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ABSTRACT

Elon Musk wants to go to MarBesides getting therthe newissueb e ¢ 0 me s what i
Point B going to look like and how will it functiomith regard to its locationr proximity to

resources UsingEb enezer Ho wa rtodatcemplSathisaskisahigly t y

recommended This land us@esignwould easily fit tnder aclimate controlledlomeoffering

plenty of living space and green space for producing oxygen, food, watenaamdiningthe

internal environmentSi n c e H o wantaided sitydasigris falso hexagonait offers

access to any directiamithout giving upusefulland Thisdesignalso attempts to create a

closedsystem citythat has a minimuraf two important facilities such as water plants or

Thorium fueled power plantsvhich in turncreatesedundancy and resilierystems These

sydemsare very important keys to most if not all current techriegsed in spaceWith that
beingsagHowar d’' s Gar den Zad yanwd |dr doleg mio dweidsomtio t od a:
certain infrastructure assets will be added to the design ta #ujusityto its new environment.

With that being said, the paper will explore the background of the garden city and show case

studies to prove it provided a higher quality of life to its citizefise second focus of this paper

will be the zoning andaind use within the structur&@hethird focus will be based othe

suitability of a siteand itsproximity to natural resources such as water or cm@deposits

Furthermorethis papemill only be focusing orthe Phase Lity structureout of the bur total

phase structuresvhichis the smallest ani@éast complexf the ur preliminary designs for each
higherdensityphase.Essentially thifhase | variant is scaled down to be compact and simple to

understangdbut more importantlyto berealistic.
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NOMENCLATURE

CANDU-SCWR Canadian Deuterium UraniuSupercritical Water Reactor
DEM Digital Elevation Model

ESA European Sp=e Agency

GIS Geographic Information Systems

GRS Gamma Ray Spectrometer

HVAC Heating Ventilation/Air Conditioning

LSA Land Suitability Analysis

MAG/ER Magnetometer and Electron Reflectometer

MCS Mars Climate Sounder

MGS Mars Global Surveyor

MOLA MarsOrbiter Laser Altimeter

MRO Mars Reconnaissance Orbiter

NASA National Aeronauticsand Space Administration
PIGWAD Planetary Interactive GIS Web Analyzable Database
PDS NASA Planetary Data System

TES Thermal Emission Spectrometer

USGS United State$seological Survey

USP Unified Settlement Planning
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1. INTRODUCTION : EXOPLANNING
1.1 THE RATI ONALE (AEMERGI NG MARKETO)

As of 2016 there hee been no real vigorous attempts to bring together the two fields of
urban planning and aerospace engineeairthis scaleThust he wor d “ wasbgnl anni ng”
To clarify, it is a verbandis closely based off theord Exoplane{planet outside our own solar
system) The meaning ibasicallyurban planning on other worlds such as exoplaritsce the
beginning of written historyeverything we have ever known, have known, or will knaw (f
now) has been o nThebotomtfing ia if imanity is o avbid totél disaster or
extinction, humanity must diversify their locations instead of remaining on one planet where it
will eventually run out of some resources. Earth israggly the basket with all of our eggs in
it, and it would be better to have insurance by having multiple planets under our control than just
one. This course of action must be carried out carefully over time and step by step.

One concept within urbgplanning or in any field for that matter is to have diversity.
Whether it is planting a variety of vegetables rather than just one type within a farm or multiple
types of industry sectors in your stock portfolio, diversity is a type of backup planitbtatzd
losses This first step shoultbe Mars since it is the closest planet to Earth and very similar
regard to the other planets in the solar sysiarapmposition as will be shown laterThis of
course is in |ine with El on Musk’s pla&a to col
has no actual public @hs of how Point B is going fanctionor how it will appearthis paper is
a first step toward thatlan ormaybe evere | @ personal goalThe reasoning behind the
choiceforEb e ne z er Ho wdesigdpatern Was to donaergrate centralize
everything includingup tocommunityfacilities and dwelling unitswithin thecity that it
requiresto functionreguarly such as a city on Eartinother small ra®n wasrestricting

developmentérom sprawlng outwardwhich wouldend upincreagng construction/maintenance

10



costsof the city structuregbu t more on Ebenezer Ho whelowdn'the d e s i

nextsection of this paper.

The first section goes into the history
city, the design inspiration of the city on MariBhis same section will give a case study to show
that cramped conditions other Britishcities compared to garden citiaszunhealthy thiscan
also be irreference taheBiosphere 2 research station in Arizomlaere individualsvere

crampedogetherin a 3.14 acre facility, most of which was reservedstadyingbiomesin

gn

and

closed looystemqAvise, 1994) The seond sectionmoveshnt o t he city’s | and |

and | and use patterns along with t h¥elattert y’ s
half of this section godsto the site seldion process on Mars and the methods executed to find
the right location.The third section is a simulation based on the design of the city and per

person daily usages resourceso show how longhe city would last if supply sourcesere cut

off or depleted The last section is a summary and conclusion of the whole paper with a segment

on ideas of what to do next and hiwanbecome a reality.

12EBENEZER HOWARDGO6S GARDEN CI TY
1.2.1 BACKGROUND & HISTORY

In 1898, a man by the name of Ebesreldoward wrote a book call@-morrow: A
Peaceful Path to Real Refornn this bookhe discussed how the conditions of cities at the time
were dismal and dirtiput a better future awaitedHe createdhe idea of a cityhat would
provide a higher quality of life (health wise and environmental wise) and decent employment
opportunities for its citizens. This ideal citcluded the best dfoth (two) worlds, rural
(Country) and urban (Town)These two make up part tife ThreeMagnes which represent the
pull for how or why people would locate a garden citand thecategoriesncluded Town,

Country, and TowsCountry The Town magnet represented the

11
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opportunity, isolation of crowds, plas of amusement, distance from work, high money wages,

high rent rates, high prices, high chances of employment, excessive work hours, army of

unemployed, fogs & droughts, costly drainage, foul air, murky skiesjitvelieets, slums, gin

palaces,and paat i al (Hewhidf1898)€hesecondnagnet was Countnyhichincluded

“the |l ack of society, beauty of nature, hands ¢

woods & meadow forests, long hours & low wages, fresh air, low rents, lack nageai

abundance of water, lack of amusement, bright sunshine, no public spirit, need for reform,

crowding dwellings, and JdThestlkirdaneéldst magnetlisages” ( Hov

combination of the best features of the latter two magnets. Thisanhi labelled Town

Country, which includes “the beauty of nature,

low rents, high wages, low rates, plenty amusement options, low prices, no sweating, field for

enterprise & opportunity, flow of capitgbure air & water, good drainage, bright homes &

gardens, no smoke, no slums, freedom,anrd e r at i on” ( Howar d, 1898)
These magnets formed the basis for his gardenvditichis made up o$ix satellite

towns that wer¢o be 6,000 acres (2,400 ha) draiseup t032,000 peopleachwith one

central city of 58,000 people grand totaling out to 250,000 pedgia a 66,000 acrarea

(shown in Figure 1) Each city was to be sedufficient and when fully developed woutapand

to a newalready plannedarden city nearbyHowardwent on to discusgeople and markets

within the garden city and how goods would move from point A to poiritiBinly, this is

about manufacturing or growing to buy locallMext he went on distss revenues from the

garden city and how it would fund the operation and maintenance of the garderheity.

majority if not all of the revenues generatedm the town and country sectiomsuld mme

from rents Howard then went on to break revenue sources down into residential, agricultural,

and industrial sectors. After thidte general expenditures of the garden city were discasskd

12



the majorityof that readingvasbased on capital expenditures for fa@ktisuch as the town hall
or sewerage service3he last part of the book discussed the separation of public and private
work within the garden city as to avoid government or corporate mongpslieh was an issue
discussed in the difficulties sectioin the back of the boodoward did manage to discuss the
water production system of the garden city relying on underground reservoirs for production and
the storage facilities for the excess such as the canals betweerlLatie8(ue lines Rown in
Figure 1) Lastly hisbookwas the realization of a utopian society that strived to grow smarter
and create a better environméar its citizens who were well acquaintedpolluted industrial
cities in England This first book was such a success that he wrote a second edition a few years
later.

In his second bookalledGarden Cities of Tanorrow, whichwasa republish of the
1898 book in 190xe further pushed for his idea of a better.cltythis somewhatpdated
editionthere were very little differences between the.tWbe reader however was given visual
aids this time to see how the garden city looked at different viewpdihts w a mdst famous
picture can be seen ingare 1(Howard, Garden Cities of Telorrow, 1902) This is the same
exact city, slightly modified and scaled dawimat will be intended for use on Mars. This garden
city represents the best a city has to offer such as a green environment with ample job
opportunities while providing room for smart growth. These-seiftained garden cities leave
much to be desired with its open green spagkgh on Mars could be turned into sslffficient
zones that can strive to make this Martian city a closed loapmy3d his will be explored
furtherlaterin the paper.

His garden city idea was so enchanting that he was able to convince investors into

helping him build one His booksessentiallystarted the Garden City movemgnhich led to

13



the creation of two gden cities named Letchworttormed in 1903and Welwyn in 1919 both
aretechnically now suburbs of London, Englathited Kingdom)

FI GURE 1: Ebenezer Howarddéds Garden City Diagrar

L ]

Howard, Ebenezer. 190&arden Cities of T-dMorrow.
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1.2.2 LETCHWORTH CASE STUDY
Thisnew3,818 acre community wdisst formedin 1903by Sir Ebenezer Howa
First Garden City, Ltd.acompanythatwas formed irGeptembel 903 (Lewis, 2015)
Letchworth was smahamlet of 60 to 9@eople in the 19centuryaccording to local censuses
before it was labeled a Garden dityl903 Raymond Unwin and Barry Parker became the
architects of the town after they won a design competition hosted by First Garden City, Ltd
1904 Thedesigwas based off of Howard’'s ideas but the
responsibility of housing design and building contwdiich sometimes went against what
Howard wanted The goal of the comparthirough the eyes of the shareholders was to make
money, thugvery time a construction contract was secured it provided confidence for investors
in the long term future of thetgi Along these same linelsshe company’ s of fensive
bring more construction contractsfaster saw the quality of designs sufé&d was sometimes
seen as a secondary importance negiéaate the company wanted to see development break
ground An issue for the city was trying to lure in businesses and industmgke the city
viable for more businesses and potential futurigleess that could work locally as promised by
the company. This forced the company to enact a competitive pricing strategy on rent for land.
This worked by bringing in numerous businesses and factories such as the Spirella Company.
Attracting businesseand industry to Mars besides the transportation issue would probably be
relatively easy, the businesses that locate there would most likely be monopolies and control
their marketgor some time Labor force and skillsets will be difficult to find at fitsut over
time will be corrected.
Letchworth from the outset was not planned like otretitionalcitiesat the turn of the
20" century This city was aboutcreating a place that could support the physical, social, and

psychological welbeingofthep e opl e who wer e t(cewis, OIS Afternd wor k t

15



the Sociology Effects of Garden Citissdy from DugaldMacfadyen in 1935 was published, it
appears this quote was correct of Letchwotththe first part of thistudy, they measured key
characteristics of a healthy community such as death matent mortality, scarlet fever rates,
diphtheria rates, puerperal fever and pyrexia attatkper 1,000 birthsThey used this data and
compared it to other county lmughs, urban districts, and rural districts.

