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1. INTRODUCTION

“SCIENCE IS ALL ABOUT SEING WHAT EVERYONE ELSE CAMNEE BUT
THINKING WHAT NO ONE ELSE HAS THOUGHT..."(Baroness San Greenfield)
“ITS OUR DESTINY TO COLONISE THE OUTER SPACE"(M.FAVAGE)

DACIA’S- the name comes from the team members nsundial letter:

Daiana
Adela
Claudiu
lren
Alexandru

Sevda

It also means “Design for an Artificial Continuarme an Interplanetary Assemblage
Settlement”.

We have chosen this name because it does not améydnpersonal importance, but
also the fact that Dacia was the most importartipteric Romanian folk and they gave high
importance to the scientific research (astronomsgdliaine, plants); “ they were also
interested in progress and development of the sejdike Greeks” (lordanes). There was not
just a simple coincidence. This also made us c#adeg connotations and connections
related to its aim (you can see the territory afi@ant Dacia from Earth, marked with red on
the project’s cover). Dacian tribes preferred apwditical organization, conjunctly between
the departments. The system is based on adequatelya for example the best workers
from the industry department are selected to omgaits activity. We don’t take in
consideration the eventual mental problems, becdeseesidents were tested (even their
previous family members), carefully selected, beiahabiting the settlement. The risk of
conflicts and fights is inexistent; the only aimtbé Dacians is to dedicate their life and
activity to the research and expansion of the hubgangs around Earth, in the Solar System
and why not in other Solar Systems.

* Why did we need to build DACIA’S?

DACIA’S was built in the year 2088 due to the fdwt the Earth was overpopulated.
The human health treatments and means to avoidgétthave reduced the human
mortality rate. The so called “Century diseases/enaanished due to the high technology
and new body science achievements. The energy btiase happened because measures
against overpopulation, pollution and Earth’s esa&eat energetically resources have not
been taken.

For this reason all the countries collaboratedfangbt about fights and wars and
reached the conclusion that it is better to bulgether an interplanetary settlement for
600 000 people, in order to expand the human bemthe Solar System as the time runs.
This was the only solution that could be found,suse the Earth was out of resources, and
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the main reason for the human existence was toweyta forget of the primal instincts that
could easily transform it into a dead planet thfougrs, atomic bomb and starvation.

At first it was really hard for people to imagirfet it is possible to build and sustain
life on such a huge structure. Science fiction lsostéemed cheaper to buy than to invest in
such a dream. They had all the technique thatrieeged in order to offer a new place to
live, but the major problem was the mentality. #sshard to come to a consensus with all the
Earth’s countries and collect money, workers articbaauts for over 25 years time. The
process of technology evolution in the past 50 yeas really high. The first true challenge
was changing the way we think, in order for usreate a self sustaining orbital settlement,
an ecosystem and to balance it. At first enginaetsastronauts were sent to Moon by Earth
to Orbit ships. There, some modular factories artdranas were put, for easily Moon-Earth
communication. “Super Adobe” domes were built @aéage where the industrial processes
took place and where the astronauts lived, workebsapervised the activity of robots. Each
worker was allowed to spend 6 months on Moon, bex#ue lower gravity affected their
health (cardiovascular changes, red blood cell lmsscle damage, bone damage, immune
system changes, degraded sense of smell and tHséegonstruction schedule lasted 28
years, and the settlement was built through modhéares produced on Moon (ex: FeTi70
equilateral triangle shaped wall pieces). In 2088IDA’'S was finished and its activity was
prosperous.

The achievements through building the settlememéwaed are still great, because it
opens a new gateway to space and breaks one gfgdhtest boundaries known to man:
human life in outer space.

Besides Man’s natural instinct to explore, to lgaruild for future generations there are
other important reasons for looking beyond Eartimofig the most important are the following:

» Providing the survival of the Earth’s specigésie main goal was to design a permanent
community in space that is sufficiently productteemaintain itself, and to exploit
actively the environment of space (Moon, asterdidgin extent that permits growth,
replication, and the eventual creation of muchdammunities. This initial
community is to be a first step in an expandingur@ation of space. All that belongs
to the horizon regarding the satisfying of matemtessities such as commodities
and security means “civilization”. For this reaso@ have created the ,DACIA’'S
civilization” that knows very well its aim and ddeps research (one of the most
important activity of the settlement), technologyning to ensure the survival of
Earth’s species. It fosters a viable social comityuthiat has its own civilization in
order to satisfy all the human cultures taking ieasideration that people all over
the world, strictly selected, live there. The habitas to meet all the physiological
and medical requirements of a permanent populatnohfor this reason the engineers
have worked hard.

* Environmentalthe mother planet Earth was getting more and mpoliated,and the by
moving away from Earth, we have reduced strainiagtzs environment and allowed it
to live longer and save some animal, plant extincd/e may even learn how to
preserve it better through research in outer spacew type of environment is created
and as such, a new type of human: the human bakrnaésed in space: a human who
understands the concept of artificial gravity imgortance and life sustaining
mechanisms from the moment he is born, becaudgehdepends on it. He will
understand at an early age the importance of dimater, and why is it so important
to preserve and to try to maintain equilibriumhe trtificially created geo-
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ecological. This improvement will make us appreziar planet, the way it was
created and research on the terraform of otheepsdike Mars.

* Economic:The capability to process the raw materials fromdsteroid, lunar mining is
made through the technology and knowledge that A& benefits of, and also by the
researches that it permanently develops. The alumadsural resources available in
space inspired the Dacians and therefore they ¢tr@ated and or developed techniques
to benefit from them. These have enormous econwali® since its are in an adequate
supply, the capability to process them is provided] we have adequate transport
systems for trade item$he investors will be governments and organizatfoms
Earth interested in obtaining all kind of profibin the extracting spatial industry,
solar energy, scientific breakthroughs and spadiaiism. All the Earth’s worldwide
countries participated with the same amount of m@oethe fight for manipulation
will be avoided by sharing the goods (cheaper gneege ores). At first the commercial
activity developed between DACIA’'S and Earth, bit¢igits construction ended, the
Dacian robots started an intense mining of oresadired 5 years the first modular
component for the second space settlement was braltle is essential for DACIA’S!

» Tourism and Entertainmerit:stands in the nature of the human kind the viaséxplore
to know and see more. We dream ourselves astronawatship, or even exploring the
Moon, Sun or stars since we are children. Someaioticeams are possible, but others are
too much futuristic even nowadays. All the ancés$tuanan beliefs have a common point:
the respect of the Moon, planets from our Solatesysand stars. What DACIA’S offers
as a tourist attraction are the beautiful viewsfrmuter space (special components that
have an opposite rotation to the settlement’sjeiht neighbourhoods’ design from
what we can see on Earth, the devices used to anaiife, the artificial day-night cycle,
the way of living itself on such an artificial stture is something that attracts visitors.
Other popular facilities are the entertaining DAGAgames that take place in 1- Og and
also the ,trips” to the mined asteroids and Moadme Tultural life of the settlement offers
museums with different mineral rocks took from #steroids and Moon, cinemas,
theatres, special dishes, and celebrating dajlsunigue!

» Safety:DACIA’S provides a better observation of Earthchse if an asteroid represents
a danger for our mother planet we dispose of wespad robots that can destroy or
deviate it from its trajectory long before. We mattand inform Earth about the eventual
emergencies with weeks in advance, and we alsoveesepport from them when we
need.
DACIA’S is a new country of 600 000 people that whasilt” by the worldwide countries,
with an important aim: to assure the evolutionh&f Homo Sapiens. Inhabiting the outer space is
one of the solutions that have been found, foridiog a ,back-up system” for the human race,
plants and animals.
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DACIA’'S space settlement is located in Lagrangepbibetween Earth and Moon.
The reason for this choice is the relative stapilitat the settlement has with respect to the
Earth-Moon reference system.

In the plane determined by the rotation of the Maosund Earth there are 5 points,
called Libration or Lagrange points, that provideahy object placed there a state of
equilibrium. This is because the 3 forces thaugcin it — gravitational force generated by
Earth, gravitational force generated by Moon ardd#ntrifugal force due to the system’s
rotation around its center of mass — annihilatéedler. Because the settlement has a mass
much lower than both Moon and Earth, we considat ttie center of mass for the three
bodies is the center of mass of Earth-Moon system.

2. LOCATION

Despite points L1, L2 and L3, situated on the axéng Moon and Earth, points L4
and L5, disposed symmetrically laterally describahgng with Moon and Earth two
equilateral triangles, have the advantage to dffersettiement a stable equilibrium. This is
due to the Coriolis force, which appears for eagtiysbation of the settlement’s normal
movement around the center of mass, when the stgdims a speed in Earth-Moon reference
system. When the settlement is placed in Lagrangeb4 the Coriolis force, perpendicular
on the relative speed vector gives the settlement\sed enclosed trajectory around the
Libration point. From a energetic approach, we mggy that Lagrange points L4 and L5 are
potential pots, isolated places with smaller patéminergy than the surroundings. An object,
placed inside the pot and than dragged to theiekt®ith a small enough velocity for a short
amount of time will continuously circle the potexttpot.

The reason why Lagrange point 5 is an equilibrimmpin the first place is that the
distances from both Moon and Earth are equal, sattnacting gravitational forces two
forces acting upon the settlement are in the satnewith the masses of the two bodies. In
this way, the resulting force acts on the direcbbthe center of mass, that is also the
rotation center for the entire system, so the degail force is on the same direction and
opposite to the resulting gravitational force.

Taking these facts into consideration, we can Baythe settlement is positioned at
approximately the same distance of 400.000 km footh Moon and Earth.
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3. SETTLEMENT DESIGN
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3. SETTLEMENT DESIGN

DACIA’S provides necessary space for permanemdjaf 600 000 inhabitants (and
for the industrial activities) in a space settlem&rose design was chosen as torus.

For the shape of the station, we chose the torcsuse of its advantages in
comparison to the other shapes suitable for a sggatien. This is an analysis of the other
shapes and theirs drawbacks in comparison to tbaltd form.

A. Analized alternative designs

A.1l. The cylinder

As one of the first options, the cylinder has aanaj
advantage that it can be expanded as much as needietbr
to obtain a bigger livable area, with small chanigeartificial
gravitation. As disadvantages, it demands a larger
atmospheric volume, and that means that rotatiegytinder
needs more atmosphere, and also a bigger amoumdtefial Fig. 3.A.1 Cylinder
is needed to construct it.

A.2. The sphere

The sphere is another option which was n
the optimal one because of the small surface of |
residential area in comparison to its big volume.
The optimal pseudo gravity would be obtained
only at its equator; that’s why from its large
volume are only a small part could be used by th
people. It would also need a lot of material to be
constructed. In addition, the construction of a
sphere can be also risky because of financial an
material transportation reasons, and it is hatukto
compartmented.

Fig. 3.A.2 A sphere-shaped settlement
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A.3. The dumbbell

The dumbbell has its own big
advantage because it provides the
necessary radius needed for an optimal
pseudo gravity value while saving
material. Its livable area is almost as bic
as the sphere’s, but it provides little
volume in spite of the necessary materic
guantity. Another disadvantage is the
impossibility of expansion and the
necessary transportation between the two smallrephand as a psychological factor, people
should not live so separated, in opposite direstion

Fig. 3.A.3 Dumbbell

In conclusion, the best option
remains the torus, the most efficient shape
for a space settlement. Compared to its si:
it provides the most efficient space usage
for livable area. The pseudo gravity on the
end capes is constant and in the center th
gravity is zero, which enables the heavy
mo_lustnal activities a_md space shuttles Fig. 3.A.4 Torus
fixing. It can be easily compartmented,
divided in segments and it offers a big volumetai@phere; the torus also provides the
largest habitable area per ton of nitrogen.

DACIA’S is a construction composed of three linked that have common, straight
walls. We concluded that by joining the three @rnthwe save material, rather than covering
them with one, big cupola as in the case of a sitmjius. And we also obtain a larger livable
area. Each one of these tori is divided in 8 ssciarorder to ease their administration and
also to obtain an optimal number of inhabitantsqaah segment. Each structure is
independent of the others and the tori are prowddd emergency exits and there are 6-7
different ways of evacuation, in case of a blapatamination, unpleasant odors, impact with
an asteroid etc. These exits are: 4-6 exists Wwemeighboring tori (depending on its
neighbors) and the radial spoke.

The sectors are connected through the spokeshatbantral axle of the settlement,
where the industrial activities occur (becausehef@g that facilitates the heavy industry
operations). These sectors are pressurized aratrttesphere composition inside the sectors
is similar to the Earth’s. At this level, the psewgtavitation is 1 g, to provide a good
development of skeleton and muscles of the colomyiabitants. The settlement’'s main
energy source is the solar energy, thus the outéace of DACIA’S is covered with solar
panels, which end in the upper margin, the uppeit ivhere light reaches the tori. The solar
panels follow the shape of the three tori.

13



Dimensions
No. |[Name Symbol | Value Unit | Formula
1| Number of tori n 3|-
2| Large radius R 4500/ m
3| Small radius r 750/m
4|Floor width I 1375 m
: { I+2
5| Floor to center distance -7 (_]
d 299,73 m \J 2
6|Floor to outer wall distance d' 450,26 m r—d
. v 2
7| Center to common wall distance r2 — [_)
t 7070m  |N 2
8|Common wall height y 500{m
;l.!
9 Height up for transition h 49,74 m 9
10| Overall height H 3534,29m at + 2r
2R
11| Torus sector length 2827.433m -

Fig. 3.A.5
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B. Volumes destinations

B.1. Central Axle

The central axle has the
shape of a cylinder, which serves
as a support pole for the
spaceports, the sun observing
room (“Sun bath&Stars”), the
atmosphere filtering chamber, the
platforms and the industry I ~—— | dustrystructure
structure. Any structure that need ‘ B
Og can attach to this axle, for
example factories, hospitals,
decontamination rooms and even
space shuttles. The link between
the central axle and the sectors o
torus is made through the spokes

Inside this cylinder are
elevators that can take people to
the sun observing rooms and the
can also transport ships, goods
and all kinds of materials betweel
the industry modules attached to
the central axle.

Platform

Fig. 3.B.1The central axle

B.2. The spokes

The spokes are
structural units that link the
center of the settlement with
one of the torus sectors. Evet
spoke is similar to a net that
enables two elevators to mov
through them, elevators
transporting people as well as
materials. Each of them actin
like a counter-weight for the
other. All the eight spokes
converge to the center where
they meet inside a cylindrical
platform where people arrive  Fig. 3.B.2Spoke structure
and continue their way to any
destination.

Spoke lattice

Spoke tube

15
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The spokes tubes are protected of radiations, Begaeople can climb inside this
structure; for more details, see section 14. Eaitarient.
On the spokes, research laboratories are alsdhattdzecause studies made in this
module can be made at different values of pseuaatgrand thus they can move along the

spokes on the rails. By changing the distance ttmrsettlement’s rotation axis, the pseudo
gravity modifies.

B.3. Spaceports

The settlement’s spaceports are mainly a latticesetshuttles can be docked. We
chose to make latticed platforms because of masaiang reasons, their usage being to
couple the shuttle to the platform, not to suppleetwhole space shuttle’s mass. In order for
the shuttle to land on the settlement, this willdnéo stop and position itself on the same
orbit with the station, and stationary relativehe central mobile part, which rotates opposite
from the station, to facilitate the landing . Slgwthe docking systems attach the shuttle to
the platform. Then the mobile part start rotatinghe same direction with the settlement
until it reaches the same rpm. Then, dependindnershuttles’ destinations, it passes through
different locations: decontamination room, loadamgl unloading bay, transport module,
docking bay, production zone, located right untderdocking area.

