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Foreword to this Volume on Lunar Architecture & Construction

As you can see from perusing the Index above, many aspects of designing and building
Lunar Settlements are covered. It will be, after all, a complex undertaking, and as such, it will
fail if we do not plan to “cover all the bases.”

While we could have arranged the material into logical “chapters,” it seemed more
productive to present the relevant articles gathered here in chronological order - the order in
which they were written. That way, the reader will grasp the evolution of ideas and concepts
involved, and newer ideas will escape the fate of being presented before older ones.

The reader will quickly see that we have gone well beyond all previous treatments of how
people from Earth can actually settle the Moon and go on to make themselves quite at home.
Failure to reach that level of comfort and life-satisfaction in what until now has seemed to be a
totally alien environment, would inevitably lead to the collapse of the effort, rendering the Moon
as a hostile world of future ruins at best.

Most writers today concern themselves with what it might take to establish a basic
“outpost” as a center of operations for scientists and explorers on the Moon for temporary
tours of duty. Some go on to imagine an installation as big and complex as the McMurdo Sound
base in Antarctica, which hosts a few thousands of personnel during the Antarctic Summer, and
a sizable skeleton crew over the winter, but no permanent residents, no families, no children,
no real “homes.”

To many, to realize something as large on the Moon as the McMurdo Sound outpost (you
can’t call it a settlement) is all we dare hope for, and we’d be lucky to see such a development a
hundred years from now. That is a failure of vision that has many roots

v/ We are stuck with a space transportation system that is totally inadequate for the job, based
on quaint paradigms such as throwaway stages, direct to the Moon without refueling, no use of
fuels produced on the Moon, minimal use of lunar resources to help bootstrap the operation,
and so on.

v “In Situ” (“On Site” or “On Location” for those of us who prefer talking in English rather than
Latin) Use of local (Lunar) resources, means for many, just oxygen production. We need to be
able to produce building and manufacturing materials from the elements abundant on the
Moon: special alloys of iron, aluminum, titanium, and magnesium; lunar concrete; glass-glass
composites; basalt in hewn and cast form as well as basalt fibers and basalt fiber composites.
v We need to predevelop adequate shielding technologies

v/ We need to develop a lunar transportation system that creates depots and garages and
shelters along a network of roads: We do not yet have a high enough resolution vertical contour
map to aid us in planning easily negotiable road networks

v We are stuck like moths gathering at a street light to the concept that the availability of polar
ice means that the poles are the only place worth siting a moonbase, when, beyond water ice,
perhaps the most critical and industrially fundamental lunar resource is not iron or aluminum
but basalt, which needs little processing to produce a plethora of basic products but is to be
found only in the maria, the dark lunar plains that cover 39 % of nearside.

v/ And as to the poles, the North Pole is much more advantageously situated in proximity to the
maria than the South Pole, and the North Pole appears to have double the water ice endowment
as the South Pole

v/ Too much of the planning is being done by those who only want to explore and gather
geological knowledge.

v Too little of the planning is being done by those who want to settle the Moon and leverage its
resources to create a booming economy that supplies badly needed products for use in Low
Earth Orbit and in Geosynchronous Earth Orbit.

v/ To this end, we have also published a Theme Issue on “The Lunar Economy+/ This issue also
complements those on “Lunar Tourism,” “Lunar Arts and Crafts,” “Eden on Luna,” and one
planned to cover “Lunar Surface Activities.” Enjoy! Peter Kokh



MMM #! - December 1986

ABOVE: “TerraLuxe” - a unique underground home in the Kettle Moraine Hills region 25 miles
NW of Milwaukee, Wisconsin. A tour of this home in May 1985 sparked the “thinking outside
the Molehill box” brainstorm exercise that gave birth to the Moon Miners’ Manifesto
newsletter late the following year, still published 25+ years later.

“M” is for Mole by Peter Kokh

Forward: There follows the introductory and only essay article in the first issue of Moon
Miners Manifesto, dated December 1986, shortly after the founding in Milwaukee of what
was then the Milwaukee Lunar Reclamation Society L5, a chapter of the L5 Society
advocating settlements in space after the inspiration of Gerard K. O'Neill.

This piece is about the historical roots of the inspiration behind MMM. Herein lies the
personal "eureka" that gave birth to the chain of thought that continues throughout many
articles in MMM through the present; That we can make ourselves at home on the
Moon.

M" is for "mole” - That is what many people, even some prominent space advocates, think
settlers of the Moon are going to be. Yes, lunar habitats and facilities will be covered by
some 2-4 meters (6-13 feet) of lunar soil or "regolith." While such a shielding overburden is
necessary for longterm protection from cosmic rays, solar flare outbursts, and the sun's
ultraviolet rays, this does not mean that we "moon miners" can't take the glory and warmth
of sunshine down below with us!

A year ago this Spring, May 1985, in following up on an ad in The Milwaukee Journal's
Sunday Home Section, | went to see a marvelous place called "TerraLuxe" [ Latin: “Earth Light” ]
in the Holy Hill area twenty-some miles northwest of Milwaukee. Here, architect-builder Gerald
Keller (appropriately, German for "cellar") had built a most unusual earth-sheltered or
underground home.

Run-of-the-mill underground homes are covered by earth above and on the West,
North, and East, while being open and exposed to the sun along the South through a long
window wall. But Mr. Keller's large 8,000 sq. ft. home was totally underground except for the
North-facing garage door. Yet the house was absolutely awash in sunlight, more so than any
conventional aboveground house | had ever been inside. Sunlight poured in through yard wide
circular shafts spaced periodically through main room ceilings. These shafts were tiled with one
inch wide mirror strips. Above on the surface, an angled cowl followed the sun across the sky



from sunup to sundown at the bidding of a computer program named "George" (undoubtedly of
"let-George-do-it" fame). Note: in the more recent photo below, the movable cowls have been
replaced by fixed curved skylights.

Even more amazing, through an ingenious application of the periscope principle on the
scale of picture windows, in every direction you could look straight ahead out onto the
surrounding countryside, even though you were eight feet underground. | felt far less shut in
than in my own Milwaukee bungalow.

