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As a historic challenge for humans, Martian colonization has been initiated by nuclear energy.
A moving nuclear power plant could be imaginable known as a nuclear reactor rover. The de-
sign of the nuclear reactor rover has been performed where the important matter is how to
make the caterpillar move the reactor and its facilities. Hence the slider length and contact
point are proposed. The normalized heat transfer is analyzed by slide length and contact point
where they are normalized as 1.0 and 10.0, respectively. Although the slider length of the cat-
erpillar is proportional to heat transfer, the contact point shows the adverse values. Longer
slider length and less contact point could be the optimized heat production system by the cat-
erpillar which is the additional heat source except the other nuclear reactor. Any other planet
could be considered as a potential human colony using the nuclear terraforming technology.
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INTRODUCTION

As a historic challenge for humans, Martian col-
onization has been initiated by nuclear energy [1]. Al-
though there are skepticisms of the possibilities, it is
reasonable to examine the technological aspects. The
concept of terraforming of Mars is to adapt it to Earth's
conditions such as the atmosphere, environment, and
some other ecological variables [2, 3]. This would be
the mimicking of the early conditions of Earth which
were harsh and non-comfortable for biological crea-
tures [4]. Hence it takes a very long time. However, it
is one of the critical points to develop the new planet to
reduce the timeline of the terraformation from a thou-
sand-year scale to a several hundred-year scale or less.

Historically, astronomer Carl Sagan speculated
on the terraformation of Venus in Science [5] where
seeding or algae could change the environment of the
planet. After that time, the United States National
Aeronautics and Space Administration (NASA) pro-
ceeded to make the preparation studies. Considering
the space planet, it is possible to classify it by tempera-
ture and water content. There are several types of plan-
ets of two directions of the planet types where the tem-
perature and humidity are variables to consider for the
planet environments. Hence, the warmer and wetter
one could be better compared to a harsh planet with
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cold and dried states. If one would like to construct a
new dwelling place, water and heat are essential for a
new world to humans. The way to increase the atmo-
spheric temperature is to make use of the greenhouse
effect where the CO, has a major role of heating incre-
ment.

According to tab. 1, although the percentage of
the CO, on Mars is comparatively higher than that of
Earth, the quantity is very low [1]. Therefore, it would
be necessary to produce the CO, from the frozen one in
the dried ice formed at the poles. However, the content
of atmospheric gases is much smaller than those of the
Earth considering the atmospheric pressure of 0.6 kPa.
Hence, it is necessary to find another option to in-
crease the carbon content. It is possible to use a nuclear
bomb to melt the ice and emit the CO, into the Martian
atmosphere. According to Zubrin and McKay [6], it is
believed that the CO, is in a volatile form as much as
from 30-60 kPa in frozen or regolith form on the south
pole. However, there are several options to release the
CO, such as a mirror to use the sunshine, impact by as-
teroid, or halocarbon gases (chlorofluorocarbon

Table 1. Content of atmosphere

Content Earth Mars
CO, 0.04 % 96.0 %
0, 20.94 % 0.145 %

N, 78.08 % 1.9%
Pressure 101.3 kPa 0.6 kPa
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Figure 1. Configuration of temperature vs. CFC-power

(CFQ)'s gases) by nuclear energy. If one were to think
of nuclear energy in a very effective and possible way,
itwould need abouta 1000 MW electrical type nuclear
power plant (NPP) [6]. The relation between tempera-
ture and CFC-Power is given in fig. 1. It is possible to
consider the temperature of creating atmospheric con-
ditions.

METHODS

The construction of the artificial environment by
the designed method has been proposed. The proce-
dure of terraforming on Mars is the energy increase on
the pole of Mars, the release of CO, in ice into the at-
mosphere, the warmer and thicker atmosphere, the sta-
bilizing of atmosphere, and the creating of ecological
systems. It would use nuclear energy to produce CO,
which is iced on the south pole of Mars. It would be
possible to use a nuclear bomb to melt the CO,. There
is a comparison between the moving nuclear power
plant (MNPP) and the nuclear bomb for the usage in
tab. 2. The grand finale of Cassini, the spacecraft orbit-
ing Saturn, was aimed at avoiding radioactive contam-
ination of the satellites including Enceladus, which
was powered by 32.7 kg of Pu-238 [7, 8]. Therefore, it
isnot good to use the nuclear bomb's energy to melt the
iced CO,.