The transport module is a device to which the gsittan attach in order to be
transported through the central axle. This waystihgtle passes through the decontamination
room to reach the loading/unloading zone and fynalithe docking area.

B.4.The sun observing rooms ”"Sun bath & Stars”

The sun observing rooms are especially for sunshaglcessary for people living on
DACIA'’S to provide exposure to natural sun light & least 10 minutes per day. They are
placed on the central axle and are movable, hawpposite rotation movement to the
settlement in order to observe the outer space. fbloim is provided with quartz glass
windows that permit to UV rays to pass ensuringribeessary vitamin A, needed for skin
and bones.

16



decontamination,
(un)loadingroom

Docking systems

o

“Quartz” module

Spaceport lattice

Sun observing room

‘‘‘‘‘‘‘

Central axle
Fig. 3.B.4’

They are situated above the tori to have a betsy of the stars, for space

observation, because they have the function odelges for the astronomers. This room has
also telescopes to enable the space exploratioarsednaes for wireless communication and

17
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frequencies analyzers to listen for extraterrestialligence. For more details see section
13.1.

B.5. The platforms

Three platforms, one for each torus, serve astfor the elevators that come from
the residential zones. Inside, people can go to destination, another torus sector, the “Sun
bath&stars”, spaceports, an industry module orlaargplatform. These platforms are also
supporting points for the industry structure andjrth the construction stages, for the mobile
modules.

Fig. 3.B.5
B.6. The industrial zone e B
Spaceport
The industrial zone is modular; each — _
factory attaches to the metallic structure, and 1 Central axis
places itself depending on the other factories tl e aas !
require its goods, and depending on storage TR~ Platform
areas. We have used the metallic structure ] '
because it isn’t necessary to completely isolate
every industrial module and we don't need to jum Ltk
include the whole industry in a regular shape. # Heavy industry
. . structure
This way, the amount of needed materials tHHECH
decreases, thus a smaller cost for building the ][
industry area. Tubes connect each of the indus [ Industry modules
modules to form corridors and materials 4'!‘!,,
transportation paths. For more details about th m Emmanl

central industry structure and modules’ functiol
see section 8. Industry.

|IIIIIHIIIIII

Fig.3.B.6
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On every two spokes corresponding to the threeaterpositioned two research
laboratories, each of them placed in the oppositgetion to the other. On the first two tori’
plane there are four biology laboratories and enlétst torus’ plane there are two industrial
laboratories. In order to make specific experimamtdifferent values of g, they are mobile
and can go further or closer to the center to lufferent pseudo gravity. They have a
cylindrical form to provide a larger usable spagaibing multiple floors and the
approximately the same pseudo gravity everywhé&@. ifternal arrangement, pictures and
other details at “Cylindrical bio lab” and “Cylindal industrial laboratories”).

B.7. The mobile Bio labs

B.8. Water supplies reservoirs

The water reservoirs have a toroidal shape angdlaced in the exterior of the station,
in front of the solar panels. This way, we can taéleantage of the UV radiations, which
enables a better purification of the water, andicedy costs on special carbon filters to clear
the water. Water is pumped through each pair @ruesrs, to assure a continuous flow.
There is a pair of cylinder-shaped water tank &mhetorus sector. For more details and
pictures, see section 7.3 Water management.

B.9. Quartz module

On the central axle, this module with quartz glaessels is attached. This room is
placed above the tori, so light and radiation each inside. Here, atmosphere is
continuously pumped inside, so it can be filteraturally by UV radiations. The
radiations can easily eliminate all the impuritéesl bacteria that can live in the air and be
a potential risk for the colony’s inhabitants. Figd.B.9 pictures the module with quartz
glass, with a refractive index of 1.55 and reflecsi. For more details and pictures, see
section 7.1 Atmosphere.

Fig.3.B.9
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No/Name Symbqg Value | Unit
1/TorusA volume (superior) \A 58,305,168,858"° b -
2 [TorusB volume (central) Vs 66,645,465,43i° Ve — 2v'
3/ TorusC volume (inferior) Vs 58,305,168,8587° VF— o'
T d dl
4.Volume under the floor torus \ 12,617,053,9467 (; r? —risin™t —— — ) 2=R
5./Cut volume to merge tori V' -8,340,296,5787 G P2 p2sinto_ T] 2nR
6./Compl ete torus volume Vs 49,964,872,28Mn° 2aR nr
7 |Residential volume-torus A Ve 45,688,114,9161° V, — v
8/Residential volume-torus B Ve 54,028,411,4947 V-v
9,Residential volume-torus C Ves 45,688,114,9167 V,—v
10/Total volume Y, 183,255,803, 15dr° V4V + 1
11,Total cupolas volume Ve 145,404,641,326"° V4V,
12|Residential area per torus S 38,877,209.h" |2zA1
13/Total livable area S 116,631,627/87 |35,
14 Minimum surface per person Shin 92.45n7
15/Population P 600,000.00
16/Amplification coefficient C 1.5-
17[Total residential surface Siez 83,205,000 |5, -P-c
Minimum agricultural surface o
184 er person Shin agr 350.00n"
19/Total agricultural surface Sagr 315000000 Spin " P o€
Dimensions
No. | Name Symbol| Value
1 | Central axle radius rl 30m
2 height hi 4500 m
3 | Sun observing room radius r2 35m
4 height h2 46 m
5 | Space port radius r3 1000 m
6 height h3 200 m
7 | Space port chambers (pressurized) radius r4 200 m
8 height h4 200 m
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4. CONSTRUCTION SEQUENCES

4.1 Lunar facilities

Before the beginning of DACIA’S Space Settlememstruction, some modular
lunar facilities are built with the purpose of gating construction materials and processing
them for preparing construction components. Eactiutao facility is made of many igloo-
shaped structures connected with a special laratidgake off space in center. The igloo-
shaped structures are constructed with the Supleeagchnique, which benefits from the
lunar soil.

The exterior structures are responsible for gatbgdrarvested materials. The medium
structures are responsible with processing themaégénto modular components required for
the settlement’s construction. The interior stroesudisposed around the landing site are
responsible with depositing the construction matenntil the arrival of Cargo Ships. At the
beginning, some of the modular facilities are addgor building Cargo Ships and
construction ships used in the construction of DAGImain settlement in L5 Libration
Point.

The lunar facilities are also used after thdesaint’s finishing, for extracting prime
materials used in the industrial processes undemtak DACIA’S.

In fig 4.1.1 be observed a modular base with @yC&hip being loaded with
materials by robotic arms inside the docking sgioeding/take off space).

Processed material Material harvesting

depositing facilities —_~ facilities /
) \ ““._‘_“ = 74

A
5
\

“~_ Material processih\g
S )
_ facilities \

. \

\

Landing/take off space

Fig.4.1.1
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4.2 Main settlement construction sequence

Stage 1

The main settlement construction begins with thivarof 6 construction ships from
the modular facilities previously built
on Moon. The construction ships start
building the upper central platform, the
upper spaceport and the correspondin
segment of the central tube. The
construction ships come already filled
with materials required for building
these components. Then, Cargo Ships
will begin to arrive from the Moon,
using the upper spaceport for docking
and unloading new materials for
construction. The materials are
transported through special industrial
elevators from the upper space port to
the upper platform, where constructior
ships can reload.

Stage 1 (complete)

Stage 2 Fig.4.2.1
The construction ships start

building the beginnings of two opposite
spokes, and then the Mobile
Cylinders around them. The
mobile cylinder begin then to
operate on their own (coordinated
by people inside them), building
the two spokes symmetrically,
from the interior to the exterior,
step by step (the same Moving
Cylinders that are later used to
provide variable gravitation for
different experiments “Cylindrical
industrial lab“ and “Cylindrical
industrial laboratory”). The

Moving Cylinder has inside many
Ant Builder robots, which are usec
after for building the .
corresponding torus segment. Fig.4.2.2

Meanwhile, other 8 construction

arrive from the Moon, and Cargo Ships continuertogomodular construction components.

Stage 2 (partial)
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Stage 3

After the two spokes are completed, the 14 constnuships already available go to
the exterior, to the just finished endings of thekes (7 to each part). First, 4 construction
ships carry each Moving Cylinder back to the platfpand position them for beginning the
new spokes. Then, the construction ships, asdist®&ee Builder robots they carry and the
Ant Builder robots (brought by the Moving Cylindamd left inside de spoke) begin
constructing the torus segment. After the strucisieompleted, only Ant Builders and Bee
Builders continue to work for the interior finisiginWhile the LOX-LH2 thrusters begin to
function in order to put the entire already budttement in circular motion, the two torus
segments are then pressurized and tested, anced@opight from earth with Earth-to-Orbit
transportation ships move inside. The two operatitorus segments also provide a more
comfortable shelter for people forming the crewiConstruction Ships and Cargo ships that
worked until that moment. Meanwhile, other newlyivaed construction ships build the
second central platform, the corresponding cehtks segment and two other Movable
Cylinders, so at the time the first two pair ofusisegments in the upper torus are ready, the
second platform and its pair of Movable Cylinders also ready.

Stages 2 and 3 form a repetitive pattern thatrepkeat 4 times for each torus (each
time, 2 new spokes are built followed by two tosegments, from the total of 8 that form the
torus). For each pair of spokes, the two Movablén@grs are taken by 4 construction ships
(2 for each), moved and positioned for startingrtbe construction

Stage 3(partial)
Fig. 4.2.3

Stage 4

The second pair of spokes and torus segmentstfrempper torus is built
simultaneously with the first pair of torus segnseintthe medium torus. In this way each
new torus segment will be built supported by ast@me previously built torus segments, and
the efforts implied by building during rotation arensiderably diminished. Meanwhile, other
newly arrived Construction Ships build the thirowkr) central platform, the corresponding
central tube segment and the two corresponding iMp@iylinders.
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Stage 4 (complete)
Fig. 4.2.4

Stage 5

The third pair of
spokes and torus
segments from the
upper torus is built
simultaneously with the
second pair in the
medium torus, and with
the first pair in the
lower torus. Also,
during this stage, the
lower space port is
built, allowing a more ;
efficient supply of Stage 5 (final)
material. Fig. 4.2.5

N

At the end ofstage 6
the upper torus is finished, the
medium torus has 3 pairs of
torus segments and the lower
has 2.

Fig. 4.2.6 Stage 6 (final)
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At the end oftage 7 the medium torus is finished, and at the enstage § the
lower torus is also finished.

Stage 7 (final)

Fig. 4.2.7

Stage 8 (final)

Fig. 4.2.8
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During stage 9
construction ships finish the
central industrial areas and the 0
spherical labs.

Stage 9 (final)

Fig. 4.2.9

During the entire construction process, the setl@ns continuously supplied with
materials brought from the Moon by Cargo ShipsoAisater and people are brought from
Earth with Earth-to-Orbit Transport Ships. The papon gradually increases while new
torus segments become operational. The watemspoated by special pipes inside the
spokes to the interior light-industry area insideleoperational torus segment, where it is
deposited in special tanks. A considerable amotwater is converted into LOX and LH2,
and then transported to the exterior light-indusiga, where thrusters use these products in
order to maintain the settlement in rotation dutimg construction process (for more details,
see Dynamics).

4.3 Construction devices

The construction of the main settlement requimasstruction ships, Cargo Ships and
automated construction robots.

Assembly space Storage space

Construction ships
(fig. 4.3.1 and fig. 4.3.2)

Construction ships have )
special adaptations for settlement |
construction. In front side, each |
construction ship has a commanc
room for 6 working people, with a |
total crew of 18 people. Also, the
ship has all life sustaining
facilities for the entire crew. In the ~
center, the ship has an empty :
assembly space for Fig. 4.3.1

Complex component

during assembly
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Construction ship

Command room & life f N\‘\

sustaining facilities /

VASIMR
thruster

- LOX-LH2
thruster

Fig. 4.3.2
different complex components

made of primitive modular components, and behindg@ositing space for these primitive
modular components. Around the empty space, threrd eobotic arms for maneuvering and
fixing components. Other 4 smaller welding armsdisposed symmetrically between the
other 4 maneuver arms. The 4 welding arms only i@riassembly of complex components
inside the empty space, but the 4 maneuver arednoggh to move assembled complex
components to the body of the settlement and puenthodular components from the
depositing chamber to the assembly space or directhe body of the settlement. For
welding different components (complex or primitiwezh the already built body other
bigger, laterally disposed welding arms are usediriy construction process, when the ship
remains without materials, it returns to one ofttimee central platforms for reloading. The
ship is propelled by two VASIMR (Variable Specifropulse Magnetoplasma Rocket)
engines for long distances, and by 4 mobile LOX-ltH2isters for short distances and for
positioning.

Cargo Ships

Cargo ships are used to transport
primitive modular components from the
surface of Moon to the temporary storage
facilities in the central area of the
settlement. The main body of the ship ha:
the shape of a cylinder. It has in the front
side command spaces and life-sustaining
facilities for people (30 people total crew)
and from the center to the back side, it he
an interior storage area with a cylindrical
shape. On the exterior, the ship has 3
extensions with the double purpose of Cargo ship
fixing to other structures (space port back view
docking system), and the purpose of .
thermal adjustments through radiation. The Fig. 4.3.3
Cargo Ship also has three other extensions
disposed backwards for propulsion. The ship is pispelled by 3 VASIMR engines. The
ship has 6 additional LOX-LH2 thrusters disposeckiaaards but at higher distances from the

VASIMR
thrusters

LOX-LH?2
thrusters
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main body, and 12 disposed in various positiontherextensions with the purpose of
adjusting direction and speed.

280 m

‘\»

Adjusting Backward
Main extensions . . Co P
’ Cargo ship thrusters

Fig.4.3.4

4.4 Construction robots

In construction, smaller robots are used becawesehave access inside spaces where
arms of Construction ships can not reach. Robetsiao used for interior finishing. The two
main types of robot used are: the Bee Builder AedAint Builder. The hames were chosen
because they refer to small animals that work badlin groups, which is also available for
these robots. The robots communicate between thedheach group is coordinated by a
central computer placed inside a Construction Sujumans can interfere in the process.

1) The Bee Builderis a flying robot, with two maneuver arms lateyalisposed, for
small components (like beams), and one adaptahtepihg systenfor bigger
components, behind. It also has four welding atms,beneath and two above
and two clawed anchors with adjustable length ropls® one beneath and one
above. In the center, it has a storage space fall somponents. Behind, the
robot has 4 adjusting thrusters for movement arsitipaing. The robot uses the
two pairs of rope-anchor for fixing on the alredmlyld resistance structure (the
settlement will begin rotating at a given momentj ¢he robot should remain
fixed when working on the exterior, because circtigjectories are difficult to
obtain just through jets).
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Storage space

Clamping system for
complex components

Fig. 4.4.1

/

S
Rope with anchor

Fig. 4.4.2
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Bee Builder
(back view)

Maneuver Arm

Welding Arm

Thruster

Bee Builder
(front view)
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2) The Ant Builder is a non flying robot, with 4 special legs adaptmdclamping
and moving through beams or on surfaces. The Ald&ualso has 2 maneuver

arms laterally disposed and one long welding arhnak(it resembles more with
a spider). This robot is used more for buildingititerior structure.