TABLE 1.11933England and Wales Vital Statistics

1933 England and Wales Vit County = Urban = Rural

Statistics Borough's Districts Districts
Death Rate 13.1 12.4 12.1
Infant Mortality 75 62 56
Scarlet Fever Attack Rate 3.4 2.98 1.93
Diphtheria Attack Rate 1.48 0.84 0.64
Puerperal Fever and Pyrexi:
Attack Rate per 1,000 births 15.5 10.9 9.0

The second part of the study measured the death rate of pulmonary tubearulosis
infant mortality rate. Itised these charactgtits to compare them to the countiich
Letchworth was located in along with England and Wales.

TABLE 1.2 Standard of Public Health (Macfadyen. P.253)

England

Year Letchwortt County & Wales

General Death Rate

1930 7.1 10.2 11.4
1931 7.2 10.3 12.3
1932 8.1 10.6 12.0
1933 9.9 10.8 12.3
1934 8.7 10.4 11.8
Infant Mortality
1930 20 42 60
1931 41 46 66
1932 62 50 65
1933 30 42 64
1934 20 37 59
Death Rate from Pulmonary Tuberculos
1930 0.4 0.5 0.7
1931 0.3 0.4 0.7
1932 0.4 0.5 1.1
1933 0.4 0.5 0.6
1934 0.4 0.4 n/a
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This shows that the design of thetchworth GirdenCity provides acleaner
environment and a higher quality of life its citizens Even Welwyn Garden City had a higher
guality of health than thesurrounding nearby citigd he British Medical Journal, 1930The
reason forthiscouldlteh e gar den ci t yoncemadosstiegfsrarddelocakeed ci t y' s
industry, which before presentdekalthissues to local residentsMoving citizens away from
pollution source®r vice versauch as factories and putting those citizdases to agcultural
beltsseemed to have paid dividendst al so shows Letchworth’s citi:

thanaverageof thenearbycities or countiesDur i ng Macf adyen’'s study he
the tuberculosis cases were imported from outsatehworth He al so noted that
evidence that i n Gar de(vial &Gpatity @ gouthldmainsagiivei ng of ‘i
much longer than in large cities, that people who moved here to die twenty years ago have not
succeeded in doing it ye{Macfadyen, 1935) The levels of intellectuals in the city were also
hi gher than average according to theused ty’'s | ik
all their time and mental energy to keep up with the increasing variety, individuality, and
specialization of dMacfadyeh, 8985) Perhapsatbdeenod interasting er est s ”
part of t he st ussyongidas againstalcobddlanydoétheorigimat y ’
“settler§ of the city were well aware of the havoc drunkenness associated with most industrial
citiesat the timethus they issued riwenseto sell alcohol within the city. This allowed the
gardencty to have a f eelli fTlgscanfributed tethematweas \italitpai d  “ u p
the cityand generated expectations to its residevitich made for a selfespected, responsible,
and healthy individual.

Thesedesigncharacteristics will & vital to having a seufficient andong term

sustaining city on Mars. The design of the city also contributes to the health afeiwwglbf

the citizen living in it. Separating dirty uses from living quarters is important as well as not

17



having buildings nobeingtoo crowded togetherThe mairreason is that the first haliiseon
Mars will be small andertainlycrampedbut this will be discussed later.
2. NEW PROPOSAL FOR THE GARDEN CITY
21 PHASES & SECTORS
211 ORIGINS OF PHASES

Walter Christaller came up with a geographical theory known as Central Place Theory,
in this theory he explains the number, size, and location of human settlements in an urban
hierarchy. This hierarchy stretches fremallHamlets tcfully grown Cities. Hamlet will be
called Phase | for this paper while the other categtaieswill be Phases II, IIl, antinally
Phase IMhat will belabeled a<ities This same hierarchy is how these Martian cities will be
broken up into phasdés seen on &ge 51, Figure 2)To a get a better sense of the overall
system, Unified Settlement Planning (USP) bring
Wal ter Christaller’s Centr al Pl ace Theory, and
or in otrer words bulk planningvhich is usedo support development on a massive scale. This
type of unified planning system was first thought up in the Soviet UKibadzhayev &
Khorev, 1972during the Khrushchev era and recenthri®d gaining traction in India. USP in
India seeks to avoid destroying already existing communities and taking advantage of emptier
spaces in rural areas to meet increasing population demands for livable spaces. This same
approach will be used on Mais expand the different Phases around, tiwes timeintroducing
resiliency to this urban pattern in case one of the Phases is damaged or compromised.
21.2 TRANSECT PLANNING & SECTORS

Within each Phase there are different land uses and sectors. Each Phase has a total set
amount of internal square footage thatmslerthe atmospheric and climate controlled dome.

Sectors 15 will be set up almost exactly like Transect planning dall$n zones T — D (Duany

18



& Talen, 2002) These sectors or zones will be defined in T&dewhich are the sectors

broken down by land use types and activitidsso see Appendix A3 for thecross sectioto

better understad the similarities between Transgtinningand thisnewcity.

TABLE 2.1: Interior Sectors and Transect Zoning Equivalent Definitions

Sector # Land Use Activities

Transect #

Sector 1 [High Density Mix Use Includes Office, Hotel, Retail, and
Zone T6 Residential

Sector 2 [High Density Residential Includes Small Retail and Multi-Famil
Zone T5 Residential

Sector 3 [Medium Density Residential| Includes Small Retail and Multi-Family
Zone T4 Duplexes Residential

Sector 4 |Low Density Residential Includes Single family Residential units
Zone T3

Sector 5 |Community Facilities Includes "Town Hall", Police, Fire, Hea
Zone D Educational Centers, and Regional

Transportation Hub

Sector 6 |Water & Wastewater Facilitiesincludes Water production, Wastewate
Zone T2 Treatment plants, and Both Reservoir
Sector 7 |Forestry & Agroforestry Includes Some Oxygen production an
Zone T1 CO2removal

Sector 8 [Transportation & Utilities Includes Freeways, Freight Rail, Utiliti
Zone T1 corridors, Sabatier/HVAC system, an

Underground Regional Hyperloop systd

Sector 9 [Agriculture Includes fruits, grains, and vegetable
Zone T2 production

Sector 10 |Industrial & Solid Waste Light Industrial operations, Sabatier
Zone T2 Reactors, and Recycling & Incineratio

Facilities

Sector 11 |Parks & Recreation Includes Green Spaces and Plazas

Zone T3

Sectors 4 will provide livingandoffice workspaces for the inhabitanttoag with

shopping optionsSector 5 will provide civil services andll later house the regional

underground transit hub. Sector 6 will produce potable water and treat wastewater by

recyc

l'ing” | iquids

w-feitilizez faatiory $otadd indanbytto usegon s ol i d s

19

t



Sector 9. Sector 7, a forest section, was to be the main source of oxygen and carbon dioxide
removal within the structure before | stumbled upon the Sabatier P{@cdss, Muscatello, &
Berggren, 2013)which allowed for half of Sector 7 to be converted over to Sector 10 for light
industrial uses, but theeepereasonindor the switch will be discussed later. Sector 8 is the
transportation, freight, and utilities transmission corridors located insilewtside the

structure, these will be critical to future regional growth. Sector 8 is also the location for the
equivalent of an internal HVAC (Heating, Ventilation, and Air Conditioning) system and
smaller Sabatier Reactors, this Sabatier Procestesradyproduct of oxygen from external
atmospheric carbon dioxide from Mars whose atmosphere is 95% carbon diutdia,
Muscatello, & Berggren, 2013)Sector 9 is the agricultural section of the design. Sector 10 is
the ndustrial section, and it also home to solid waste facilities that recycle or incinerate. This
section could also be the location for larger SabatiBre f i fac#itiesyiri' the future, to be
discussed later in the paper. Lastly, Sector 11 is locatbihvBectors 4 to provide open

plazas or green spaces for very dense sections of the city to provide citizens with relaxation time.

TABLE 2.2: External Sectors Definitions

Sector # |Land Use Activities
Sector 13Launching Pads Rockets & Freight TO Space
Sector 13Receiving Fields Receiving Signals from Spag
Sector 14Antenna Fields Broadcasting Signals (Radi
Emergency, etc.
Sector 19Power Plant Nuclear, Wind, or Solar
Sector 1§Landing Pads & Runways |Rockets & Freight FROM Sp
Sector 11Extraction Fields Mining & Excavation

External sectoras defined above are activitiesgtside the city structure. Sector 12 is
the land use restricted to an airport equivalent of departure tiaffitl be used to export goods
or even put communication satellites in orbit around Mars to have uninterrupted service to/from

Earth Sectorl3 is a receiving point for any communications coming from beyond the ground

20



on Mars Sector 14 is a broadcasting field, it will house antennasrging designs for sending
signals out such asM/FM radio or WiFi internet. Sector 15 is energy generafplant slot
this slot is highly important to power the city and keep it functioning d&@gctor 16 is the land
use restricted to an airport equivalent of arrival traffic. Sector 17 is reserved for mining and
excavation of rawasources or other heaindustrialactivities. Butbefore this paper dives
deeper into the details of these new zonesséadesigns, the next section will focus on the
exploration of the origins within these designs.
2.2 PHASE |: LARGE -SCALE DESIGN & LONG -TERM COLONY
221 NOT ATEMPORARY CITY

When humans first arrive on Mars this city will not be there to welcome them, it will
most likely be smalleabodes such digiht weightinflatable Bigelow Aerospace habitat¥hese
habitats arexpandable unitsvhich are made dighter weight material that isasier to launch
than conventional habitat®uld take up more space, weiglore, andhereforeharder to
launch

FIGURE 2 Bigelow Aerospace Inflatable Habitats

Ingalls, Bill. 2011.NASA https://www.flickr.com/photos/nasahgphoto/5417056094/
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This is where the inhabitantsill carry out less intensive activities comparedvitatthe city
requires tdoe fully operational The di fferences between Ebenezer
this new proposal can be broken dawto modernizatios with current technologies along with
newstrategies and modification§hesetopicswi | | show how to bring Howat
215 centuy, whichmakes it unique that is building off the past witthis designin the present
for the future on Mars and possibly other planetary systems

First, modernizationwill bringhisci t y up t o t od aheadditiosdafandar ds
bike lanes or automatgmtessurizedvater/sewer treatment systemiile modifying it for its
new environment ofEarth These modifications are to ensureriieeessary functions of the city
will continue despite being located in a hostile environrfes#ted extremely far fromarth
One step of this is to make everything as closed loop or recyclable as possible, lowering
transportation costs and the number supplies that have to be imported to keep the city
consistentlyfunctioning properly.