TerraLuxe was built as an idea house and my tour cost $4. This home would make an
ideal group field trip tour, but unfortunately, it is now privately owned and not shown on
request

Of course, Mr. Keller's ingenious ideas to bring down below both sunshine and view,
would have to be adapted to lunar building conditions. | have no doubt that they could be. Mr.
Keller told me that he had drawn up plans and blueprints for a whole city using his principles.
Someday, I'd like to see them. If the streets and byways of his city were similarly built in a sun-
drenched pressurized underground conduit, so one could leave one's lunar home and go
anywhere throughout the settlement without putting on a spacesuit, why, it'd be better than
living in the Milwaukee | love! - Peter Kokh, November, 1986. MMM

This article is online at: www.moonsociety.org/chapters/milwaukee/mmm/mmm_1.html

Note: The photo above was taken on the morning of October 15, 2002, 17 years later. Visible
are the exterior panes of 3 periscopic picture windows, and several skylights. The originals had
mirrored cowls following the sun across the sky, resetting position each night. More than eight
ft of soil covers the home

Left: 36”"x80” table top “lunar homestead” model uses Keller’s ideas. Right: overhead view of
Terra Luxe
Homestead diagram is at: http://www.moonsociety.org/chapters/milwaukee/mmm
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A cutaway Table Top "Moon Manor" Lunar Homestead display, inspired by Terra Luxe, was
designed and built for the 1998 International Space Development Conference exhibit hall (with
further elaborations)

MMM #2 - February 1987
M IS FOR METROPOLIS:

It has been estimated that it takes a community of about 250,000 minimum to provide
all the various goods and services in a diversified economy to be substantially independent of
imports. When anyone speaks of their belief that a Lunar or Martian settlement of a few
hundred persons can be autonomous, they are either being naive or are defining autonomy
loosely. Such a small settlement might achieve 50-60% self-sufficiency, but a metropolis of a
quarter million could be 95% self-sufficient. No wooden nickels, please! Let's go for broke or
quit kidding ourselves.

MMM #3 - March 1987
ESSAYS IN "M":
Mare/Maria - Multiple Sites - Mounds
By Peter Kokh < kokhmmm@aol.com >

M is for MARE, PL. MARIA (MAH-ray, MAH-ri-a)

The large dark areas on the Moon, the so-called Lunar Seas, formed three to four billion
years ago when most of the large impact basins filled with layers of a very low viscosity lava and
cooled. Some such basins on the Farside of the Moon did not fill with lava and are called
"Thassaloids" (from the Greek word for sea).

While an initial Lunar Base might be built just about anywhere, once more extensive
settlements are built, the maria are clearly preferable. The regolith, the loose surface material,
composed of rock fragments and soil, which overlies consolidated bedrock, has a very variable
thickness in the highlands, from zero to 30 meters. On the mare, however, the regolith has a
more uniform depth of about 10 meters, which makes construction easier. While Lunar concrete
relying on calcium rich highland soil and upported hydrogen will be a lot cheaper for initial
base construction than pre-built modules brought from Earth, once a lot of construction is
planned, even that method will be too costly. The only way to go is site-extrusion, building the
structures from the fused soil on the site itself. Mare soils melt 200C ( 360F ) lower than
highland soils and so will require significantly less energy either in fusing rammed soil or in
making panels of cast basalt. The melt's lower viscosity will also help in some applications.

The levelness of the mare surface will also be an asset to laying out any extensive
settlement. And importantly, the average atomic number and weight of mare soils, as compared
to highland soils, makes them preferable for shielding against cosmic rays, etc.

But the best mare sites will be just "offshore" so to speak, so that highland soil, richer in
aluminum and calcium, will also be available for manufacturing and processing. Finally, such a
site will offer more scenic and recreational interest.

[Articles in later MMM issues call for "coastal"” sites, in the spirit of this last paragraph.]

M IS FOR MULTIPLE SITES:

One settlement a world does not make! Of course one must start with a single site, and
it will be able to serve most of the initial needs. But no site has all the assets. Soils differ not
only from highland (or “terrae”) to mare but also from mare to mare and even within a given
mare. Different materials are available to the prospective processor or miner at such sites as
crater and rille walls, the central peaks of some large craters, and the so-called dark mantle
deposits.
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Some polar areas might have permashade fields of frozen volatiles like ice and carbon
oxides. Some sites will be especially scenic. Locations along the limb between nearside and
farside "librate": the Earth will alternately be just above and just below the horizon -- anyone
want to build the first Lunar Honeymoon Resort? An observatory dedicated to the Great
Andromeda Galaxy, M31, could be built in the north, while a similar installation in the south
could concentrate on the Magellanic Clouds. Farside would be best for observation of the Milky
Way and for giant radio telescopes and SETI searches, etc.

M IS FOR MOUNDS:

The first impression anyone will have of a Lunar Settlement will be that of a complex of
mounds, the two-four meter (six-thirteen foot) overburden of Lunar soil used as thermal
insulation and cosmic ray shielding. The downward pressure of this much lunar soil per square
inch is much less than the upward pressure of the air inside the habitat. So this blanket of soil
does not present a stress upon the habitat(s). You can look at this blanket of dust as an analog
of the blanket of air which protects you could freeze out Earth's atmosphere, it would provide a
light snowy blanket about 15 feet thick.

The above essay is online at; _wwwe.asi.org/adb/06/09/03/02/003/mare-essay.html

Making Concrete on the Moon & Building a Concrete Outpost

Peter Kokh reports on a visit by Dr. T. D. Lin

Dr. T. D. Lin, a native of Taiwan, is now living and working in this country for
Construction Technology Laboratories in Skokie, lllinois wants to build a lunar base out of
concrete. He appears to have done his homework. In connection with the Portland Cement
Association, Lin approached NASA and received a small amount of Apollo sample return moon
dust for an experiment in making concrete using lunar materials.

Since the sample was too small for more than one test, Lin experimented with lunar
highlands soil simulant, rich in aluminum and calcium, to prepare his “cement” and using raw
simulated regolith in place of sand and aggregate to mix in to make his batch of concrete. It
worked fine.

Once he had the experiment down pat, he tried it using the real thing. Combining water,
cement, and 1.4 ounces of moon dust he produced a one inch cube of concrete that proved to
be considerably stronger than our garden variety terrestrial concrete.

“We measured its compressed strength at 10,971 psi, compared to 7,900 psi for a
comparative sample of conventional concrete. Since the minimum standard for a reinforced
concrete slab is 4000 psi, the results were very encouraging.” Lin believes the angular shape of
most particles that make up the lunar regolith -- they have never been exposed to weathering
by wind or water —- help create the stronger bond.

Now on the steering committee of the Lunar Development Council (LDC), whose logo is
a crescent moon with a steam shovel poised on the bottom cusp, Lin has designed a large
concrete lunar base. At 210 feet in diameter the three floor round concrete structure would
provide 90,000 square feet with all of the materials coming from the Moon, except for 55 tons
of hydrogen which would come from Earth. In addition to the cement to be processed from
highland regolith, raw local regolith would be used for shielding as well as for aggregate.

A Concrete
Lunar Base
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The walls of each floor would consist of 12 convex sections tied together by a crisscross
maze of cables under tension. As concrete is stronger under compression than it is under
tension, the 10” thick convex panels work, in combination with the cable stays. An outer wall of
6” thick concrete, not under pressure would provide a surrounding bay to be filled with a
minimum of 6’ of regolith shielding, more piled on the roof. iron extracted from the soil would
be processed not only into the tension cables but into H-shaped connectors joining the convex
panels forming the inner pressure wall and the concave outer panels holding in the regolith
shielding.

