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The Moon as photographed from Apollo 17 by last humans there in 1972.  Now

spacefarers are scheduled to return permanently to our sister planet in 2020 or thereafter!

===============================================================




           DEDICATION 


To the many thousands of high performing aerospace professionals and public servants who made it possible for the first humans to land and walk on the Moon, July 29, 1969 and thereafter.


And to those in this 21st Century who facilitate humanity permanent return to the Moon and work for its

development. Lunar industrialization and settlement will enable our species to become a spacefaring civilization!

==============================================================

FOREWORD

 It is now more than 50 years since the dawn of the space age, and even today much of space activity remains the monopoly of governments and their sensitive defense establishments. Space exploration budgets are closely tied to defense and intelligence pursuits, and are all linked in some way, shape or form. Indeed, it is correct to say that space activity is a niche human endeavor and not yet fully integrated into the mainstream of peaceful, sustainable, progressive human activities.

      Commerce, the lifeblood of modern civilization and a chief agent of transformation, continually creates, evolves and sustains mainstream activities. Transportation infrastructures, housing, factories, and manufacturing and energy production and distribution are clearly mainstream activities. The recent proliferation of Internet technology and associated business developments, which continue to spur its growth at a stunning pace in arenas as diverse as education, telemedicine and gaming, make it an ubiquitous and mainstream activity. 

      Energy production and distribution, with the petroleum industry now playing a significant role, is a mainstream activity. While the media these days tends to highlight our addiction to fossil fuels and its effects on the biosphere, we rarely pay attention to the fact that petroleum by-product utilization, like polymer technology, have entered the mainstream and become an integral part of daily life for all of modern civilization.  Nor do we seriously examine how space-based energy can solve our need for endless, clean, global electric power.

Today space exploration programs, both manned and robotic, are not yet mainstream activities. The allotted budgets for space exploration across the entire world simply pales in comparison to the resources oil companies bring to bear just for prospecting – exploring for new oil fields. National space budgets of most countries are but a fraction of that provided for defense and military forces. However, even while shackled to national security, space activity has managed to grow roots into modern society and continues to engage our noblest aspirations and uplift the human spirit. But its potential will not be achieved until national priorities are altered toward greater utilization of space resources!

A ringing success story of space entering the mainstream is telecommunications. Ten years after the birth of the space age, satellites were beaming TV pictures around the world and people were watching Neil Armstrong and Buzz Aldrin set foot on the Moon. Twenty years later, geosynchronous communications networks made the world smaller by hooking up the financial and commerce hubs of the world and transporting data in ways and rates that terrestrial systems find hard to compete with, even in the age of the Internet and surplus dark fiber. Space telecommunications is now a sturdy and lucrative industry, which is constantly evolving to meet the needs of the mainstream customer in the world of commerce and media, while supporting the all-around needs of the defense establishment as well. It is a forerunner of many other space industries yet to emerge, perhaps with space tourism next.

What are the other areas of mainstream human pursuits where space can play a significant role? The production of non-polluting, environmentally friendly power from solar energy in space and its transmission and distribution globally could be a very lucrative industry. Such a vision was first proposed in the 1960s, and after many iterations and reincarnations at various think tanks and conferences, it now again is becoming a strategic interest of both our nation and all the exponentially growing economies around the world. Wireless transmission of energy, also known as power beaming, has inherent implications for environmental modification as well. This nascent technology, which would allow us to control weather by design to ameliorate the effects of hurricanes and precipitation that cause deluges and droughts, could become a beneficial off-shoot of space-based energy production. Power beaming, when trained outwards into space also could provide energy for spacecraft. Some concepts even propose using such beams to mitigate rogue asteroids that might endanger Earth.

Improved transportation is a vital infrastructure where the need is growing, ratcheting up the technologies for quicker access to the various metropolitan cities all over the world. Los Angeles, New York, London, Paris and Frankfurt now compete on equal footing with Shanghai, Dubai, Mumbai, Singapore and Tokyo. In this flat world model, quick and efficient international transportation plays an even more crucial role. Trans-atmospheric vehicles, based on crafts like the space shuttle, could usher us into a new era in mainstream global transportation. Innovative spaceplanes and spaceports could provide rapid, subsonic point-to-point, rapid movement of travelers and cargo.

If space activity can do for energy production, power distribution (with potential for environment modification technologies) and transport infrastructure in the next three decades what it did for telecommunications in the last three, the ramifications for modern society are truly staggering. Cheap and clean power in space and on Earth, and the ability to move goods and people swiftly around the world in a fraction of the time that it takes today, would make the world smaller and perhaps a much more tightly knit community.

The emerging private space companies, with little or no government support, are helping to mainstream space. Virgin Galactic and Burt Rutan’s SpaceShip series are quite close to carrying people to the edge of space while ground support infrastructure is being created in parallel. Bigelow Aerospace, with hard data trickling down from test articles in orbit now, is getting ready to commission its luxury hotels. Teaming with SpaceDev, Bigelow also is planning tourist missions to the lunar surface. The Falcon series of launchers by Space Exploration Technologies Corp. will soon bring competitive pricing to the market. The X Prize Foundation, which successfully administered the first completely private suborbital spaceflight, now has teamed with Google Inc. to offer a prize for the first nongovernmental lunar surface mission. Other companies are working on spacesuits and related products and some have their eyes on the Moon, asteroids and beyond. 

All such undertakings will contribute to new progressive and self-sustaining industries, catering to a wide range of economic interests. Just as the petroleum industry and the Internet now pervade every aspect of mainstream society, the space industry has the potential to transform modern civilization. While many of us are wary of actions that might lead to an arms race in the orbital regime and weapons in space, the leaders of nations also know that peaceful space activity is the ultimate international arena for collaboration. When space commerce between nations grows, so do synergistic bonds which result in goodwill and peace dividends. There is no doubt in my mind that mainstream space activity holds the key for a peaceful and vibrant, pluralistic and multicultural modern civilization in this 21st century.

That essentially is the message which Lunar Pioneers seeks to convey through this fictional story that is based on scientific research and forecasts. In this sequel, the author focuses our attention on lunar developments in the year 2050. Dr. Philip Harris challenges his readers to consider futuristic possibilities if we work together in industrializing and settling the Moon in this century!

- Madhu Thangavelu conducts the Graduate Space Concepts Studio in the Department of Astronautics and School of Architecture at University of Southern California. He is co-author of  The Moon: Resources, Future Development and Settlement which has become a classic in professional space literature.
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THE REALM OF OUTER SPACE:  Exploration begins in the Earth-Moon twin planet system. Then humanity will extend itself beyond into the Solar System, beginning with Mars and the asteroids. 

[Source: Pioneering the Space Frontier by the National Commission on Space. New York, NY: Bantam Books, 1986.]

PROLOGUE


Fiction can be a way of entering into the future.  Many of tomorrow’s possibilities discussed in past science fiction are today’s realities. What humans imagine can, in time, be transformed into experience. Lunar Pioneers is such a book, for it is based on the authors’ scientific research and professional publications.*  This prologue by Dr. Schrunk is based upon his “Planet Moon Project” which is summarized below as an scientific +entry to our novel:

Lunar Development in the 21st Century 

The spectacular advances of science, engineering, and the humanities in the 20th century established the basis for creating permanent human settlements in space in the 21st century. Since the Moon is our closest celestial neighbor and is in orbit around the Earth, it will logically be the next principal focus of human exploration and settlement. The Moon is an unparalleled platform for astronomy and other scientific investigations, and for technological development.  It also has access to the virtually unlimited energy and material resources of space, which can be applied to the global exploration and expansion of the Moon. Excess solar-electric power that is generated on the Moon can potentially supply the Earth with all of its future needs for clean, low-cost energy.  These opportunities, combined with the universal desire of humanity to explore and settle new lands, assure that the global transformation of the Moon into an inhabited sister planet of the Earth will become a reality in this century.  