One long term issuthat must beddresse isa breathable atmosphere within the city
whichis the life support systems that will include multiple large scale Sabatier reactors that can
create watersabatiermprocess onlypr liquid oxygen gabatier withdectrolysis component) from
importedrecycledhydrogen and atmospheric carbon dioxide from MZubrin, Muscatello, &
Berggren, 2013) This process also creates liquid methane, a fuel resource used by eventual
reusabl e rockets s uc hOffcsof Copmunieadonssat NRGZSC,or Engi ne
2015) To clarify from earlier the Sabatier reaction is aggess that uses carbon dioxide from
Mars and imported/recycled hydrogen to produce oxygen along with liquid metizdman be
used as rocket fuddter on Refocusingoack to the city, these Sabatier reactors will be split up
between Sector 8rainly for oxygen production) and Sector If8ainly for liquid methane

production). There will also be a forest section located within the city structure in Sector 7. The
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types of trees to be used within the seatastill being determined but the section wile large
amounts of water in the growing phase before the trees matgreeultural uses in Sector 9
will also contribute to oxygen production to a small degree before being harvested but to what
degree will need to be studiédther.
Another facet tanake this a long termnd selsufficientcity would be food production.
Agricultural land useshould bea high priority if the cityisto succed Howar d’ s city had
section between the central city and a suburb devoted for large farms but not multiple devoted
sections to increase production and diversify ¢
about what is to be grown on their farrbgt he does however discuss how farmers cannot
afford to compete with grain farmers in the United States or in Ukraine so they should grow
something elsebut not much furtherin the new proposal, the Sector 9 segments are subdivided
into farm plots of veying sizes depending on nutritional demands by inhabitants and a nearby
bio-fertilizer plant to supply the farmsith nutrients Bottom line, food production will be
based on several factors. These factors include seeds, soil content/fertilizerbuwédis/
levels, atmospheric conditions, and sunlight. €ree no seeds on Matkese will need to be

i mported. The effects on seeds during space t
chance at budding drgrowing faster than seeds oa E t(Gri¢jsby & Ehrlich, 1991) Soil

(regolith) content on the Mars surfacenmde upof Si | i ¢ o[b1.4%6] lron(lil) xdes

[19.4%], Aluminum Oxide[7.1%)], Sulfur Trioxide[0.2%)], Magnesium Oxid§9.3%], Calcium

Oxide[10.0%], Sodium Oxidg1.3%], Chlorine[0.01%)], Titanium dioxid€0.87%], and

Potassium Oxidf).16%] (James, Chamitoff, & Barker, 1998M\Iso see Appendix ALl for

additional soil figures Artificial fertilizers will become extremely useful for two reasons, aiding

growth in agriculturevhere soil is weakawhile recyclinghumansewagebio-solids.
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Water is a requirement for thgjriculturesector to function properly and being located
nextto the Sector 6 reservoir should improve the chance of seeds germinating. Water demand
for this sector will depend on the growing seasons for each different type of fruit or vegetable.
Inside temperatures will be at a level where plants will not ffégzand humidity levels will be
maintained Sunlight is another requirement in this sector to function properly, the deme o
the whole city willdim the sunlight slightly from the already reduced amount it gets compared to
Earth on a daily bastsut howmuch is still unknown at this timeEssentiallyto make this city a
long term outpost ivill come down tooxygen, water, electricitfpod, and how waste is
managed Not only are lhese iive the essential building blocks to developing a successful city
theyalong with shelter (the domaje the pillars of life
22.2 DESIGN OF THE CITY

When | first starting designing this city in AutoCAD, | thought to myself what land use
pattern can | use that includes redundamsiliency efficiency, and functioality that could fit
under a dome. | stumbled upon the Garden City in 2012 and it fit the system perfectly. This was
before | even thought about the 3D design of the city. The only environmental aspect this city
cannot combat or negate (right now) faxgty, which Mars has 1/8ss than Earth. One
i mportant aspect of the city’s design was a
infrastructure in twos but spaced far enough apatrt if one was to break or an accident to occur
near it that the otmeone would continue to function without being effected. Another bonus of
this modified design is having all the inhabitants live within a small 538 foot radius, which once
the Sector 5 transit hub opens could classify it as a Transit Oriented Develofaentthing in
the city is certainly within walking or biking distance as well. | also needed a design that could

store enough water and have enough room to produce food while producing enough oxygen to
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support the city. | did noticeowever one topimissingi h Ho wa r,ahichisthe o k s
mentionof theelectricity supply to the city buhis will becoveredin detaillater.
Centralization will also be another key to
compete with nearby cities and resogtdlis new proposal will be a staalbne city (for now)
with no nearby competitors of any kind. If anything, people will want to build or locate nearby
this dty to begin with, this could jokinglybelowar d’ s f ourt h magnet or bet
monopoly. Utilities and transportation networks will be centralized and consolidated. This will
lead to lower travel times for freight and commuters therefore lowering costs and resource uses.
Onedifference is that Howard wagdto use canals as a mode of tqaorsation between cities,
this simply cannot be done because water will have a much higher importance to the city than a
mode of transportationlt will be used for drinking and its other use of reducing radiation
exposure by slowing down charged particles from space events such as cosmic rays or solar
flares(NASA, 2002)
22.3 THE DOME
The most important structure fthre city to be on Mars and hardest aspect to conssruct
the domdAniol, Dowd, & Platten, 2009) This type of structure was selected because it covers
and protectshe citybeneath ifrom the hostile environment outside bf it also creates
opportunities for internal developmerésexpand upwardIt also will beaerodynamic enough
to not letpossiblehigh winds shift it too much or let sanfiom dust storm$uild up on itcausing
it to collapsefrom excesiwe weight
This dome will have an exteal diameter of 2,020 feet and 1,980 feet internal diameter,
this should | eave mor e t haconcetdaundgtionwhighaase t o s uf
a wall of 10 feet above ground levelo compare, this dome is about 7&6t longer than the

dome stadium in Arlington, Texas (AT&T Stadiunl.h e dome’' s radius is 980

25



interior and 1,020 feet on the exteridrhese four figures along with the internal height of 400
feet were helpful in finding thmterior volumeof the domeusinga spherical capormula:
(1 3) * (*B(Ragibis)- {Height))

The answeturned out to bd45,365,788.141¢ubicfeet or12,611,354.7002ubic
meters. This volume number wdl’entuallydetermine the amount of energy it will takekeep
the HVAC system running and supplying adequate oxygen ahdrcdioxide removal services.
This dome will carry out many different jobs at once, sigfadiation protection and keeping
out super cold temperaturtmt come witHower pressures ém the outsidas well aghe
occasional dust storm

This dome, to carry out its sdieur purposes, will be layered. Starting with the exterior
layer of12inches ofPolyethylene (Made of Carbon and Hydrogehis layer will insulate or
keep the cold air away from the next layer that contains warm air. This warm air layer is to keep
the purified water layer behind (separated by anothBolyethylendayer)at a liquid state
rather than frozen chunks of icBurified water is the better option than ice because sunlight
levels do not need to be reduced for the agriculturabseecthis water layer will be about one
foot thick (Guetersloh, et al., 2006) combat radiation evenaind reduce or negate harmful
radiationfrom reachingnhabitants. The last layerwhich will be facing the interior will have
the function of holding the water that reduces radiatldowever one or more of the layers of
Polyethylenewill need to havesome tint to it to reduce Ultraviolehtght fromgoingthrough
but not tinted enougloteffect the agricultural sectarslransparent Aluminum (Aiminum
Oxynitride, AION) could also be usead one of the layersf the domedo support the structure
while allowing sunlight through, however it does not reduce radiation levels as Mioere
mustalsobe some sort of cleansing process on the exterior of tne tiwreduce dust and sand

build up which could reduce lighting fogacultureand put stress on the structure
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At one time during the theoretical design process, the dome had another use besides the
ones mentioned above, this use was providing artificial raimetevhole city This idea was
scrapped because the wateuld be contaminated from outside radiationl create free radicals
within the wateywhich would be harmful to humans or any biological entigusing cancer
(U.S. Department of Energy, 1993pther design consideratiomluded interior roise levels
(Connors, Harrison, & Akins, 1985)hich recommends sound to be kept down around 45 dB
(decibeld. Last but more importantly wasmehow reducing odqgrespecially withsewer
plants andio-fertilizer plantsbeing located within this dome.

The foundation of this dome will most likebhe made of reinforced concretie same
type concrete seen everywhgdpetter known a®ortlandcement (Constituents: CaO, $jO
Al0s;, FeOs, and Gypsum). Thgreat part about Portland cement is that it not only turns into
Limestong(CaCQ) overtime (Dempster, 1999%hen exposed to a Carbdioxide rich
atmosphergwhich thenreduces interior oxygen lost over time but that Messlf has the
ingredients to make it as well (SAppendix A1). Thisoxygen anctarbon dioxideabsorption
from the concrete caused issues for BiosphénetlZe early 1990but since this city will be
located on Mars with majority Carbon dioxide atmosphere it should be no problenshort
the 10 footwalls, as well as the dome already is, will have to be layered to reduce oxygen losses
and sustain proper air pressure

Lastly, the main system that will maintain and supphis whole operation, the HVAC
system. Without this scaled up system Carbon dioxide or Oxygen would most likely build up in
parts of the city creating either poisonous or flammable situatibesping the air clean and
circulating creates a healthgvdronment just like a typical HVAC systeima house doesOnly
difference is that it will connected to Sabatier reactors to pump fresh air in and soak up used air

(CO). At the top of the interior dome there will be a vent to recycle the dry heatsbaitAs
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this residential system requires an air filter so will this city system. This same system will also
control the intepr temperature and run at a higher rate to create normalized pressure such as an
air supported structure has.