So instead of taking to the Moon a collection of Earth-made modules to assemble into a
prefab ready-to-do-nothing outpost, with good intentions of someday working towards some
early industrial projects, Lin’s group would start with lunar industry, enough of it to process
cement, his steel cables and panel connectors, his concrete wall, floor and roof panels, etc. The
outpost itself would be the first project

This is a radically opposite approach from all others we have come across. The LDC
base, once finished would be just the beginning as everything would be in place to make
additional pressurized structures. You have to wonder if Lin’s approach isn’t the better one,
that everyone else has the cart and the horse mixed up. This approach seems tailor made for a
turn-key approach.LDC would build the Moonbase and then turn it over to NASA or a
comparable operator who could then concentrate on operations: prospecting, exploring, and
science experiments..

At 90,000 square feet, equivalent to a square one floor structure 300” on a side, this
one structure would provide plenty of space for early expansion, far more room than any other
proposal for a starter outpost.

Lin has also expressed a desire to repeat his experiments with simulated Mars soil. And
he thinks he can cut down the amount of water (i.e. of imported hydrogen) needed if planned
experiments to create concrete by steaming the ingredients instead of soaking them work as he
expects. MMM

NOTE: The Lunar Development Council’s organizing effort failed and the effort was abandoned within a
year.

MMM #5 - May 1987
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By Peter Kokh - LUNAR ARCHITECTURE
[Fourth in a series of articles on the need to pre-develop the "Software" for a Lunar
Civilization]

Through the years, a variety of suggestions have been made for the erection of the First
Lunar Base. Most common is to make use of fully prefabricated shelters (such as space station
modules or re-outfitted space shuttle external tank) imported from Earth and / or a low-Earth
orbit (LEO) space station and burying these in the Lunar soil. A less expensive method of
erecting a base of similar limited scope is Dr. Lowell Wood's plan (of Project Columbus) to use
inflatable kevlar (carbon fabric) bags (air pressure would be more than enough both to inflate
them and to support the overburden of protective soil).

Construction techniques may seem to be a HARDWARE question. But what is built on
the Moon will depend _entirely_ on the philosophy behind our presence there. Without the
right SOFTWARE of purpose, nothing significant will happen.



The stated purpose of most lunar base proposals seems shortsighted: to serve as a base
for doing Lunar Science (Selenology, but the lazier term Lunar Geology is in vogue) and for
mining engineers tending a largely automated operation. A word about Lunar Science. Few
laymen perhaps have as high a "selenology curiosity quotient" as the writer, but science is
properly the function of a living community already in place. Many would-be Lunar Scientists
want only to titillate their own curiosity and then go home.

But our purpose has to be different: to make the Moon a second human world. Science
in the long run -- much, much more of it -- will follow naturally, science done not by visitors
from Earth but by people who have adopted the Moon as their new home.

The type of small prefabricated initial base described above makes better sense as a
construction shack for a much larger facility to be built with as high a percentage of native
Lunar materials as is initially possible. T. D. Lin's proposed 90,000 square ft, three level, 210 ft
diameter concrete structure might be ideal (see the sketches on the last page of MMM #3) in
which 55 tons of terrestrial hydrogen is called for in comparison to 250 tons of Lunar steel,
1500 tons of Lunar highland cement, over 10,000 tons of Lunar soil used as aggregate, and
over a million tons of soil used as shielding. [see illustration on page 8]]

If expansion is to be an afterthought, it will end up being a forgotten dream. Such a
truly Lunar base might be large enough to support open-ended goals of developing non-token
Lunar agriculture, pilot materials processing industries, and production-scale 100% Lunar
sourced building materials and construction / erection equipment and methods. If (expansion is
to be an afterthought, it will end up being a forgotten dream (and you can carve that quote in
marble). The only base it is worth building on the Moon is one whose function it is to prepare
the methods and tools needed to expand into a full blown settlement.

Only if we make it possible for several thousands (not dozens) of people to live on the
Moon from generation to generation (not just through short tours of duty) can we:

(1) develop a Lunar economy that is truly full and autonomous

(2) develop a genuinely Lunar human culture and civilization to express and unfold
potentialities hidden in humanity since the dawn of time ("Be all that you can be")

(3) say truly, that the human presence on the Moon is more than that caricature we find in
Antarctica and that we have securely established humanity beyond Earth. Only then will we
begin to cut the umbilical cord that ties us to the womb world.

So Lunar Architecture, or “LunArchitecture”, must be a charter function of a bona fide
base. Considerations flowing from the goal make several things clear.

1. Speed of “labor-light” construction is essential.

To begin with, "Lunarchitects" must develop a system that can provide shelter at a pace
sufficient to house settlers as fast as the growing Lunar market / trade / economy can absorb
them. This means that not even lip service can be given to the time-honored slow, labor
intensive housing construction methods. What is important is to build secure shelter as simply
and quickly as possible -- let us be so bold as to aim at one per day per crew!

There is a place for labor-intensive, artful, craft-rich, proud work, and that is in the
leisurely discretionary finishing of interiors. This can be do-it-yourself or contracted on a pay-
as-you-go basis, etc. and can be stretched out over years or even generations. We'll thus
employ the analogs of brickmasons and carpenters for interiors, but they have no place in
erecting the pressure shells of Lunar indoor / “middoor” spaces.

2. The “Dirt Cheap” Goal

The pressure shells of buildings must be literally dirt-cheap. One cannot "live off the
land" nor "sleep under the stars" on the Moon. The place for flaunting affluence is in interior
finishing. To keep the basic construction "regolith-cheap” two things are necessary: extrusion
of the shelter from the site itself and the use of the least amount of construction energy
necessary to do the job well.

3. The Concept of the Lunar "Great Home"



The "right to ample living space" ought to be “religiously” pursued, unammendably,
unpostponably. Add-on space will be difficult, risky, and expensive. All the pressurized shell-
volume that even an extended family might want should be provided at the outset. Young
families might make a "cozy place” in only a part of this and slowly grow into the rest. Included
should be solarium and garden space large enough to provide a respectable fraction of their
food needs and to help to keep their air fresh as well as provide an oasis of serenity and
delight. Another bonus of this "right to ample space" approach would be the availability of in-
home areas for starting entrepreneurial cottage industries.

It is necessary then to purge the mind of the facile but inappropriate examples of the
prefabricated space station habitat module. Even if manufactured on the Moon, they would be
more energy intensive in their construction and almost guarantee a stiflingly stingy allotment of
sardine space in turn for the ever unfulfilled promise of more spacious quarters "when the
settlement can afford it."

A limited amount of technological homework has already been done along lines that
would enable the realization of the goals just outlined. We already know that the Lunar soil can
be compacted and then sinter-fused with a mobile magnetron, a high-power microwave
generator (the idea of Tom Meeks of the University of Tennessee). This would be ideal for road
surfaces, floors, and exterior walls set into excavations in the soil. We know that the soil can be
melted into cast-basalt slabs ideal for interior partitions and roof segments, with the balance of
the excavated soil being replaced on top as shielding while the interior is being pressurized. We
know how to build safe periscopic Lunar picture windows (see MMM #1) and heliostats to flood
the interior with sunshine.