A major impediment to the exploration of space is the high cost of delivering cargoes from the surface of the Earth into space.  For example, the cost of launching a payload into low earth orbit by the Space Shuttle is approximately $10,000 per pound, and that figure will be an order of magnitude higher for missions to the Moon.  Thus it appears that even limited lunar projects will be prohibitively expensive, even with the design of an improved lunar transportation system.  However, there are three emerging technologies that may delimit the cost of lunar industrial and scientific activities.  

First, new generations of more cost-efficient, less complex launch vehicles will become available for space missions in the decades ahead.  Second, advances in micro-device technology and the miniaturization of complex optoelectro mechanical systems within a nanotechnology regime will mean that increasingly smaller, yet more capable payloads can be delivered to the Moon. Third, and most important, methods will be developed for using lunar resources to manufacture everything that is needed on the Moon itself, rather than shipping goods from the Earth.  This process of “in-situ resource utilization,” or ISRU, will herald the most dramatic reduction in the cost of lunar projects. Finally, global economic instabilities, climate change, overpopulation, and excessive exploitation of Earth’s resources, will motivate humanity to utilize more space resources and to benefit from offworld enterprise. 

Industrial processes on our home planet use energy, raw materials, labor, and machines to manufacture sophisticated products such as computers, medical imaging devices, launch vehicles, and communication satellites. Within the next two decades, it will become possible to use lunar regolith (Moon dirt) as feedstock to manufacture equally sophisticated products in lunar factories.  Few of the processes or tools for doing so yet exist in a mature form - they will have to be developed from existing technologies as we go, essentially “bootstrapping” from small caches of Earth-manufactured machine tools, communications devices, and other portions of payloads yet to be defined. Once these technologies and innovations beyond Earth have been developed for lunar purposes, they will have ubiquitous applications in outer space on asteroids, planets, and moons throughout the solar system.  

The Moon has a reliable source of energy in the form of sunlight, and the lunar regolith contains abundant supplies of iron, silicon, aluminum, and oxygen. The regolith also contains helium-3, an isotope that holds promise as the ideal fuel for future fusion reactors, and traces of other light elements such as carbon.  In addition, the past satellite missions detected and mapped increased hydrogen concentrations in the north and south polar regions, suggesting the presence of water-ice in these areas. Scientific data will be gleaned from these lunar materials and resources, and they will then become the feedstock for manufacturing processes and other lunar base activities.  

Thus a significant reduction in the cost of space projects can be achieved by simply transporting the basic components of Earth's industrial base, such as mining and processing equipment, lathes, drills, ovens, robots, and electro-mechanical control devices, to the Moon.  The luna  or man-made industrial base will then use solar energy and indigenous materials to manufacture the tools and products that are needed to begin the global transformation of the Moon into an inhabited planet. Through many iterations using a "learn as you go" approach, increasingly sophisticated tools and products will be manufactured on the Moon.   By this means, the costs associated with transporting materials from the Earth to the Moon will be reduced drastically, and large-scale, economically viable space projects will become a reality. This process will also inaugurate the development of a twin-planet economy between Earth and its sister Moon.

Initially, the "labor" component of luna industrial processes will be performed by tele-operated and autonomous robotic devices that have been delivered to the Moon before humans return.  Tele-operation is the process by which remotely located devices are controlled using visual and haptic feedback systems.  It is widely used on the Earth for diverse applications such as mining, undersea projects, and even certain robotic surgical procedures (e.g., telemedicine, endoscopy, laparoscopy). It is fortuitous that the Moon always has the same face directed to the Earth and that the round-trip time for communications between the Earth and the Moon is less than three seconds. Telemedicine is another application of such communications technologies, so that medical treatment and procedure that originate on Earth can be applied to lunar dwellers. These conditions will allow Earth-bound operators of luna tele-robotic devices to have a virtual presence on the Moon 24 hours per day, 365 days per year.  Furthermore, robots will become vital in luna health care systems. .

The site for the first unmanned base will likely be on the Earth-facing side of the south polar region of the Moon. There are several promising sites in the south polar region, such as the summit of Malapert Massif, that always have the Earth in view for continuous telecommunications, and that receive over 300 days of sunlight per year for the generation of solar electric power. A south polar base will have access to increased concentrations of hydrogen (possibly water-ice) that will be useful for industrial operations and eventual human habitation. The tall peaks and deep depressions of this region also offer the opportunity for the placement of long line-of-sight telecommunication links and power beaming facilities.

Many countries currently have rocket launch systems that can be modified to place payloads on the Moon. In one scenario for the establishment of a lunar base, one or more of these rocket systems will be used to transport solar panels, communication systems, scientific equipment, and other payloads from the Earth to the south polar region of the Moon. When these components are in place, tele-operated and autonomous rover vehicles will explore the lunar surface and transmit data back to Earth for analysis. Protocols for the preservation of unique features of the lunar environment will be observed, and scientific data will be obtained before local materials are utilized for experiments.  When surveys and analyses have been completed, experiments in the production of bricks, wires, transistors, and glass products from lunar regolith materials will begin. These pioneering activities will be ongoing 24 hours per day, and there will be opportunities for direct participation by virtually anyone on Earth via the internet.

Since abundant, reliable electrical power is the key to any large-scale development, priority will be given to the fabrication of solar cells from lunar materials.  The generation of electric power on the Moon from the first lunar-made solar photovoltaic cell will be a milestone in space exploration because it will prove unequivocally that human enterprises can be self-supporting in space. From that beginning, luna-made solar cells will be added to the electric power system of the luna base.  As electric power levels then grow, additional scientific and manufacturing equipment will be delivered from the Earth, and the luna base will expand in all of its capacities. 

Within a decade after the first unmanned base has been established, humans will return to the Moon on short-duration missions (60-90 days) to service and maintain complex machinery and to supervise operations. Initially they will live and work in a lunar lander spacecraft evolved from present-era technology.  During the build-up of the first lunar base, controlled ecological life support systems (CELSS) will undergo continued research and development on Earth and on the International Space Station.  Work will also commence with the development of reusable rocket systems and orbiting stations in figure 8 orbit, so as to ferry more people between the Earth and the Moon.  When a reliable luna electric power system is in place and pressurized underground habitats (for protection from radiation, temperature extremes, micrometeorites, and lunar dust) have been constructed, regenerative life support systems and agricultural modules will be delivered to the lunar base. Humans will then return to the Moon for longer periods, and all aspects of lunar base activities will be expanded until the luna industrialization and settlement is sufficiently mature, to enable further planning for human missions to Mars and its moons, as well as to other areas of interest in our solar system.

In this same time frame, the solar-electric power system will be expanded in east and west directions from the lunar base to create a circumferential electric grid.  The advantage of a solar powered electric grid that is placed around the circumference of the Moon is that 50% of the solar panels will always be in sunlight, thus delivering continuous electric power to the grid. Energy in the grid can be transferred so that consumers - new arrivals - can simply “plug and play” into an extant electric power system.  

The construction of the lunar power system will give rise to the need for an efficient surface logistic system that can deliver tools, building materials, and people between manufacturing facilities and construction sites without disturbing the cohesive abrasive dust of the lunar surface. To meet these needs, a railroad system will be developed either above or below the lunar surface. The "lunar railroad" would be an effective, efficient, and simple (mostly automated) logistic system on the Moon, and it would avoid most of the problems of lunar dust accumulation that plague "off-road" vehicles. Iron rails for the railroad could be made from lunar iron, for example, to construct a simple two-track rail line from the first base to other areas in the south polar region, including the geographic south pole. A "southern rail line" would greatly expand the ability to carry out exploratory missions and would facilitate the growth of all lunar projects. The challenge of building the circumferential rail system would be similar to the challenge of building the solar-powered electric grid, and both construction projects could thus be undertaken simultaneously.  Since communication systems and pipelines for thermal management and the transport of fluids will be needed on the Moon, these infrastructure elements would also be constructed in parallel with the railroad and electric power networks.  