In construction, all welding arms used by robotd eonstruction ships use plasma

jets. Plasma welding is more efficient than theroradlectric arc welding, in void,
because nothing stops the plasma void.
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5. Settlement’s dynamic

5.1 General settlement dynamics

The position chosen for the settlement, Librapoimt 5 in Earth-Moon system,
implies a constant rotation of the settlement adoiarth with, or more exactly, around the
center of mass of the two body systems. The angelacity of this rotation is given by the
formulac. =21/T., whereT; is the rotation period around Earth, the same thi¢h
Moon’s period of rotation around Earth.

SoT =27 d7h43.1min =493431min = 2360586, and . = 266rad/s. The

average orbital speeds= . [D =1.022km/ s, where I} is the average distance from

Earth:384,399 km.
Due to the rotation of Earth-Moon system aroundS3ba, the Settlement will also have a

rotation around the Sun, with the angular spegd= 277/ T, = 198107 rad /s.
In order to sustain a normal artificial gravity gf = 981m/s® at a distance equal

with the distance from the center of the settlentenlhe residential area: d=4800m, the
settlement will have another rotation around its @ith the angular velocity:

w=.0,/d =0.045rad / s, which corresponds to a frequency 0.007 Hz or éo#/anin.

The angular momentums for the 3 rotations we desdrdibove have the following
formulas:

L. =M [iw.D.*; (around Earth)

Ls =M [, [D¢*; (around Sun) where M is the total mass of the settlement, gnd

L, = l,w.(around itsaxis)
is the inertia momentum around the settlement akaxis.

We estimated that the entire settlement has a oiagsproximatelM =3[10% kg,
and an inertia momentum kgf = 3[10°kg [I*, so the angular momentums have the
following values:
kg [n?

S
kg [n?
S

L. =11.7010%
L, =133600%

2
L, = 13500 KM
S

While the entire settlement rotates with the dpetiangular velocity with respect to
Earth-Moon reference system, there are parts add¢tliement that sometimes spin in the
opposite direction, in order to ensure immobilityharespect to the same reference system.
It's the case of the docking system that existhécenter of each space port, and the two
“Sun bath & Stars” room, placed around the centes. a
The docking system inside each space port hasutip®ge of ensuring a safe and easy
docking for incoming space ships, especially laig@s. The space ports are places in the
center, where the settlement’s rotation speedngdm the central axis, the speed is 0).
However, even inside the space port, the rotap@ed increases as we go further from the
center. The Docking system is actually a cylindrsteped structure that rotates in the
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opposite direction in order to cancel this eff&¢hen the ship approaches, the structure starts
rotating until it reaches the desired speed. Ttienship enters from above and stabilizes
inside, while arms with special clamping systentdiaghe ship. When the ship is secured, the
structure gradually loses velocity (with respectht® settlement), until it stops (the ships
achieves the settlement’s angular velocity). Afeas, the ship can be moved inside the

settlement for different procedures).

5.2 Settlement advanced dynamics

After the first pair of torus segments is builte thettlement begins rotating, powered
by special LOX-LH2 thruster, placed on the extenwith all required facilities in the
exterior light industry area, orientated tangerthstorus. The settlement achieves the
desired angular velocity with a relative ease, bsedhe preliminary settlement has a small
inertia momentum. After the desired angular velotachieved (0.045 rad/s), the
settlement’s construction sequence continues, atdrral is continuously brought to the
exterior. Consequently, the settlement inertia maona rises, and according to the angular
momentum conservation law, the angular velocitytrdugp. The angular velocity is kept
constant using the operational thrusters (theomésthruster in each operational torus
segment). For example, during construction stagleedsettlement is kept moving with the
same angular velocity only by two thrusters, andnduconstruction stage 5, by 6 thrusters.

We present the following formulas for calculatiorkated to thrusters.

=l
> :> de——I Dd—

d ¥ dt
\V
F=mla= mG(L ﬁ
Relations for a rocket with IdV == Ego DJ._
a thruster, where lo is the
specific impulse, and),the ﬁ

gravitational acceleration on
Earth’s surface

—v1:IspEgo[[h%
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R fogl o
>:> (I, +nNR’) tG——ISp "

nFIR=I @:(|O+nmrtﬂz’-)%‘ ) T

& =theangular velocity;

m = massof fuel for onethruster;
m, =initial massof fuel for onethruster;

m, = m[h = total massof fuel; II
m,, = m, [h =total initial massof fuel;

o ~ m
J{da)— njb /nEIR2

(g +1,/nR?

= — =_% rno
Aw=a,-a) m+| /nER2
. [g +1,/R?

oy g = n T
fw=a, = R TR

(1)

We observe that the angular velocity variation dogsdepend of n, only of the total mass of fuel
and the initial total mass of fuel

At a given moment during construction, when thetinenomentum of the settlement
rises froml, to I,+1_,, wherel_, is the additional inertia momentum caused by agidin
new material (usuallyl ,= Mr?, where M = mass of added material, r = distance fthe

rotation center) the angular velocity will drop aating to the angular momentum
conservation:
, M [?
Nw=w-w=-w——— (2
l, + M [t
The former angular velocity is reestablished bygsi number of n thrusters, placed
at R distance from the center, according to eqndfi, taking into consideration the new
inertia momentun, + M [ :

qn. Mo+ (1 +M [?)/ R
R T, MO R ®

l¢
Aw=w, - =
Aw =-AN'w (1)
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From equations (2), (3),(4esults:

M [0° R

o oM i5s _ My + (1o + M @3°)/R°
m+(l,+M %) /R
ME? _ R

—_——— 3
Isp@o

m =[my + (I, +M 3%/ R ™"

~(I,+M ?)/R?

In order to maintain the initial angular velociafter adding mass M at distance r
from the center, the mass of consumed fuel is giyetine following expression:

~ Mm22 R
Am=m, -m =m, —-[m, +(,+M E?)/R¥ & "™ "%+ +MI?)/R
(5)

In order to find out the initial quantity of fueknessary (quantity of water expulsed)
to rotate the settlement from 0 to 0.045 rad/grafonstruction stage 3 is completed, we use
an equivalent form of equation (1), whesg= 0 andn2= ©v=0.045 rad/s:

Sp[go n I’nOt+|0/R2.

I
Aw:a)z—a)lza):

R m+1,/R*’
IT]Ot+IO/R2 —e IspR@O.
m +1,/R? ’
R

0
m=e O, +1,/R)-1,/R*(L)
If we assume that use the entire fuel that we laéviee beginningm, = QOthen:

R

‘1.0
m=m, -m=m, =(e ** -1)l,/R* = 9000000t

for R=5250 m, andsy =250, and (for the first two torus segmengspl46 13°% kg nf

The exterior thrusters are also used for moviegstttiement on vertical direction, in
case of major asteroid threatening. All thrusteesaaientated vertically, each generating a

m m
force of F =1, GC;T [9,, so the total generated forcefis = Nl % [@,. The

settlement moves with constant acceleration (aqfeeriod of time (t), and then decelerates
with the same constant acceleration. The laws afomdor both acceleration and
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. . . t . .
deceleration phases are equivalent withs a?, and the total distance is 2d. Also, lex

secunda statds = M,a. From all equations above and from the fact thatfbrce is kept
constant results that the total consumed massebfsu
M= 20F _2tMa _ 2tM, 2d _ 2tM, 2d =4Elr\/ltd _
Ngdo  Nigge NGt  nlgget’  nigget’
The station is moved during 120 hours (5 daysh @wivertical distance of 5km, so the
required mass of fuel is 2301 t for each thruster.

5.3 Solar eclipses

Solar eclipses on DACIA'S space settlement appéamwight from the sun is
blocked by either the Moon or the Earth. The eelilasts as long as the settlement remains in
the cone of shadow behind Earth or Moon. In a sfieglmodel, we can consider the moon
Earth and Sun moving in the same horizontal pl&he.figure below describes the Moon
Solar eclipse. The eclipse happens when the Settieloon and Sun are perfectly aligned.
The following are the relations required to calteitdne time a solar eclipse of Moon lasts, if

Light from
the Sun

Fig. 5.3.1
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we consider that light from the Sun is parallegleeting the fact that the settlement actually
passes through a cone of shadow (so we considerdist scenario).

V=V =Vs= V settlement tangential velocity

V=0R, o=angular velocity of settlement and Moon around IEart

o=2r/T

v,=2v*cosop=relative speed of settlement with respect to tlw®ivi

At=D, /v, =D/ (2v*cose) = Dy/ (2oR*cose) = Dy / [2*(2n/T)*R*cos ¢] = T*Dy / (4nR*cos o)

At =T*D_ / (4nR*cos ¢) = the maximum time of eclipse caused by moon

R = Earth-Moon distance = 384400 Km

T = period of revolution (of Moon and settlemengurd Earth = 27 days 7h 43.1 min = 2360586 s
¢ =60

Dn = Moon diameter = 3471,94 Km

angle between direction of settlement and Mogn

[0) 60 relative to Earth

T 2360586 s Moon period of rotation around Earth <s>
® 2,66171E-06 rad/s 2*Pi/ T

\A 1,023km/s Moon tangential velocity

Vs 1,023km/s Settlement Tangential velocity

V; 1,023km/s resulting velocity
DM 3471,94 km Moon Diameter

R 384400 Distance Earth-Moon

At 3393,35s Period of eclipse (one during each month)

56,5min
0,94h
Pi 3.1415

In reality, a solar eclipse caused by Earth da¢frappen once each month. In fact,
they are much rarer. The reason is that the Motate® around Earth in a different plane
than the plane in which the Earth rotates arouadsiin (the ecliptic of the Moon is different
than the ecliptic of Earth). A real solar eclipseised by Moon only happens when the Sun,
Moon and settlement are on the same direction isze, not only in the horizontal plane
we represented in the figure above.

The duration of solar eclipses caused by Earthbearalculated in a similar manner.

Eclipses caused by Earth last for longer periodsy#. A required condition for
these eclipses to happen is that the settlemertt) Blad Sun to be perfectly aligned from a
view from above the Earth’s ecliptic. However, tundition is not sufficient. The only
points where real eclipses caused by earth migipdrathe orbit of the Moon (and also the
orbit of the settlement) intersects the eclipti&afth are the only points where real Solar
eclipses caused by Earth happen.

The duration of Earth caused eclipses in the waarsé scenario is given by the
following formula:

v 1.02%m/s
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6. DACIA'S PROTECTION

6.1 Exterior wall

The settlement’s protection is done through theenls that have been used for its
building, from the Moon’s mining. The DACIA'’S sheftagainst radiation has 2 types of
consistency depending on its disposal. The wal®sad to the Sun’s radiation are covered
by solar panels (see picture number 6.1.1), whiteother ones are not (see picture number

6.1.2).

| 1.4m for solar panels (0.1 m wide) and robots (1)3

B Fe-Ti 70 layer (30 cm wide) triangular shaped madpieces

B Electromagnetic artificial field- produced by copgenduction wires (7 m)

ety
oo
atetatelate!

Fig. 6.1.1

Polymers and composite materials 0.2 m wide

“Super Adob” Layer plus iron structure and microk 0.5m wide

Fig. 6.1.2

The layer of solar panels provides the energy sacgdor sustaining the life

Fig. 6.1.3
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conditions. Under this layer there
is an artificial magnetic field
produced by copper conduction
wires (7m thick), that protect the
settlement from gamma noxious
radiation.

The next layer of the structure is
made of FeTi70, a strong and
corrosion resistant alloy. It has
30 cm wide, the pieces used are
modular, prefab with an easily
connecting system. The shape is
triangular and their side has 6 m
(see picture number 6.1.3).
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Fe-Ti70 alloy advantages are:

-resistance to impact

-protection against corrosion

-composition FeTi70: Ti 70%, Fe 2-10% ,and tradeald/o has low density, protect

against erosion agents

-Ti found on the lunar surface

Properties of Fe-Ti70 Value (Metric)
Density 4.85 gl/cc
Tensile strength 890 MPa
Coefficient of thermal expansio 8.5 um/m-°C
linear 20°C
Specific Heat Capacity 0.525 J/g-°C
Maximum ServiceTemperature, Air 315 °C

Moon's soil composition (%)

o other

@ magnesium
0O aluminium
0O calcium
miron

@ silicon

@\ oxygen

Fig. 6.1.4

Other- includes Titanium ores 1.1% to 2.8 %. Lagdiite soil values provide the
reference for a regression curve from which Ti emiations in 137 regions of adequate
counting statistics are calculated. Mare Trandatié contains the highest, and Mare Crisium
the lowest Ti concentration, and regional valuethenwestern Maria range from 1.1% to
4.1%.

The iron pipes structure with “Super Adobe” and noitots is an important layer that
avoids the air leek and security of the settlenf@r®m wide). The microbots are also
intermingled through the wall structure so that whe object hits the respective section, the
microbots rapidly fill with material the hole, thasoiding air leaks.
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Polymers such as polyethylene heavily impregnat#d lnydrogen (0.2 m) are used
for the protection against high-energy protonsmoas, alpha particles and gamma radiation.
The interior of DACIA’S has special bunkers on eaegment of torus near the spokes that
protect women, pregnant women and children whesoker flares are strong and dangerous
for their health. A bunker is the area from a topmisere each component of the settlement’s
protection shield is doubled from the usual siz8.dm to 16.8m.

In case in the settlement is in major danger becatian asteroid impact, we can
move the settlement up and down for about 1.5 ke &ettlement Dynamics — Advanced
Dynamics) and/ or destroy it with our space fleet weapons. We also protect the Earth
from danger and inform it about the “space weather”

Small pebbles and asteroids smaller than a grapefay be the most important
worrying factor for our solar panels. Automatedteyss with robots check, change, and
move them when needed.

6.2 Electro-magnetic shield

In order to ensure protection against high enel@rged particles, we decided that an
active, magnetic shield would be effective. In etrlns segment, the magnetic field is
sustained by 6 special conceived networks of vitaswe called AMSSWAS (Active
Magnetic Shield Spatial Wire Arrangement Systenchdzaving 7 meters width. The six
AMSSWAS are placed beneath the Fe-Ti layer and galaels. These networks are powered
directly from inside the exterior light industryear, directly from the DC shield sustaining
power plants, as it is specified in section 12.rgyneroduction and distribution.

The charged particles are deflected by the magfietds generated inside the
AMSSWAS, due to the Lorentz force. This force aqugpendicular on both the speed and

induction vectors. -alpha particles are the most difficult to

The Lorentz e-m force: deflect, because they have the biggest

F = quxB;
F =avB; )
The centrifugal force:

Lex secunda:
F, =F; /
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mass: m=6.64465610%kg;

-alpha particle charge is
q=2e=3200"C;

-we consider that their entering speed
is v = 1000km/s = 1000,000 m/s.

-we want to deflect alpha particles with
180 degrees for perpendicular entry, so
the trajectory radius R equals half of
the AMSSWAS width: R = 3.5m;

-the resulting necessary electro-
magnetic induction is:

B =0.0059 T;
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We have tried different shapes for the AMSSWASe Titst was chosen more for
reasons of symmetry and ease of calculations, andisplay it for better understanding of

our approach. Wires are perpendicular on the phaudeare represented as circles with
point/’x’, depending of the direction of the elactcurrent.