224 AUTOCAD & SKETCHUP

AutoCAD 2015 & 2016 were the softwares used to create and find the accurate square
footage and spacing for the structure. As for the difference between the two different year
editions, | could not find any during my drawing and processings Sdftware was also used to
create a to scale 2D model of the Phase | design. As the design was drawn it was split up into
different layers to determine the square footage for each sector and land use to use later on in the
development. To determine thenter of the drawing a hexagon was place where the eventual
Sector 8 corridors would be. This allowed for accurate angles to be 0, 60, 120, 180, 240, and
330 degrees forming a hexagon. From there the model was laid out and offsets were placed to
make his future stencil accurate. Once the model was completed and the square footage figures
were placed into Microsoft Excel; the model vilasnconverted into a PDFSgeAppendix A19
and a readable 2D stentiiportedto SkethUp to construct the 3D model.

SketchUp software was utilized to carry out the creation of the 3D model from the 2D
stencil. In the making of the 3D model, the model finally began to take on a life of its own. It
too was broken down into several leg@vhich could be turned on and off to show different uses
at the flip of aradio button Getting back to the model, it was separated to break different utility
systems up such as water, sewer, power, and so on. Séetee 8utility corridors use to ivea
bowed shap€Oval cross section) but after talking willexas A&M University Civil
Engineering concrete structures ex@eatin Mandesaid that creating concrete in a curved shape
such as these would be difficult, thus it was changed to thglgtdmwn corridors seen in

Appendix A16 Many of the 3D aspects were shown off to many Texas A&M Engineering

28



professors to ask for their advice/opinions and confirm designs of certain parts of the structure.
The 3D model also showed where several areasnfliciacould arise, for example, between the
interchanges where utility lines, freeways, and railroad segments meet up that could not be seen
on 2D maps. It was during this drawing that the dome was decided to be 400 feet tall from the
interior and be ahd four feet thick for a total peak at 404 feet at the apex of the dome.
2.3 PHASE I: ZONING & LAND USE PATTERNS
2.3.1 DETAILS OF INTERNAL SECTORS
This section will deal with thelesigns of théand uses located inside the donheternal
sectors aréocated inside the dome in a climate or atmosph#yicontrolled environmentThis
is where the inhabitants will eat, sleep, live, and plHyis is also where most of them will do
their work on maintaining the city and growing fodd/ithin this 2000foot diameter the total
square footage wasasy to determinevhich gaveactual square footages and percentages of
each land use within the structure. The use of AutoCAD software was utilized to carry this part
of finding the square footagetals Thepercentages come from the Total Area of a Sector
compared against the Total Area of Phase |, for instance, Sector 1 has 64,895.6182 square feet
within the 3,017,185.5845 total square feet of Phasehli ch equal s 2. 15% of Pha
land area.To ultimatelyclarify, the square footage figures are fromnleg/c i t y ' swhidhe si g n
are dictatedbEbenezer Howar d’' s dnepertarg mote rdm the &lflebelow An ot h e
is that this represents only horizontal square footage or surface area totdlrsofuare footage
for potential future multstorydevelopments, espediakince Sectors 4 3 arereserved for high

density multiple floofstorybuildings.
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TABLE 2.3: Internal Sectors/Land Usd-igures according tothe AutoCAD Model

SECTOR/LAND USE (Phase ) TOTAL AREA (Sq FDERCENTAGE

Sector 1/High Density Mix Use 64,895.6182 2.15%
Sector 2/High Density Residential 104,679.8753 3.47%
Sector 3/Med Density Residential 142,618.2863 4.73%
Sector 4/Low Density Residential 197,267.6945 6.54%
Sector 5/Community Facilities Hub 97,992.9750 3.25%
Sector 6/ Water & Wastewater 566,979.0862 18.79%
Sector 7/Forestry & Agroforestry 162,521.4680 5.38%
Sector 8/Transportation & Utilities 1,074,573.4378 35.62%
Sector 9/Agriculture 343,194.6203 11.37%
Sector 10/Industrial & Solid Waste 232,303.2319 7.70%
Sector 11/Parks & Recreation 30,159.2895 1.00%
TOTALS 3,017,185.5845 100.00%

Sector 1lis locatel outside the first ring street.hik land use is high density mixed use
between residential and commerfé#fice. This sector will more than likely be home to mix use
towers of20to 25floors. Retail will be located betweerfand 3! floors while the rest would
be office or residential use. Hotels could also be located in this sector. Basement levels can vary
but must act as a backup protection in case of an extreme radiation event where the dome will
not provide sufficient protectionMost utilities entering these prime lots will be in located in
basement levelsMost of the populatiofSimulations of 1,000; 5,000, and 10,000 are carried out
below)will be located in this sector, percentages of pewjilleget smaller towards Sector 4.

Sector 2s locatedacingoutwardtoward the second ring the city. This sector will be
mainly compromised of high density residential units with little to no retail. Small locally
owned businesses can operate wisector. Floor counts in this sector will be 10 to 20he
designgecommendationare the same at Sectojukt less floors

Sector 3will offer mid-rise lofts ormulti-family apartments and is locaté&tinginward
toward the second ringireetandSector 2. Along this same street will be the Sector 11 green

spaces.The maximum floor count for this sector will be 10 with the minimum beingt8s
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sector will also allow for locally owned businessesperate but in sparser numhbessnfined
mainly to the roundabouts and Sector 11 green spaces areas.

Sector 4is the singldamily housing land use. These are individual houses that will
closely resemble suburban housiith setbacks which it technically is because it is located on
the last ad third ringstreetiocated right next to the Sector 8 corridoBuplexes could be used
in these lots as wellThe floor count in this sector is 1 taaBd will also include basements for
emergency/storage purposes

Sector Ss a split level land useGround leveland abovés a central building that is
equivalent teacommand centeor a city hal|] while below ground will be a regional
transportation system station hub. This system could be anything Sonplesubwaysystem
to theHyperloopPassenger Plus systéMusk, 2013) This section will also be home tivil
services such as firpplice protectioneducational, antiealthcare facilities.

Sector @s responsible foproducingdrinking water and treating sewage that could
eventually become fertilizersTo begin with the two large reservoirs that £81,881.7&quare
feeteachin size and can hold up to 10,434,679.91 cubic feet of water @hehdepth of the two
reservoirs are 45 & deep because this is the same level the water transmission and distribution
mains are locatedvhich will help avad other levels and interfef@tween other utility lines.
There will be one water plant at each reservoir as well as one wastewateemtgalant at each
which will introduce redundancy to the systeBach water planwill be located or83,167.44
square feet of land adjacent toitheservoirs One unique feature about these plants will be the
use ofUltraviolet Light lampsfor watertreatment instead of usirgg importingchemicalgUslu,
Demirci, & Regan, 2015)If it comes down to it then chlorine could be used after it is processed
from Mars(Appendix A1Q. This methodf treatment requires a lot of energy but a large

reduction of chemicals having to be imported or manufacisrdggemainbenefit Water will
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also be used as coolant for the nearby nuclear plant (external) slot or Sectorcl&séhisoop
system of carse will have its own water not for human consumptigach of thavastewater
treatment plantwill be located on 8,816.9%quare feet of land. These plants will treat liquids
and release them into the reservoirs while sending the treated solids/sludge tefehdibas
plants next door for further processiagd removal of pathogegfore being sent to Sector 9.
Oneof two futureissues located within thavatertreatment systems is the removal of strong
pharmaceuticals or excess estrogen from recently treated whien can cause long term side
effects in humanand animalg¢Deo & Halden, 2018 The second is related to an issue that took
place on the International Space Statim8009involving the Water Management and Recovery
systems The issue itselinvolves Calcium Sulfate from Astronauts urine, whicimes from
higher tharaveragebone loss in the Astronautsie to th& microgravity environment
Regardless, thesgalcium deposits were large enough to clog the filters and stagysitem
from operating nominallyCarter, Pruitt, Brown, Schaezler, & Beers, 2015)which on Mars
could happen tboth if not alltreatment plants if not preventedreduced

Sector 7s preserved for forestryvhich once upon a time/as going to be the primary
means of oxygen production and carbon dioxide remdwveameasuring th@roduction and
reduction of théwo gasesvould be more difficult than usin§abatier reacter The entire two
sectionsarenow made upf Sector 7 and 1@hich use to bell zoned Sector 7 at one point,
this was changed since the &tibr processes could most likely make up for the amount of
oxygen lost from the potential forest section that was converted to Industriallimesees
would more than likely be spaced out 20 feet by 20 feet leaving room for foliage growth and root
growth. Given the total amount of land use at 162,521.4680 square feet, it can be estimated that

there will be room foa grand total ofi06 trees located in Phase |I.
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Sector &orridors are transportation and utility corridors. Thatd lines carry
evaything fromclear air,water, sewer, electrical transmission lines, rail freight, to freeway
lanes. The readecan see thisross sectioniew in Appendix Al6, thesepressurized water or
sewageipes ancelectrical transmissiowires (765 kV, 345 kV, etc.are only representative
size Each utility will have its own segment of the corridor reserved for it with slots for
expansion if the demand requires it. Thiesernalcorridors go 50 feet into thground and will
be pressurizedonnections between cities/phaséss the consolidation and organization of
these utility corridors that will allow growth beyond just one city. An example of organization is
how the water and sewer line systems arersggéand below electrical lines, this is to reduce
blackouts and contamination if there was ever to be a leak from the pipese will also be air
ventilation shafts carrying fresh doxygen)and used aifcarbon dioxide}o and from the
SabatietHVA C segment to keefpeshair circulating. With that being said, there will also be
emergency airlocks between the cities and these corridors in case there is an accident such as a
breach on either side causing a pressure loss.