As the railroad and other infrastructure elements grow and eventually become linked together, the first circumferential utility network, extensive geologic expeditions will be carried out in the south polar region. The lunar industrial base will produce products and scientific instruments, including optical and radio telescopes, that will initially be placed at the south pole and the far side of the Moon, respectively.  The rail line and other utilities will be extended northward to the mare / equatorial regions of the Moon, and then to the north pole. 

Power levels in the circumferential grid will rise to the multi-megawatt range as construction of the utility infrastructure continues, and experiments will be conducted with the first microwave beaming of electric power from the Moon to the Earth.  With continued growth, it will become possible to supply the Earth with terawatt levels (one terawatt = one trillion watts) of clean, low-cost solar electric power.  Lunar development will thus contribute to increased living standards on Earth and to the "greening" of Earth's biosphere through less need and usage of fossil and fission fuels. Revenues from the sale of electric power to Earth, Moon, and cislunar markets will support the expansion of the lunar power system and other utilities.


Hundreds of people will then be able to live permanently in each of several large underground habitats and a tourism industry that operates between the Earth and the Moon someday will be established.  Given the wide and growing range of luna activities, a broad cross section of humanity will participate in creative and economic pursuits on the Moon. Sculptors, artisans, athletes, and musicians will join entrepreneurs, technicians, and scientists in the unique conditions of the "Planet Moon" to create a rich, diverse, and desirable cultural environment for people to work, live, and even retire there. The Moon can become a human laboratory for meeting the challenges and hazards of off-world existence. This knowledge, learning, and experience can then be transferred to development of other celestial bodies, beginning with Mars and near-by asteroids. Going offworld enables humanity to fulfill our evolutionary potential through the creation of a new type of being – spacekind!

With proper planning and execution, the "Planet Moon Project" will reflect upon our highest aspirations, and provide significant benefits for the people of the Earth.  It will emphasize international cooperation and draw upon the expertise of all interested parties, including governments, entrepreneurs, investor-supported commercial enterprises, and non-profit institutions, such as universities and foundations. As experience with lunar operations increases, the scientific and industrial capability of the Moon will approach parity with the Earth, perhaps within three to five decades after the founding of the first base.  Widely separated, permanent human settlements will be established, and the only cargo that will need to be transported from the Earth will be humans - the scientists, technicians, tourists, and immigrants who will explore, develop, and eventually inhabit the Moon.

When humans permanently inhabit the Moon, they will explore the mountain ranges, mares (“seas”}, craters, and rilles of the Moon, while investigating lava tubes that have been sealed for billions of years. By then the Moon will be our principal platform for making astronomical observations.  Thousands of lunar-made telescopes will be placed at regular intervals on the Moon so that objects of interest in the universe, including the Earth and the Sun, may be observed continuously under ideal viewing conditions. People will live and work in extensive underground spaces that have Earth-like living conditions, including luxuriant vegetation and large lakes of water (without poisonous snakes or mosquitoes!). A wide range of research projects will use the unique conditions of the Moon to advance knowledge in such areas as materials science, superconductivity, power beaming, and bioscience.  Advances in existing technologies will accelerate the phased development of the Moon, and it may be expected that new, as-yet-unimagined innovations will greatly enhance our evolution into a spacefaring species.  A magnetic levitation rail system will provide high-speed access to all areas of the Moon, and abundant supplies of solar electric power will be beamed from the Moon to the Earth and other locations in space by the lunar power system.

Before the end of the 21st century, thousands of spacecraft will be manufactured on the Moon and launched by electromagnetic "mass drivers" to all points of interest in the solar system, and robotic missions from the Moon to nearby stars will be underway.  Communication, power, transportation, and life support systems that have been manufactured on the Moon will be launched to Mars and other locations in space in support of the exploration and human settlement of the solar system. Asteroids and "burned out" comets in Earth's orbital vicinity, especially those that pose a threat of collision with the Earth or the Moon, will be moved out of harm's way and mined for their hydrocarbons, water, metals, and other constituents. These resources will then be delivered to the Earth, Moon, or cislunar locations as needed. The binary Earth-Moon planetary system will thus draw upon and benefit from the virtually unlimited resource assets of space. More important, lunar settlement will challenge us to transform ourselves, extending knowledge, disciplines, and cultures into new dimensions.   

Apollo-coming century.  The first robotic missions will establish a permanent unmanned lunar base, short-duration human missions will follow, and, with continued experience and growth, permanent human settlements will be established.  The "Planet Moon Project" will result in a substantial expansion of scientific knowledge, advance all engineering disciplines, and it will create a higher awareness and appreciation for the Planet Earth, her environment, and ecology.  It will provide high quality job and business opportunities, improve living conditions on Earth, and lead to a greatly expanded program of solar system exploration.  When the first lunar base is commissioned, the accumulated technological and cultural expertise of humanity will become linked to the virtually limitless energy and material resources of space. The spacefaring epoch of human existence will thus be firmly established and the entire solar system will be open to in-depth exploration and human settlement. This, then, is the realistic vision  and context the authors endorse, and share with their readers in a story format.

- David G. Schrunk, M. D., Technical Advisor. Senior author of The Moon: Resources, Future Development, and Settlement. (www.scienceoflaws.com),
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ABOVE: The lunar surface as seen by Apollo 17 astronauts  at Taurus-Littrow  in December 1972.

There Gene Cernan and Harrison Schmitt take the last lunar ride of exploration.





INTRODUCTION

The Origins of  Lunar Pioneers


This novel began on a cruise ship back in 1982 when the author imagined that the best way to inform his fellow citizens about our future space prospects would be through science-based fiction. As an author and space psychologist with limited skill as a writer of fiction, I  still hope that such works eventually will be translated into other mass media, such as television, movies, and even simulation games. In researching material for my first novel, I was invited to seminars at the California Space Institute of the University of California-San Diego. Then in 1984, I was appointed a Faculty Fellow at a NASA Summer Study there focused on “Strategic Planning for a Lunar Base in 2010.”  It was an intensive nine-week learning experience. lead by some of the best brains in the American space program, *  Among, the speakers were four Apollo astronauts, including Buzz Aldrin, the second human to land on the Moon and Harrison Schmitt, one of the last humans on the lunar surface. My research centered on space management and space culture, topics on which I would further publish extensively. This learning experience provided your author with a file cabinet of resource data which subsequently formed the basis for three professional books on space, as well my original novel, Launch Out. One of the lecturers in the Cal Space lunar studies was Gene Roddenberry . creator of the Star Trek  television series and films. He offered to review the  LO manuscript when it was finished, but unfortunately died a week after receiving it in 1988.


Lunar Pioneers is a sequel to Launch Out, continuing as a science-based novel about lunar industrialization and settlement. The first book was about human migrating offworld in the 21st century, and that story is continued in this present text about space enterprises. The original plot centered around two visionaries, Robert Delahunt, CEO of Pacific Interplanetary Enterprises in La Jolla, California, and  Kazuo Yamamoto, founder of Nippon Interplanetary Services in Kyoto, Japan. Their synergistic business relationship leads to the formation of the Global Space Trust (GST), an international consortium of private space enterprise, working in collaboration with the world’s space agencies. Its objective was to engage in a macroproject  then called LUNAR WORLD. As a start-up enterprise, this venture constructs the Krafft Ehricke Luna Industrial Park, named after a great rocket scientist who wrote detailed plans about Selenopolis. This is the imagined first city on the Moon inhabited by Earth people dubbed, Selenians (after the mythological Greed goddess of the Moon, Selene). The GST goal initially was achieved by sending robots to the lunar surface in 2009 to prepare for human missions in 2010. That year was chosen for the lunar launching of humans because it was the date NASA originally proposed for a permanent lunar return. Apart from budget limitations for NASA, delays in achieving this goal resulted from loss of the Shuttles Challenger and Columbia, along with the deaths of fourteen brave astronauts, as well as the prolonged building of the International Space Station. In the first decade of the 21st century, the United States national space policy, Vision for Space Exploration, called for a permanent NASA lunar return by 2020, a plan that we have also incorporated in our current scenario with the founding that year of a second luna base by the world’s space agencies. Unfortunately, with the election of a new U. S. Administration, it is uncertain if that plan will be fulfilled by that date, but it is likely that many nations will be involved in lunar activities by mid century. 