But much work needs to be done. Using imported epoxy resins as sealers would be
prohibitive. At the least, the natural glass-like glazing of the cast and sintered surfaces may
well reduce the need for sealant to joints. In the temperature stable Lunar underground
environment with no vibration to worry about from wind or occasional mini moonquakes, and
no water-table-induced settling to worry about, this sealant may not need to be as flexible as
one might think. Perhaps glaze patching would do the job. On site experiments will be needed
to prove out these ideas and build production-capacity equipment.

The scandal of totally unnecessary cost multipliers built into the present establishment
approach has discouraged many, leading them to settle for the little dream, the token base, in
the false hope that it is a foot in the door. We must not be sheepish about insisting on the Big
Dream, our only chance! MMM

ESSAYS IN "M": Middoors - Matchport

by Peter Kokh kokhmmm@aol.com
FOREWORD: On the Moon, exiting an airlock in a space suit is something that architecture and
engineering will both seek to make as unnecessary as possible. This for two reasons. First the
high Lunar vacuum (10E-12 torr
daytime facing the solar wind, 10E-14 torr nighttime sheltered from the solar wind) is a
precious industrial and scientific resource especially in combination with the Moon's substantial
gravity. Opening airlocks for exit or entry and purging atmosphere into the vacuum, if done
frequently enough, will degrade the vacuum to a point that the solar wind can't restore through
its flushing action. Second, the nitrogen used as a buffer gas and biogenic ingredient in the
colony's atmospherule must be imported and therefore must be conserved. Making up for
preventable losses could well tax the colony's capacity for growth.

M IS FOR MIDDOORS:

On Earth we have been familiar with the distinction between indoors and outdoors for many
thousands of years. In the last two decades or so, a new environment, the middoors, has become familiar
to most of us in the form of the enclosed, climate-controlled streets and plazas of many a shopping mall.
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The "landscaped", sunlit
central atrium in some new hotel and office buildings offers another kind of model

In Lunar cities, except to enter and exit those (e.g. industrial) facilities which for safety's sake
must keep their air unmixed with that of the city at large, it will be possible to go most anywhere without
donning a space suit. Homes, schools, offices, farms, factories, and stores will exit, not to the airless,
radiation-swept surface, but to a pressurized, soil-shielded, indirectly sunlit grid of walkways, residential
streets, avenues, and parkways, parks, squares, and playgrounds.

While the temperature of traditionally indoor places could easily be maintained at "room comfort
levels, that of the interconnecting middoors of the city could be allowed, through proper design, to
register enough solar gain during the course of the long Lunar day (dayspan), and enough radiative loss
during the long nocturnal period (nightspan) to fluctuate 10 degrees F on either side, for example from
55-85 degrees F during the course of the month. "The Great Middoors" could be landscaped with plants
thriving on this predictable variation. This would be both invigorating and healthy for people, plants, and
animals alike, providing a psychologically beneficial monthly rhythm of tempered mini-seasons. Of course
the middoors could also be designed to keep a steady temperature. But oh how boring that would be!

i

Section of a neighborhood: individual homes open onto pressurized “middoor” streets
hosting the bulk of the settlement’s modular biosphere and vegetation.

M IS FOR MATCHPORT:

To go from one Lunar city to another, or from the city to the space port or other out-lying
installations, or to transfer from one vehicle to another, all vehicles and city docks or marinas
will be equipped with standardized matchports or interlocks. These will probably be of unisex
design rather than male-female, and with either able to do the necessary aligning for safety's
sake (although there will undoubtedly be protocols). When the two match-ports are aligned and
locked (vehicle-vehicle or vehicle-city), the narrow -- hopefully less than 1 cm -- vacuum gap
will be slightly over-pressurized allowing port doors to unseal and open easily inward (into
vehicle, into city).

Prior to disengagement, the port doors closed, the narrow inter-door gap would first be
flushed with pure oxygen and then this would be pumped out (into vehicle, into city) to provide
a low grade vacuum which would seal both port doors by internal pressure (vehicle, city)
allowing the vehicle to pull back its matchport and depart, with the escape to the outdoors of
only a minuscule amount of cheap oxygen -- no precious nitrogen would escape.

There would probably be three common matchport sizes: for personal surface vehicles,
for public surface transports, and for cargo rigs. Outside of safety drills held periodically,
perhaps most Lunans will live and travel widely about the Moon without ever putting on a
spacesuit. It won't be necessary. MMM

The above article is online at: www.asi.org/adb/06/09/03/02/005/airlockessay.html
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UNDERGROUND POLAR HABITAT: Sunlight piped in from heliostat. L. Ortiz/NASA.
As drawn, this would work if the Moon’s axial tilt were zero. In fact it is 1.5° and to
be able to catch the sun’s rays at all times of the month, the heliostat would have to
be on a tower at least 2,000 ft. above all surrounding terrain. If the habitat were not
at the exact pole, the tower would have to be even higher. So much for a nice idea.
Of course, if there is a handy mountain peak at the pole or a crater rim to catch
sunlight most of the month, this might work. MMM
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PARKWAY: Pressurized Greenways within Lunar Towns
[Sixth in a series of articles on the need to pre-develop the SOFTWARE of a Lunar Civilization]
By Peter Kokh
City Planning Considerations

Some months back, Myles Mullikin, the current Milwaukee Lunar Reclamation
Society chapter president, and | got into an interesting discussion on how a lunar
settlement, more than a mere Moonbase, might be laid out. Myles favored a strictly
linear one street city, or at least a single arterial spine, on the grounds that experience
with computer architecture showed that this was the most efficient type of layout.

However, even if it means, as Myles pointed out, more atmospheric volume and
hence more tonnage of preciously imported nitrogen, | tend to favor some sort of grid
system for two reasons. First it enhances physical networking, allowing people to
interconnect over shorter distances; but especially since the extra total length of
streets per given population would provide the opportunity to plant extra living
biomass. The more of this biomass per person, the stronger will be the life-support
flywheel for air and water purification, etc.

The Parkway’s Role in the Biosphere and ideal plant species for Parkways

Parkway streets and avenues, pressurized and shielded but with solar access,
could host such non-foodstuff plantings as pharmacopeic (medicinal) species; plants



useful for preparation of natural cosmetics; plants whose extract can be used to dye
cotton, like indigo and henna; plants to support a carefully chosen "urban wildlife"; and
last but not least, flowering and blossoming plants to support honeybee colonies
[perhaps an Australian stingless species].

Such a utilitarian selection (and here is where the software pre-development
homework comes in) will do double duty by refreshing the air outside agricultural
areas of the settlement and at the same time providing a delightful and luxuriantly
green "middoors" environment (see MMM #5, Essays in ‘M’) in which the settlers can go
about their daily business in the reassuring context of "nature".

Ambience

There could be special fruits for the children to pick in assigned season.
Sidewalk cafes could grow their own special salad and desert ingredients on location.
Care for street-side plantings could be left in the hands of neighborhood residence
and/or business associations who could landscape to their desire, providing the
opportunity for each neighborhood to have its own unique ambience.