Melting methods

It is better to make use of the newly designed
NPP. Figure 2 shows the imaginary view of the site on
Mars where the CO, dried ice and NPP are designated
around the south pole. There are two kinds of methods
to melt the massive ice using a nuclear bomb in fig.
2(a) and nuclear reactor in fig. 2(b). With a nuclear
bomb, itis done very quickly, but radioactive contami-

Table 2. Comparison between MNPP and nuclear bomb

Content MNPP Nuclear bomb
Power Steady and stable One impact
Range Controllable Very wide

Contamination None Very long
Cost Higher Lower

South pole

Nuclear
bomb

Lower view
Dry ice

"~ NPP

(b)

Figure 2. The melting methods for the massive ice;
(a) nuclear bomb and (b) nuclear reactor

nation is inevitable. On the other hand, using a nuclear
reactor, the melting process is done slowly. In addi-
tion, the radioactive contamination is fortunately un-
der control. According to fig. 1 where the power re-
quired is 42933 MW at 40 K, it is possible to increase
the 40 K using about 43 units of 1000 MW electrical
NPP. The Hiroshima type nuclear bomb can produce
84 TJ [9]. This is 84000 MW. Then, about 2 or 3 nu-
clear bombs are needed to melt the ice of the pole.

Nuclear reactor rover

There are wide-spread located NPP around the
south pole. According to thermal efficiency, the output
powers increase threefold. Hence, the proposed NPP
is about 13 units which are one third of 43 units. Fur-
thermore, the operation time also reduces the unit
number. In the other case, an MNPP could be possible
known as a nuclear reactor rover (NRR). Then, in the
system, it is possible to make a new moving NPP type
where the heat is transferred to the ice in the form of
conduction. Figure 3 is the design of the moving NPP
in which the reactor is moving and heat is transferred
to the ice to melt and the CO, is emitted into the atmo-
sphere in fig. 3(a). The caterpillar could work as infini-
tive tracking. The conductor pad could perform the
heat transfer which is analyzed as the conduction to the
ice surface. The track is shown in fig. 3(b) and the
NRR goes downward in fig. 3(c).
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Figure 3. A new type of NPP; (a) NRR, (b) track of
reactor, and (c) moving direction

Melting mechanics

Melting by the nuclear energy of reactor

There are two kinds of melting in the NRR sys-
tem where the main heat is transferred by a nuclear re-
actor and the friction heat is done by caterpillar. The
configuration of the NRR in which the reactor heat
transfers on the ice surface by piping lines is shown.
There is the typical heat conduction as

dar

O =k &

where Q, is the heat flux, k — the thermal conductivity

and d77/dx — the temperature gradient. This is done as

the hot water flows into the piping of the conduction

part, which is simply made by the conventional tech-
nology by the heat transfer system.

()

Melting of friction energy by caterpillar

There is another heat transfer in the caterpillar as
follows [10]

CF..L
0, =" 2
p

where (O, is the frictional heat, C;— the coefficient of
friction, F, — the normal force, L — the slider length,
and p — the contact point. This is regarded as the total
heat energy of thermal conducted away energy and re-
maining energy [ 10]. Hence, this makes the melting of
the tracks, which is accelerated by the energy of the re-
actor.

Ot =01 +0, 3)

where Q\ is the total heat produced by the nuclear en-
ergy and friction of the caterpillar.

Movement of the NRR

The movement of the NRR is done by the cater-
pillar output power and gravity on the slope which is
made by the nuclear reactor energy and friction energy
of the caterpillar. Then, the power of the system is

Energy for movement \gg =E. +0; +0, (4)

where Energy for movementygg is the total energy for
NRR movement and £, — the energy for caterpillar
operations. Hence the solar energy is not used for this
system which is not effective considering the distance
from the Sun.

