A Revival of The Garden City for a New Purf
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AElon Musk has stated he would like to
have a city on Mars

A But does not specify how he wants it to
look or function or where it will even be
located

A Most of the dirty work is done.

A A step closer: Will Announce and Revee
Launch Vehicles to Mars in Late
September 2016

AUnsustainable Natural Resource Use

Alnsurance Policy (Will not have all ou
eggs in one basket)

A5 2 ybQt bff tomorrow what you can s
do today \

Musk, Elon. 2013nstagramhttps://www.instagram.com/p/7olOmKwEDbIHt=en
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https://www.instagram.com/p/7oIOmKwEbl/?hl=en
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AWritten in 1898:Tomorrow: A Peaceful
Path to Real Reform
A Wanted a Higher Quality of Life for People

AFull City Diagram published in 1902:
Garden Cities of Tiglorrow

A As seen on Title Slide
AFocused on the Best of both worlds for
his City (TowsCountry)
A Rural Living (Country)
A Urban Living (Town)

ABuilt 2 Garden Cities in England
A Letchworth: 1904
A Welwyn: 1920
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Letchworth Garden City Case Study e

Year Letchwortt County England

& Wales

1933 England and Wales Vit County ~ Urban  Rural eneral Death Rate
ALetc_:hworth GC has a spaced out " statistcs soroughs Distics Dists 0 71 107 11
Death Rate 13.1 12.4 12.1 1931 7.2 10. 12.
design compared to other nearby =~ Peangae i B T
Cltl es Scarlet Fever Attack Rate 3.4 2.98 193 1934 8.7 10.4 1.8
. . . Diphtheria Attack Rate 1.48 0.84 0.64 1930 20 42 60
A Higher quality health according to ~ _ puerperal Fever and pyrexi woy sl &
MaCFadyeﬂ') M Cb o) p l’) Q é é U dZR @ack Rate per 1,000 births 15.5 10.9 9.0 1032 62 50 25
1933 30 42 4
Awelwyn GC had hlgher quallty heal = — == ———— - - ”',, e = De;?r?ARate frorrf(l):’ulmonar)?/,?ruberculiz
too (The British Medical Journal, " S 13 o4 o o7
1930). T R N BT

., . 1934 0.4 0.4 n/a
ACramped conditions lead to Left Image from:

MarsOne 2011.

unhealthier citizens
A Most Habitats to begin with on Mars
will be small confined spaces
A Bigelow Aerospace Inflatable Habitats
A MarsOneCapsules

A This city will be a huge upgrade from
those small habitats

Right Image from:
Ingalls Bill. 2011.
NASA




Actual Garden
Cities of Tomorrow

AThe Garden Cities New
Purpose: . ol
AFirst Large Scale Colony on
Mars
AA Land Use pattern that
Introduces to Mars:
A Redundancy
A Resiliency
A Efficiency
A Functionality

A X (i Kcbuldall fit underone
dome.

e
—

Model as of
3/22/2016
(Dome
Layer: Off)



Overall Phase | Design

ADesign Softwares Utilized
A AutoCAD 2015 & 2016
A SketchUp 2014 & 2015

AGIF Image of Mid June 2015 to
Early February 2016

A 3D Model Edited and Proper
Adjustments were made over time,
not constructionprocedures

ALiving Areas (Residential Totals)
A Center Elevated Circle (Raised 30

A509,461.48 Square Feet
A 0.0183 Square Miles




The Dome
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Garden City was modified and scaled
down.

A Make it more realistic.

A Design:

A DomeDiameter:
A 2.000 Ft/609.6 m

A 710 Ft longer than Arches at AT&T Stadium in

Arlington, TX (Near Dallas)
A (Seen Right at 1,290 Ft Long
A Arch Abutments (Red Circle)
A Foundation of Dome

A ApexHeight:

A 400 Ft/121.9 m
A Dome Volume

A 425,365,333 Ptor 12,045,004
A Internal Surface Area

A 3,017,185.55¢Ft l
A Materials (In Progress):

A Polyethyleng(CH,)

Transparent AluminumA|ON

A Internal Atmospheric Supply:
A Sabatier Reactors & Some Vegetation

.

g S—

Figure from:ArchDaily http://www.archdaily.com/37803/dallazowboysstadium/

‘ erican Society of CivilErigineers

Video board box truss
supporting 1.2 million Ib center-hung video board

- Fixed roof
< 3 in. acoustical

.-,'" : .«,s.»»"‘ 292 ft from

16.5 ftwide x 35 ft deep,

5,000 glass panel units, some
as much as 8.3 ft in width and

© Arch truss bearing pin assembly

Images fromAniol,
Dowd, &Platten
2010.Civil
Engineering

Roof panels
two retractable panels creating
256 ft x 410 ft opening

Canted curved

planar trusses

(35) 9.5 ft deep @14 ft on center
each quadrant (radius 738 ft)

©Tractor mechanism

and cameras that will enable the venue
to host more than just sporting events.
The playing field also features a “roll-
up” surface that utilizes a technologi-
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LAND USE BY SECTOR

Sector 11 Sq Ft (AllL.00%  Sector 1 Sq E2.15% Sector 2 Sq it

3.47%

Sector 3 Sq F4.73%
Sector 4 Sq F6.54%

Sector 10 Sq F7.70%

Land Use Pattern

Sector 9 Sq Ft

(Both)11.37% Sector 5 Sq FB.25%

Interior
1 : Ultra High Density Mix

5 Sq Ft (Both)
8.79%

Sector 7 Sq Ft (Both)
4 : Low Density Housing 5.39%
5 C: Sector 5 "City Hall"
5 S : Sector 5 Civil Serv.