Thus, Lunar Pioneers, set in A. D. 2050, tells us what happened to those people launched to the Moon some forty years before. Some of the original GST technauts have died, others have returned to Earth, and many of the characters are now senior citizens of LUNA WORLD, the new designation adopted by its inhabitants. The term “luna” was now used to name all human activities on or under the Moon’s surface.  With improvements in the luna transportation system, there are now almost a 1000 humans living and working on the Moon. These include permanent residents, contractors, visitors, and tourists. In addition to the luna industrial park, two residential communities are now well established in the Selenopolis, and a third is underway..

 Existing United Nations space treaties confirm the principle that the Moon and other celestial bodies as the “common heritage of mankind.” Therefore, no country may appropriate land and resources on our sister planet. To deal with that legality, the Lunar Economic Development Authority (LEDA) proposed in the first novel, has changed its name.  The author has adopted the terminology of Drs. Buzz Aldrin and Tom Matula to call this entity, the Lunar Infrastructure Development Corporation (LIDC) charted by the UN to authorize and administer all luna undertakings, whether by nations, institutions, or individuals.*  Such a quasi-public entity is necessary for humanity to coordinate global efforts on the Moon, in advance of the formation of an interdependent luna government.  


The author has also included in our tale some contemporary developments in space science and technology that may be fully functioning by 2050. Obviously, there will have to be extensive Earth support systems to assist these lunar explorers. Thus, I have retained from the first LO novel, the Unispace Academy in Hawaii which prepares spacefarers for their orbital missions. All such ground services and space transportation is coordinated through the Global Space Trust. The complexities, costs, and risks associated with its offworld ventures, requires cooperation and collaboration by both the private and public sectors worldwide. Luna development and terraforming is too big a challenge for any one nation, space agency, or organization to undertake. This scenario is a truly  an international undertaking, so people from North America, Europe, Asia, the Middle East and even Africa are represented among our Selenians! 

 However in our plot, a catalyst for lunar development is The Moon Declaration of 2015, subscribed to by leading nations at an international summit. That strategy was inspired by an International Lunar Conference, led by publisher Steve Durst, in 2003. It resulted in formation of The Hawaii Moon Declaration on which our document is modeled.  The author welcome reader feedback before another edition of Lunar Pioneers is published. 

The Plan for Lunar Pioneers

1) Sequel  - as indicated above, this second novel builds upon the premises, plot, and characters in Launch Out. But it is focused on happenings on the Moon for just one year – 2050! Essentially, this is a tale about a twin planet economy for an  Earth-Moon system that benefits of the whole of humanity.  This is a chronicle of possible progress by the lunar pioneers, especially as experienced by new arrivals.



2) Story – this saga begins in mid 21st century after the explorers have lived forty years on the Moon, and made adaptations to the lunar environment and challenges. The basic infrastructure has been established within LUNA WORLD for the first urban and industrial complex, above and below ground, known as Selenopolis. Located in a large crater at Malapert Mountain ar the South Pole, this space enterprise  now consists of the Krafft Ehricke Lunar  Industrial  Park,  and  two  nearby residential communities – Eastasia and Euramer.


By this time, there are two other major facilities nearby on the Moon: the Konstantin Tsiolkovsky Science Center and Observatory, and underground, the Dr. Martha Rogers Wellness Center.  Various development stages envisioned in the original Launch Out scenario are now in place – such as a transportation to/from and on the Moon, a railroad on the lunar surface, a utilities grid, and underground agricultural complex. The LW goal is to add at least another thousand  permanent residents in the next fifty years.


In addition, there are two other macroprojects underway for completion by the 22nd century.  In our scenario, NASA and a consortium of international space agencies established at the Shackleton crater, also in the South Pole region, the John F. Kennedy Lunar Base, primarily devoted to lunar exploration and science.  Adjoining this base, the second city, named Apollo is being built underground.  To honor the Russian lunar explorations of the 20th century, an outpost and museum called Lunagrad was founded at the Moon’s east rim, adjoining the sites of two Soviet-era unmanned luna landings. There, the third subterranean city is emerging to be officially known as Artemis.

The plot centers on what happened to the original Alpha/Beta teams and their robotic workers sent aloft in 2010 by the Global Space Trust, plus other lunar pioneers who joined them over the past forty years. For example, global entrepreneurs  are at work on the Moon or its vicinity, such as: Bigelow Aerospace constructing an inflatable hotel shielded by regolith and containing telecommunications and conference facilities; Virgin Galactic Aerospace now  provides spaceflight to the Moon for tourists, researchers, and consultants who fly on  SpaceShipTen  manufactured by Scaled Composites. Other entities in LUNA WORLD include the automated International Lunar Observatory; the Space Nursing Society contracted to manage the Rogers Wellness Center where astromedics are engaged in lunar health care research, telemedicine, and robotic surgery; a consortium of universities lead by the International Space University operate Luna University on the Moon.

3) Ground Support  - back on Earth, there are critical facilities in place to assist the expanding lunar settlement:  GST manages three such for communications, supplies, and transportation, along with Unispace Academy in Hawaii for the preparation of spacefarers and their families.  The Global Space Trust also is involved in fund raising and financing LUNA WORLD, primarily through  an international lottery and  sale of  bonds issued by LIDC.

4) Pioneers – the leading characters are described below. Many are innovators and planners from Launch Out who are still alive, plus new people aloft.  Among the GST lunar pioneers still living on the Moon for the past forty year are these aged participants who can reflect on their experiences on the sister planets: Gordon Kevin Delahunt (82 years); Luci Linda Jolie (68); Carey Weston Rodgers (80); Laura Tescano (76);  Enrique Itoh (75); Hideo Iwama (79), Keiko Kawasaki Ouch (72); Koichi (Jay) Shiteda (71); Emi Yamamoto-Shiteda (69). Those from the first Eurospace team still remaining on the Moon are – Jacques Armand (80) Sergi Kosztolani (76). While people are living longer on Earth, life on the Moon has not provided the same deterioration of mind and body.  Living in 1/6 gravity with the benefit of advanced technologies, these lunar pioneers are a healthy and vigorous, constantly utilizing the fitness and wellness services available. Behavioral scientists have programs in place to counter physical and psychological problems within the lunar environment.

The subsequent pioneers are from diverse nationalities in the age bracket of 20-50, some of whom would be offspring of the above persons (and thus can refer to what their parents told them about the lunar enterprise). For example, Dr. Eric Schrunk, handsome Asian-American, who is implementing his father’s dream in The Planet Moon Project.  The author sought to create interesting characters like Dr. Megan McArthur, an Irish space architect and anthropologist, who marries Dipanker  Banerjee, a mineralogist from the Indian Space Agency; Judge E. George Robinson who administers all governance and astrolaw on the Moon via the Lunar Quality of Laws Institute. Other minor characters are invented to tell the story of human relocation to the Moon.