RESULTS

The design of the NRR is performed where the
important matter is how to make the caterpillar move
the reactor and its facilities, although the major con-
ductive heat transfer is made by the heat conducted
part in fig. 3(c). Hence the slider length and contact
point are proposed. Figure 4 shows the normalized
heat transfer by slide length and contact point where
they are normalized as 1.0 and 10.0 respectively. Al-
though the slider length of the caterpillar is propor-
tional to the heat transfer, the contact point shows the
adverse values. Longer slider length and less contact
point could be the optimized heat production system
by the caterpillar which is the additional heat source
except the other nuclear reactor.
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Figure 4. Normalized heat transfer by slide length and
contact point
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CONCLUSIONS

The nuclear energy needed to increase the atmo-
spheric temperature for an ecological system creation
has been examined. Nuclear terraforming is consid-
ered as the creating process of a new world as com-
fortable as the human can live (a habitable place for
humans). In order to expedite new inhabitation con-
struction, some further actions are necessary in Mar-
tian terraforming. The natural uranium could be car-
ried from Earth in the initial stage. After surveying of
Martian geology, a self-supply plant could be con-
structed for uranium or plutonium. It somewhat free of
the worrying alleviates concerns about the radiation
hazards to humans, because it is possible to start with-
out the perfect radiation prohibition from NPP in the
radioactive environment of Mars. The humanoid ro-
botics could be substituted instead of humans in the
very high radioactive areas [11]. This can make a
better construction condition in the new colony eco-
nomically due to the radiation safety cost savings. In
addition, the magnetic field of Mars is much weaker
compared to Earth, which can't catch the atmosphere
content [12]. Therefore, the construction of the artifi-
cial magnetic field has been proposed where the en-
ergy should be supplied as another study topic in the
future. Nuclear energy could be used for generating of
the magnetic field using electric field formation. The
massive antenna could be equipped in many spots on
the planet. After artificial magnetic field creations, ni-
trogen, oxygen and other gases could be trapped in the
Martian atmosphere.
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Tae Xo BY, lanr Xjyn BAEK, Kjyar bae BAHI'

AHA/IN3A TEPA®OPMUCAIA MAPCA KOPUIREILEM HYK/IEAPHE
EHEPTMJE Y IMTOYETKY KOJIOHU3AIIMWJE CBEMUPA

Kao ucropujcku n3a30B 3a Jbyje, HHUNKpPaHa je KoJIoHu3aIuja Mapca HyKJIeapHOM €HEPTHjOM.
ITokpeTHa HykiIeapHa eJeKTpaHa MOIWIa OM Ce 3aMHCIUTH y OONWKY TyceHMYapa ca HyKJIeapHAM
peakTopoM. IIpojekToBame ryceHn4apa HyKJIE€apHOT peakTopa U3BEACHO je MpU YeMY je BaXKHO KaKO
OCIIOCOOMTH FyceHUYap fja IOMEPH peakTop U kerose objekre. CTora je npefsioXkeHa Ay>KuHa Knus3ada u
KOHTaKTHa Tauka. HopMann3oBaHu npeHoC TOMIOTe aHAIM3HUPAH je MO AYKUHU KiIu3ada ¥ KOHTAKTHO]
Ta4yKy T7e cy oHu HopMmanmu3oBaHu Kao 1.0 u 10.0, pecnektuBHO. MaKko je Ay:KWHA Kiu3adya T'yCEHUIIE
IPONOPLUUOHATHA NIPEHOCY TOINIOTE, KOHTAKTHA TayKa MOKa3yje HEMOBOJbHE BpeJHOCTH. Beha nyxuHa
KnHM3a4ya U Mamka KOHTAaKTHA Tauka MOTY OMTH ONTHUMM30BAHU CUCTEM T'€HEpHCama TOIJIOTE Off CTpaHe
TyCeHuIle Koja je TOfaTHU U3BOP TOILIOTE MOpPef] caMor HyKJIeapHOT peakTopa. bumno koja apyra mianera
0u ce Morja cMaTpaTé NOTEHLHUjaJOHOM KOJIOHHMjOM 3a JbyAe KOpPHUIIhIEM TEXHOJIOTHje HYKJIeapHOT
Tepadopmucama.

Kmwyune peuu: nykaeapHu peaxkitiop, ilepaghopmucarbe, ZyceHu4ap, byOCcKa KOAOHUJA