6 R : Reservoir

6 WP : Water Plant

6 Ww : Wastewater PI.

6 Fp : Fertilizer Plant

7 : Forest

=4 8: Utility/Transport

‘: P Sector4 Residential 197,267.69 6.54%
10 R: Recycling ‘Sector6 56697908 1879%

10 In : Incinerator

11 : Park/Greei Space Sector 7 162,521.46 5.38%
Exterior Sector 8 1,074,573.43 35.62%
12: Launching Pads

13: Receiving Fields Sector9 343,194.62 11.37%

e 0000 00 0 0 020
15: Power Plant Slot
16: Landing Areas Sector 11 30,159.28 1.00%
17: Extraction Fields
Total Phase | Land | 3,017,185.59 100.00% 10




Individual LantUses/Sectors

ASectors 111 are within the Dome

A Called Internal/Interior
A Pressurized Atmosphere
A Heated/Climate Controlled
A Monitored Oxygen/CO2 Levels
A Lower Radiation Levels

ASectors 1217 are outside the
Dome

A Called External/Exterior
A Lower Atmospheric Pressure
A Freezing
A Abundant Carbon Dioxide (Toxic)
A HigherRadiationLevels
A Dust storms

11



Sectors 5

A Sector 1

A High Density Mixed Use
A Residential
A Retail
A Office/Lab

A Sector 2

A High Density Residential
A SparceRetail Allowed

A Sector 3 e L .
A Medium Density Residential B e R
A Sector 4 w2 1 IR es = Rl ,
A Low Density Residential e
A Sector 5 o= i

A Two Levels
A Above Ground: City Hall/Administration Center
A Below Ground: Transportation Hub



Sector 6

AWater

A Reservoirs (2)
A 231,881.78 Square Feet Each
A Each 45 Feet Deep

A 156,112,439 Gallons or
590,949,896 kg

A Water Treatment Plants (2)

A UV Light Treatment =
Less Imported Chemicals

ASewer
A Wastewater Treatment Plants (2)
A Bio-Fertilizer Plants (2)

ABoth Systems are pressurized
A Gravity Based Systems will not work

13




Sector 7

AVegetation (Trees)
AProvide Oxygen & Remove Carbo
Dioxide
AMixed with Sector 9
AFruit Trees

ASector could be Eliminated by
Sabatier Reactors (Sec 8/10)

ADifficulty of measuring Oxygen
outputs and amount of carbon
dioxide removed or water inputs
Into trees

AMight be a Machine City after all

14



Sector 8 Corridors

A Transmission Corridors (City to City)
A Utilities
A Water Mains

A Sewer Trunk Lines

A Electrical Transmission/Distribution Lines

A Telecommunications 5

A HVAC System (Sabatier/Fresh & Used A

A CO, + 4H, ==> CH, + 2H,0 \ A 0

A Transportation |

A Rail Freight T

A 4 Lane Freeway

A 2 Hyperloop Passenger Plus Tubes
A Safety

A Airlocks between Dome and Corridc "™
(Not Shown Upper Right)

A 4ft thick Dome along routes

A Distribution Corridors (Within City ...
A Utilities
A Same as above
A Transportation

A Two Lane Roads OR Four Bike Lanesthe closedoop Sabatier and reverse water gas
A Sidewalks shift reactionsystem. Dice, David. 20@3igipac

Sabatier
Reactor

Methane
and
Water

Gaz
Separstion

Methame E— 22 Ft (2 Lane Road)

Whimter Omygen




Sector 9

AAgriculture (Crops Only)
APossible Crop Types on Mars
(Wamelink 2014)
A Tomatoes
A Wheat
A Carrots
A Field Mustard
ASome OxygeRroduction
A Until Harvest
ANo Herding of any animals

A Easier to Import Refrigerated
Meats than whole live cows, at
least for now.

16



Sector 10

A Industrial Operations

A Examples Include:
A Sabatier Refinery (Methane Production
A Steel Mills
A Thorium Processing
A Silicon Chip Manufacturing
A Food Processing (i.e. Wheat to Bread)
A Cement Plant
A Glass (Polyethylene) Factory

A Solid Waste Management

A Placed under this section becauseK S ! t | Q&
Land Based Classification Standards (LBCS)
Codes putvaste management with industrial
uses.