Incoming
l ' A l particles

7m
® >s :
‘-‘- Ll L
7 m T
L. Direction of
I, conventional
Magnetic ‘
. . current
o ] mncduction
conventional
current (opposite)
Fig. 6.2.1

The red, blue and black arrows are magnetic indnatectors generated by various
wires, and the green arrows are resulting magietiection vectors in various points. We
observe that the resulting magnetic induction ckanty module and direction across space,
but has a general horizontal orientation. We ateré@sted just in the horizontal component
(parallel with the torus margins) because this comemt deflects charged particles. We
consider a medium value induction, with the follogiiformula (depending of the current’s
intensity):

B:’u—l;
d
_78d

Y7,

| is the intensity and d the AMSSWAS'’s width
(1.5 m), B the previously calculated necessary
magnetic induction (0.0059 T) and the

magnetic permittivity (42107 N/A?).
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Using the last formula, we find out that the regdiintensity to sustain magnetic field
of given induction would be much higher then padssiid/e decided to conceive a new
AMSSWAS, but with the same basic shape, only thatrepeated many times horizontally,
and a few times vertically. In order to calculdte hew required intensity, we used again an
approximated formula for magnetic induction, bagsedhe formula for the first conceived
shape of AMSSWAS and the number of times it is agge (n) and the number of time it is
repeated vertically (m):

I
B :nm'u”‘”;

nec

| = B,..d
nec nm/,[ !

In order to ensure the fact that at the givenireguntensity can be achieved at
relative low temperatures, where Cu wires can leel uis a state close to super conduction,
we also used other equations regarding heatinghemchal equilibrium of wires, which are
described below. After taking all the factors intmsideration and making many tries, we
decided to give n the value of n = 467 (wires méters), and m the value of m = 5 (layers),
So a total of 2333 wires in 7 meters length, areb234 wires for one AMSSWAS. The
wires have the radius of 0.005 m, and 0.005 distémetween their margins. The required

intensity obtained from the last formuld jg. = 44.6A.

In order to verify that the wires can be sustaiaeldw temperature, we used
energetic estimations.

The power transferred to the exterior throughatdby one cylindrical wire is given
by the Stephan-Boltzman law?, = ¢ [T *S,, = o [T *2/r O where T is the absolute
kg

K*s®

temperatureS,, the exterior surfaceg = 5.66910™

is Stephan-Boltzman Constant,

r=0.02 m is the wire radius and =785 m.
The power absorbed by the wire through Joule effee to electric current has the

| | : . . .
=12[R=12?[p— =12[p— where | is the electric intensity the electric
v

sec

resistivity andS,,, the section area of the wire. When the wire rea¢hermal equilibrium,

the absorbed power equals the exterior-transferoeger. The wires are kept between the
super adobe layer, between the super adobe amcttirgor Fe-Ti layer, so they are thermal
isolated from the interior settlement, with voidhesure. We neglect the heat absorbed
through radiation from other components of thee@ikent, or from one wire to another. The
condition stated above imposes the following equmati

formula P

abs

Pabs:Ptr;
1% 0 |2 =oT*2mrl;
mr
| =7T?r E;
0

From the last relation, with the given valuesdqrr , we introduced different pairs of
values (Tp) for discrete absolute temperatures lower thank250ith the corresponding
resistivity value, until we obtained an electricaknsity enough to maintain the magnetic
shield, also keeping an eye on the consumed p&Werfind out that for T = 60 K and

p =0.8721107°Q [in the obtained intensity is 1=43.2A which is clobarl ,, = 446 A.
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The power required to maintain one AMMSWAS can élewated using the
following formula:
P=I1?R=1°R2MhONp | >
Tl

P =42718497w;
So a total of approximately 42 Mw for each AMMSWASBultiplied by 6 means 252
Mw for each torus segment, and multiplied by 24 msea p—
6048 Mw for sustaining magnetic protection for émgire POSITIONING AROUND
settlement. The magnetic field has a constanhgite so
it does not present any threats for human life,taed
electrical wire arrangements determine very low meig
induction outside the AMMSSWAS.

6.3 Interior protection

In DACIA'’S interior there are sensors in houses @nplublic places which
permanently show the parameters of the air: contipastemperature, pressure and relative
humidity. In this way accidents are avoided throoggans of protection, back-up systems
and gates that stop for example the lowering optiessure; alarms and robots that detect
toxic chemicals, gases and send this informatiaalltthe residents. They all have a Dacian
bracelet that looks like a watch with a screent, ithfarms them about the daily news,
dangers, what daily diet the resident mus! hawder to provide to his body the necessary
amount of food and fruits.

These are all means of protection that DACIA’S ff its residents for a peaceful
and secure living.
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7. ENVIRONMENT CONTROL

7.1 Atmosphere

a) Composition

On the settlement the atmosphere must have the ameentration as on the Earth in
order to offer proper conditions for living to rdsnts, animals and plants. That means that
the atmosphere is made of:

78.0842%
20.9463%
0.93422%
0.03811%
About 1%
0.002%

Atmosphere composition

@ Nitrogen
@ Oxygen
O Carbon Dioxide
O Other gases
Other gases
Carbon
Dioxide

Fig. 7.1.a

The relative humidity is about 50%, while the temapere is 22 degrees C. At the
level of the residential area, the atmosphericquesis p=101 325 Pa. The human and
animal body need a balanced atmosphere compoaitidipressure, in order to be healthy
and survive. The atmosphere of the space habitst comtain a partial pressure of oxygen
(pO2) to provide high enough partial pressure withia #veoli of the lungs (~13.4 kPa or
~100 mm Hg) for good respiration yet low enouglavert losses in blood cell mass and
large changes in the number and distribution oforarganisms, such as the growth of some
bacteria . The level of carbon dioxide should lss lnan 0.4 kPa (3 mm Hg). At the same
time the CQlevels have to be high enough to permit maximutesraf photosynthesis by
crop plants.
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b) Air pressure variation

Inside each a pressurized volume, kept in rotatlomair pressure varies with high
respecting a different law then on Earth.
From the equilibrium of mass dm:

pPS-(p+dp)S = (dm)af(r - y); “
pS— pS+dpS = (dm)aw’(r - y); @)
But mass dm is given by the following Lﬁl + dp)s
expression:
dm= pdV; dy I dup
And dV: y Tp%
ds = Sdy;
So it results that:
dm= pSdy; (2)
From the general law of ideal gas: r
mR.T h
pV =——; B
U
PR;T P R
=———=p=u——:(3
p u pP=H RT ©)
Introducing relations (2) and (3) in (1): x %
—Sdp = pSdycf (R-y); L

SIS S
“ground level” (p = pg)

R.T q
— P = (R-y)ay;
U p .
bR T " y Fig. 7.1.b.1
— - (R_y)dy1
iﬂwz p {
RyT P _ y2 .
- Z}zmplpo—(R}/—7) 0
R.T 2
-~ =Ry -1y,
U p, 2
w2 2
P _e—;’grmy—yz)’
p0
%
B —’%—T(R—gw
p(y)_poe y

The final equation is the law describing the lavamfpressure dropping with height.
For y = r we calculate the pressure inside theecesftthe settlement (R = 4800 is the
distance from the “ground level”, where the preesarthe normal atmospherical pressure, to
the center of the settlement). We obtain:
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_H6F o R _uefR?
pR)=pe " * =pe T
o(R) = 71640Pa;

for p0=100000Pa, t = 21°C, meaning that T=294K~Rg31 J/(mol K)u = 28.9 kg/mol and
®=0.045 rad/s.

The conclusion is that the pressurized partsetpokes leading to the center of the
settlement, even when they communicate with thestsegment, the pressure would only
drop to approximately 70%, so there is no needagment the tube into isolated multiple
parts to maintain the same pressure

c) Filtrating, sterilization methods

On the space settlements the odors representiamegbr problem. In order to
escape from it, on DACIA'S we use "Large fans"(2 pach segment of torus). In this way
the air is permanently filtered, sterilized (inghvay the bacteria that provide the unpleasant
odors can'’t spread anymore) and odoriferous (grfithbued in aromatic oils of rosemary,
mint, lavender, depending on the resident’s prefgethey can also buy different aromas for
their personal use, at home).

The atmosphere filtering process has an extra falituV treatment, through a
special structure “Quartz module” situated on thetial axis as seen in picture 7.1.c.1. The
benefits of this method are that bacteria and athieroorganisms are killed, because of the
sterilizing effect of the UV. The windows are mauejuartz glass that is penetrated by the
UV radiation at high concentration and therefore phocess develops really fast.

Fig. 7.1.c.1

The air is constantly filtered through pumps atigéifs with active carbon. In houses
and in public spaces there are sensors that pentiasbow the parameters of the air:
composition, temperature, pressure and relativeditym
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In the agricultural areas that have plants withspssous green mass, the water
resulted from the perspiration process is collebiedpecial filters and used for drinking
because it has a high level of purity.

To avoid the atmosphere contamination of the esgidl area, people that work in
the industrial area or people that come from oet#l@ station use a sterilizing,
decontamination system.

This is a very important protection method, becasteroid, Moon workers, as well
as engineers from the industrial areas, researcherpollute the residential environment
with different substances. On the other hand DAGIAas an active tourist activity and Earth
tourist, or from other space settlement can brpigeamic, contagious diseases. That's why
all people that arrive through space port are sedfy a “disease computer” that tells you
the present activity of tour body and are givenDagian bracelet that is communicates with
this computer by Bluetooth connection.

“DACIA’S Decontamination system” see picture numBel.c.2 is adapted to both
ways of human direction transport and have herngetass, air filters that stop the air
exchange between residential area and peopledhs from industrial, space ports etc.

When people want to: - leave the residential aresy, enter the hermetic door, pass
through a sterile air room that permanently filiéssatmosphere (air decontamination
system).

tgethe residential area, they have to pass thrahginging
room number 1, where they have to get off the waykiniform, costume, or the unsterilized
cloths. The next room that they have to visit s $hower. This water decontamination
technique is very useful and practical as welhasrtext room changing room number 2,
where people get new cleaned cloths, that doniessmt any danger for DACIA’'S
community.

The rules on the settlement are very rigorous aomeg the hygiene, health and
comfort of the residents, but it is not difficuit &dapt to this high evolved civilization.
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“DACIA’'S Decontamination system”

Il Hermetic door

— Air decontamination
system

Residential to
industrial path

== Industrial to
residential path

= Passing corridor

[ Changing room 1
B Changing room 2

B Shower

Fig. 7.1.c.2

7.2 Light:

On DACIA’S we use artificial light in the resideatitorus, in spite of the fact that natural suriligh
seemed beneficial for human health. In order thdmdthy it must be provided through quartz glassiaws,
but the UV radiations are too concentrated in theospace and many health problems may appearasunes
of protection are not taken. For health reasonsffez the possibility for each resident to spentr@nutes
daily in the “Sun bath &Stars room” described atiBer facilities.

That's why the residential areas’ walls are covénéavhich is in fact a white dye that reflects the
colors of the projection. The residents feel thaythave a natural Earth sky above their headsgslthat move
on the sky, starry nights, which are in fact ndtumages, live taken from Earth.

The light during the torus day, the residents usebtained from the “smart dye screen” reflectibime
environmental sound of the residential area israhtlive recorded from Earth’'s woods, lakes, rivékge don’t
use the weather and climate simulator because ineithis a waste of money and water.

Inside the agricultural area we use artificial tiffr animal rising and for plants filtered in redblue
glass, because they are more productive and grsterfd they receive light in this spectrum.

7.3 Water management

Each resident has a quantity of 25| of water ahkisdisposal daily. Besides this, the
industry, research activities, agriculture animalksihg and growing of plants also need this
vital element. A water cycle must be created ireotd simulate the conditions on Earth The
total quantity of water that DACIA’S needs for lifi@aintenance activities is 24 000 000
liters.

Its quality is very important for the resident'satté and that's why we have proposed

means of providing it as pure as possible. The miagerovided through pipes from the light
industry area, where it is filtrated in several sayultifiltration, sand filters (made of lunar
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regolith), that transform raw water into potable@vaThis method does not require chemical
substances or electricity. A hypogeal layer is tm@at the top of the sand layer. It contains
bacteria, fungi, protozoa, rotifera and other nocganisms. After water passes this layer it
does not contain any patrticles of foreign mattpectes of algae, water filtrating plants (ex:
water lilly that loves zootehnic polluted watersldras important economic uses in obtaining
furniture) have an important role in the filtratiprocess, as well as the UV radiation, that
sterilizes. The Sun emits ultraviolet radiatiorthe UVA, UVB, and UVC bands, but on
Earth, because of absorption in the atmospherelsedayer, only 98.7% of the ultraviolet
radiation that reaches its surface is the UVA. HereDACIA'S we have avoided to use
artificial ultraviolet radiation, because we caunally benefit from it. Therefore we have
designed an “UV water belt” of 1.5 m wide, embeddethe solar panels layer at the exterior
of each torus (see picture 7.3.1). It is madetoh@sparent material to vacuum UV
wavelengths, preferable Silica or quartz glassir@rg glass is easily to obtain on the Moon
factories, but it is partially transparent to UNdAd opaque to shorter wavelengths.

Exterior design of the system: “UV water belt”; the last
phase in the process of water filtration and sterikation.

/\/

“UV water belt” I=1.5m “/ I- hi h_
glass, high rays

concentration filters
_plus protection using
automated systems a
.robots' ———

Solar panels

A

Fig. 7.3.1
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There are two reservoirs of water storage andilligion on each light industry area, under
the residential area. The first type of filtratigrdone here, the primary one, previous
described, and the second one, through UV radiafibese reservoirs are disposed 2/each
segment of torus (see picture 7.3.2) and communiedh the “UV water belt” by water

pipes, that penetrate the settlement’s wall strecflihis system is carefully protected by
robots and microbots, because water is one of the# iMmportant substances that we use.

Residential water recycling map

[0 Residential area B Primary filtration and residential water storage

B Transport and plumbing (15m) [ Second filtration process: “UV water belt”
[J Light industry area & storage  [j Protection shield & wall structure

Fig. 7.3.2
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7.4 Waste management:

Everything on our space settlement DACIA’'S mustibed rational. The main
condition is to use the reduce-reuse-recycle cy@@ple must use only what they need in
everything that they do, without any excess. Whamething is not needed, people have to
think at another way to use that object or mateaiatl only in the end, when it has not got
any use, it can be recycled. With the help of macganisms, some materials decompose.
Organic materials can be recycled with the helposhposting. Compost can be used as
fertilizer in agriculture. For zootehnic solid waste use bacteria and worm, together with
inorganic substances, to obtain again soil andmatits that were used in the process of
growing and rising.

Materials as plastic, aluminum and glass must Ipesiein special places, collected
and melted. One of the recycling methods combi@sincineration plastic disposal
technology using TiO2 high grade materials recovemecycle old home appliances. The
method uses unique mixing and carrier systemsallaw plastics to contact the catalyst
efficiently for gasification, leaving the valuabieetals. As the catalytic reaction of TiO2
generates heat to promote gasification, an additioeating source is not required in the
process. The method uses cooling water to maitg¢anperature (500 C) for optimal catalytic
reaction. The subsequent heated water from theepsozan be used for other purposes.

A bacteria used in our waste management can bré&hg1,1,1-trichloroethane),
making it a cleaner substance. TCA is used as sbinaylue, paint, sprays and industrial
degreasers. It is found in water and in the groltrelzaporates and appears in the
atmosphere. It can also appear when different anbss decompose and interact. This
bacteria removes chlorines from TCA and producésrclthane, a not so toxic substance
that can be absorbed by land. The bacteria usesaB(eople breathe oxygen.