5) Style – the writing is similar to science fiction, and not academic, but the contents are based on scientific space research and prognosis.  To enhance the drama as it unfolds, various devices are used, such as: direct dialogue and exchanges, diaries and memoirs, memory flashbacks, historical interviews, documentary TV and films about the lunar pioneers, their speculations and forecasting about future space activities. There is also some conflict situations – e.g., among the spacefarers, between earthkind and spacekind, humans and robots, etc. The actions depicted are futuristic, dynamic, plausible, and related to scientific and technological fact.
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Prospects like the above for astronomical research on the Moon are numerous.

Lunar Pioneers Perspective

The author has sought to address principally human factors on the Moon, such as: spacesuits, habitats, energy, transportation, mining, commerce, distance education via the International Space University and other terrestrial universities, legal hassles, deviant or criminal behavior, family life and recreation. Essentially, various aspects of creating a lunar, knowledge-oriented culture are considered here.  Each chapter deals with a specific theme of living and working on or under the lunar surface.  In summary, this work of fiction examines some of the challenges that  actual lunar pioneers will likely confront in the coming 21st century of  the Moon’s  exploration and development.

ORGANIZATION MODEL: 


Rather than organize around departments or divisions, human activity is accomplished in 2050 through Corps made up of technauts and robonauts…. Again, the spelling “lunar” refers to natural dimensions of the Moon, while normally “luna” is reserved for human creations and activities on the Moon, such as these various systems.

The organization chart  for LUNA WORLD include such Corps as:

1. Administrative Corps; 2. Agricultural Corps; 3. Automation and Robotic (A&R) Corps; 4. Building & Construction Corps; 5. Commerce Corps (Imports & Exports); 6. Contractors Corps ; 7. Development Corps (Public Information & Relations). 8. Emergency Service Corps ; 9. Engineering & Geology Corps; 10. Environmental & Ecology Corps; 11. Exploration & Mapping Corps; 12. Financial Services Corps; 

13. Health & Safety Corps; 14. Human Resources Corps; 15. Industrialization & Mining Corps; 15. Justice & Astrolaw Corps; 16. Peacekeeping Corps; 17. Mars Planning Corps; 18. Science & Astronomy Corps; 19. Social Services Corps; 20. Supply & Logistic Service Corps; 21. Tourism Corps; 22. Transportation Corps.  New Corps may be established as needed. 

CHARACTERS:


The principal characters in Lunar Pioneers are listed below alphabetically.  Those marked with * are characters from the original Launch Out novel who have lived on the Moon for 40 years and have aged considerably by 2050, yet are active seniors. Ages are listed in parenthesis after each name and biographical summary.  Note that all spacefarers have more than one or more career expertise, and language skills.  The LP story is told through these pioneers, plus any minor characters added later, such as among visiting contractors and tourists. Although there are now almost a thousand lunar inhabitants and visitors, the key spacefarers below in this scenario are permanent residents. The sign > indicates a newcomer to the Moon, the six members of the Class of 2050, all graduates of Unispace Academy in Hawaii.

>ALIFONOV, Oleg (32) – former Russian cosmonaut trained in Star City, Moscow. Civil and electrical engineer assigned to the Moon to utilize Russian lunar research on behalf of LUNA WORLD. Dr. Alifonov is Deputy Director of the Transportation Corps,  in charge of building the Kokh lunar maglev railroad and underground utilities grid.  Oleg is a handsome, six foot charmer and bachelor who loves to dance, Russian style.  Grandfather was director of COSMOS, a Moscow organization devoted to peaceful, international space development.  

ARMAND, Jacques * (80) – is a member of the board of directors for the Global Space Trust on Earth, as well as for the Lunar Infrastructure Development Corporation on the Moon. He came to the Moon in 2010 as the CEO of EUROSPACE, leading its team of lunar explorers.  He brought all the uniqueness of French culture to his work as a space scientist and to his living community at Euromer.  Presently, he chairs the Mars Infrastructure Development Corporation.

>BANERJEE, Dipankar (23) –  the youngest professional at LUNA WORLD, he is a new arrival in 2050.  A boy genius, “Dip” obtained a Ph.D. in mineralogy from  MIT’s Masdar Institute of Science and Technology in the UAE’s Abu Dhabi, His mission for the Indian Space Agency is to follow up on their unmanned Chandrayaan 6 efforts to exploit mineral resources on the Moon, as well as develop their Mini-SAR identification of ice deposits in the lunar  polar regions.  He is named after an uncle, a retired army general who headed the Institute of  Peace and Conflict Studies in New Delhi. As a result, “Dip” is a strong advocate on the peaceful and commercial utilization of space resources. Develops strong friendship with classmate Chris De Negurelua, an older woman resident.

DELAHUNT, Gordon Kevin  * (82) – nephew of the late Robert James Delahunt,  a founder of  Pacific Interplanetary Enterprises and co-founder of LUNA WORLD “Gordie,” a Texan, was the original commander of the Global Space Trust’s Mission to establish the first industrial park on the Moon, along with an accompanying settlement. Divorced, this aeronautical engineer arrived on the lunar surface in 2010 at age 42; subsequently participated in the first luna marriage to the Selenopolis’ chief’s physician, Lara Tescano.

>DE NEGURELUA, Christina (30) - new arrival in 2050 appointed to become Chancellor of Luna University, an affiliate of International Space University and a consortium of world universities. A native of Lyons, France, she received her Masters in Space Science from ISU and a doctorate from Oxford University in administration. She coordinates all education and training on the Moon, and arranges for course transmissions from Earth. Chris is dating Dip Banerjee whose intellect is challenging to her.

ELASHMAWI, Farid (40) – an expert in power beaming. Dr. Elashmawi  has been in charge of the lunar solar power plant for the past ten years. A devout Muslim, he and his wife, Fatima, have had their first child, Mohamed, born on the Moon.  All are residents of the Eastasia community, which Fatima now manages.  An Egyptian, this Arab got interested in an offworld career through his great uncle of the same name who was a close friend of Rob Delahunt, a LW co-founder.

GREENWOOD, Daniel   (39) – mathematician and computer expert, who serves as director of the A & R Corps. Dan is also responsible for the LW computer network and its connection to the Interplanetary Internet. A sought-after bachelor, one of the buildings in the LW complex is named after his uncle, also a lunar visionary. Dan’s is a great supporter of plans to develop the first luna golf course and sports complex, and holding Luna Olympic Games.

HARRIS, Michaela Colleen (45) -  a dark-haired, mischievous beauty,  she is  director of the Transportation Corps, and in charge of all luna transportation. Michaela oversees all incoming and outgoing space vehicles, as well as all travel and transportation on or under the lunar surface. Her love of ballet leads her to form a small group of dancers who regularly perform for their fellow Selenians, While her undergraduate studies were in the performing arts, she received her Master’s degree in astrotransportation from the State University of  New York.  Married on the Moon to Eric Shrunk, she is the mother of  ten-year old twins (Dennis and Brian), who are most spoiled by her two cousins described below. Another close cousin back on Earth, Samantha, is director of GST’s Unispace Academy in Hawaii which prepares and trains future spacefarers. 

HARRIS,  Liam (46) -  a ten-year lunar veteran, Liam had an MBA  in finance from Harvard University,  like his father before him. On the Moon, he is director of the Luna Infrastructure Development Corporation.  A gifted athlete, Liam has organized the luna sports program as a hobby, and supports all luna athletics.  A cousin to Will Gordon and Michaela Harris; the three are close collaborators.
HARRIS,  Will Gordon (50) -  grandnephew of Phil Harris, an original LW promoter, Will has been on the Moon twelve  years, and is a proponent  of manned missions to Mars.  An astronomer, he heads up the International Luna Observatory. Something of an actor, he put together a troupe of amateur performers who stage occasional plays and musicals by the  “Luna Thespians” for the benefit of this offworld community. Multitalented, Will has a doctorate in astronomy from the University of Texas-Arlington, and continually probes the universe with his telescopes. A prankster with a great sense of humor, he is very close to his cousins previously described.

