design Zubrin Lecture
Research H:I
1/23 1/28 2/]1
Concept Design FDR
Explanation I I ::I
1/24 2/1
Habitat Design
Research/Requirements
2/4 2/20
NASA
. . Revi
Habitat Schematic il
Design I I I
2/13 3/3 4/16
Interior Design = =
Development 1
3/5 4/16
Design Integration/ I I
Presentation Final Report
4/16 5/7 Summary
NASA EDRA UWM USRA Conference
Review Presentation Presentation Space '92
Presentations & l::l I l t
Reports
P 1/30 2/18 3/3 4/10 5/7 6/36/126/18

Figure 2-1. The 1992 timeline.
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Procedure

2.8 PRESENTATIONS AND REPORTS

Preliminary reports were written during the proj

ect and were

reviewed at the NASA PDR and other times. The fmt productisa

slide presentation based on photographs of large take-

part models,

together with this final report. The project was and will be reviewed

on several occasions in different forums: final internal ¢
at UW-Milwaukee School of Architecture and Urban
vited presentation at the American Society of Civil En
92 Conference in Denver and at the Annual NASA /U,
Conference in Washington, D.C., and exhibition at t
Space Conference.

lesign review
Planning, in-
gineers Space
5RA Summer
he Wisconsin
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3. DESIGN ISSUES AND REQUIREMENTS
3.1 MARS MISSION SCENARIO

A scenario is an outline of the sequence of activities that will take
place in the exploration of the Martian planet. Sceparios consist of a
complex set of issues, organized to achieve mission goals. The study
of existing scenarios created a base for the scenarip leading to Pax.

3.1.1 PUBLISHED SCENARIOS

The first scenario studied is the scenario of Zubrin, Baker, and
Gwynne (1991). This scenario, called “Mars direct,” is primarily
directed at the exploration of Mars.

Its plan focuses on exploring Mars to decrease the cost of the
Space Exploration Initiative. Over 200 assembles in low-Earth orbit
(LEO) would be needed to recoup the expenses of a]LEO construction
infrastructure. Therefore, thereis no construction in LEO in the Mars
direct scenario. Secondly, missions to Mars are lithited to ones that
provide maximum scientific return. A third suggested way to de-
crease costs is extensive in situ resource utilization in all missions.

The Mars direct scenario assumes that transportation from Earth
to Mars can be accomplished in steps. With the use of a Aries heavy-
lift launch vehicle (HLLV), equipment and crew |can be lifted into
orbit and put on the journey to Mars without assemble in LEO. There

sunches for ev mission to M the first a careo
the Iirst a cargo

will be two launches for every mission o Viars
mission, followed by the crew in approximately two years. The two
flights will be aerobraked to the surface of Mars.

The cargo missions will consist primarily of p habitat, nuclear
power plant, and in situ fuel production capabilities. The inclusion
of fuel production is to lower the costs of the mission. This produced
fuel will supply ground transportation, the assent yehicle, and Earth
return transportation.

The second launch will place the crew in direct transit to Mars with
a short travel time to minimize the high radiation effects of space travel.

There are two basic flight classes: conjunction and opposition.
The basic properties of the conjunction class is longer total mission
time, longer surface stays, and lower Earth to LEO masses. The

opposition class has a longer flight time with larger masses needed in
LEO. Various reasons are given by Zubrin et al. for the choice of the
conjunction class for Mars missions:

- smaller delta-V (velocities)

- lower radiation effects by shortening the duration of space travel

- unknown Og affects on the body are minimized

- time spent exploring the planet surface is 15 times greater

than the opposition class trajectory

Inthe Mars direct scenario, the first crew could launch from Earth
in 1999. Upon reaching Mars, the crew of four will have a surface stay
for 600 days (approximately). Exploration will be done with combus-
tion engines, supplied with fuel from a precursor mission emplaced
production plant that will have been making fuel for two years.

Progression past this to a permanent base is only suggested. Itis
stated that future missions could connect habitats to providea larger
surface presence.