Sector 9s the agricultural hub and food production centéiisis sector will be focusing
on plant growth for nowyMaggi & Pallud, 2010and no animal herding of any type will be
permitted early on because it is simply easier to mtnpeeds than large or mediwizedanimals
from Earth. Thesefarmsites are in the proximity of the bfertilizer plans and water sources,
bothnearSector 6. As discussed above there are many factors that will play into the
productivity of this sectg but this segment is about the design and uses of the sSotoe
crop typedo be grown herand have been experimented with by NASA/Otparce agencies
arewheat, tomatoegndcarrotsto name a fewp\Wamelink, Frissel, Krijne, Verwoert, &
Goedhart, 2014)Grains will be given 34%, Vegetables 33%, and Fruits 33% of Sector 9 square

footage. The percentages for the food groups might look familiar, this is because the land
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percentageallotted to the foodropwill be based off the FooNutrition Pyramid from théJS
Department of Agriculture (USDA), minus the sweets, meats, and dairy gaupss instance
which can be imported from Earth by refrigeration and bulk bagke future, those land uses
will be added bck to Sector 9 for them to reflect the true percentages of the pyramid.
Accordingto a production guidéor wheat(The University of Georgia Extension Service, 2015)
wheat seeds should be row spaced out 7.5 inghésis) and in row spacing should be spaced
2.5 inches apafly Axis), these will be given®% of the 343,194 square feet to groMext,
33%will be split 50/50for the vegetables carrotnd tomatoeéShould be placed under fruits
but food group wise it is undeegetablesWwhich comes out to 56,627.1124 square éaeh
Lastly, fruits such as strawberries will be given the last 33%, coming out to 113,254 square feet
to grow on For example, ssuming 100% germinatioal{ seedgplantedsprout)of the 897,586
seedsyields should equal th.26 US shorttons(1,139.95kg) since each individugrainweighs
around0.0450unceg0.020kg). The formula below can be used to determine the number of
trees or plants pexquare foat

Total Square Feet / (In Ro8pacing FegY axig * Row SpacinfX axig)

Sector 10will be broken into two activities, these are industrial uses and solid waste
managemendlots Beginning withindustrial the one day financial backbone of the cityis
sector is singlehandedly tasl with making tk city seltsufficient resourcavise and creating
supply chains for future industries and businesses tagtarhis sector is about creating future
oppatunity and increasing inventorieft is having to build the economy from the gnal up.
One bonus to thisector is thait is located next to the internal wall, allowing for facilities to
pump out unusable byproduct pollutants to the extégimenhouse gases might actually
terraform Mars) Most of the operations in this sectorRhase | will be small scale with low

outputs. FurthermoreSolid waste managementll have two recycling planté3,311.0531
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square feet plothor each)andtwo incinerator plant$8,051.2967 square feet pldts each)if
waste materials cannot be relggt Incinerators can generate electricity and can pump their
unusablepollutants to the exterior, thus the reasoning for their location next to the internal wall.
There will be o such ting as a landfill land use here on MaReusability will be a hge keyto
success for this city. d&lucingthe number of resources that need to be imported from Earth on a
regular basis to keep certain functions of the city running will play a major role in this, such as
using certain irsitu resourcenethodghat will be discussed later

Sector 11 is preserved for green space and parks. These recreational areas will allow
inhabitants to stretch their legadenjoy greenery on an otherwise red planet. Though these
areas might be smalléaround 5,000 square feet per roundabout partje Phase | designs, the
larger thePhase the larger the green spadébe, which will alsooffer diverse recreational uses
such as running trackslosed loopvater featuresyr basketball court® nane a few These
sitescould alscone day be converted to cemeteries if the needsanbich it most likely will if
this is to be a long term city.
2.3.2 LOCALIZED SPECIALIZATIONS

Depending on the location and proximity to natural resources from ithbibty
analysis this will decide the type industries or activities that will take place within or outside the
dome. Sector 10 gives about 100,000 square feet per parcel or 200,000 square feé&drin total
the two parcelsvithin thePhase Home for small scale industrial or material refining operations.
Freight railyards will be a split segment between the internal and external sides of the dome,
these will also be shared under Sector 8 corriector 10 parcelsnd external Sector Tt
these railyards are still being determined at the Phase | level logistidalliyger specializations
could include offic&retail, healthcareor tourism related industries. Especially the tourism

industry for cities in the vicinity of Olympus Mons (llest Mountain/DormanghieldVolcano
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in the Solar System) &falles Marineris (Canyon larger than the Grand Canyon in Arizona).
The sky is the limit on any industry for entrepreneurial opportunities to rise because there is just
so much left to explore it regard to any aspect on Mars.
23.3 DETAILS OF EXTERNAL SECTORS

Lastly, this section will go over the land uses located outside of the dome. These land
uses will be exposed to the harsh environment, hovwsmrae landises cannot take place or fit
under the dome in the internal slots, thus the need to move them outsideen in Tabl@.2
all the activities listed could not be carried out or completed within the ddhese external
locations are determined by thegles of the Sector 8 corridors leaving the Phase | city, they are
split and in some instances kept apart of safety reagurese external options have no
restricted size or depth until they reach the next Phase stru@Quoeeexample is the logan of
the launching and landing pads sl(@ectors 12 & 16), these are out of vicinitytloé Sector 15
power plant slat They are also distanced from communication fields of Sectors 13 and 14.
These slots are not set in stone but the safety precautions above will remain because
depending on their location and the side of the natural resources to be extracted could determine
where Sector 17 will be located and what the city will specializ&imw on to the details about
each exterior sectors.

Secbr 12is a land use reserved for launching satellites or any payloads imit@r
further. This sector should not be located ribarpower plant or Sector 15 anddi exhaust
ports should be faced away from the Phase and saticipin the same wagsthe Space
Launch Complexes 40 or 4tb name a fewat Kennedy Space Center in Floridaheseshould
not be located at every Phase, just concentratedargarfreight/manufacturing hubs and
landing pads.But when they are located nearby, they niedgdeadjacent tdhe Sabatier

“ R e fids'meaators to gain access to the liquid methane fueldbeld use.
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Sector 13s an external land use allocated for Satellite Relay dishes. These are used to
communicate wittsatellites and beyond. The typHssatellite dishes that can be located here
includelargeparabolicdish antennaglirectional/high gain antennas (HGAY some
omnidirectional antennas that are not in Sector 14 to nameTae sitecanbe set up much like
the Karl G. Janskyery Laige Array located in Socorro County, New Mexicaimply put, his
sectorcan be used for communication aekpexploration purposes.

Sector 14as mentioned before will be an antenna field using @fmactional antenna
towersthatcould betasked with broadcastingv/ FM-radio, television, or callar phone
service signals throughoaharea. Frequencies will most likely follow the already set standards
for broadcasting and certain bandwidths will be reserved for certain Mess.of thesd¢owers
will be pushed farther back from the city structure as to reduce catastrophic damage if an antenna
were to fall over due to high wind or some other anomd@he site will beocated around a base
station connected up to the telecommunication lof€3ector 8 around 1,000 feet (0.3048 km)
or so away from the city.

Sector 15 will provide thareafor the majority of the primary power gices for thecity
or eventual region that will bieom nuclearenergy. ACarada Deuterium Uraniur8upercritich
Water Reacto(CANDU-SCWR was chosen for the reactor typeis Generation I\feactor
such as thisvill generatean estimated220Megawatts of electricity (MWe(Torgerson,

Shalaby, & Pang, 200@er reactor unit This generation of reactors should be available in the
2030s. The reactor coolantill use light (regular) wateandthe moderator will use heavy water
which can be manufacturéd nearbySector 10.Heavy water or Deuterium can be
manufactured from the watproduced from the Sabatier Reactors in land use Sectors 8/10 or
from the hydrogen from the Sabatier + Electrolysis Rea¢hditker, 2001)or it can be imported

from Earth in tanks These types of nuclear reactors were setetd take advantage of Thorium
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reserves on Mars as the main fuel soBuczar, et al., 1998as shown irAppendix A7.

Another reason these types were selected were to take advantage of online refueling, meaning
there will be no downtime to shut the reactorasftl waiting for it to coolvhen changing out

fuel rods. Plus, if Thorium cannot be used, tBANDU reactors caiake numeroustherforms

of fuel. Thorium also has a much shorter Hd# than Uranium or Plutonium doghus
increasing safety over time. Naturally Thorium by itself is not fissile but fédgleng, Park, &
Ko, 2008) which means it requireane extra neutron from either Earth imported Uranium or
Plutonium to start the fuel cycle process within the reactor to provide pder sector will

also be placed away from the cétincethe nuclear optiors usedout of the ¢her options of

solar or wind powebut it does not mean those two options will not be used as secondary or
backup methods of energy generatfdiversity is again good)Fusion Reactors could be
utilized as well, but this projectainlyf o ¢ u s e d s existing andlafready
proven/operational technology meaning this project e astrongempossibility of existing as
technol ogy progresses forward. Wi t hese¢archa t
andDevelopmenphase, | believe Lotke e d Mar t i i€ongpactHusigniReaBter has
the best chance of coming to fruitiéMorris, 2014) Another reasorhie energy generation
facility will be placed away from the ciig to reducepossibleradiation exposure while not
increasing wire lengths and therefore codtkere will also be backup battery systgmssibly
such as Tesla PowerPackaich are comparable tmergencyliesel generators back on Earth
for community facilities. There is 0 set boundary size for this land use other than the Sector 8
corridors and other city phases, but if wind power is used there musalgessktback for the
windmills.

Sector 16s a spacecraft landing area, whetther craftuses a runway or pad it Wile

located in this land use slolt too needs to be located in the vicinity of the Sabati&e f i ner i es
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reactors to gain access to the methane fuel soalasy with the liquid oxygen resource if the
need arisesThis area will be treated as an inioal only airport with regard to freight and
passengers coming through. This sector should be located right next to the Sector 12 to lower
distance between inbountthis sector and out bound (Sector 12) sitesc
padst hey wi I | very |l ook similar to SpaceX's Land
Florida. This land use must also not be located mleaBector 15 power generation slot.

Sector 17s reserved for the heaviest and most intense of activities on iMiaisag and
extraction of natural resources. Some resources inflodenwaterdepositsiron ores, silicon
dust and thoriunores. None of these resourcascording to satellite surface dati@ insuper
denseconcentrations, thus leaving only a handfuoptions to extract them such as surface
mining (strip or operpit mining) and eventually underground minifghaft mining)if land
surveys show it is worthwhileThese typesf mining operationsvill require heavymachinery
andequipment to be usedhich will need to be importeflom Earthor somehow manufactured
on Mars Also to note, environmental quality problems should not be an issue for mimieg si
there is no wildlife to beféectedand water is in a groundwater is imare than likelyfrozen
state Mining frozen water will present its own challenges especially if it requires a desalination
process before égring Sector &ndthe humarwater supply systeifstililman, Michaels,
Grimm, & Hanley, 2016) This sector will cut down importing costs as the rate of usirgtin
resources goes {Meyer & McKay, 1996)
2.4 LAND SUITABILITY ANALYSIS & SITE LOCATION

Now | will be moving into the main purpose of this paper sincehtssry and
background knowledge of garden citeexd the desighave beemrstablished Like any future
land development projeca Land &itability Analysis(LSA) must be conducted to provide data

based on subjective criteria set by the developer at tegulations such as proximity to utilities
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or watershedsThe history of the LSA goes back to lan McHarg, who usealcfashion
method of overlaying transparent mapstop of each otheo highlight floodzonesgendangered
vegetationslope/drainage, and other natural featurEsese featurdsaddarker colors
compared to areas that hite to nosubtractivassues which had zero colorsweas
transparenin color (example could be a Black & White version of Appendix A18his
overlay was eventually usdd illustrate the suitability afand fornear futuraurban development
(McHarg, 1967) To furtherdefinethe LSA, itis a processthatai ms at i denti fying
appropriate spatial pattern fortfme land uses according to specific requirements, preferences, or
predictor s qMalczwshkie004)dMbst cviteria fpr’Earth LSAs include being
located on the smoothest slope of terrain, not being located adid@year floodplain, and
located close to utilitieandroad connections. Bottom linigis used to get the most bang for
your buck, or find the next best location to save money by not haviagsronstruction costs
or flood insurance feedn this case, our location is Mars, the fourth planet fromSour.