The Parkway Climate

MLRS member Louise Rachel in her article in last month's special premier Moon
Miners’ REVUE issue entitled "Some Preliminary Considerations for Lunar Agriculture",
reminded us that many of the temperate zone plants we are familiar with will not grow
and reproduce full cycle in a climate in which the temperature never falls to a cold
enough level to reset them. This means the settlement's parkway streets will have to be
planted with mostly subtropical species and varieties. In the continental U.S. there is
only one major city whose climate lies exclusively in our proposed lunar middoor range
(55 - 85 ° F) -- San Diego. If you have ever been to this jewel of a city and noticed how
different is the local vegetation where you live, you'll get the idea.

The Parkway Ecosystem

We need to know not only what will grow under such conditions but what sort of
ecological relationships must be maintained. What animal species are required for
pollination, etc.? Should we let some varieties in the lunar community, which will tend
to sow themselves and find their own balance, or pick only those over which we can
keep tight control? Which plants will need how much care? Above all, which can we
import not as seedlings or mature plants but as nitrogen-packed seeds to make sure
there are no stowaways? What trees can be grown in dwarf varieties? There is so much
we have to learn and the homework can begin now, even by educated laymen, maybe
by you! MMM

The original article is online at: http://www.asi.org/adb/06/09/03/02/008/
parkway.html

The “Middoors” as the key Biosphere Component
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In a modular settlement, allowed to grow as need be (not a fixed size megastructure based
on someone’s guesstimate of future needs), modular habitats and other structures are
connected to pressurized residential/commercial “streets.” These “commons” contain the
bulk of the settlement’s biomass and biosphere.

MAY #16 - JUNE 1988
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GLASS GLASS COMPOSITES
By Peter Kokh

Glass-glass-composites, more exactly glass-fiber / glass-matrix / composites, or
simply GGC, are a promising new horizon for construction and manufacture. This new bird in
the flock of materials available to man is still inside the eggshell but pecking away at it. What
we know of GGC's promise we owe to Dr. Brandt Goldsworthy of Goldsworthy Labs in San
Francisco, who at the request of Space Studies Institute in Princeton (SSI) made laboratory-
sized samples and investigated their properties (his report is available for 3$ from Space
Studies Institute, PO Box 82, Princeton NJ 08540). His work gives reason to believe that GGC
building materials will be as strong as steel or stronger, and considerably less costly in energy
terms to manufacture.

The occasion for this bit of incubation of a theoretical hunch lies in careful analysis by
SSI of the possibilities of producing serviceable metal alloys from the common ingredients in
lunar soil. While the Moon is rich in iron -- some of it free uncombined fines -- and other
important metallic elements such as aluminum, titanium, magnesium, and manganese, these
are just starting points; to make alloys with good working properties, other ingredients in lesser
amounts must be added. It turns out that our customary and familiar stable of alloys used on
Earth often require recipe ingredients that are not easily or economically isolated from the soil.
Furthermore, alloy production takes a great deal of energy and therefore represents a
technology direction for a very advanced lunar civilization, and not one for an early base trying
to justify its existence with useful exports to LEO or elsewhere. Alloys will come on line
someday; it will take young metallurgists without defeatist attitudes ready to scrap Earth-
customary alloy formulations and experiment from scratch with available elements until they
have a lunar-appropriate repertoire which will serve well. But that is another story. Here we
want to explore the tremendous potential of GGCs.
A “Spin-Up” Enterprise Plan

But how can we explore the potential of a laboratory curiosity? We can't. Are we to wait
until we get to the Moon and then fiddle around, hoping that we come up with something
before the base has its next budget review? You would think so from the present dearth of
activity.

Why not haul GGC out of the lab and put it through its paces in the real world? Sure that

takes money, but with a little imagination it is easy to see that GGC could become a profitable
industry, here and now, on good old Cradle Earth. And if so, our newly acquired expertise and




experience will be ready to go whenever the powers that be establish a long-term human
foothold on Luna.

What is the realistic market potential that would justify the effort and expense of getting
off our bottoms and pre-developing this promising technology now? If we are talking about
something only useful for industrial construction material, then the threshold for successful
market penetration is high. Our GGC products must come on-line either cheaper than every
competing material or have such superior properties as compared to existing alternatives as to
force potential customers to take the gamble. But to limit ourselves, especially at the outset, to
such a line of products is not only accepting unnecessary barriers to success, it evidences a
great lack of imagination.

Does GGC have a potential for consumer products? This is an important question, for
with such products cost can be secondary to other considerations such as visual appeal due to
inherent special design and style possibilities, etc. The consumer market could be a much
easier nut to crack, and once established and experienced there, our infant industry would be
better poised for market entry in the indus-trial-commercial world.

Before we speculate further, we must take a look at this intriguing new material and put
it through the paces to see what we can and can't do with it. Without that, we are building
castles in the sky.

We have a logical plan of attack for these experiments thanks to the analogy of GGC to a
long familiar family of materials with which we have abundant experience: fiberglass reinforced
plastic resin composites, the stuff of which we make boat hulls, shower stalls, pick-up toppers,
whirlpool spas, corrugated porch roofing, and a host of other handy products. Fiber reinforced
plastics or FRPs offer the game GGC entrepreneur a handy agenda for exploring the talents of
the new material.

First our enterprising hero will want to see what fiberglass-like fabrication methods GGC
is amenable to mimicking. Can (or should) the still hot and workable glass matrix with glass
fibers already embedded be draped over a mold to take its form, or be compression molded in
a die and press? Can (or should) the glass fiber be set in the mold and then impregnated with
the molten glass matrix? (The magic of GGC lies in using two glass formulations: one with a
higher melting point from which to make glass fibers, and one with a much lower melting point
to serve as the matrix in which the reinforcing fibers are embedded.) Can (or should) the glass
fibers be first impregnated with a cold frit of the powdered glass that will form the matrix
upon heating in the mold to its fusing point? Once the entrepreneur has learned which
fabrication methods work best or can be adapted to the idiosyncrasies of GGC in various test
formulations, he is ready for the next round of experimentation.

Fabricating a "piece” of GGC of a certain useful size and shape is only the first victory.
We must learn how to machine it: can the material be sawed, drilled, routed, tapped, deburred,
etc.? We need to know this before we can design assembly methods. If adhesives are to be
used, what works best? Thermal expansion properties of GGC formulation will be important, as
well. Once our entrepreneur has done all his hands-on homework, knows what he can do with
this new stuff, and has outfitted his starter plant with the appropriate machinery, tooling, and
other appropriate equipment, it's time to sit down with his market-knowledgeable partner and
decide on product lines.