The second scenario studied is the Synthesis Report, America at
the Threshold (Stafford, 1991). This government-funded report dis-
cusses the options for America’s Space Exploration Initiative. It
broadly proposes all possible aspects of America’s involvement in
space over the next 30 years.

Two Mars scenarios are defined in this report. Between them
there are several commonalities; closed-loop life support systems,
and lowering the cost of missions by lowering logistics demands.

A Synthesis Report mission proposes placing humans on the
surface of Mars for approximately 30 to 100 days. This stay is created
from an opposition trajectory.

The report addresses the pragmaticissues of their Martian scenario.
The first human presence on Mars is suggested to be 2014. The mission
will be a opposition class flight. After two of these missions, conjunction
class missions will be used to increase exploration capabilities.

The habitation waypoint suggests requirements for different

‘levels of human presence on the surface. The first requirements are

for the closure of life support systems. Essentially, whena permanent
base is achieved on a planet surface, the systems should be closed
with the exception of food which will only partial closed. The closure
of food cycles demands large amounts of growing volume. The
second requirement is the size of the crew for particular missions.
Missions less than six months will have crews of six, while missions
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up to two years will have a crew of 12. Later missions with stays of This third scenario presents staged development similar to the
two years, will have crews of 20 to 24. above-mentioned Mars scenarios. At the “human-tended” stage, the

A third scenario was presented at the NASA-JSC ExPO Technical surface stay duration is similar to the opposition-class mission to Mars.
Interchange Meeting on January 7, 1992 was entitled “SEI Reference It recommends a crew of four to seven. These numbers are congruent
Mission” (Weaver, 1992). It concentrates on lunar human presence, with the Mars direct and Synthesis Report scenarios. The next stage of
but is applicable to Martian scenarios. human presence echoes America at the Threshold, and there must be a

closed life support systems, with the exception of food.

Permanent
Base

¢ "local resources utilized to
enhance exploration
Human-Tended activities”,

Outpost

E * after 2016
5 * crew of 4-7
v sge » mostly closed life support ® The successful exploration and
é Expedlt_lonary utilization of natural resources on
— Landings * 1998 Mars would serve as a test bed for
2 * 2005 * crew of 4 eventual expansion of nent
= Precursors * hint at "Mars Direct] flight * oxygen propellant human presence at Mars...”
= production ® 6 crew members
g * orbiters 02014 * surface stay: 1.5 years
< 2 rover, » "Habitats are built inte the cargo landers, replicated  * “28% then crew
and joined to build up living volume.” 2016
+1998 * stay of 30 - 100 days °
® cargo, then crew * 600 day stay
o life support "... systemithat is closed except for food” *crew of 6 P,
® nuclear power ¢ resource plant (Archiecture 1v)
o minimal photovoltaic energency backup o small greenhouse (Architecture IV) Weaver
o crew of 6 * 30 to 100 cubic meters per crew, 200 Zubrin. et al
 atmosphere reduction glant, for propellant 01,000 cubic meters total (p. 75) St d’ l
(Architecture IV) o in situ resource utilization quf OZ ,eta 1
-Architecture
® closed loop life support} except for food X X .
+demonstration unittotest -Mars Walmam t
feasibility of fuel production
+habitat, pressurizedrovef, nuclear power, »twohabitats Cook, et al.
unloader/mover *2016

*onchabitat
*2014

Surface Infrastructure

Figure 3.1.1-1. A summary of four published Mars scenarios.
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3.1.2 MISSION SCENARIO INTEGRATION

The above Mars scenarios have been integrated into a single
scenario that will be adopted in this report. Our analysis suggests

four phases to the exploration of Mars:
- Precursor robotic missions
- Expeditionary landing missions

- Human-tended outpost missions
- Permanent base mission
The precursor missions are robotic exploration. This will consist of
mapping Mars, basic exploration, and sample returns. The Viking
landings started Martian exploration. One reason further robotic mis-
sionsareneeded is to limit the variety of locations for human exploration
and habitat emplacement.