There are also experiments that are done on DAC# &search activities that
study the invention of a reactor which transfornast& into energy. It utilizes bacteria that
feed with wastewater also studied in the “Cylindrioio lab” at the GMO section. See
section 9. Scientific Laboratories. For a populaid 600 000 the DACIA’S health
protection bracelet that supervises their mediaghmeters, knows also when a human is
dying. The settlement’s rules state that he mustdeel as a soil fertilizer (this is done by
bacteria), his bones for bone glue, his fat musidszl as a soap prime material, and his
organs and tissues for transplantation. This iotileg compromise that the residents should
assume for reintegrating in the DACIA’S natural leyc

bacteria
CoHsCl3 » C,HsCl
Organic matter that remains in soil after decontpwsi

Putresceina HN-CH,-CH,-CH,-CH>-NH,

Cadaverina b‘N-CHz-CHz-CHz-CHg-CHz-NH2

CeH1206 Sacharomyces Cerevisge  PIgOH + 2CQ (fermentation)
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The hydrolysis for soap obtained from human or ahifat can be done in alkaline
or acidic medium:

C H,—O—-CO-R C H,—OH
| | R—COOH
C H-O-CO-R +3H,0+=C H—-OH+ R —COOH
| | R" — COOH
C Hy—O—CO—R" C H,—OH
C Hy—0-CO-R C H,—OH
| [ R — COONa

C H-0-CO-R +3NaOH —C H-OH + R —COONa
| [ R" — COONa
C H,—0-CO—-R" C Hy,—OH
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DACIA’S is the most important industrial centerBarth orbit. It is the first outpost
and serves as a primary construction site for &toolonization of space. When the
settlement construction is finished, it can immaaliabegin construction of new settlements
and spaceships. This way further colonization @fcepwill be faster and cheaper because
DACIA’S provides all necessary facilities for thenstructions, at a lower price than
importing the components from Earth.

Heavy industry is located on the central axis sb tieavy masses do not influence the
settlement’s rotation or will be easy to correahgsmaller masses in the torus sectors. Here,
people also work, study and perform research inGae@vironment because of the close
position relative to the rotation axis. This impesvmaneuverability of heavy objects and
some technological processes are easier to peifofis. Another advantage that could be
used is that outside each industry chamber is vacwiich is useful for some technological
processes. For example, rather than pumping alithaut from the inside of a given volume,
we use the vacuum outside; we obtain fast and ch@@pum inside bags for better
conservation or for best thermal isolation.

8. INDUSTRY:

8.1 Industry layout

DACIA’'S has a modular organization of
industry, so each factory can attach itself to the
lattice, positioning itself close to resourcesrat@ L LI
areas, spaceports and other factories which depend \
on its production. The shape of the industriaidatt Y~ Spaceport
resembles different radius cylinders, as preseinted : Central axl
picture 8.1. Depending on future businesses and [ —
contracts, these can easily be expanded to enable
the construction of larger spaceships, settlements,
or just to increase the number of industry module. i
Each industry module is an individual room, or just ] Heavy industry
an empty space defined by beams, separated from lattice
the other ones and from the torus sectors, so
vibrations, noise and any possible pollution caused T
by accidents will not reach any of the inhabitable
areas.

The activities performed in the Industrial
area are mainly mechanized and robotized, and the &
human role consists of supervising operations or/LLLI 110
when needed, conducting special operations (such Fig. 8.1 Heavy industry
as custom making of new components that would center layout
require a lot of input data to produce a uniqud)par
People will still need to perform research, testne
concepts and designs, explore the outer space anduwer machines and program robots.
This way, the inhabitants will have work place&eéep them busy and assure their wages.

Stations

Industry modules
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DACIA’S is a powerful industrial center in Earth@rbit, capable of processing
minerals extracted from extraterrestrial sourceginiy the Moon and nearby asteroids. The
main income comes from building complete, new, torgisettlements, mining bases on the
Moon or other celestial bodies, construction ofcgsaips and selling of material, fuel and
other goods to other settlements or spaceships.nids important industry modules are
those that manufacture cargo and passenger spasesbbots, spare parts for different
vehicles and standard settlement components. Terdndy of different components is done
by mobile industrial mechanical arms which are assisted by small industrial robots that
were also used in settlement’s construction (BeddBuand Ant Builder — see section
Construction Stages — construction devices).

Other modules are mass-producing solar panels wsliogtes extracted from the
Moon base, or assemble future settlements, takivgrdage of its position relative to the
Earth’s (thus a low price when importing elememntsf Earth) and all robots available in the
industry. There are some modules specialized inufaaturing fuel cells, which are needed
for most robots and spaceships, others in hydmlyswater into oxygen and hydrogen, both
needed for spaceship propulsion; the last onecsgresses the gases and transforms them
into liquid oxygen (LOX) and liquid hydrogen (zH- thus the volume needed for fuel
storage is minimal. Other important industry charabare those that manufacture and
perform maintenance for the Cargo Ships, Transpoips, Earth-to-Orbit and Orbit-to-earth
spaceship, spaceships that provide the active qiirmteof the settlement, along with spare
parts for easy and quick reparations.

8.2 Heavy industry factories

Component name Radius | Height (m) Number of Volume ()
(m) components
Major cylindrical lattice 600 517 3 1753250400
Medium cylindrical lattice 400 260 4 522496000
Minor cylindrical lattice 200 380 2 95456000

8.3 Light industry

All the technology, machinery and systems requicechaintain autonomy and sustain
optimal conditions are located under the resideati@a (see torus section at 10. Agriculture).
This includes the factories which produce all threxassary daily items for the 25 000
inhabitants inside each torus sector. Light induatso produces and maintains robots that
construct, repair or perform surveillance of theghborhoods.

Storage areas are available for storing raw madefa the factories (these were
transported in large quantities from the centralegoor goods resulted from processing of
these materials; DACIA’S will always produce mohnart the required amount, so if anything
gets broken there is no risk in running out of imi@ot goods. These can also be traded with
other ships, thus increasing the settlements income

Systems and robots that assure plant growing ircwdgrre, the air-filtering systems,
waste management and recycling units, and all ihatecessary to maintain a safe and
pleasant environment are also located insideighé industry area.
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The main resource sources are the Moon-mining laask other celestial bodies
captured by spaceships, but most of the resoureeskdained from recycling all the waste
products. Any non-degradable materials are useddonsolidate the settlements shield that,
inevitably, is damaged by space debris.

The Moon base is an important part of DACIA’S intlydecause it provides us with
all the resources need for maintaining optimal kfenditions and performing industrial
activities. This base will prospect and mine MINHE®XORES from the Moon, using its
robots and facilities. The main ore extracted fittve moon are silicates, the raw material for
fabricating solar panels. This mineral will be sparted to the settlement with Cargo Ships
and the heavy industry will manufacture solar pdimst for the construction of the colony
and then for selling these to ships and futurdeseéints. For more details, see section 4.1
Lunar facilities.

Industry has an important role in DACIA’S futurechese is the main income source
by manufacturing spare parts, solar panels, rolsgaceships and new settlements for
expanding human exploration in space and spacenizakion, by providing sources of
materials and robots for the colonization of theoklo

8.4 Resources
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9. SCIENTIFIC LABORATORIES
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9. SCIENTIFIC LABORATORIES

One important aim of our space colony DACIA’S isearch, therefore were build
special biology laboratories. Their aim is to adalphts and animals easily, in order to earn
money from their trade with future colonies. We é&v discover the reaction of bodies (of
human, animal, plant) health in time, the reasdo tselp the next space settlements and our
residents that supervise the mining on Moon anetaisis.

There are three types of biology laboratorieshensettiement. The first one is
situated on each of the 45 floors of the agricaltarea, it has permanent 1 g gravitation and
its aim is to check the health of plants, animassyell as food safety. The second type of
laboratory takes advantage of variable pseudo-tyréearels from ~0 to 1g with
approximation. This is possible due to its movensystem. There are 4 ,Cylindrical bio
lab”. Two of them are situated on the 2 of the 8kgs from the first level of torus named
Dacia and the other 2 on the spokes of the se@wadl bf torus named Daciab, all of them
disposed symmetrically to avoid the consumptiomofe fuel. There are also 2 ,Cylindrical
industrial laboratories” on the 3 rd level of tonemed Daciac where important industrial
research is done. Biology and industrial laboratoviere also refered as “Moving cylinders”
in construction sequence.

Important researches for the evolution of the huiygings are made in these
laboratories. There are planets like Mars thattmmhabited and even terraformed, but one
of the crucial problems is the lower gravity and fact that we cannot adapt to it yet. For this
reason we study the human, animal and plant brgedeslth, quality of life, raising/growing
in the ,,Cylindrical bio lab”. We also want to séevie manage to obtain genetically modified
organisms (GMO) between 0.2-0.5-0.7g. Geneticallyirreered organism (GEO) is an
organism whose genetic material has been altead gsenetic engineering techniques.
These techniques are generally known as recombiDidAttechnology. With recombinant
DNA technology, DNA molecules from different sous@re combined in vitro into one
molecule to create a new gene. This DNA is themsfieared into an organism and causes the
expression of modified or novel traits. But is thassible in microgravity?!

A number of 400 specialists work permanently irftston the 4 “Cylindrical bio lab”,
100 workers/each (see picture 9.a). Their aim sufervise the evolution of plants, animals,
microorganisms, bacteria in special conditiongfef Important attention is accorded to the
water species like fish, jellyfish and shells. THée development, health condition in lower
gravity is a strong point that we have to studywal as its effect on living organisms,
including cellular and tissue development, metanolibiological functions and growth. We
may discover something innovative, in order to adlagm. Some of the experiments refer to
different species that can survive in lower puess@areas (example: species of bacteria and
animals that live in caves). Some of the water iggdike fish, jellyfish, and shells are grown
in water sphere pools and studied. Another questiones... do they really need water in
lower gravity in order to survive?! Maybe an atmuse with 85%-90% humidity is enough
for their survival, since the water is used onlygwimming, although the fish breeding
through spawn and milt may seem impossible withater...

It is also interesting to study the reactionrofjs and their jumps in 0g. One of the
most important properties that frogs have is thepg® glue”, obtained if their skin is slowly
electrocuted. Some of the flying birds need a magfield in order to organize their
migration and survive, but it is still interestitgsee how they can adapt in lower gravity,
and how does our artificial magnetic field aganastiation affect them.
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Important medical researches have been made betppeox. 0-1g. Some of the
human health problems that need the physiciangsvettion through operation develop,
better between 0-0.2-0.5g, because the bleedirglicced and the blood can be recollected if
the atmosphere is sterile. There are still expertmthat try to discover the hidden points of
this innovative technique. Until now important amlements have been obtained. The
humans’ sexual relationships in lower gravity dsma studied theme and an entertainment
activity that the Dacians benefit of. Researchgrsa find out how does the human embryo
react and develop and if it possible to beget dtlineahildren in these life conditions. It is
obvious that the first experiments will be doneamimals and if they prove safety the first Og
Dacian will be born.

»Cylindrical bio lab*
GMO & entertaimment

Water species raised in water spheres

=
|
[] Waterspecies raised in 80-90% humidity spheres
[[] Medical research

|

Plant growing research

B Animal rising research

Variable pseudo-gravity(between ~0 and ~1g)

Fig. 9.1

The two ,,Cylindrical industrial laboratories” onel8rd level of torus (Daciac) allow
important industrial research and the developmetiteotechnique used for mining. There
are 200 engineers and specialists that work itisshifd survive the activity permanently.
Some of the processes require almost 1g for theepsoof sedimentation, others do not. In
this way we discover practical means of labour dbineugh robots and automated systems
and new building materials. There are also physiesmistry, engineering and automation
laboratories. Their workers are experts and sciemme that collaborate between departments
and have great technological achievements. Thetypedof laboratories are the ,,0g spherical
labs”, located in the industrial cylinders from ttentre of the settlement. Its host different
experimental activities (chemistry, physics, engimgg) and processes that need Og
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gravitation. The most important fields of reseaite the studies of : the solar radiation; the
cosmic rays; phases change of the substancesanv@gnment; the solar energy storage;
the usage of the solar energy for the interplagdgtansport; the vacuum ,energy”;
alternative new energy Helium-3 from Moon; combusfphenomena; solar sail see picture
9.2.

Fig. 9.2
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10. AGRICULTURE
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In order to create a well-balanced ecosystem farmdimited term, DACIA'’S life support
system needs stabilized and optimal life-support system thatilddoe based on a combination
of physical, biological and regenerative proces$isasare well integrated, this is exactly what
happens on Earth but at a large scale. The Daniet a safety and comfortable life, so this is
what the settlement offers them. A great varietfoofl, good hygiene, multifiltrated plus UV
irradiated potable water, waste management, brelatialtra ventilate) air and also permanent
and automatic medical care for all the residerdgsgihigh-tech devices (bracelets).

Agriculture is the production of food, feed, fikard other goods by the systematic
growing/harvesting of plants, animals and other fidrms. Agriculture has played one of the
most important key roles in the development of hesndecause it produces the O2 in the air
through plants, the food from animals or plantsl also the medicine, chemistry research is
done through them. Correct nourishment is an eséeondition for a healthy population
and being healthy does not mean only “not beirighlit also a physical and mental mood of
well-being. In order to create the proper condsgidor them to develop, we have proposed
special automated systems.

10. AGRICULTURE

10.1 Chemical properties of soil and chemical reaats:

The weathering of the parent material by water rd@tees, to a large extent, the
chemical composition of the soil which has ultinhateeen produced. Some chemicals are
leached into the lower soil layers where they aadate. Other chemicals, more insoluble,
are left in the upper layers of the soil. The nmagtid removed chemicals are chlorides and
sulphates, followed by calcium, sodium, magnesimah potassium. The silicates and oxides
of iron and aluminium decompose very slowly and rarely leached. When some of these
products come into contact with the air in the ,sclhemical reactions occur, such as
oxidation in particular, which results in the fortioa of chemicals either soluble or
insoluble.

Soils may have either an acid or an alkaline reactor may be neutral. The measure
of the chemical reaction of the soil is expressgitdbpH value. The pH value varies from 0
to 14, with pH = 7 indicating that the soil has eutral reaction. Values smaller than 7
indicate acidity and values greater than 7 indiakalinity. The further from the neutral
point, the greater the acidity or the alkalinity.

For good productive conditions, the pH value of ¢gh@oil should be neither too acid
nor too alkaline. Preferably, it should be in thege of pH 6.5 to 8.5. Soils with a pH value
lower than 5.5 are too acid and soils with a pHigajreater than 9.5 are too alkaline. They
will both require special management techniqueskviwill considerably increase the costs
of fish production. If the soil pH is either lowéhan 4 or higher than 11, it should be
considered unsuitable for the construction of palilces or for use as pond bottom. On
DACIA’'S’s we have an atrtificial soil regolith, obteed through weathering, it has a neutral
acidity and alkalinity.

65



Closely related to cation exchange capacity idtse saturation, which is the fraction
of exchangeable cations that are base cationd@.a< and Na). The higher the amount of
exchangeable base cations, the more acidity caedealised in the short time perspective.
Thus, a site with high cation exchange capacitgsd&nger time to acidify (as well as to
recover from an acidified status) than a site witbw cation exchange capacity (assuming
similar base saturations). The long term resistémeeidification, however, is determined by
the weathering rate.