But let's back up a moment. We said we were going for the consumer market as the
ideal place to get our feet wet, and for this market one thing is paramount: visual appeal. So we
go back to the lab and start playing around with our formulations. Glass of course is easily
colored. Coloring the matrix glass will not provide us with a distinctive product. But colored
glass fibers in a transparent glass matrix suggest tantalizing possibilities. The fibers could lie in
random directions, be cross-hatched or woven, swirled, or combed to give an apparent grain.
We will want to see which of these suggestions are most practical, which have the most
stunning and distinguished consumer eye-appeal, etc., all without compromising the strength



of our material. As to the colors: black, green, brown, blue, cranberry, and amber would give us
an ample starter palette. But before buying up binfulls of the needed ingredients we could do
some inexpensive footwork, using abundant and inexpensive green and brown bottle glass for
our fibers to give us a first feel for likely results of this avenue of product enhancement. Our
homework done, we’re ready to burst onto the world scene.

Our recycled long-empty plant (the rent is cheap and a lease wasn't necessary) has been
humming for a while now. Production hasn't begun because the designers are still working on
the molds and dies for the introductory product line. Buyers and outlets are being lined up. At
last Lunar Dawn Furniture Company is ready to greet the unsuspecting world. At first we
produce only (stunning of course) case goods: coffee and end tables, etageres and book cases
and bedroom sets, etc. Then we introduce a line of tubular patio furniture that makes the PVC
kind look gauche. Next we branch into an upholstered line with beautiful external frames.
Office furniture, striking unbreakable fluted glass lamp shades, stair and balcony railings, and
unique entry doors are our next targets. Our prices are somewhat high at first, at least with the
initial lines, but we were the rage at the fall furniture show in North Carolina and the spring
Home Shows in every town. Lunar Dawn takes it's place beside Early American, Mediterranean,
Danish Modern, and Eighteenth Century English.

We introduce less expensive but still appealing lines and franchise our operations,
targeting especially the less developed nations that need to curtail their forest-razing and
which have an abundance of the raw materials needed for glass making. But we also begin to
diversify into the commercial and industrial markets. We've learned to make beams and panels
and now offer a whole line of architectural systems for competition with steel and aluminum
pole buildings, etc. One of our branches is now marketing GGC conduit and pipe at competitive
prices. Another is offering a full range of clear non-laminated safety glass for buildings and
vehicles.

Meanwhile, we are not resting on our laurels in the consumer world. Casings for small
appliances, cookware, ovenware, and table ware; handles, wash basins, and countertops; boat
hulls for boulder-studded white water use; all are now available in GGC. A big hit with the fans
is our indestructible flagship in the sports world, our GGC bodied Demo Derby Dragon. The
same car has won its first dozen events and looks none the worse for it.

Of course, we've long since abandoned the cumbersome GGC or Glass-Glass-Composite
tags. The public got what it needs, a simple one syllable pigeonhole. We're known and
recognized everywhere as GLAX, a word suggesting glass with a difference: strength. And
visually, the "ss"-replacing-"x" even suggests the dual composition involved. Glax is a generic
term like steel or wool and even has its own generic logo, a symbol for public recognition and

promotion.

You'll see in the logo symbol an allusion the Moon. For the ulterior motive inspiring the
people behind the successful Glax entry into Earth markets was the need to predevelop a
technology suited for early lunar bases and settlements. Glax will provide a relatively
inexpensive, uncomplicated industry for the settlers both to furnish badly needed exports, and
just as important, a whole range of domestic products that will help hold the line on imports.
As such, Glax is an essential keystone in the plan to achieve economic viability and autonomy
for the projected City.

There is a lot of enthusiasm on Earth now, not just for a lunar scientific outpost a la
Antarctica, but for a genuine settlement. This change of attitude did not happen by accident,
and the story of Glax on Earth played a major role in this turn of events. Glax, since the first
door-opening day of Lunar Dawn Furniture Company, was aggressively marketed as an
anticipatory lunar technology. The public began to get the idea that moon dust might be good
for something and that the idea of a self-supporting settlement relying largely on its own
resources was not a flake notion, but rather something reasonable, even to be expected! Lunar
Dawn helped the process along when after moving into its brand new plant in suburban
Milwaukee, it built a simulated lunar home next door, soil-sheltered and all, with solar access,



periscopic picture windows, ceramic, glass, and metal interior surfaces, and of course furnished
with its own Glax furniture lines. The habitat was accessed by "pressurized walkway" from the
meeting hall-display room-library-computer network room and gift shop built alongside and
used free of charge by Milwaukee Lunar Reclamation Society.

How did this all happen? Notice the fine print on Lunar Dawn ads and billboards (also
used in connection with other Glax product companies): it reads "An Ulterior Ventures
Company". Ulterior Ventures isn't some big conglomerate but a unique venture fund which the
National Space Society helped to organize to give entrepreneurs willing to predevelop
anticipated lunar technologies for Earth markets, a little help to get started. Successful
members of the Ulterior Ventures family pay a royalty which helps build the fund for even more
ambitious exploits. In future articles we hope to tell you about other successful —- if not so well
known -- members of the Ulterior Ventures family.

Future Fact or Science Fiction?

Fiction? Yes. Unrestrained flight of fancy? No! This is the sort of thing that could happen
with NSS encouragement, if the society can be persuaded to show the same enthusiasm for
direct action as it always has for indirect agitation "to make it happen". Having to start from
scratch to build the infrastructure to incubate and support such "ulterior ventures" would mean
an unwelcome set-back in time, effort, and personal energies.

The brand new infant industry sketched above does not require expertise in preexisting
sophisticated technologies to get started. Almost any of use could get in on the ground floor of
such an endeavor in one or more capacities. Any takers? -- Peter Kokh May 1988

Left: a proposed “logo” for any future Glass-Glass Composites industry

Right: Logo for the Ulterior Ventures Fund suggested in the previous article on Glass Glass
Composites. The larger downward arrow, for the terrestrial applications that support the

research and development, give rise to the upward arrow, putting “on-the-shelf’ technologies
that will be needed on the lunar and space frontiers. Interest and/or royalties on venture funds

will support further ventures.

MMM #17 JULY 1988



Ll'quid RirlocHs °rcaree

in & out of
Lavatube Habitats

The weight of a column of water
30 meters or 100 feet high
exerts enough counter-pressure
to keep habitat atmosphere at 0.5
Earth-normal (42% 0, S8% N,)
vacuum || Pressure from flowing out the
—— open ended J-shaped tube.
“column A layer of oil, lighter than the
water, keeps the water from E
boiling away into the vacuum,
while a heated hood keeps the
surface warm enough so that
neither oil nor water will freeze.

|— 30m=100ft —|

A snag-proof conveyor belt would carry goods up and
down through the water-filled tube between the air
inside the habitat into the vacuum above the surface.

INDUSTRIAL USE VACUUM-PRESSURE TRANSIT OF PRODUCTION ITEMS
IN FULL OR PARTIAL GRAVITY, WITHOUT VENTING OF AIR
By Peter Kokh

While many take a cavalier and could not-care-less attitude toward the preservation of
lunar vacuum -- a precious industrial and scientific asset -- and seem thoughtless of the
expensive non-conserving lifestyle which continuously vents costly import nitrogen through
routine, frequent airlock cycling, this author finds both attitudes unacceptable and presents and
alternative airlock-system to handle some important categories of traffic between pressurized
and non-pressurized areas.