2 Expeditjonary
&J Landings
Sy

=} Precursors

L

=1 * to start 2005 to 2014

g * crew of 4-6

g . 19t9’§ * stay of 30 - 100 days

< * orbiters

* rover
crew follows at next window

sprint
* habitat
* pressurized rover

* unloader/mover

food
* nuclear power

* cargo and habitat arp delivered first, then

(approximately twa years later), spiit-

* mostly closed loop life support, except for, mostly closed loop life support, except for

¢ minimal photovoltajc emergency back up, ISRU experimentation

Surface Infrastructure

Permanent
Base (10C)

Human-Tended

Out po st * after 2009, before 2022

¢ crew of 18

* stay of 1.5 to 1.6 years (600 days), per
* 2007 to 2016 mmission

* crew of 6

* stay of 1.5 to 1.6 years (600 days)

* multiple missions over the planet

* habitat is expanded and constructed to
gain the needed volume a crew of 18
(1000 cubic meters), rather than the crew
of 12 habitat volumes in use during the

« cargo and habitat are delivered first, then construction of I0C

crew follows at next window
(approximately two years later), split-

: * pressurized rover
sprint

* high level of self-sufficiency

* closed life support

« partial closed food cycle

+ ISRU is used to enhance exploration
activities

oxygen propellant production

* nuclear power

* partial power from solar fields

. . + small greenhouse/biosphere (for partial
atmosphere reduction plant, for propellant food production)

* habitat

* 666 cubic meters total

« habitats are built into the cargo landers,
replicated and joined to build up living |
volume

¢ pressurized rover

* unloader/mover

food * ISRU experimentation

* food cycles are demonstrated

* minimal photovoltaic emergency back up

Figure 3.1.2-1. A recommended integration of previously published Mars scenarios.
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After the precursor missions, humans will set foot on Mars.
Expeditionary missions canachieve benefits similar to thoseachieved
in the first Apollo missions — a “large step for humankind.” These
missions will test our ability to have humans visit Mars. Due to the
short surface stay of 30 days, the scientific benefits will be limited.

The human-tended outpost missions will begin to provide no-
ticeable scientific benefits. A surface stay of 600 days will provide the
time for in-depth scientific activities. Developing several outposts at
different locations on the planet will optimize this phase. The choice
of locations will be determined by their potential sciéntific benefit

would provide primarily commercial benefits. Work dane within the
aerospace industry has not concentrated on this evolution, primarily
because of its distant realization.

This integrated scenario, an outline of the exploration on Mars
leading up to a permanent base, is shown in Figure 3.1.2-1.

3.2 CHARACTER OF THE MARTIAN ENVI-
RONMENT

The Martian environment is undiscovered territory. Many fea-
tures will be the subjects of intense investigation. To be able to gain
the greatest insights, and given the broad scope of missions, the
following areas of scientific investigation are expectedto be:

- volcanoes

- possible water sites
- craters

- channels

Design Requirements:
¢ The base should be located in a geologically varied region
* Base should be near possible water locations
* Base should be located at a low elevation
* The base should be located in the northern hemisphere
* Thehabitatshould beshielded fromdust contaminationand wind

3.2.1 SURFACE AND ATMOSPHERIC ANALYSIS

The Martian atmosphere is predominantly composed of carbon
dioxide. An annual event occurring between fall and winter is the
forming of clouds composed of carbon dioxide ice particles. This
takes place in the polar regions where the gas condenses out of the
atmosphere, so much so that the atmospheric pressure decreases
nearly 30% in that time frame. At the northern pole, the decrease is
less due to the smaller north cap during the winter.

Table 3.2.1-1. Martian Atmospheric Composition

Carbon Dioxide (CO,) 96.5%
Molecular nitrogen (N,) 1.8%
Argon (Ar) 1.5%
Molecular oxygen (O,) 0.1%
Carbon monoxide (CO) 0.05%
Water vapour (H,0) 0.02%
Neon (Ne) 0.0001%
Krypton (Kr) 0.00003%
Xenon (Xe) 0.00002%

Note: Mensurements are fraction by weight. The CO and H,0 amounts are uncertain and variable.