HARUYUMA, Junuchi (32) -  astro scientist from the Institute of Space & Astronautical Science in Sagmatha City, Japan. He is conducting follow-up studies of the unmanned SELENE mission headed by his father of the same name. His focus is upon the continuing search for and production of  water either in form of lunar ice or manufactured from lunar regolith. He is also heads up a new LW Water Service. His hobby is astrophotography.

HENDERSON, Polly (40) – gracious blond beauty with a beautiful singing voice. Director of Social Services Corps, which is responsible for all activities related to community social needs, such as family welfare, religious services, leisure, culture, and performing arts. This elegant woman also supervises the Neil Armstrong Astrodome where major events are held for luna dwellers and visitors.

IWAMA, Hideo * (75) -  originally general manager of Nippon Interplanetary Services, this Japanese  astroengineer arrived on the Moon when he was 39, and eventually overcame his loneliness by bringing his wife, Etsuko, to live with him in the Eastasia community where they planted a Japanese garden. The devoted couple communicate daily with two adult sons who work in the Nippon Interplanetary Services’ lunar support center in Kyoto. As a Global Space Trust senior director for LUNA WORLD, Hideo has promoted materials processing research here. Like his sons, he shares a passion for astronomical art and photography which have become his luna hobbies. He has just been elected Mayor of Selenopolis by his fellow citizens.

JOLIE, Luci Linda * (68)  -  with an M.S.N. and D. Sci. degrees, Linda serves as both a space nurse and behavioral scientist at LUNA WORLD.  She is also competent in robotic repairs and surgery. A Native American, she has developed a strong interest in protecting the Moon’s environment and preserving its historical artifacts.  She also has had a long relationship with her younger lover, Grier Miller (55), an expert in living systems who heads up LW’s Behavioral Science Institute/.

KAVANAU, Laura (30) –  chief  space psychologist on the Moon, Dr. Kavanau deals with human relations problems of Selenians.  At the Rogers Wellness Center, she works closely with nurse Jolie and physician Tescano as a luna health care team. With a doctorate from Fordham University in the behavioral sciences, Laura’s graduate studies were pursued on Hadassah scholarships, and she did her internship in Israel. Her great grandfather, Larry, chaired a DOD/NASA  team that planned the first  Apollo missions, and contributed to President Jack Kennedy’s speech in the 1960’s announcing the policy to land on the Moon within that decade. Her assistant is Kathy Harrison, neice of famed spac e psychologist, Dr, Al Harrison.

KOSTOLANI, Sergei I. * (76) -  came to the Moon forty years ago with the Eurospace team. A Hungarian, he has degrees from the local University of  Debrecen, International Space University in France , and the University of Vienna where he received a doctorate. An expert in space science and astronautics, he served five years an astronaut with the European Space Agency. Because of a Russian mother, Valentin Gorichev, a devious mogul in the prior novel, tried unsuccessfully to enlist his assistance in undermining the original LUNA WORLD plans. After he arrived on the Moon, Sergei refused to cooperate and exposed the devious plot to lunar authorities. Today he chairs the Mars Infrastructure Development Corporation (MIDC) on the Moon.

>MC ARTHUR, Megan (29) –  a 2050 arrival from Ireland, she is an alumnus with a degree in architecture from  University of  Dublin. Dr. McArthur did her graduate work in spaceology at the University of California-San Diego. Her aunt, also a UCSD alumnus had been an astronaut who repaired the Hubble Space Telescope in 2009. Megan’s competent in both space anthropology and luna architectural design. Her hobby is gourmet cooking, so she manages to stick her fingers into the LW kitchens.

Meg is romantically involved with Pete Raygoza, and they marry during their first year on the Moon

OUCHI, Keiko Kawaski * (72) –  Having obtained a DBA degree, Keiko  at 30 was already the first woman executive in charge of  information resources for Nippon Interplanetary Services in Tokyo. Accomplished in both Eastern and Western arts, culture, fashion, and management, she fell in love with Owen Ouchi¸ a Japanese-American or Nisei, who was vice president of Pacific Interplanetary Enterprises and a NASA consultant on space commerce. They were married when GST established a Unispace Academy to train spacefarers. The Ouchis were appointed as its founding co-directors.. In 2010, Keiko was among the first pioneers at LUNA WORLD. Later joined on the Moon by her husband, Owen became the second Selenian to die at age 58, making Keiko its first luna widow. Formerly director of  LW Computer and Information Center, now in retirement sge serves as an adjunct professor at Luna University.

>RAYGOZA,  Pedro  (25) -  is a member of the Mexican Astronaut Corps founded by his uncle, Jesus, in 2010. A graduate of the National University Autonomus of Mexico, he is an expert in radiation and other hazards on the Moon.  Pete, as he is known to  lunar colleagues, is also a Fellow of the National Institute of Nuclear Researches. As director of the LW Emergency Corps. his luna responsibilities include all aspects of safety for humans. Pete also edits an electronic newsletter for lunar resident entitled, First Alert, while also serving on the staff of the Rogers Wellness Center. He loves Megan McArthur, his friend and classmate from Unispace Academy, and they marry during their first year on the Moon in 2050.

ROBINSON,  E. George (42) –  with a Master’s degree in space law, and a doctorate in astrolaw from the University of Montreal’s Institute of Air & Space Law, George is a Luna World judge. He presides over all cases in dispute over LIDC regulations relative to incoming/outgoing spacecraft, as well as legal matters among the lunar inhabitants and visitors, or with contractors.  He also is in charge of the luna branch of the Quality of Laws Institute where astrolaws are created. LUNA WORLD adopted his grandfather’s    A Declaration of Interdependence  which defines spacekind’s relations with earthkind.
RODGERS. Cary Weston * (80) -  Originally a space architect, this Canadian also has a Ph.D. in robotics.  As a member of LW’s Architectural Council, Cary consults on habitat construction on or under the Moon’s surface   His expertise is sought on all building programs, particularly inflatable habitats. In 2015, he and his wife, Virginia, both of African heritage, and relocated  from British Columbia to the Moon  with their two children to the Euromer living community.  His spouse is general manager of Luna Shops which is the commissary for Selenians. Their offspring, Barak (65) is director of the Krafft Ehricke Luna Industrial Park, while his sister, Michelle (60) is a cultural anthropologist at Luna University, serving there as director of the Luna African Community Center. The Rodgers descended from slaves brought  originally from East Africa to the British West Indies. Cary’s father, Jack, was PIE’s vice president who helped in planning LUNA WORLD, while his mother, Barbara Weston,, was a child psychologist.  

SHITEDA, Koichi (Jay)  * (71)  -  led the NIS contingent to the Moon back in 2010 via the sponsorship of  the Global Space Trust.  A Kyoto native, his undergraduate studies were in geology, but his graduate degree from Cambridge University was in solar energy. A former intern at European Space Agency, he and his wife, Emi Yamamoto, were the first married couple to emigrate to the Moon, and chose to live originally in the Eastasia community, subsequently relocating to the Euramer complex. Today, Emi at 69 is now deputy mayor of Selenopolis, the name chosen for the first city charted within LUNA WORLD.  Her father. Kazuo Yamamoto, 98, still lives in Kyoto and is chairman emeritus of  Nippon Interplanetary Services and of the  Global Space Trust which he co-founded with his friend, Rob Delahunt.  He is proud of his offworld daughter, Emi,  trained in aikido-a by him¸ who  transferred its stress-reducing practices to Selenians..
SCHRUNK, Eric (55) –  An aeronautical engineer with a flair for the cello, he organized  the Luna Conservatory of Music to conduct concerts in Selenapolis. With a doctorate from Carnegie Mellon University, he heads up the robotic program for exploring and mapping the Moon while transmitting lunar images to Earth. As director of the Automation & Robotics Corps, this handsome Asian American, is in daily communication with his beloved sister, Brigitte who works in ground support for the Luna Solar Power System (LSPS). He is married to Michaela Harris and their twins are Brian and Dennis, still enrolled as students in LU’s Christa McAuliffe Academy.