On the Moon or other airless bodies or in free space, where vacuum is already provided,
a "barometric column" of a suitable liquid and of appropriate height, will seal in the
atmospheric pressure of a habitat, factory, or warehouse via a U or ] shaped tube.

AIR BAROMETER: a device for measuring atmospheric pressure. The average atmospheric
pressure at sea level is 1 atmosphere which is the pressure that will support a column of
mercury (Hg) 760 mm (76 cm or 29.92 in) high. This corresponds to the pressure exerted by
a column of air about 5 miles (8km) high if its density were constant and equal to that at sea
level. If a long glass tube which is sealed at one end and open at the other is filled with
mercury and then is stood upright with the open end downwards in a dish containing
mercury (or in a U-shaped tub open at one end) then so much mercury will flow out of the
tub (or up the other, open end) until a column of mercury 760 mm in height above the level
in the dish (or in the upturned open end of the tube) remains. The space above the mercury
in the closed end of the tube is vacuum and contains no air. From: THE WAYS THINGS WORK,
AN ILLUSTRATED ENCYCLOPEDIA OF TECHNOLOGY, Simon and Schuster, 1963. Page 220.

A continuous loop conveyor provided with the appropriate grip/release system with one
end in the external vacuum, the other in the internal pressurized environment, will allow transit
on a production basis without the venting of air (nitrogen and/or oxygen) such as occurs in the
conventional vestibule-type cycling airlock, an early classic of science-fiction and still taken
quite for granted by most writers, both technical and non-technical alike. (For Shame!)

Entry and Exit of “Routine Items” into/out of pressurized environments



Such a liquid barometric seal could become standard on the Moon (and, for example, on
spoke-and-wheel shaped free space settlements) to allow entry and exit of routine items. For
entry into pressurized environments, we think not so much of imports (from Earth or other
settlements) -- these can be taken care of by "match port" docking -- as of those items which
it is useful or efficient to manufacture in a vacuum but which will be used in the interior of the
settlement. Metal and glass items are possible instances.

For exit, we think not so much of exports of items manufactured in pressurized
environments and intended for use within other settlements -- or vehicles -- as of items so
manufacture intended for use in vacuum. Of both categories (candidates for entry or exit) there
should be several if not many instances. Very real losses of nitrogen, especially, but also of
oxygen, can be avoided and vacuum degradation prevented, by the employment of such a
liquid airlock system in well chosen cases. Two problems must be discussed.

[1] The first problem is the availability of a suitable "barometric" liquid. Such a liquid should be
fluid over a wide range of temperatures so that its utility is not constrained. A relatively high
specific gravity or density would be a plus because it would proportionately shorten the
required sealing column. It should have a low vapor pressure so that the rate at which it
evaporates into the vacuum is slow enough to represent a substantial savings over the continual
nitrogen loss that would result from the alternative reliance on a conventional cycling airlock
system. Its cost of acquisition, by upport from Earth or by lunar sourcing should again be lower
than the cost of the nitrogen conserved over the lifetime of its use.

[2] Finally, such a liquid should be relatively inert, not corroding or otherwise adversely
affecting either the items carried through it or the conveyor that carries them. It should drip off
the exiting parts easily, both in vacuum and in air.

Candidate Liquids

Three possibilities suggest themselves. The first is Mercury (Hg), the densest choice by
far. However, it is highly unlikely that mercury can be lunar-sourced. The cost of its upport
must be added to that of its acquisition (purchase), and very large volumes of it will be needed,
the cross-section of these industrial-scaled liquid airlocks being orders of magnitude larger
than that of barometers and thermometers. Finally, mercury has a highly toxic reputation —-
well-earned -- that would require very special handling on both ends. Despite its high specific
gravity, we can pass over this choice.

The second choice is Gallium (Ga) which before its expected discovery was referred to as
eka-aluminum. This element is very scarce but widely distributed on Earth in zinc blends and
bauxite. Traces of it have been found in lunar soils, but it may be some time before it can be
extracted economically in the quantities required for this prospective use which would be in
competition with its desired service in gallium arsenide photocells for solar arrays (more
efficient than the far cheaper silicon). Which usage would be more strategically important, | am
not prepared to guess.

The credits of gallium are considerable. It is liquid from 30.1 °C - 1983 °C (86 °F .. 3601
°F) —-- a very serviceable range for lunar and free space environments and industrial conditions
—--and has a very low vapor pressure. Its specific gravity as a liquid is 6.081 (times as dense as
water), which is very attractive, if somewhat less than half that of mercury. Of its inertness and
benignness, | would not know.

The third choice is NaK (pronounced "knack"), a eutectic liquid alloy so-called from its
constituents: sodium (Na) 23% and potassium (K) 77%. NaK, unlike its constituents, is liquid
from a temperature not much higher than room temperature to about 800 °C -- again a highly
serviceable range. Its thermal capacity is high. This, together with its expected economical
lunar-sourcability will make it the industrial coolant of choice (instead of water/steam) for
many lunar applications, possibly nuclear reactors among them. Against its cheapness as
compared to other choices, Hg and Ga, must be balanced its low density or specific gravity
which is comparable to that of water. This means that for its use in a barometric sealing liquid



airlock system, the necessary column must be six times that of a system using gallium, and
nearly fourteen times that of a system using mercury.

Nonetheless, while far from ideal, such high columns are still within the realm of
practicability. Given the importance of the strategic goals (conserving nitrogen and preserving
vacuum), all else considered, NaK is the logical choice. Possible showstoppers are its degree of
inertness or lack thereof, of which | am ignorant, and the evaporation rate in vacuum, of which
again | know nothing. As to its density, suffer a layman's naiveté to suggest experimenting with
solutions of NaK and sodium disulfide or potassium disulfide, which might raise the value to a
more practical level.

HEIGHTS OF BAROMETRIC SEALING COLUMNS IN VARIOUS GRAVITY AND PRESSURE SITUATIONS.
(The height is shown in meters with foot’ and inch” equivalent given in parentheses)

Gravity: Earth-like situation (1.0 g) Gravity: Mars-like situation (0.38 g)
Pressure: 1.0 ATM 0.5 ATM Pressure: 1.0 ATM 0.5 ATM
Liquid Liquid

Hg 0.76 (29'9") 0.38 (15'0") Hg 2.00 (78'7") 1.00 (39'4")
Ga 1.74 (58'5")  0.87 (34'2") Ga 4.58 (15’°0") 2.29 (7’5"
NaK 10.33 (33'9") 5.17 (17'5") NaK 27.18 (89'0") 13.59 (44'5")

Gravity: Moon-like situation ( 0.16 g)
Pressure: 1.0 ATM 0.5 ATM
Liquid
Hg 4.56 (15'0") 2.78 (7'5")
Ga 10.44 (34'2") 5.22 (17'1")
NaK 62.00 (203'0”) 31.00 (101'7")

Note the extra incentive (besides the 63% savings in nitrogen upports) that the lower column
height in 0.5 ATM provides (0.5 ATM consisting of 21 parts oxygen and 29 parts nitrogen or
50/100 ATM vs. 1.0 ATM consisting of 21 parts oxygen and 79 parts nitrogen or 100 / 100
ATM). NASA suggests this mixture as quite livable.