Before | jump deeper into the LSA, I will give the surface and atmospheric conditions of
Mars to lay the ground work for the LSA. According to NASA, this planet is located
approximately 142 million miles fromlespur Sun.
whichisal most half of Earth’'s diameter (7,926 mile
Ear t h’' swhighrcanes down to an example of 100 Ibs. on Earth equals 38 Ibs. on Mars.
The temperatures can range anywhere #284° F (-14C C) to 86 F (3C C) but it depends on
which of the four seasons it is. Speaking of which, the cause of the seasons, Mars can
approximatelycantitata28a n gl e ¢ o mp ar e°dlt which nieans Nalns’has lo2g8r. 5
seasons and not because of its laygarly elliptical orbit around our SUMASA, 2016) The
atmosphere of Mars is made upanbund95% Carbon dioxide, <2% Argon, <2% Nitrogen, and

<1% other gases. This same atmosphere has an average pressure of @689 kBidor 100
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times | ess dense than Earth’' s, thus showing t he
22 miles above Earth’s surface. The planet al s
Earth has, instead t has smal | akKmagnétic feldd logatel closd to theesurface
spread across the planet in different places (Appendix A3). Lastly and most importantly for the
LSA, the soils of Mars (See Appendices-AB11) consist of the necessary minerals for
construction ¢ement ingedients and iron), food productiondter and some soil nutrients), and
energy production (Thorium).

The LSA citeria for locating thesity on Mars will be based on safety and proximity to
important natural resources. Safety and security of the igmabits the top prioritynuch like
all manned NASA missions includ&his priority is the equivalent of many cities having
disaster mitigation plans to keep their citizens and other assetBedifig. located in this hostile
environment of super freezjrtemperatures, increaselsiances ofadiation exposure, and
decreased atmospheric pressure is tough but manageable. Creating an artificial climate to
control temperature is not an issue, the issue is the design, scale, and constructiconoibthe
Sabaier-(de)humidifiekHVAC system used to do so. It also helps to have a location close to the
warmer Equator of Mars to lessen the stress put on the sgsiadividuals This same system
should also be strong enough to create an artificial pressure within the dome much like an air
supported structure does on Earth. The toughest challenge though is reducing radiation
exposurewhich can be done three wayél)The citycan take advantage of stronger titaa
Marsaverage magnetic fields in the southern hemisphe@) d@rcan build a thicker dome with
a larger water requirement to stop harmful particles from entering the(8)tyhe third way
which will end up beingn the building codes anywaig to build basements that can protect

inhabitants in times of solalafes or excessive cosmic raysaimy emergency.

41



Lastly, the resources to help build, maintain, and sustain theitlitye discussed Of
the concentrigon data maps collected only five periodic elements andreneimportant
compound were collected via remote sensing (every periodic element reflects diffierémaly
spectrum of visible light such as red, blue, and grigZem the 2001 Mars Odysseytstite.
These five elements were Ir@iRe), Thorium(Th), Silicon(Si), Potassiun{K), and Chlorine
(CI). The one compound is the most important of them al), bt water. Th&SA weights
from the Raster Calculattwol for Water 650%), Iron (30%), and horium (10%) were the
highest while Silicon (5%), and Potassiusfd) were lowest.Reasoning for those weighits
that wateris for human consumptioand processingreathablexygen. Iron was to construct
the city and Thorium to power the city from céars oncat wasprocessed. Silicon was
important inthe latter elements because it could lead to industrial opportunities (such as making
computer chip$or exampl@, meanwhile potassiugould be used as a fertilize€Chlorine ended
up not being usedhithe suitability analysis because it distorted the other elements bgistze,
it was 5x5 while the other maps were 2x2 (8ependix Al0for reasoning).Bottom line, he
LSA weights were subjective because there wasingteadily available literature to draw from
since nothing like thisat this scalehas ever been done before.
241 LSA DATA SOURCES & SATELLITES

The majority ofthe Mars surface and atmosphetatasets used to contributethe LSA
of the projectag f rom NASA’'s Planetary Data System (PDS
GIS Web Analyzable Database (PIGWAD) server. Another minor source included the PDS: The
Planetary Atmospheres Data Node. All of thesesdatasets were collected or created by
NASA's 2001 Mar s,whict gas lseenyin opeeatior $incei 200& and is still
operational as dilarch2016. (ne of the toolérom it used was the Gamma Ray Spectrometer

(GRS) which is a remote sensing tool used to identifyyconcentrations ofgriodic elements
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such as iron or thoriurandthelocations of frozersurfacewater. Other satellites include
NASA's Mars Reconnaissance Orbiter (MRO) and Me
EuropearSpaceAgency (ESA) s Ma r s MRQ ¢ata was sised to collesurface ground
temperatures in Kelvin, this came by the Mars Climate Sounder (MCS) tool. MGS data was used
from the Thermal Emission Spectrometer (TES) to@howsuch mineral maps that showed
mineralconcentrationsuch aghe geologic mineral Hematitaut these maps were not used in
the analysis since periodic element maps were availdllies same satellite was also used to
capture the magnetic field of the planet by the Magnetometer and Electron Reflectometer
(MAG/ER) tool. All groundandsoil samples data wabtained from the rovers Spirit [MER A],
Opportunity [MER B], and Curiosity [MSLas seen in Appendix A1l

The Digital Elevation Model (DEMyvas created from the Mars Orbiter Laser Altimeter
(MOLA) tool aboard he MGSsatellite, which was mapped $eptember 1997 to June 2001
find terrain elevationthateventuallylead tothe slope map in ArcGIS. The DEWBs retrieved
from the USGS PIGWAD server, this was in the format of a .cub file that ArcGIS found
readalle. The magnetic field and periodic element concentration maps were all in table form.
Some the temperature or climate data was in table format as well. The USGS also created a
vector geology map that was converted to raster for the suitability analysist usedecause
it was not necessary yefll the data used and analyzed in this study were collected by the
group of satellites between 2001 and 2006 while the unused climate maps were from 2013 to
2015. Most of the data retrieved from satellitese raw data in .txt or .tab file formatshich
turned into a troublesome process of making them readable in ArcGIS
242 LSA SOFTWARES & METHODS

These same .tab files from the PDS server had to be converted to .csv files before being

imported to Micosoft Excel. They were in text format when importetich means the data
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could not be numerically reahd processeoly ArcGIS(10.3.1). These data files consisted of
the 2x2 (Latitude and Longitude location readings from 2001 Mars Odyssey) periodéntde
and temperature maps. Once these files made it into .csv format they were imported into ArcGIS
using the Data Interoperabiligxtensiortool. These files had to be converted to become
readable data to display their XY coordinates properly in ABcGhese coordinates were
projected on the Mars mapwhich used the GCS_Mars_2000 projection and the datum was
D_Mars_2000, both standards witiincGIS geographic coordinate systems. Once the
coordinates were displayed tReint to Raster tool was utilied to create a map showing the
intensities and concentrations of the periodic elements in the surface soil mentioned above.
After that process was complete and some cosmetic work (switching maps from Nearest
Neighbor to Bilinear Interpolation) to the mapgy were ready to be used in the suitability
analysis.

This was the same painstaking method for the climate maps as well, but these maps were
not entirely useful in the analysis because the way the data was collected from the satellites.
These tempetare maps (Mar¥ear 32Autumn, Winter, Summer, and Spring) only showed
what the temperature was right beneath the sate
surfacetemperature if there was not a dust storm present to interfere with scaBoibgm lineg
it was a temporal and spatial issue attempting to capture thdefajherature data but what this
data didwasit created a range o¥hat the highs and lows were in an area during a particular
season during the day or night. There was notavajeanly estimate and fill the 1,900 mile plus
gaps between temperature readmaghsstrips @n example is ilAppendix A2.

The slope map was created from the DEM, it showed the degreich thecity could
be built The categories in the slope were smooth to steep, obviously smooth will have the

higher weight compared to steep terrain. There was also a hill shade map created from the DEM
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to show terrain smoothness but it was not included in the suitability anadygsisise slope
already accomplished what was needed. This DEM map of Mars based on the 5M Quadrangles
can be seen in Appendix Al, the projection for this map, and all the other maps from here on out,
has distorted the north and southga@lgions while theequatorial regions are accurate, better
known as a Mercator projection. The GIS coordinate system also Es&s 860W. degrees
latitude system instead €f80E. to 180W. degrees map systetimat is usually seen

The Reclass tool was used on saVef the variables within theSA. Reclass could
simplify such maps as the magnetic field to
Nanoteslas (nT) while erasing weaker strengths (Unclassified Map seen in Appendix A3,
ExampleReclassed Map showgr24 nT or higher in A4). These magnetic fields on Mars
(Maximum 211 nT) are much weaker than Earth’
magnetic fieldvariablewill be left out of the suitability analysis for Mars but left in the GIS tool
for future use on other planet¥he Reclasgool was alsaised to determine the elevation where
the atmospheric pressure was sufficient to operate the Sabatier reactor pumps to draw in the
necessary CQwithout having to use a lot of energy to do so. Theagesurface pressure on
Mars is 0.60 kPavhich according to the z values for the DEM in ArcGIS the average elevation
is -720 meters below the datum (Olympus Mons and Hellas Planitia are outliers, thus they cannot
be used to find the average elevation @] the DEM Histogram can be seeppendix
A20). The Reclass tool was used on the DEM to sepafa@meters and belothe datum from
the rest of the elevatiorfdppendix A2]). Last included a latitude restriction above the 65
degree north and below 65 degree south latitudes to ensure no cities will be close to the nearly
always frozen north and south polar regions of the plafs. final part of the LSA was the
Combinetool, this tool tookthe reclassified slope, pressure, and element maps and stacked them

one top of each other to create an overlay showing the color white for suitable land and black for
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unsuitable landThere are no weights for the final LSA map because alintiportant weights
were carried out in the earlier part of the LSA, leaving nothing left to do but stack the images
and make them transparent.
SEE APPENDIX A17 FOR THE ArcGIS LAND SUITABILITY TOOL
24.3 POTENTIAL SITES