10.2 Base saturation:

In soil science, cation exchange capacity (CE@)aescapacity of a soil for ion
exchange of positively charged ions between thHeasal the soil solution. (A positively-
charged ion, which has fewer electrons than protsrishown as a cation.) Cation exchange
capacity is used as a measure of fertility, nutnietention capacity, and the capacity to
protect groundwater from cation contamination.

The quantity of positively charged ions (catiorigtta clay mineral or similar
material can accommodate on its negatively chasgefdce, expressed as milli-ion
equivalent per 100 g, or more commonly as milligglent (meq) per 100 g. Clays are
aluminosilicates in which some of the aluminium aiion ions have been replaced by
elements with different valence, or charge. Fomg{a, aluminium (Al") may be replaced
by iron (FE") or magnesium (M), leading to a net negative charge. This chargacas
cations when the clay is immersed in an electradyieh as salty water and causes an
electrical double layer. The cation-exchange capaioften expressed in terms of its
contribution per unit pore volume, Qv.

Regardless of your perspective, redox reactionggpertant aspects of soil
chemistry. Redox reactions change the speciatidrsalubility of many elements, create
new compounds and alter the biochemistry of soils.

In a complex mixture such as soils the interpretatif redox relationships is difficult.
Since the dynamics of soil oxygen which drivesc¢hanges in redox potential are rapid,
equilibrium may not be attained. From a thermoclsényniview point redox is not at
equilibrium, because all of the energy yielding pands by definition contain excess free
energy and are unstable with respect to carboridiaand water. Processes which reduce
oxygen levels and decrease redox potentials averdly microbial consumption of oxygen.

Conditions necessary for lowering redox potentiadtude, a source of decomposable
organic materials (energy source), a populatiomiocfobes capable of utilizing this energy
source for metabolism, and a restriction on thapply of oxygen. These requirements are
not uniformly distributed in soils and sedimentBu$, redox reactions and redox potentials
are not uniform throughout the soil matrix. In fagtdox potentials are highly variable and
therefore are best used as an indication or relatatus of the soil.

Fe* +e- «—» F&
Fe (OH)3(S)——> F& + 3(OH)—

Fe(OH)2(S) —» FE+2(OH)—
Photosynthesis
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Most plants are photoautotrophs, which means et are able to synthesize food
directly from inorganic compounds using light enerdor example from the sun, instead of
eating other organisms or relying on nutrientswatifrom them. This is distinct from
chemoautotrophs that do not depend on light endngiyise energy from inorganic
compounds.

10.3 In plants:

6 CO+12 HO — CeH1206 + 6 O + 6 HO

The energy for photosynthesis ultimately comes fedasorbed photons and involves
a reducing agent, which is water in the case aftplaeleasing oxygen as a waste product.
The light energy is converted to chemical energyo(n as light-dependent reactions), in the
form of ATP and NADPH, which are used for synthe&actions in photoautotrophs. The
overall equation for the light-dependent reactionder the conditions of non-cyclic electron
flow in green plants is:

2 H,O + 2 NADP+ + 2 ADP + 2 Pi + light> 2 NADPH + 2 H+ + 2 ATP + ©

Most notably, plants use the chemical energy t@disbon dioxide into carbohydrates
and other organic compounds through light-indepehdeactions. The overall equation for
carbon fixation (sometimes referred to as carbdagion) in green plants is:

3CQO, +9ATP + 6 NADPH + 6 H+ C3H603-phosphate + 9 ADP + 8 Pi + 6
NADP+ + 3 HO

Plants absorb light primarily using the pigmentocbphyll, which is the reason that
most plants have a green color. The function abrdhyll is often supported by other
accessory pigments such as carotenes and xantlo@yth chlorophyll and accessory
pigments are contained in organelles (compartmeitlgn the cell) called Chloroplasts.
Although all cells in the green parts of a plantdahloroplasts, most of the energy is
captured in the leaves. Plants use up to 90% dfghethat strikes them, whereas
commercial solar panels use less than 30 %.

10.4 Plant growing

The life of plants is as important as the lifgpebple that inhabit DACIA’S, because
it produces @and nourishment from simple compounds such ag Bf. To the
maintenance of the balance of life on the settldérmpkamts are essential if they receive
optimal conditions. The most important factors ihéitience their growth are the nutrients
(minerals, C, H, M O,, P,S), the soil and the climatic conditions (terapgre, light,
atmospheric composition) so that the processebatbgynthesis, circulation and respiration
are more efficient The Dacic soil is very importamplants, because it offers both support
and almost all nutrients. It is impossible to uatural Earth soil because it takes millions of
years of development making manufacturing almogbssible, and its transportation from
Earth would be very expensive. The conclusionas we use artificial soil that has similar
properties as the natural one. It resembles tduti®o, which contains both organic and
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inorganic molecules. The artificial soil will hat®o main components: a biotic one (plant
roots, solid organic waste and other organisms,bikcteria, worms, needed to maintain the
soil balance) and an abiotic component. The abeaatiaponent like the natural soil-
providing support and space for water and othesotiied compounds -like nutrients, sand
(silica)-small quantities, calcar (Ca@&mall quantities, nutrients, lunar/ asteroid itggo
and organic detritus (in small quantities). An aggr depth of 1-2 even 3 meters will be
sufficient for all type of plants grown on the stat The soil will stay on an impenetrable bed
for all substances solved in earth. Special desigygstems establish the quantity of water
and amount nutrients each plant needs (by theactitbn to the negative charged membrane
of the root absorbing cells) depending on the agktygpe. Nutrients are absorbed by plants
in their ionized form (K+, Cl-, M+, Mg:+, Fe+, Fe+, Cw+,Cat, (NGs)-, (SO)2- or as
gases (CQQy) or liquids (HO) through osmosis. There are two major groupsutients:
macronutrients (which are required in large amou@afgprox. 1 mg per gram of dry mass: C,
H, O, N, P, S, K, Ca) and micronutrients (100 micper gram of dry mass: Cl, Fe, Mn, B,
Zn, Cu, Ni), obtained from the Moon and asteroiding. Plant roots manifest a certain
degree of selectivity. However, the mineral compasiof plants often reflects the
composition of the soil and water in which theywyroneaning that some minerals that are
not necessary for plants can accumulate in thely bbor example the nutritional value of
fruits and vegetables may vary depending on theposition of soil.

We have proposed a system named hydroponics fog speties of plants is growing
crops in nutrient enriched water. Terrestrial pdamety be grown with their roots in the
mineral nutrient solution only or in an inert meaiusuch as perlite, gravel or mineral wool.
In natural conditions, soil acts as a mineral eutrreservoir, but the soil itself is not essential
to plant growth. When the mineral nutrients in $lod dissolve in water, plant roots are able
to absorb them. When the required mineral nutriargsntroduced into a plant's water
supply artificially, soil is no longer required ftire plant to thrive. Almost any terrestrial
plant will grow with hydroponics, but some will detter than others.

Aeroponics is another process of growing plantsjiban air or mist environment
without the use of soil or an aggregate media. penac culture differs from both
hydroponics and in-vitro (Plant tissue culture)wgirtg. Unlike hydroponics, which uses
water as growing medium and essential mineralsstag plant growth, aeroponics is
conducted without a growing medium. The word aenap@s derived from the Latin
meanings of 'aero’ (air) and 'ponic’ (work). Aenopayrowth refers to growth achieved in an
air culture. In an aeroponic system the plant's zooe is suspended into an environment
where the roots protrude into an atomized nutgehition; the leaves and crown, often
called the "canopy", extending above. The roothefplant are separated by the plant
support structure. The lowest stem and root systensprayed or misted for short durations
with a hydro-atomized pure water/nutrient solutiBrants t are the basis of the station’s food,
air and water self-sufficiency and the only wayD#CIA’S survival overtime. It is
suggested that plant growth must be organizedantmhambers using artificial light in the
specific spectrum (red and, or blue). Light is esiséfor plants and they cannot live without
it. It influences circulation and its absence presghotosynthesis and the plants die. Light is
one type of electromagnetic radiation, a form adrgy that behaves like both a particle and
an oscillating wave, straining the human abilitygpresent natural phenomena realistically.
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The advantages that these techniques presenti@/gatlitional agriculture are the

fact that most plants produce more in less timesamdetimes of higher quality than using
the soil, it uses less water and we don’t neeatbp rotation anymorésee fig 10.4.1).

Fig. 10.4.1

The nutritive substances are divided after theicfion in: nutrients with catalytic
role (vitamins, minerals, which influence metabegactions), nutrients with energetic role
(glucids and proteins, which provide the vital gy3r nutrients with plastic role (proteins,
used to repair cellular structures). The tablelah{s cultivated on the settlement shows that
the diversity is required, in order to avoid thgg®logical problem of appetency for an
.Earth product”, or the counter effects that a léagn diet may cause with the lack of some
minerals and/or substances. Medicinal plants angiwgoortant for the Dacians’ health and
industry. The settlement offers the possibilityhe residents to order and buy from Earth
whatever plant they wish, with some exceptionsgtaio and drugs) because DACIA’'S must
be inhabited by healthy people, since their medisalirances are very high.
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Table of plants cultivated on the station

Wheat Triticum

Maze Zea mays

Barley Hordeum vulgare
Oats Avena sativa
Soybean Glycine max
Rice Oryza sativa

Rye Secale cereale
Sunflower [ Helianthus
annuus

The fruits are also integral aliments to our heahil therefore a few species were
proposed, with the possibility of enlargementrienu if the Dacians request it.
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Name (fruits) Latin

English
Lemon tree | Citrus limon
Apple tree Pyrus Malus
Orange tree | Citrus sinensis
Watermelon | Citrullus lanatus
Hazelnut tree | Corylus avellana
Pistachio tree | Pistacia vera
Strawberry Fragaria xananassa

Fig Ficus Carica
Grape-Vine | Vitis Vinifera
Coffee Coffea canephora
Cocoa tree Theobroma cacao
Apricot Prunus Armeniaca
Sweet cherry | Prunus avium
Pomelo Citrus maxima
Tangerine Citrus reticulata

There are also species that are grown on DACIA&bse of their economic
multiple purpose: health, confort, odour, textildustry etc. On DACIA'S we encourage the
use of natural products and a healthy diet. Theharatature offered us all that we need on
Earth in order to have a beautiful and healthy life have just to redecover and understand
their purpose.
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We offer the possibility to our residents to enfjbg beutiful surroundings in beautiful

parks with flowers and fruit trees.

10.5 Animal rising

In order to satisfy all the tastes and human né&eesson DACIA'’S there are also
raised animals, even if our studies have showedtkeat is unhealthy (cancerous because it
contains deuterium that contributes to the agemggss of the organism). For psychological
reasons we ignored the option of a perfectly usafdl beneficial vegetarian diet in order to
attain a rapid adaptation of the Dacians. So weauiet based not only on vegetable but also
on animal protein. The residents must have an adedgliet, the food must be nutritious,
sufficiently abundant, and attractive. It shouleshsist of 2000 g of water, between 500 g —
600 g dry weight of various carbohydrates and &@so 70 g dry weight of proteins, and
adequate quantities of various minerals and vitamihe importance of the psychological
aspects of food should not be neglected. The yaaued types of food should reflect the

cultural background and preferences of the colsnist

Fish is also available because it has high ess$&fiteamins and nutrients and it tastes
wonderful. Seafood can be an important part adlariced diet for pregnant women and

those of childbearing age who may become pregnant.

Breed

Calories
Advantages Amount]g) (kcaly

Awvoid the suffering from high blood pressure 1an 42
Vitamin B 12 and niacin 100 105
B ody builder; excellent source B 12 100 135
Source ofmagnesiwm and iron Lan 113
Ezcellent source; plentiful in niacin, thiamine, &n 100 145
Among the healthiest choices of finfish, may lower

triglycerides and breast cancer risk. 100 223
Excellent source of Vitamin B-12, iron, Vitamin B -

fi. 100 170
Vitamin B-12 rich 100 178
Vitamin B -12 rich also great source of Vitamin C,

folate, omega-3's and riboflavin. 100 118
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Protein rich.

Fich in sodium 100 121
Excellent source of Vitamin B-12. 100 a7
source ofiron and witamin A 100 146
Source ofiron, magnesinm and Vitamin B -12. One

of the lowest in fat marine foods 100 234
Total fat 1 g .saturated fat 0,2 g, cholesterol 113 mg, 100 70
sodiuvm &0 mg, carbhohydrates 0,0 g, protein 14,7 g,

witamin A 1% witamin C 1% iron 1%, calcinm 5%

source ofiron zincand magnesium 100 150
all B complex vitaming 100 Flli




Eeproduce guickly and their fur has industrial uses
Wool for clothes and source ofmilk and meat 10a 234
source of milk rich in proteins and source of meat 100 143
Their feathers are used for pillows 40 40
Their feathers are used for pillows

1na 234
Their feathers are used for pillows

140 182
Good source of proteins 24 30
Are economical and their eggs don’t have counter
indications 0 14
source of proteins 70 129
source of milk and dairy products oo 108
source for dairy products 100 60

The animals are raised on 15 floors of the aguical area from each of the three
residential torus (see fig. 10.5.2) and also on,@indrical bio lab” (see fig 10.5.1).
Automated systems that use necklaces and/or btacalkeulate the necessary food and
water, needed by the animal during the day. Thraugier and feed pipes the food comes in
the animal’s cage. The same system checks thdihhbggiene, and selects the ones that
should be sent to the light industry, to transféinem in food.

“Cylindrical bio lab™

[[] Plant growing research

B Animal rising research

h=300n

h=150n

A
v

=400

Fig. 10.5.1
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Agricultural area from the residential torus:

[0 Agricultural area

has 15 floors for animal
rising and 30 floors for
plant growing, disposed
alternatively

[ Residential area
Bl Transport and plumbing (15m)

[1 Light industry area & storage

Fig. 10.5.2

10.6 Processing and stocking

Each floor has harvesting and storing facilitiestfee food products, done by the
agricultural robots or by the automated system#) bopervised by the human residents.
There are factories on each floor that pack, ahidetdhe products to their storage areas or
to the light industry area (through the infrastanetcorridors and lifts) for being cooked for

immediate consumption. There are also packagesitbaent to the spaceport area for the
Dacic ships or for trade.
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11. RESIDENTIAL ORGANISATION
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11 Residential organization:

Our residential design proposes equal distributibpopulation and residential areas
in all three torus’ eight sections. We considet®at the original population is represented in

this way:

o O O O

Married adults: 30% (average age 38, median age 35)
Single Men: 37% (average age 35, median age 36)
Single Women: 30% (average age 40, median age 35)
Children: 3% (average age 11, median age 9)

Thus, the population is divided this way:

Total One torus One torus section
Total population 600000] 200000 25000
Married adults 180000, 60000 7500
Single men 222000, 74000 9250
Single women 180000 60000 7500
children 18000 6000 750

In order to satisfy human needs, we created antine@a zone (see fig.11.1),
especially for people who work in shifts. For exdmpfor jobs that require 24 hours
presence, there would be necessary three shitggbt hours each. It is uncomfortable and
unhealthy to work over night. If between the threeis is an eight hours difference, then in
each torus is an individual who can complete th& dlring the day. In this way, all the
shifts are completed by people living in differéoitus, each person working during his own

day.

Fig. 11.1

08:00 am

04:00 pm
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Furthermore, people must go once a day in the taiim &Stars" room, for their own
health. All people can go there during the day, iuie meantime zone.