TESCANO, Lara * (76) -  a Californian of  Italian heritage, she is an M. D. who  specialized in  psychiatry, telemedicine, and space life sciences. A fitness buff, Lara is in charge of the Dr. Martha E. Rogers Wellness Center on the Moon. She heads up a robotic surgical team which also is connected to surgeons on Earth. After a  long affair, she finally married “Gordie” Delahunt in 2020.  Having attended a middle school of the 

Challenger Center for Space Science and Education, she has also established a Challenger branch on Selenopolis for children of lunar dwellers.

>Yang, Tu (27) -  a graduate of  Tsinghua University in Beijing, this Chinese taikonaut is now a specialist in space tourism. He has just arrived on the Moon to coordinate all lunar tourist ventures. Previously, he was deputy director of China’s space theme park in Wenchang on Hainan Island. An amiable fellow, he is carrying out his country’s strategy to capture the world’s space tourism market. His dream is to build a luna theme park for visitors. 

These are the plot’s principal characters among inhabitants of LUNA WORLD. The 100 new arrivals in 2050 include six permanent residents Visiting Fellows are on 2-3 years temporary visa doing post-doc research on the Moon, while ascertaining whether to apply for permanent residency.

Minor characters include: Joshey Abend in charge of “Lunivation;” John Adams, formerly of the Natural Resources Defense Council, who now heads up the Environmental Corps; Dick Diamandis, head of the Luna Commerce Corps and Singularity University’s representative on the Moon; Lt. Denis Harios of the Peacekeeping Corps, a red head from El Salvador; Detective Chanya Kurat of the Royal Thailand Police Force, a lady of questionable morals who redeems herself; Dennis Laurie, head of the Contractor Corps;  Dr. Thomas Matula, founding chancellor of  Luna University; the Offfenau family – father Jay, mother Vivian, children David & Elizabeth; Harrison Schmitt III is director of the JFK base at Shackleton and grandson of “Jack” the second last Apollo 17 astronaut on the Moon; Capt. Woody Sears, director of the Peacekeeeping Force;  Sgt. Robert Shusta, a peacekeeper, who is the first  human to be murdered on the Moon….New minor characters are introduced from time to time as the story unfolds.
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Numerous crates like the above on the lunar surface will be likely sites for future settlements, such as at the Shackleton Crater.

GLOSSARY  OF AEROSPACE TERMS, ABREVIATIONS, AND ACRONYMS

(as used in this novel, Lunar Pioneers). 

A&R = Automation and robotics

AI = Artificial intelligence

AP = Aperture-diameter of a telescope’s main mirror or lens which measure amount of light it can collect.

APOGEE = farthest point from Earth reached by the Moon or an orbiting satellite. 

ASI = Italian Space Agency

ASTEROID = chunk of rock or metal orbiting in space and varying in size.

ATMOSPHERE = layer of gas held around a planet by gravity or outer layer of a star; 79% of Earth’s atmosphere is nitrogen gas, but there is no atmosphere on the Moon.

BLACK HOLE = collapsed object in space whose gravity is so strong that nothing, including light, can escape it.

BLSS = Biological Life Support System

BNSC = British National Space Centre

CASC = China Aerospace and Science and Technology Corporation

CAST = Chinese Academy of Space Technology

CCSSE = Challenger Center for Space Science Education

CELESTIAL OBJECT = object seen in the sky or space, including planets, stars, and galaxies.

CELSS  = Controlled Ecological Life Support System

CEV = Crew Exploration Vehicle

CETEC = Center for Extraterrestrial Engineering and Construction

COMET = object in space made of ice and rocky dust; ice evaporates near the Sun creating glowing heads of gas.

COSPAR = Committee on Space Research.

EARTH = largest rocky planet in our Solar System, and only one with crusts split into moving plates with oxygen in its atmosphere and liquid water and life on its surface. 7,926 in diameter, it is 93 million miles from the Sun around which it orbits 18 ½ miles every 24 hours from Sunrise to Sunset.

Surface temperature is 32 degrees F to 212 degrees F, and a tenth of its surface is ice. This third planet from the Sun appears to be almost a double planet because of its Moon, ¼  its size and apparently lifeless. Subject to gravity, its atmosphere is a thin layer of gas which surrounds it, that keeps moderating temperatures, while protecting from radiation. As the only known planet with life,  it has a million or more different, evolving species. For its first 3 billion years, this life was in form of single cells, living in the sea; 570 million years ago, they evolved into multicell plants and animals who later ventured onto the land and underwent continuous evolution.

EASTASIA = underground, residential complex for Selenians who prefer an Oriental lifestyle and culture; principal languages there are Chinese,  Japanese, or English.

ECLSS =  Environmental Control and Life Support Systems

EML1 = Earth-Moon Lagrange Point 1 or simply L1, L5

ESA = European Space Agency

ET = Extraterrestrial, not belonging to Earth.

EURAMER – underground, residential complex for Selenians who prefer a European or North American lifestyle and culture; principal languages there are English, French, German, Italian, Russian and Spanish. 

EVA = Extravehicular activity outside a space vehicle or habitat.

FUSION = process whereby nuclei of light elements combine to form the nucleus of a heavier element with the release of substantial energy.

GALAXY = body in space consisting of millions or stars, gas, dust which are held together by mutual gravity.

GAMMA RAYS = electromagnetic radiation with short wave lengths Emitted by the most energetic objects in the universe.

GEO = geosynchronous orbit, some 22,300 miles above the equator in which a satellite takes the same time to circle around the Earth, as Earth takes to spin on its axis; satellite appears stationary.

GRAVITY = force of attraction between any objects with mass, such as the pull between Earth and Moon. Rockets and spacecraft must move beyond Earth’s gravity well to  get into orbit; the Moon has only 1/6 gravity as that of Earth.

GST = Global Space Trust which is a world consortium that sponsors LUNA WORLD  development and transportation aloft, co-ordinating all Earth-support activities by both private and public interests; conducts international lottery and bond sales for LEDA.

HAR = Human Assets Registry, a computerized data bank of all personnel involved with GST, LEDA, and LUNA WORLD.  A comparable registry is maintained for robots called RAR.

He-3 = Helium –3. An isotope of helium that has 2 protons and 1 neutron in its nucleus.

ICE = isolated, confined extreme environment, such as on a space station and vehicle, or humans in remote Antarctica or on the Moon.

ILO = International Luna Observatory is an automated, multinational, multi-wavelength astrophysical observatory, power station and communications center established in 2010 by private enterprise. 

ISLO = Indian Space Research Organization

ISRU = In-situ or local resource utilization – that is the use of indigenous resources in space, rather than Earth resources.

ISU = International Space University, based in Strasburg, France.

JAXA = Japanese Aerospace Exploration Agency

JPL = Jet Propulsion Laboratory, NASA unit at Cal Tech, Pasadena. 

KELIP = Krafft Ehricke Luna Industrial Park – facilities for contractors to engage in lunar commerce and industrial research; 

KTSCO = Konstantin Tsiolkovsky Science Center and Observatory, the principal laboratories for scientific research and astronomy on the Moon.

LEM = Lunar Excursion Module

LEO = Lower Earth orbit, about 120 miles above Earth’ surface.

LAGRANGE/LIBRATION POINTS = five gravity neutral zones in outer space around Earth that are stable places for stationery objects, like orbital stations and fuel deposits.

LIDC = Luna Infrastructure Development Corporation. A quasi - governmental entity charted by the United Nations for administration and governance on the Moon. On Earth, GST is the principal sponsor and representative for LIDC.