Based onthe LSAs s wiedsd subjectivelygelectedseveral areasased on
proximity to natural resources such as watdower elevation for atmospheric pressure to be
right for the Sabatier reactor pumgsended up leveling it down tosite thatis located in
Northeastar Aeolis Quadrangleoogle Earth, Mar$°37'45.63"S and 168°12'3.84Elso
seen inAppendix A1§, the site isabout 391 miles (630 Kilometers) Northwest of the location
where the Spirit Rover (MER) landed and located ppoximatelyl,132 miles (1,822
Kilometers)East of the currently operating Curiosity rover (MSGQeographically tasite is
located 122 miles (197 Kitneters) Mrtheast of Reuyl crater. This site was chosen because of
its proximity (Located within 800 mile/482km radius of all high concentrations of the five

elementsAppendixA19 t o higher than the planet’s average
small deposits of thorium alonwgth being locate®38 miles (38XKilometers) south of the
Equator Other sites could have been chosen closer to the Equator but this would put them
farther away from the natural resources needed.
3. SCENARIOS
3.1 BASIS FOR SIMULATIONS
In each othe three scenarios used beldicrosdt Excel was utilized to make the three
simulations stream lined and less time consumifigey were set on a per person uses certain

materials per dagonstant In the city individuals will have their resources rationed, this is to

ensure that resources are deplefidiently before either scheduled imported resupplies occur
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or the selfsufficient status is achievedHowever for some resources, building codes willude
backup systems that will include air locking buildings that supply oxygen and water from mini
Sabatier reactors and electrolysis systems if the dome is compromised. Thid tselidne the
limiting resource for this city will be food and not waterair, which relies on a multitude of
items to go right including quality soil, seeds germinating, or even proper sunlight to name a
few. Water is not the issue because it will be generated from the Sabatier reactors that are
basically surrounded kgn endless supply o€arbon dioxiddo draw fromand recycled

hydrogen from water to keep this system in constant production in an almost closed loop system.
Electricity will be generated in a diversity of ways thus reducing its possibility of being a
limiting factor for the city.In thesesimulatiors | measured water uselectricityuse, oxygen
use,food useand waste created whethgs liquid, or solid based ofdJames, Chamitoff, &
Barker, 1998pand(Boston, 1996jables. The maximum consumption and production numbers
were chosen because this withey do not use the maximum there will be leftovers instead of
choosing the minimums and having over use leaving nothing but looming diSEsése.
consumables and waste produggserategher person are posted below.

TABLE 3.1 PER PERSON USESPer Earth Day)

Material Consumed  Amount Per Person Per DaySources:

Oxygen 0.9 kg (2 Ibs) Harding, 1989

Drinking Water 4.6 kg (10.11bs, 1.2 US Gal) Rummel & Volk, 1987
Washing Water 18 kg (39.6 Ibs, 4.75 US Gal) Rummel & Volk, 1987

Food 2.5kg (5.5 1bs) James, Chamitoff, et al. 1998
Electricity 50 kW (*24 hours = 1200 kWhYames, Chamitoff, et al. 1998

Material Produced Amount Per Person Per Day

Carbon Dioxide 1.1kg (2.4 1bs) Rummel & Volk, 1987

Waste Water 3.0kg (6.6 Ibs, 0.8US Gal) Rummel & Volk, 1987

Solid Waste (Trash) 0.2 kg (0.44 |bs) James, Chamitoff, et al. 1998
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TABLE 3.2 CAPACITIES

Sector Resource Capacity (Units) Source:

Sector 6 Water (Reservoirs) 156,112,439.83 Gal AutoCAD Model
Sector 6 Sewer (Processing) 3.0 kg * Population Rummel & Volk, 1987
Sector 9 Food (Farm Plots) 343,194.6208 Sq Ft AutoCAD Model
Sector 15 Electricity 29,280,000 kWh Torgerson, et al. 2006

Sectors 8/10 Oxygen (Production) kg per CO2 Harvestedubrin, Et al. 2013
Sector 10 Trash (Processing) 0.2 kg * Population James, et al. 1998

I compared these uses and byproducts to the capacities basedectdhtand use
square footage allotted themfrom the AutoCAD and SketchUp drawings to find out how
many EarttDaysand Mars Sol§1.027491251 times longer than an Earth )Dhg supplies
would last if not resupplied or replenishddrban carrying capacity on Mabssed on the Phase
I design will need to be evaluated further based on an urban carrying cagacitgmodel
from China(Wei, Huang, Li, &Xie, 2016) Depending on those figuresid facility production
valuescanwe determine if 1,000 or 5,000 or even 10,000 population sizes are feasible for the
long term which will meangetting apassing or failinggrade inthat scenario.Themethods and
results will be displayed beloin sections 3.2hrough 3.4.

3.2 1,000 INHABITANTS

This is the straight forward and, in my opinion, less detailed simula8onply put, all
the persoiper dayconsumptions and productions were multiplied [00. These were
compared against the Capacitidgfered by Phase I. Using the formu@apacity / Daily Usage
= Days Left gave us the answeavhich was also converted to Mars Days (Sols) as well. The
capacity for oxygen is estimated because the fabater reactor facilities used are based off
t he smal.l react orZubnirg Euscatello, & Berdgnen, 20138s fqu thep e r
wastes created, methods are listed to removal or negate them, solid waste is carteerted i

electricity if it is not recyclegwhich is added back into the capacity tofehe amount of kWh
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per cubic meter of sewage processed came from a study that measured energy consumption of

wastewater treatment plar{Silva & Rosa, 2015)the figure chosen off of page 513 came from

the maximum 85 Wisconsin s¢teWaterTreatmenPlants (WWTPs)(1.4 kwh/n?). Food

totals were also reduced from what would be higher weights because there was only enough

literature to cover whed, tomatoes, and carrptghich left more than enough water ovaiis

means that if there were larger variety of crops being grown the amount of food would go up

(more days/sols left) and water use would follow (water days/sols left would decréhse).

Population Density is 54,721 people per square, ithile number is high because the 538 foot

radius surface living aréa a Phase Is 0.0183 square mileg 509,461 square feet

TABLE 3.3 1,000 PEOPLE(PASSED)

Material Consumables | Total Phase | Earth Mars Sols

Day: 24hrs. | PerPerson Consumables Capacities Days Left
Per Day Per Day Left

Air (0O 2) 0.9 kg 900 kg 8,800 kg 10 10.05 Sols
1.98 Ibs. 1,984.16 Ibs. 19,400.68 Ibs. Days

Water 10 kg 10,000 kg 590,952,369 kg | 59,095 | 60,719
2.6Gal 2,641.72Gal 156,113,10%Gal Days Sols

Food 2.5 kg 2,500 kg 41,631 kg 17 17.11
5.5 Ibs. 5,511.56 Ibs. 91,780.644 Ibs. Days Sols

Electricity 50 kW 50,000 kW 1,220,000 kW 25 25.23
1,200 kWh 1,250,000 kWh | 29,280,220 kWh | Days Sols

Material Waste Per Total Waste Conversion Energy | New
Person Per Produced Per Processes Used in | Material
Day Day Process

Carbon 1.1 kg 1,100 kg Sector 8/10 190,080 | Oxygen

Dioxide 2.42 Ibs. 2,425.08 Ibs. Sabatier kwh 02

Reactors

Wastewater | 2.5 kg 2,500 kg Sector6 Sewer 4 Water

(Sewage) 0.66 Gal 660.43 Gal Plants kWh H-0

Solid Waste | 0.2 kg 200 kg Sector 10 220 Power

(Trash) 0.44 Ibs. 440.92 Ibs. Incineration (OR | kWh kwh

Recycling)
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3.3 5,000 INHABITANTS (PASSED)

Much like nmentioned above, all the person consumptions and productions were
multiplied by 5,00@his time This leal to an increase in consumption and a decrease in days
left of resouces if productions were to halt or suppliga out ThePopulation Density is
273,607 people per square milleis number is high because the $@& radius surface living
areain aPhase Is 0.0183 square miles 509,461 square feet.

TABLE 3.4 5,000 PEOPLE

Material Consumables | Total Phase | Earth Mars Sols

Day: 24 hrs. | Per Person Consumables Capacities Days Left
Per Day Per Day Left

Air (0O ) 0.9 kg 4,500 kg 8,800 kg 10 10.05 Sols
1.98 Ibs. 9,920.80 Ibs. 19,400.68 Ibs. Days

Water 10 kg 50,000 kg 590,952,369 kg | 11,819 12,144
2.6 Gal 13,208.60 Gal | 156,113,107 Gal | Days Sols

Food 2.5kg 12,500 kg 41,631 kg 3 3.42
5.5 Ibs. 27,557.78 Ibs. 91,780.644 Ibs. Days Sols

Electricity 50 kW 250,000 kW 1,220,000 kW 5 5.17
1,200 kWh 6,250,000 kwh | 29,281,102 kWh | Days Sols

Material Waste Per Total Waste Conversion Energy | New
Person Per Produced Per Processes Used in | Material
Day Day Process

Carbon 1.1 kg 5,500 kg Sector 8/10 950,400 | Oxygen

Dioxide 2.42 |bs. 12,125.42 Ibs. Sabatier kWh 0O

Reactors

Wastewater | 2.5 kg 12,500 kg Sector 6 Sewer | 22 Water

(Sewage) 0.66 Gal 3,302.15 Gal Plants kwh H-0

Solid Waste | 0.2 kg 1,000 kg Sector10 1,102 Power

(Trash) 0.44 Ibs. 2,204.62 Ibs. Incineration (OR | kWh kwh

Recycling)
3.4 10,000 INHABITANTS & OPTIMAL POPULATION

Lastly, all the person consumptions and productions were multiplied by 1076@0.