Instead of a government, DACIA'S has an auto adstiaiion system, based on
ability criterions. Each department, such as ingustgriculture, culture, etc, works on this
system and has some wise man to supervise alldtiena It is the best way to avoid
political fights.

Because of the big number of religions, we didnild churches. It is impossible to
build for everyone exactly the type of place whiengould normally pray, so it is better that
everyone has its own place of meditation.

Before getting on DACIA’S, people were carefullylessted, depending on their
physical and psychical particularities. Not onlyert but also their close relatives were
genetically tested, in order not to have predidmosito diseases. Even more, during years,
they were psychically tested and registered, sottigapopulation on the settlement would be
peaceful and healthy.
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12. HUMAN COMFORT
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12. Human comfort

12.1 Buildings:

In Feng Shui, round shapes facilitate energy flaigo, the Dacian spiral is the most
characteristic and tight symbol of the Dacian peo@imple, double or triple, the spiral
represents eternal life. Furthermore, the circleamsethe Universe without limits and its
circumference means mental tranquility.

The circle is the shape that covers the biggest laa®ing the smallest perimeter, and
the sphere is the body that has the biggest vohawig the least lateral surface.

Taking these into consideration, we created rouhdped buildings for our
settlement’s residents. The architectural thenteascircle, so we made variations using this
shape. The sphere is the most resistant body #bsiop, explosion and big pressure because
it has no corners, no fins that could diminish nésistance, so all buildings meant for
residents are round shaped.

12.2 Internal arrangement:

Due to the large number of people living in oneusdrsegment, each of the 24
settlement’s segments must be as independent agleosThus, each section includes the
following:

» Education:

- One school including: kindergarten, primary sdh@mcondary school and high
school. They are all at the same place, but haWereint entrances and schoolyards, so that
pupils learn in the same campus. Still they ardddiy, taking into consideration their
different ages.

- A museum or an exhibition place for tourists wigit DACIA’S.

» Entertainment:
- One stadium for contests, concerts or spectétésequire a large space.
- Theaters for performances.
- Sport halls for different trainings. They are ypalent, so that they can be used in
multiple purposes.
- Auditoriums for concerts or different activitisach as school feasts.
- Cinemas to show movies.
- Relaxation centers, including SPA, massage fet@eople psychological comfort.

* Medical:
- One hospital including different sections suchregernity, infant care, surgery, and
contagious disease, separately from the other ones.
- Each house has its own dressing case, for mowdents.

+ Parks and recreation

- Parks and open places with benches, flowers,bshand small trees, all for
increasing psychological comfort.
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* Housing
Number of| Number of houses in

Number of people houses each segment Note

1 (house type 1) 378000 15750
12000 houses where people
live together + 7800(

2 (house type 2) 90000 3750 houses where live couples
6000 families having one

3 (house type 3) 6000 250 child
6000 families having two of

4 -5 (house type 4) 6000 250 more children

Block of flats (house type 5) 800 33

All houses are spherical or cylindrical with ardhreof.

A spherical house is meant for one or two pergeas fig. 12.2.2 and fig. 12.2.3). It
has two floors: the first one is lowered with 1.fnam the center, so that on the lateral sides
the opening angle is bigger than’9Thus, at the second floor, the opening angldightyy
smaller than 90and the spacious impression is created (seeZig.1i).

Houses:
type 1: x=1.5m
type 2: Xx=2m

first floor radius

Fig. 12.2.1
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The blocks of flats are also made of spheres {ge@2.2.4 and fig. 12.2.5). It is well
known that the sphere is the only body which cassureounded by twelve identical bodies.
The central sphere is the lobby and the other ®vale the flats, all being in contact with the
lobby. We avoided having too many floors and toghhbuildings because of the effects of

the Coriolis force.

Fig. 12.2.4

Fig. 12.2.5
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First ~ Second First Second

floor  floor Terrain  floor floor Total Opening Garden
Houses Radius radius radius  surface area area area angle surface
Type 1
(1 pers) 4 3,87 3,7 100 47,03 42,99 90,01 1045 52,97
Type 2
(2 pers) 5 4,9 4,77 170 75,39 71,44 146,84 1015 94,61
Type 3
(3 pers) 7,5 7,5 0 300 176,63 0 176,63 °90 123,38
Type 4 (4-
5 pers) 6 6 6 320 113,04 113,04 226,08 °90 206,96
Type 5 (1-
2 pers) 5 4,9 4,77 0 75,39 71,44 146,84 101,5 0

Examples of interior floor plans for spherical hesigfig 12.2.6 and fig. 12.2.7)

Main
entrance

Fig. 12.2.6

Back entrance
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Fig. 12.2.7

A cylindrical with arched roof house is meant flour or five persons. It can have one
or two floors, depending on preferences (see f82.8 for interior plan and fig. 12.2.9 for
exterior view of the house).

Back
entrance

Fig.12.2.8

Main entrance
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All houses have a surrounding garden where peapieptant flowers or even some
consumables, or they can just use it in esthepieglose.

The triangle is the most resistant structure aamd form various shapes. All houses
are made of many triangles interconnected becausge tan be easily connected and
disconnected, which offers modularity possibiliti€eople can add or remove walls, can
change the doors places, and can move walls, yoctre change room sizes, depending on
their preferences.

Furniture is mainly represented by water hyacfathiture, because it is easy to grow
and it is ecological. It can also be product inibasapes, such as parallelepiped, which can
be joined in different ways, so it is also modular.
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13. ENERGY PRODUCTION AND
DISTRIBUTION
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13. ENERGY PRODUCTION AND DISTRIBUTION

In space, few sources of energy may be converteceiactricity in order to sustain
the settlement. These sources are solar energyyuaelar energy, from nuclear fission or
fusion. The latter requires complex technologies @so a continuous supply of materials.
Nuclear fission requires fissionable materialse likanium and plutonium, but also heavy
water which is used as moderator. Nuclear fisseguires hydrogen and the process itself is
very unstable. Taking these reasons into considerave have decided to use the sun as a
primary source of energy for DACIA’S space settlamélowever, we decided to use
smaller nuclear fusion reactors to provide eneagyships traveling long distances through
space (cargo and human transport ships).

Solar energy is much more easily to obtain, aftecipg all the required solar panels.
In order to acquire as much energy as possibldyave decided to cover with small modular
photovoltaic cells all the exterior of the settlethd®hotovoltaic cells are made of semi-
conductive materials and use the photovoltaic effetransform electro-magnetic energy
(waves) into electric energy. Each photon is alewily a valence electron, increasing its
energy so that the electron passes in the conduetiergy band, generating electric current.
However, according to quantum physics, only photdfieertain energy levels can be
absorbed in this way, so the efficiency decredsesrder to increase the efficiency, multiple
layers made of different materials with differeanld gaps are used. The technology is still in
progress, but we assume that the solar cells wsddXCIA’S settlement will have a
efficiency of 40%.

In order to calculate the total electric power ated from all the cells, we must
multiply the solar radiation intensity with theabprojected area covered with solar cells.
The total projected area can be approximated,abeaeen in the figure below, by a
rectangle with 6 additional semicircles.

A
r

A
r

Fig. 13.1
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The values and significations of symbols can lmdoin the following table:

Symbol | Significance Value
Vertical dimension € 4t + 2r) | 4328.427125m
R Torus small radius 750m
R Torus big radius 4500 m
S Total surface 4425700 m?>
E Solar radiation intensity 1380 W/ m?
7] Solar cell efficiency 40%
P Total electrical power 24,430,019,000 w (24,430 Mw)

For each of the 3 torus, inside each of the 8 sagsnin the exterior light-industry
area, there is an electrical power plant, whiclhecté energy from the solar cells disposed on
the exterior of the respective torus segment. There24 power plants, and for each, the
effective power is 1017 Mw (P/24). Because thdesatint is rotating, the instantaneous
power varies for each power plant. For this reaahipower plants in one torus are
connected to another main electrical facility, vwhigathers all the power, providing a
constant power current as output (direct current).

The DC output is partially converted into sinusbid@ at the main electrical facility,
and the sent to distribution facilities around tiweis and to the central AC distribution
facility placed on the corresponding central platfoThere are 8 AC distribution facilities in
each torus (one for each segment) placed insidaontight-industry area, responsible with
the residential area above the respective lighistrgt area and with the agricultural area
beneath. AC is preferred for interior usage bec#usas fewer losses through Joule effect.

The rest of the DC output resulted from the maatteical facility in each torus is
partially directed towards other DC distributiowmifaies inside robot maintenance areas and
inside exterior light industry area — for each segtmone facility for exterior robots, one for
interior robots and one for exterior light-indusémea — and towards the DC distribution
facility on the corresponding central platform. Rtsbwork with fuel cells, which require DC
for loading. Also, the exterior light industry araad exterior robots area are held
depressurized, at a temperature close to absglutkdre metals have small resistivity (close
to 0), so there are few loses due to Joule effect.
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The remaining DC output is directed to the magniéid generators, through a
series shield sustaining power plants. There issbiedd sustaining power plant inside each
torus segment, also placed inside the exteriot ligtustry area, and it sustains 6
AMSSWAS (Active Magnetic Shield Spatial Wire Arrargent System) disposed around the
torus segments. The electro-magnetic field hagtinpose of protecting the settlement
against high energy protons, electrons and othemgelal particles that form certain types of
radiation. The AMSSWAS are powered from insidelitpet industry area and are kept
between the Fe-Ti 70 layer and the superadobe, lay®w temperature (60 K), in order to
decrease the energy consumption.

For more details, see section 6.2 - Settlemerieption — Magnetic field generation.

Some power is also stored in the exterior lightistdy area through superconducting
coils and capacitors. The coils are kept in supetaoting because they are kept in void, so
all absorbed power through joule effect is radidtethe exterior. Some high power
capacitors are combined with electromagnetic ¢oiferm LC circuits, inside which
alternative current can be “stored”. The reasowfloich we store energy is represented by
eclipses that from time to time block the solahtighutting down the power. During eclipses,
all heavy industrial and spaceport activities dmat slown, and magnetic shields are reduced,
allowing all stored energy to be used for life-mamance functions and transportation. Solar
eclipses last for short time, they are rare andoeapredicted long before, so they do not
significantly affect the settlement’s operationsr Fore details about solar eclipses see
settlement’s dynamics — solar eclipses.

The table below describes the quantities of eleginwer directed towards each part
of the settlement.
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Power (Mw) Type Destination Purpose
900 AC Residential areas +# Illumination
infrastructure area 1 household,
transportation
800 AC Int. Light-Industry | Support of different
areas + facilities,
infrastructure area 2 illumination
transportation
900 AC Agricultural areas + Support of
infrastructure area 3 plant/animals
processing and
maintenance
systems,
illumination,
transportation
500 DC Interior robots area)  Fuel cells refilling
robot maintenance
systems
500 DC Exterior robots area  Fuel cells refilling
robot maintenance
systems
7000 DC Ext. Light Industry | Support of Electro-
area magnetic shield,
thrusters &
superconducting
coils and capacitors
10400 AC + DC Central Industrial | Support of systems
area and robots,
transportation
3000 AC + DC Spaceports Ships clamping

system, ships
moving and
maintenance
systems

91



14. OTHER FACILITIES
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People on our settlement enjoy a special parkataBarmisegetusa” (fig. 14.1), as
the town of the old country Dacia. It has big swtieat form three circles, which represented
the calendar of the autochthon people.

14. OTHER FACILITIES

Fig.14.1

Beside normal facilities that people have on E&D#CIA’S inhabitants also enjoy
0G particularities. One of the most important siual components of the settlement is the
“Sun bath & Stars” room. In one half of the roonople must go once a day and in the other
half they can go whenever they want, in order teehaeautiful views from the outer space.

14.1 “Sun Bath & Stars” room:

DACIA'’S offers to its residents and tourists thespibility of naturally observing the
Earth, Moon, asteroids, and stars. This facilitgrisvided by the “Sun Bath & Stars” system,
a pressurized room that has an opposite rotatiorement to the settlement’s, through
magnetic levitation system. it has also telescojes,record the images, live broadcasted on
the entire settlement and even on Earth, as negsd®8s this, it has another purpose: it offers
the possibility for people to sun bath, becausdeaadiation is very important for the
human metabolism. A positive effect of UVB exposigréhat it induces the production of
vitamin D in the skin. It has been estimated tbastof thousands of premature deaths occur
on Earth annually from a range of cancers duettorun D deficiency. Another effect of
vitamin D deficiency is osteomalacia (the adultieglent of rickets), which can result in
bone pain, difficulty in weight bearing and somedsriractures. Other studies show most
people get adequate Vitamin D through food (fartffoods or taking a dietary supplement
pill) and incidental exposure. For a long termniyion DACIA’S we strongly recommend
this remedy. There are the two special designechsatuated on the central axis, at its poles
(north and south with respect to the Polar Stamen the space port (see fig. 14.1.1).
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Fig. 14.1.1

It has windows made of transparent material to uacWV wavelengths, preferable
Silica or quartz glass and adaptive filters. ABtigh concentration causes health problems:
cancers, DNA damage and sunburn. The UV conceotratiay be too high, for this reason
people have to wear special UV protection suits ¢baer the entire body except head and
hands (it is enough for your body to induce thedpation of vitamin D and avoid skin
cancers), body lotions with sunscreens, eyeglgpsetection against eye cataract).

Each Dacian has the possibility to spend 10 mgdgly in this room to get
“sunburned” or watch the beautiful surroundingseyrhave a capacity of 4200 people,
which means ~2100/ each of the two “Sun Bath &s3tand a number of 48 rotating shifts
in 8 hours time for each torus (the 3 torus hatferint time zones delayed with 8 hours).
The residents enter this area through the centimhdth the help of some accommodation
platforms that have an anchoring system (ex: bdtteps an opposite speed to the
settlement’s of: 1,5m/s.

The same anchoring system is used for the intéghal Bath & Stars™
to the ~0Og gravitation.

transport, due

The room is naturally divided in two areas: hal§ permanently exposed to solar
radiation, where people both benefit of UV rays abderve the outer space and half 2 that
only offers the possibility of admiring the amazstgucture of DACIA’S and the beautiful
space views (see fig. 14.1.2).
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“Sun Bath & Stars” room

First half (second half)

N

Solar light

Fig. 14.1.2

In “first half” people enjoy sunbathing in Og ahave the possibility to anchor
themselves in the “wall chairs”, or “swim” in thsessurized room. The way the chairs are
disposed is on 15 rows and 8 corridors between tiagtin a horizontal amphitheatre design
as you can see in fig. 14.1.3.

In “second half” people get dressed in the spadiaprotection suits, use the
sunscreen lotions and eyeglasses. It has a grpattmmce in research, study, education,
health, entertainment of Dacians, their childred turists.

The exterior protection of this structure from delpenetration and glass for no
becoming opaque is done through robots and autdnsgstem that brush the window and
calculate the collision with pebbles smaller thagrapefruit to install a catching system
depending on the size of the danger.
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Fig. 14.1.3

D Rows with “Og sits” and anchoring belts

[]

. Transport corridors with anchoring belts and moveinsgstems

. Central axis
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For human transportation, electrical cars (fig212), tricycles and roller skates are
available. Inside the torus, these are the safeahmof transportation, due to the Coriolis
force. If you move with high speed in the opposit¢he settlement rotation direction, the
effect of the artificial gravity is lowered. Elewa$ are used to move from the torus to the
central axis, through the spokes, or to move frioenrésidential to the lower levels. To save
energy, elevators work on a counterweight systertagmnistic (fig.14.2.1). They are very
efficient because the settlement has a lot of esgdthat have to work in different places, on
shifts, so they will function all the time.