LOX = Lunar oxygen manufactured from the Moon’s regolith.

LSPS = Luna Solar Power System

LUNA = human built systems and facilities on the Moon in contrast to “lunar,” designating natural components and resources of the Moon.

LUNAR ORBIT = the orbit around the Moon

LW = LUNA WORLD, the GST/LIDC macroproject for initial human industrialization and settlement on the Moon. 

MAGNETIC FIELD = Magnetism generated by celestial objects, such as a planet, star, or galaxy.

MARE (maria-plural) = a dark area of the Moon, usually an impact basin or crater flooded by lava. Less maria on farside of the Moon,, while its nearside dominated by dark maria pockmarked by craters. All Apollo lunar landings have been on lunar maria. 

MIDC = Mars Infrastructure Development Corporation similar to LIDC.

MOON = a planets natural satellite; Earth’s Moon, 4.6 billion years old,  is a natural place to create  a twin economy by using lunar resources.  It is about ¼ the diameter of Earth, around which it orbits.  Lighter areas of lunar surface (85%) are older, higher land, while darker areas are younger lowland plains.  Surface temperature ranges from – 275° C to – 170 ° C.

MMU = Manned Maneuvering Unit

MRWC= Dr. Martha Rodgers Wellness Center, the principal health care facility, hospital, and medical research laboratory; the practice of telemedicine here is automated with assistance from RX robots.

NASA = National Aeronautics and Space Administration (USA)

NEO = Near Earth Objects

NGO = Non-governmental Organization (often non-profit and Associated with the United Nations or UNESCO)

NIS = Nippon Interplanetary Services of Kyoto, Japan, an imagined global  corporation and co-founder of  GST and its LUNA  WORLD macroproject.

NSS = National Space Society

NTM = Non-terrestrial material

PIE = Pacific Interplanetary Enterprises of La Jolla, California, an imagined global corporation and co-founder of GST and its LUNA WORLD macroproject (large-scale).

PLANET = A spherical object, made of rock or gas that usually orbits a star. The Earth is a planet that orbits the Sun, while our Moon orbits the Earth.

PLSS = Portable life support system.

RADIATION = ionizing radiation is a stream of energy in the form of photons or fast-moving subatomic particles; depending on the exposure, it can be hazardous to human unless they are protected by shielding.

REGOLITH = Moon’s surface layer of dust and rock.

RKA or POCKOCMOC = Russian Federal Space Agency

SATELLITE = any object held in orbit around another object by gravity, ranging from moons and artificial sats orbiting around planets to small galaxies orbit around larger ones.

SBR = Solid Booster Rocket

SEDS = Students for the Exploration and Development of Space

SELENE = Moon goddess in Greek mythology; source of name Selenians for lunar dwellers and name of first city in LUNA WORLD, Selenopolis.

SNS = Space Nursing Society.

SOLAR FLAIR = huge explosion about Sun’s surface caused by its two loops magnetic field touch; on the Moon, humans require protection from them.

SOLAR SYSTEM = everything trapped by the Sun’s gravity, from planets to comets; other stars have solar systems. 

SPDS = Space Personnel Deployment System

SPS = Solar Power Satellite to beam space-based energy, such as in orbit around the Moon.

SS = a space station or orbital platform which sustains housing facilities, power supplies, food services , gravity simulation, etc. , for spacefarers. An orbiting place for transfer of personnel and cargo, within a controlled atmosphere, with communication systems for space travel and exploration.  Designated as “International” or ISS in LEO, and “Interplanetary” in GEO or beyond.

SSSS = Solar System Space Societies (global and lunar societies of space activists and lobbyists, including actual organizations like BIS (British Interplanetary Society), NSS and SEDS (Students for the Exploration and Development of Space)) - they have a contract to conduct global lotteries on behalf of LIDC.

SSTO = Singe Stage to Orbit (Vehicle)

STAR = hot, massive ball of gas that makes energy by nuclear fusion.

UNCOPUS = United Nations Committee on Peaceful Use of Outer Space

VARB = Van Allen Radiation Belts = two doughnut-shaped belts of high Energy-charged particles trapped in the Earth’s magnetic field. Range from 100 to a 1,000 miles at the equator and maximum of 40,000 miles –they constitute a hazard for voyagers from Earth.

VR = Virtual reality, a type of simulation.

VSE = Vision for Space Exploration, the U.S. national policy to return to the Moon permanently by 2020 and then go to Mars and beyond.

NOTE TO READERS – refer to the Encyclopedia of Space edited by Heather Couper and Nigel Henbest (New York, NY: DK Publishing, 2009 (www.dk.com).
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Various space agencies have depicted what outposts and settlement might look like when built on the Moon.

This artistic rendering was issued by JAXA for the Japanese space program
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The Indian Space Agency launched a mission to the

Moon in 2009. Pictured here is their rocket system,

Chandrayaan-1 whose imaging camera aboard a

lunar orbiter indicated the likelihood of water on

the Moon. Later its planned crash landing on the

lunar surface confirmed the observation data. Then.

NASA’s mission, LCROSS (Lunar Crater Observation

And Sensing Satellite) that same year also detected the presence of water on the Moon 

Without water, lunar industrialization and settlement

would be impossible. This whole Indian mapping 

process contributed significantly to unraveling the 

complex geological history of the Moon!  Space is the

place for synergy, and international cooperation is

essential if its resources are to be utilized for the

benefit of humanity!
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LAGRANGE POINTS – five points or zones in outer space.  Libration Point 1 is 35,000 miles above the Moon’s center and in direct line with the Earth.  In these zones, gravitational forces between celestial bodies are more-or-less balanced.  L4 and L5 are considered more stable.  Such gravity neutral L-points are ideal positions for launching humanity to other worlds.  There are numerous possibilities for their use, such as assemblage of large space structures.  L points can be used for material and fuel storage of transit vehicles en route to deep space.  Eventually, large spacecraft may be assembled there before proceeding further in the solar system.  L1 is the most strategically positioned zone between Earth and the Moon, so a likely location for a hotel/transfer stations, or for future space elevators.  L1 and L3 may someday be sites for observation and communications platforms.  One proposal for the future is to establish an Interplanetary Space Artifacts Museum at L1 for the storage and exhibiting of decommissioned spacecraft, telescopes, and older technologies/processes no longer in use.  In Lunar Pioneers, the author envisions more advanced orbiting space stations being built at L1 and L5.

See The Moon: Resources, Future Development, and Settlement (2008) by David Schrunk, Burton Sharpe, Bonnie Cooper¸and Madhu Thangavelu….Space Enterprise – Living and Working Offworld in the 21st Century (2009) by Philip Robert Harris,  Both books are published by Springer/Praxis (� HYPERLINK "http://www.springer.com" ��www.springer.com�). 


The five volumes of proceedings were published by the U. S. Government Printing Office in 1992 under the title Space Resources (NASA SP-509), edited by Drs. David and Mary McKay with Dr. Michael Duke. Dr. Harris’ contributions appear in the fourth volume entitled, Social Concerns.  The packaged set is still available from www.univelt.com.  This same source also distributes, Phil Harris first novel, Launch Out, which was  released in 2003 by Infinity Publishing (� HYPERLINK "http://www.buybooksontheweb.com" ��www.buybooksontheweb.com�). 


 


Based upon “Legal Strategies for a Lunar Economic Development Authority” by Declan J. O’Donnell and Philip R. Harris in Annals of Air and Space Law published by the Institute and Center for Air and Space Law, Mc Gill University, Montreal, Canada (Vol. XXI-II, pp. 121-130)…Also refer to the  Proceedings of the International Lunar Conference 2003  edited by Steve Durst, et al (San Diego, CA: UNIVELT, 2004);  The Hawaii Moon Declaration is on page xxvi).
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