Population Density is 547,213 people per square mile, this number is high because the 538 foot
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radius surface living area in a Phase | is 0.0183 square miles or 509,461 squake tdeto
surprise the less people there are the longer the supptigesourcewill last

TABLE 3.5 10,000 PEOPLE(FAILED)

Material Consumables | Total Phase | Earth Mars Sols
Day: 24 hrs. | Per Person Consumables Per | Capacities Days Left | Left
Per Day Day
Air (0 2) 0.9 kg 9,000 kg 8,800 kg 9.78 10.05 Sols
1.98 Ibs. 19,841.60 Ibs. 19,400.68 Ibs. Days
Water 10 kg 100,000 kg 590,952,369 kg | 5,909.75 | 6,072.22
2.6 Gal 26,417.21 Gal 156,113,107 Gal | Days Sols
Food 2.5kg 25,000 kg 41,631 kg 1.67 1.71
5.5 Ibs. 55,115.57 Ibs. 91,780.644 Ibs. Days Sols
Electricity 50 kW 500,000 kW 1,220,000 kW 2.49 2.56
1,200 kWh 12,500,000 kWh | 29,28,205kWh Days Sols
Material Waste Per Total Waste Conversion Energy New
Person Per Produced Per Processes Used in Material
Day Day Process
Carbon 1.1kg 11,000 kg Sector 8/10 1,900,800 | Oxygen
Dioxide 2.42 Ibs. 24,250.84bs. Sabatier kWh 02
Reactors
Wastewater | 2.5 kg 25,000 kg Sector 6 Sewer | 43 Water
(Sewage) 0.66 Gal 6,604.30 Gal Plants kWh H-0
Solid Waste | 0.2 kg 2,000 kg Sector 10 2,205 Power
(Trash) 0.44 Ibs. 4,409.24 Ibs. Incineration (OR | kWh kWh
Recycling)

Given the outcome for this simulation, this means for the optimal population for the city

is between 5,000 and 10,000 inhabitants. The limited number of days left of food supplies is
subjective but in this case less days are worse and more days are Hattefore, there should

be at | east a 3 day (5 Sols) supply of food

case of an emergency. As stated before, water, oxygen, and electricity should not be issues.
Using this 3 day (5 Sols) minimumrfithe food supply, the optimal number of inhabits for Phase
I is around 5,550. This creates a population density of 303,703 people per square mile. All the

other resources had longer time periods than food before exhaustion.
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TABLE 3.6 OPTIMAL POPULATION (5,550 Inhabitants)

Material Consumables | Total Phase | Earth Mars Sols
Day: 24 hrs. | Per Person Consumables Per | Capacities Days Left | Left
Per Day Day
Air (0 2) 0.9 kg 4,995 kg 8,800 kg 9.78 10.05
1.98 Ibs. 11,012.09bs. 19,400.68 Ibs. Days Sols
Water 10 kg 55,550 kg 590,952,369 kg 10,648.00 | 10,940.72
2.6 Gal 14,674.76Gal 156,113,107 Gal Days Sols
Food 2.5kg 13,875 kg 41,631 kg 3.00 3.08
5.5 Ibs. 30,589.14bs. 91,780.644 Ibs. Days Sols
Electricity 50 kW 277,500kW 1,220,00kW 4.37 4.49
1,200 kWh 6,937,500 kWh 29,281,224&4Wh Days Sols
Material Waste Per Total Waste Conversion Energy New
Person Per Produced Per Processes Used in Material
Day Day Process
Carbon 1.2 kg 6,105 kg Sector 8/10 1,054,944 | Oxygen
Dioxide 2.42 |bs. 13,459.22bs. Sabatier kWh O
Reactors
Wastewater | 2.5 kg 13,875 kg Sector 6 Sewer | 24 Water
(Sewage) 0.66 Gal 3,665.39Gal Plants kWh H-0
Solid Waste | 0.2 kg 1,110 kg Sector 10 1,224 Power
(Trash) 0.44 Ibs. 2,447.13bs. Incineration (OR | kWh kwh
Recycling)

4. SUMMARY AND CONCLUSIONS
4.1 SUMMARY

To summarize this urban land use patmrmodularized citypn Mars it will do what it
was designed to do, whichtis providea reminder ofvhathome is like back on Earth. It will
also protect itsnhabitantdrom the hostile extericgnvironment&and grow with thenover time
butit will also decay with them as weflthey do not maintain itIln shortthecity will provide

the necessities of life: food, water, air, and shelter. ifHgrnwill create social, economic, and

scientific opportunities to anyone who chooses to contes Phase | will provide the

foundation for a much larger colony systéaen in Figure 3which over time will create a
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selfsufficient/closed loop system that thismerbansystem will requiref it wants to sustain
itself longer than on&arthmonth.
4.2 CONCLUSION

With that being saidhe first few days or weeks of construction and resource gathering
will be crucial to the survival of this endeavdfundingearly onwill still be an issue for this
ctymuch | i ke Huthispagkt was moee $ocused on the design and functions of the
city and not the fiscal operation®erhaps that camedone in another paper.

To further continue this researchetier qualityand quantity ofite data is required
before anything else cdiedone. One suggestionptacinga geostationargatellite overthe
selectedsite (Aeolis quadranglefor more detailed periodic element concentratigiesigwith
more than fiveelementsmagnetic field intensities, and hourly temperatues More ground
data would not hurt either, finding out what is ie floil or beneath #soil could be used to
determine the required depth and wxtrenelygt h of a
helpfulin determining ifestablishing a large cityr one day regiothereis a short term or long
term endeavor

Speaking otheregion the fiture larger and more complex Phases Il, Ill, anevil/
closer resembl e Howar (Phase l)Gberpatential futuretregionalh an t hi s
design can be seen in Figiat will not be designed as rigid as this but the reader caa get
sense of the future; this map is not to scale either, just a visualization

The city was scaled down to bare basics to prove it can be plenckst a reasonable
sized domereating an artificially controlled internal environmeiio put things into
pergective these cities minus the local Martian topography can be spaced out in the central
place theory pattern thaan have theities classifiedy socioeconomicsizeindustrialstrength

meaning one day these Phase | cities will be the small towns such as Jamestown or Roanoke
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were when they were established in th& @&nturycompared t@resent day Perhaps a Phase
IV could one day resemble a New Amsterdarhich is now present day NeYork City.

The implications from the project reach far and wi@n Earth for example, given the
rate humanity is introducing more Carbon dioxide and Methane into the atmosphere the less
likely it will be considered habitable in tigture Rising sedevels as well could change
h u ma néntirgnmentakituation. Both these activities could force humanity to live in
artificially, climate controlled, closed looped system, biosplidoased citieon Earth to
survive As for the implications for NASAthe LSA Tool that was created in ArcGIS could
benefit them for other missions to other planets/moons. The tool is not perfect, but it gives an
idea of the necessary variables to pick and choose a site based on habitable criteria for humans
It is also ths same tool that made me realize that future unmanned missions to orbit other
destinations need to have a standardized design to retrieve the very information used in this
project that can be placed in the tool and run. Not every planet has a DEMaie data maps
that are ArcGIS ready, in fact there are only two planetsifigolar system that have
altitude/elevation maps, the other being Mercury.

This project is justhe starand the work will continue on all the Phases well after this i
publisredand nor will it be the only editiofor this Phaselepending on fure furtherfindings.

Now to offer afinal thought on all of this, | sometimeannot help but see the similarities
bet ween Eb e nhexagonatittdedesaym ahd seme if not most snowflakes under a

microscope. | doubt any of this is just a coincidence.
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FIGURE 3 EXPLANATORY PHASE V REGIONAL MAP (Excluding Topography)

You just read a paper
on this (Phase ).
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APPENDIX A INDEX
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Appendix Al: Mars Digital Elevation Map (0 [West] to 360[East] degrees)

Mars DEM Map
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APPENDIX A2: Mars Example Climate Map (From January 11, 2015:Martian Year 32 Northern Winter Solstice)
Mars Northern Winter/Southern Summer (Daytime Western Hemisphere) Map
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APPENDIX A 3: Mars Magnetic Field (Or Umbrellas) Map [Example of Unclassified Map]

Mars Magnetic Field Map
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APPENDIX A4: Example of aReclassed Map
Mars Reclassed Magnetic Field Map
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APPENDIX A5: Water Concentrations Map
Mars Water (H20) Concentrations Map
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APPENDIX A6: Iron Concentrations Map

Mars Iron (Fe) Concentrations Map
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APPENDIX A7: Thorium Concentrations Map
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APPENDIX A8: Silicon Concentrations Map

Mars Silicon (Si) Concentrations Map
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APPENDIX A9: PotassiumConcentrations Map
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APPENDIX A10: Chlorine Concentrations Map
Mars Chlorine (Cl) Concentrations Map
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APPENDIX Al11: Curiosity [MSL], Opportunity [MER B], and Spirit [MER A] Rovers Soil Samples
December 03, 2012
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APPENDIX Al12: Mars Reclassified Slope Map (0 = Flat Terrain, 79.75 = Steep Terain)
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APPENDIX A13: Phase | Cross Section from AutoCAQAs of March 25, 2016)

Top: Dome Layer On. Bottom: Dome Layer Off.
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APPENDIX Al4: AutoCAD Phase | 2D ModelBased off Table 2.3Red Triangle = Viewpoint for Appendix A15)

Interior

1:Sector1

2 : Sector 2

3 :Sector 3

4 : Sector 4

5 C: Sector 5 Center
55 : Sector 5 Civil Serv.
6 R : Reservoir

6 WP : Water Plant

6 Ww : Wastewater Pl.
6 Fp : Fertilizer Plant

7 : Forest

= 8: Utility/Transport

= 8 S : Sabatier/HVAC

9 : Agriculture

101 : Industry

10 R: Recycling

10 In : Incinerator

11 : Parks/Green Space
Exterior

12: Launching Pads

13: Receiving Fields
14: Antenna Fields

15: Power Plant Slot
16: Landing Areas

17: Extraction Fields




APPENDIX Al15: Phase IVisualization Screenshot from SketchUgDomelayer off) [As of 3/252016]

Dotted Red Line = West (X Axis)
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APPENDIX A16: Sector 8 Cross Section (Utity and Transportation Corridor s)

Left: Transmission Corridors (City/External Sectors to City). Right: Distribution Corridors (Within Cities).
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APPENDIX A17: ArcGIS Land Suitability Analysis (LSA) Tool from ModelBuilder

Raw Element Maps
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APPENDIX A18: Potential City Location in NE Aeolisbased on Suitability Analysis

SiteOne: Suitability Map (Slope, Pressure, & Elements)
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APPENDIX A19: Potential City Location in NE Aeoliswith Resource Radius of300Miles/482 Kilometers
Site One: Slopg and 300 Mile Resource Radius
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Classification

APPENDIX A20: Mars DEM Elevation Histogram (Used to find Actual Mean [Average] Elevationof Mars)

Classification Classification Statistics
Method: [Natural Breaks (Jenks) i ] Count: 1061683200
Classes: 37 - Minimurm: -8,201
dusi Maximum: 21,241
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2
Standard Deviation: 2,975.68
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APPENDIX A21: Atmospheric Surface Pressure Map of Mars (Based on thaverage DEM Elevation)
Mars Adequate Surface Pressure Map
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