14.2 Human transportation

Mass antagonistic elevator
Quiality: saves energy

Fig. 14.2.2

Fig.14.2.1

People can also use a railway system placed ittrdmesport and plumbing” area, in
infrastructure. There are three stations correspgrno each torus segment and it is the
fastest mean of transport between the segments. thoegh, there is a speed limit because
of the Coriolis force.

A resembling system is used for food and othesumables transportation — the
“DLS” delivers these types of products from théhtighdustry area, restaurants and shops
directly to the house. It is also used to collentogge.

Tourism is an important domain. Visitors have teoloplaces to go to, including 0G
areas. They have a lot of hotels to stay to aretiasof touristic programs. These include
museums, commercial places, entertainment, inajudimbing on “Daciassus”. Tourists
also have special options such as trips on moqusbin outer space.

As a DACIA'’S souvenir, there are available trirketade of recycled materials,
unusable anymore. People can also buy differengghiDACIA’S genuine, such as t-shirts
and perfumes made of materials and aromas producttk settlement.
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Space ships

DACIA’S space settlement
will benefit from a variety of space
ships, for transportation, constructior
sequence and protection against
asteroids.

Cargo ships(fig. 14.2.3) are
used for transportation of materials
and from lunar facilities during
construction sequence, but also
afterwards, for industrial activities.
They are propelled by VASIMR
engines but also use LOX-LH2
thrusters for direction and
positioning. Cargo ships are describ Fig. 14.2.3
in detail at Construction Sequence —

Construction Devices. Cargo ships
have an interior small fusion reactor for energy.

Construction ships(fig. 14.2.4 and fig. 14.2.%re used in construction of major
settlement components. These ships also use boBIMR and LOX-LH2 engines. They
also use an interior small fusion reactor for eperg

Fig. 14.2.4

Fig. 14.2.5

Orbit-to-Earth ships (fig. _
14.2.6, fig. 14.2.7 and fig. 14.2.8) are SrtitetosEartvtrrepant
the ships used for transportation of bot shipyiuereased it mode)
people and materials from the settleme
to Earth. These ships use only LOX-
LH2 thrusters. In order to land on Eartt
they use their engines to leave Libratio
point L5 and enter a close elliptical
trajectory around Earth. When it reache
the clos_est positior] to I_Earth, the ships Fig. 14.2.6
are reoriented against its moving
direction. It uses the thrusters to lose
speed, and then gradually changes direction, venitering the atmosphere in entering state
(the exterior endings of the wings are turned upwavith 90 degrees). It stops rotating when
it reaches an optimal angle, afterwards using @sliarge wings and air friction to loose
velocity (the entering procedure is similar to fpace shuttle). After it reaches a certain
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lower speed, and friction stops heating the witlgs ship enters the landing state (the

exterior endings of the wing are reoriented horialyy) in order to ensure maximum lift. The
ship uses conventional landing gear to land imalar manner with the space shuttle.

Orbit-to-Earth transport
ship (entrance mode)

Y e

) i
Fig. 14.2.7

Plasma air cutter

Orbit-to-Earth transport
ship (entrance mode) -/

upper view

Fig.14.2.8

90 m

-

[

Earth-to-Orbit ships are actually the same ships as the previous, balythey use
additional fuel canisters in order to leave Eafitter reaching the settlement, the ship can be
reused as a@rbit-to-Earth ship and vice versa.
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Interceptors (fig. 14.2.9 and fig. 14.2.10) are smaller shipsdusnly on orbit, using
3 VASIMR engines for movement and also 6 LOX-LH&uters for orientation. They have
3 lateral “arms” where special outer-space rocketsdeposited. Some rockets use chemical
explosives, for smaller asteroids, and other rackise plutonium nuclear fission in order to
give larger quantities of energy to larger astesofdl rockets are conceived to first penetrate
and then explode inside the asteroid, in orderd&enit disintegrate. Three identical rockets
are usually launched from the exterior of the tlaeas, and they are all guided with a triple
point laser guiding system that “points” the astértnterceptors are powered by high

capacity fuel cells.
Cabin

Interceptor

¥ Ll..‘, B

Fig. 14.2.10
Fig. 14.2.9 g

On-Orbit-Small-Transport ships

A type of ship used for transportation of peopléngportant components that require
safer conditions of transportation then those glewy Cargo Ships. It is used for
transportation between the main settlement and liagdities, and it also uses VASIMR
combined with LOX-LH2 thrusters.

Space Drone

A small, automated ship, using an ionic thrustent $or reconnaissance and research
missions in both interior and exterior solar syst&he ionic thruster technology uses very
little fuel, and is powered by electricity providbey two solar panels. It provides a small but
constant acceleration. This is the reason for whichused in deep space missions.

The VASIMR engine (fig 14.2.11)

VASIMR is a new type of propulsion system spec@iaeived for outer-space
missions. It uses hydrogen and electric energyartbe considered a new and improved
version of ion propulsion. Hydrogen is injectedotigh a superconducting electromagnet and
a Plasma Source Antenna, which uses electromagmaties to ionize the hydrogen,
transforming it into plasma. The new plasma jespaghrough another, shorter
superconducting magnet, used to make the fasticledr. This Fascicle then passes to
another longer superconducting electromagnet tla&emit again parallel, and through
another RF Booster Antenna, that uses electromagmatves to energize the particles to
higher levels, as can be seen in the picture beldmen the energized plasma reaches the
exterior, the last electromagnet becomes a magnetizie, because it transforms particle
energy into mechanical energy, accelerating theges backwards, as can also be seen in
the picture below.

The physical phenomena involved by this revolutigremgine are very interesting,
and we chose to write more about them.
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[ ] Superconducting Magnets

Plasma Source Antenna o '/-'
= | - —
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“accelerated plasma

[1. lonize | [2.Energize |  [3.Accelerate|  [4.Detach |

www.adastrarocket.com/vasimr.html
Fig. 14.2.11

In the first place, plasma is the fourth state atter, and it's very abundant in our
universe, because it's the main ingredient of tasother hot bodies. Plasma forms when a
gas is entirely ionized, so ions and electrons nimeinside, interacting with each other. For
the VASIMR engine, plasma forms inside the firstéima, which uses electro-magnetic
waves to rip electrons away from their atoms.

In the second place, the way that plasma respanelettro-magnetic fields is also
very interesting. While Electric fields accelerttie particles, magnetic fields guide them.
The problem with electric fields is that it acceles particles with different charges in
opposite directions, making plasma rip apart. Bsedhe engines purpose is to accelerate all
particles in one direction, to generate thrusttelefields can not be used. Magnetic field
works as a direction marker for charged partidieside a partially parallel jet of particles,
for each particle, the speed can be projected ordivections: one parallel with the main
particle flow (horizontal) and one perpendiculartfie vertical plane). If the magnetic field is
parallel with the main jet, the second componetgrieines a Lorentz electromagnetic force
perpendicular on both speed and magnetic indugtaetors. This force gives the particle a
uniform helicoidally shaped trajectory (fig. 14.2)1laround a magnetic field line. The
positive charged ions rotate in an opposite wag tha negatively charged electrons, but all
particles are held together on close parallelchalally shaped trajectories. This is why
inside the first and third superconducting electignets the particle jet is parallel. Even
when magnetic field is not parallel, particlesjéxdories follow the field lines. So if the field
is converging, the particles are also convergimjveen magnets 1 and 2) and vice versa
(between magnets 2 and 3, and at the end of m&ynet

101



Helcordatiy shaped.
trapectery - - £ = £ o 2o o T o

=

o

' 7 | Vertical plane
X ' E’f i
. e
Fig. 14.2.12
2
— MV —
F,; = R;Z R;
Fcf = FL’

mv _ .
=>R= q—ByZ; (trajectoryradius)

Now, what happens actually when plasma is enerdydte RF Booster Antenna?
The particles gain energy, and consequently spetdtivertical plane, so they are forced to
spin with increased velocities on trajectories wittreased radius (the Lorentz force remains
constant, so the Centrifugal force must also reroairstant).

But why does the particles’ horizontal speed inseeahen leaving the third
electromagnet? There is no electric field, onlydguy magnetic field. This is the most
interesting phenomena involved by VASIMR thrusWhile the particle passes through the
magnetic nozzle, the field begins diverging. Buthat same time, the field loses intensity (the
module of the induction vector drops). As the indutvector drops, the Lorentz force drops
in the same way, so particles tend to spin arorajddtories with increased radius. However,
the particles are held together by interactiondersetween them, so radius can not increase
very much. Due to this reason particle begin te Eiseed in the vertical plane, in order to
make the centrifugal force decrease in the sameawsdlye Lorentz force. However, the total
kinetic energy must remain constant, so horizorgldcity increases, and according to the
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first mechanical principle (an action implies rea}, the ship accelerates in the opposite

direction. Because the patrticle flow is permantd,ship acceleration is constant. This is
how particle energy is converted into thrust.

Bl;
Fq = FL

cf
R=ct;
=>v,, |;
m(v,,” +v,”) =ct;

=V, 1,

By increasing or decreasing the density of theigdarflow, the specific impulse can
be varied from 3000 to 30000 s, meaning that thsugaried. This is another advantage of
the Variable Specific Impulse Magnetoplasma thirusgainst the conventional LOX-LH2
thruster.

VASIMR technology also requires much less fuel th&@X-LH2 technology, which
is why the first is used over long distances, wttike second is used more for maneuvers and
short distances.

14.3 Importance of hydrogen

All ships described above use hydrogen in one foranother, as it is an element
very spread and easy to find across the unive@&d3ships, construction ships, and
interceptors use it for VASIMR and LOX-LH2 thrusgewhile Earth-to-Orbit and Orbit-to-
Earth ships only use it for LOX-LH2. In additionafgo Ships use hydrogen also for fusion
reactors.
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15. ENTERTAINMENT:
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In order to attract more tourists, DACIA'S offeréaage variety of 0g games in the
central area and a unique sport called “Daciastizmeans DACIA’S up or above. Itis a
mountain sport, where residents escalade a lunbasteroid regolith mountain, situated in
the middle of each residential torus. It startgrfithe residential area and it goes to the central
zone of the settlement. It has a total altitudd®0m and its particularities are the facts that
the gravitation varies between 1g to 0g, which rsehat as people escalade it, they feel
lighter, and the ascension is easier and enjoy#iglel5.1). Each year “Daciassus”
competitions take place and encourage the residedtsourist to participate, win special
prizes and conquer the “top” of DACIA’S situateddg. Trainings can be a form of
encouraging the residents to get fit, becauselthgg a sedentary life.

15. ENTERTAINMENT:

Fig. 15.1

Rules:

From the base of the mountain more people stambatig. At the beginning, there is more
difficult, because they have to face the samediiffies that a normal alpinist has on Earth:
the (pseudo) gravitation force. After that, it bexes easier because the gravitation force
lowers. “Daciassus” climbers have to catch hanfflgs15.2) which record the time when it
was touched, meaning that one level was achievé@nvthe gravity is low enough, alpinists
can just pass over levels, going directly to theanpnes. The climber who reaches first the
last handle wins. Due to the fact that the timeecorded, people can set records at each
level.

105



To come back, people must climb down on bars or
ropes (fig. 15.3). The whole mountain is divided in
floors (from 5 to 5 meters) between which there are
bars, so that people descend gradually and séffely.
individual gets exhausted of climbing, there areega
at each floor where he can enter inside the mountai
and come down.
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16. COMMUNICATIONS
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Interior residential communications are possibteulgh wireless access points that
cover the entire area. Eight such access pointsramegh on each torus, because more can

interfere and produce electromagnetic resonangel @il).
r =750m;

R =4500m;
d — maximum distance of optimum reception

d=y(R+r)2=(R-r)? =JR? +1? +2Rr - R? + 2Rr —r? = 2J/Rr = 2/4500750= 3.674m;

16. COMMUNICATIONS

sing = d = 3674m =0.699
R+r 525(m
a= arcsinL 045°;
R+r

AP(E+R)’

Fig. 16.1

Internal communication is between:
a) Residents for their private life;
b) Residents and officials for the settlement’slitees (work, rest);
c) Officials and community (ambiental music, secalagms);
d) Devices, automated systems that supervise iiteestcontrol, robots;

The communication system is wireless in the tagaarbut in the axis consist of fiber
optic, because the electromagnetic rays can’t fmsagh metal. The private communication
between residents is provided by Dacian bracel&ioks like a watch with an attached
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screen, that also informs about daily news, dangérat diet the resident must have in order
to provide to his body the necessary amount of foadi fruits (fig. 16.2).

o
T=36
Pulse=65 beats
per min

Fig. 16.2

There are also communication systems availablach eesident house, public, in tube
station and in the streets for emergencies, inifalse resident’s Dacian bracelet breaks off,
or if an accidents happen (in 3 minutes time @alpa fireman and a policeman are there to
solve the problem ).

External communications(fig. 16.3)

There are special allocated frequencies for: comiadecommunication (ex: for Terra
we use the Internet, Earth satellites), transpatiesns between Earth-DACIA’S-Moon-Mars,
scientific communication and settlement’s extenmotection systems. These are relays
satellites situated in the settlement’s neighbotdhoo on an orbit further than Pluto that
describe the outer space, the cosmic non electnoetiagadiation, solar flare density. They
are on orbit with a speed of 11.2 km/s and actlaseps. The distance between them is
chosen by the science men and engineers from DAEIWhich is in fact the revolution
period.

The human transportation ships have complex conwation devices for safety, as
well as the factories from Moon and exploratiorpshi
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17. COSTS
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17. COSTS
Name Medium price/unit Quantity Total

Employees salaries $350000 (28 years 60000 $58800,000.00
Settlement material $25 1500000000000,00  $37,50(000,000.00
Solar cells $13 148365000 $1,928,745,000.00
Infrastructure $4744383600 1 $4,744,383,600.00
Buildings $50000 472200 $23,610,000,000}00
Space ships $1000000 1500 $1,500,000,000.00
Laboratories $1750000 20 $35,000,000(00
Robots $10000 5000p $500,000,000/00
People transportation from Earth ~ $10000 600000 $6000,000.0Q
Other $2,000,000,000,000.00
Total $40,126,318,128,600.00

All the Earth countries managed to earn the hugeuatnof money needed in
DACIA’S construction. This was possible throughoanenon agreement that stopped wars

and saved money.
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18. RELATIONAL PERSPECTIVES
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18. RELATIONAL PERSPECTIVES

DACIA’S’ main purpose is to be an “Earth’s extensioa starting point for
communication and cooperation. It is the base lnéiospace settlements’ construction, an
important step on the way to the Red Planet. Itasgnts the first phase in the process of
Mars terraformation due to the fact that it faais the transport to this planet.

Being an independent settlement, it develops acdture, but at the same time it
adopts something from each culture from Earth beeadf the large number of inhabitants.
Basically, here take place cultural interchangesare developed cooperation relationships,
starting from communication between individual€tonmunication between states or
different human settlements.

In order to assure its independence and to dewslopnuously, DACIA’S also has a
commercial side. It is not only a starting point fiee construction of other settlements, but it
is also a manufacturing centre: sells solar cglk, prime materials.

Thus, DACIA’S is the most important Earth’s spaagplorough which we are closer
to discover whether there is life on other plametsot. The humanity will be able to explore
further and further the solar system with its adehhigh technology.
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