The Martian atmosphere has a similar chemical composition to
Earth. Primarily carbon dioxide, the atmosphere is thin and hazy.
The day/night cycle is comparable—annual mean temperatures
range from -50 degrees C at the Equator to nearly -130 degrees Cat the
poles, and the summer temperatures rise above 0 degrees C at
midday. Mars also has seasons. This is evident in the growth and
recession of the polar carbon dioxide “ice” caps. Winds are respon-
sible for suspending dust in the atmosphere causing light to scatter
and create a haze (Spitzer, 1980).
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Dust storms have been observed to originate in the southern
hemisphere, growing in intensity until nearly the entire planet is
engulfed. Geologic features are again comparaple to our home
planet. Enormous canyons are carved into the surface, large dry river
beds suggest past flooding, and volcanoes rise to greater heights than
known elsewhere in the solar system. Given that|Mars is approxi-
mately half the size of Earth, and twice the size of the Moon, these
features are grander in scale.

Mars is a rich experimental laboratory. Answers to questions
centuries old may be determined when exploration of the planet
resumes in earnest.

Table.3.2.1-2. Comparative Facts between Earth and Mars.

Earth Ma

12,756 km. Diameter 6787 km.

149.5 x 10 6 km. Distance from Sun 227.8 x 10 6 km.
23 27" Inclination 23 59"

24 hr. 00 min. Length of Day 24 hr. 40 min.
365 days Length of Year 686 days

1013 mb Atmospheric Pressure 7 m

1 Known Satellites 2

The Martian surface offers a variety of landforms suggesting
wind-related formation and processes. Most notable of these wind
activities are the surface streaks that occur in th¢ southern hemi-
sphere during the summer. These happen when the winds are the
strongest, creating major dust storms (Carr, et al., 980).

The channels etched into Mars are fascinating as well as contro-
versial. Of particular interest is whether these channels could have
been formed by water. A very different climate, warmer with a
denser atmosphere, would have had to exist to produce these fea-
tures. The possibility that wind and lava are the cause is being
speculated (Carr, etal., 1980). Detailed and finer stryctures withinthe
channels suggest water was once prevalent. These/structures, when
compared to Earth-like features, are similar to “fteardrop-shaped
islands, longitudinal grooves, terraced margins, and inner channel
cataracts” (Carr, et al., 1980) found in large Earth flood plains.

¢

Figure 3.2.1-1. Diagram of Martian wind convections.

Temp
(K)

140 1 1 1 1 1 5 1 1
Jun 10 Oct26 Mar 12 Jul 28 Dec 12
Aug 19 Jan4 May 20 Oct4 Feb19
1976 1977 1978

Figure 3.2.1-2. Chart of surface temperatures.
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Figure 3.2.1-4. Channel network on Martian surface. (Spitzer, 1980)

re3.2.1-5. Poona Crater. One of several types of craters faund on the Martian surface
( pitzer, 1980)

Although much of Mars’ surface consists of rather simple plains,
cratersdo occur over the entire planet. The composition of the surface
is hinted at by the particular type of crater, and its resultant or lack of
resultant surface process alteration. The southern hemisphere is
more heavily cratered than the northern. Crater densities suggest
slow resurfacing processes as compared to Earth.

3.2.2 RADIATION AND RADIATION SHIELDING

The thinatmosphere of Mars does not provide enough protection
from radiation to allow the habitat to remain unprotected. The
intensity of the radiation is dependent upon location and elevation.
Those regions located in lower elevations will have a somewhat
greater measure of protection (Zubrin, 1991). There is reason to
speculate that less-intensive shielding for structures and equipment
will be necessary. Mars does not possess an intrinsic magnetic field
with the ability to repel galactic cosmic rays (GCRs). Due to this,
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