A Includes:

A 2 Recycling Plants
A 2 Incineration Plants (Waste-Energy [WTE))
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Sector 11 T T R

AParks & Rec

APhase |
A Plazas and small green spaces

AFuture Phases

A Larger Green spaces that will offer
more options & amenities

A Could be used as Cemeteries
APhase Size dictates the amoun.
of green space =
AMore Recreational Options

18



Enriched
Uranium

3 Direct Use of
Spent Fuel

|

|

Sector 15

Plutonium
Recycling

External Land Uses/Sectors

&/

Sector 13 ASectors
A 12: Launching Pads

A 13: Antenna Fields (Receiving) — Fawsin,
A Communications FROM Earth Atomic

Recovered &
Uranium

) - Energy of 1 Actinide Burning
A 14: Antenna Fields (Sending) Ganada ™87
A Communications TO Earth 2007,

Plutonium Recycling

A Local Broadcasting (Radio, 5G, etg
Bartz Richard. 2008. Bavaria, Germany. A 15 Power Generat|0n SIOt

Sector 14 A Nuclear
‘ | A CANDU Reactor Type
A Solar
A Wind

A16: Landing Zones

A 17: Extraction/Mining Fields

Ll A Related to Elements in LSA
L Sector 16

u SpaceX. 22 Decemb2@15. https://www.flickr.com/photos/spacex/23271687234
19

Unknown. 2005. Rugby VLF Transmitter, England.



https://www.flickr.com/photos/spacex/23271687254/

Mars & Earth Comparison
AConditions on Mars to lay

the groundwork for the Distance from Sun 93 Million Miles (1 AU) 142 MillionMiles (1.5 AU)
Land SUItablhty Analysis Planet Diameter 7,926 Miles 4,220Miles
PlanetTilt Angle 23.5 Degrees 25 Degrees
GRAVITY Planet Density 5.5 g/cm”3 3.9 g/cm”3
On Mars, you'd experience 62.5% less gravity than you're used to.
Lengthof Year 365.25 Days 687 Earth Days
x Length of Day 24 Hours 24.4 Hours
Gravity 2.66 timesMars 0.375 of Earth
I Weight (100 Lbs.) 100 Lbs. 38 Lbs.

Temperature (Range) 57F €126 Fto 136 F) -81 F {284 F to 86 F)
VGERTL R (010 )R Atmos.PressureAvg 101.325kPa(Sea Level 0.60kPa

Number of Moons 1 2
Atmosphere Nitrogen, Oxygen, Mostly Carbon Dioxidé&
Composition Argon, & Others Some water vapor

Source:

i mars.nasa.govallaboutmardfacts/
T \f |

mars.nasa.gov




Land Suitability Analysis (LSA)

Aa[ {! FAY&Aa |G ARSYOUATeAy3I i
most apfpro riate spatial
pattern for future land uses
according to specified
requirements, preferences,

or predictors of some SN

- OG A Kadicaewski 2004) €D

ACreated within ArcGIS 10.: @8-
A Raster Calculator Weights —

A Water 50%

A Iron 30%

A Thorium 10%
A Silicon 5%

A Potassium 5%

ALSA only uses Integersot
FloatNumbers (Decimals)

A Reclassify Tool

21



Importance of Elements Mentioned in LSA

AFrozen Water Deposits
A Drinking,Industrial processes, etc.

A EIectroI)(sis) I—gldro en famaking
1)

olyethylene ( adiation Shielding
used on the Dome

Alron Ore Reserves
A Construction Purposes, Piping, etc.

ASilicon & Associated Dusts Not in LS

A Portland Cement (Ca®iQ, ALO,, FeO,,
and Sulfate [sp})( @ A%0s FA0;

A Glass, Gypsum, etc.
AThorium Ores
A Processed into usable Nuclear Fuel Rods

A(Extra) Atmospheri€arbon Dioxide

A Convert to Oxygen and Methane Fuel via
Sabatier Reactors

welht percents

10 4 APXS derived compositions
I Spirit, 59 soils

| [ Opportunity, 23 soils

I I Curiosity , Portage

8 4

N
1

Tt + 1 1

Source: NASA/JPL, 2012.

22
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How theElement Mapsvere Generated

Mars Element Remote Sensed Locations

°
°
°
°
e
:\’,_

o 00000
00000
eo0 00000

(Water 2x2 Map)
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e CSV
Events

ARemote Sensing

A Every Periodic Element
reflects visible light (R,G,B)
differently.

A Satellite Orbiting Mars
A 2001 Mars Odyssey

A Tool: Gamma Ra%
Spectrometer (GRS)

A2x2 Dot Maps

A Each Dot had a Z value
A Concentration Value

AArcGIS

A Bilinear Interpolation was
used on each dot to create
Element Maps

column —»
14 15
14.5

20
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Kostelyk Jayson. 2011. Grayscale B.I. Example 3



Mars Water (H20) Concentrations Map

2,150 4,300 8,600 Miles Legend
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Mars Iron (Fe) Concentrations Map

Mare Boreum
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