Application on Rotating Structures with Artificial Gravity

In rotating space structures with artificial gravity, the motivation to preserve the external
vacuum disappears, but the economic necessity of conserving nitrogen remains, and the
barometric seal liquid airlock will be a wise choice for the appropriate categories of goods
traffic. The figures given above are valid to this venue as well. Thus a torus with 1/6th gravity
(Moonlike) and 0.5 ATM internal pressure could be outfitted at each spoke with a liquid airlock
with one end inside the torus and the other end piercing the ceiling on the side of the spoke
and with a 101.7 foot column differential using NaK. This might come in especially handy for
parts manufactured inside the rotating settlement for use in adding on to it from the outside.
For a full 1.0G 1.0 ATM Stanford Torus, the corresponding column height would be 33.9 feet.
The height in both cases seems eminently practical.

For Bernal Spheres and O'Neill Cylinders, liquid airlocks can still be used, but they must
creep up the outside of the end caps and will be a mite tricker to use. To my knowledge, no one
has discussed the possibility of liquid airlocks for either space settlements or lunar
installations.

Application on Other Airless Worlds

The applications on other large airless satellites (lo, Ganymede, Callisto, and Europa in
descending order of gravity) will be quite similar to those on Luna. But smaller bodies, e.g.
Ceres, lapetus, etc. will require column heights that would seem quite impractical -- many
hundreds of feet or more. Economics will determine the cut-off point.

Engineering Challenges

The second problem -- for those of you waiting for the other shoe to drop -- is that of
inventing (and patenting) the appropriate conveyor system with a grip / release system that



probably must be design-specific for each type of production-line ware making the transit
inwards or outwards. As we are dealing with a a system open to vacuum on one end, the whole
must be as thoroughly service-free as possible and operate without snags or jams. Here is
where this neat idea must descend from the head-in-the-clouds abstract to the nuts-and-bolts
concrete. The liquid airlock idea may be patentable in itself, but | doubt it, and the need for the
real world experimentation is paramount; hence the lack of hesitation in throwing it out into the
public domain.

Getting your feet wet -- Experiment!

For those of you itching to experiment with different liquids and diverse conveyor
systems, but requiring the possibility of profits from here-and-now terrestrial applications
markets, here are some possibilities to spur on this pre-spin: transit between everyday Earth
environments and special atmosphere chambers using pure nitrogen, pure chlorine, pure
hydrogen, or other gases; transit into and out of "clean rooms".

Such applications may seem sparse, but | venture they will be deemed important enough
-- at least in some high-traffic instances -- to support the costs of research and development
necessary. If this is indeed the case, here are avenues of experimentation which will put
invaluable experience and knowhow "on the shelf" from where we can take them, at greatly
minimized cost and delay, when we need them for space or lunar use eventually. Another
important ULTERIOR VENTURE entered into for profit below and ulterior utility above. If we leave
it to NASA, It wouldn't get done! It’s not a need for a non-industrial outpost such as NASA has
limited its vision to include. MMM
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Strategy For Following Up Lunar Soil-Processing With Industrial

M.U.S.-c.l.e.

By Peter Kokh

How can a small settlement (anything less than some hundred of thousands and
probably a whole lot smaller) have the most effect industrially? Some "muscle"? Fortunately, we
have a clear and precise criterion by which to judge, and it points the way like a beacon:
keeping upport tonnage from Earth to a minimum, i.e. making do for as much (mass-wise) of
the settlement's needs as possible from local lunar resources. To strive in this direction, the
settlement —— while not neglecting any possibilities -— will do well to give top priority to items
which, multiplying unit weights by quantity needed, embody the greatest opportunity for
savings if manufactured locally.

Among equally weighty categories, those items that require less industrial sophistication
and diversification and which are not unreasonably labor intensive would naturally get first
attention (e.g. one ton of dishes over one ton of electronics).

Shelter itself, with some parts of utility systems (e.g. pipe and conduit at least), and
basic furniture and furnishings made of 'lunacrete’, iron and steel, ceramics, glass, fiberglass,
and glass-glass composites (glax) are obvious items on the list. Such things should account for
most of the settlement's physical plant.

What about sophisticated products: machinery of all sorts, vehicles, electronics,
appliances? Too ambitious? Only for the non-resourceful! Consider that every supposedly more
involved product is an assembly of parts that often includes a shell, casing, cabinet, body, hull,
table, etc. that is less complex and yet often represents a considerable part of the total weight
of the item. If such parts were made in the settlement and final assembly done there (the really
complicated and sophisticated portions representing the output of any subcontractors being
preassembled on Earth in subassemblies as large and as integral as possible) this would hold



down the principally weight-determined upport price of everything from major shop tools to
telephones to vehicles.

This would mean standardizing the size and interfaces of upported subassemblies,
cartridges, chases, etc. to fit the very minimal number of cabinet, casing, and body models, etc.
that the small lunar work force could produce. (If the completed item were upported, parts
supply would be the only limiting factor on variety). Even so, "standard" cabinets and casings
could be made to take varied finishes, textures, and colors.

Now the way we make many items on Earth, especially electronics, would lend itself to
this approach. Of course, a central office (on Earth would save lunar manpower from paperwork)
would have to coordinate everything, so that only chases and work-trays, etc. that would fit
made-on-Luna casings and cabinets would be upported. This should not be hard to arrange on
a bid basis.

The weight savings on major appliances in cases in which the settlement is not yet
prepared to make more than the housing should be considerable. Many such items could be
redesigned so all the sophisticated "works" are in one or a few slip-in cartridges.

By the way, all this reasoning holds just as true if it turns out that the first off-Earth
settlements are in free space colonies rather than on the lunar surface. Such settlers would
operate under the same restrictions until their numbers are vast enough to support self-
manufacture of all their needs. They too will need the right strategy to build industrial "muscle”.

Why not vehicles (both surface and intra-biosphere) with the body or coach made on the
Moon, designed for easy retrofit of a cartridge-like wiring harness, control panel / dash, and
motor (even here major heavy parts could be locally made and designed for ease of final
assembly)? The benefits of such a setup would be immense.

To maximize the possibilities for "lunar content” and the ease of final local assembly will
require designing such vehicles from scratch with this very goal as utmost priority. In a future
article, we will talk about the need for an agency to take the initiative in stockpiling such
"cartridge designs" for future lunar need.

Keep in mind that lunar surface vehicles are vacuum-worthy spaceships. So the next
step would be Earth-Moon, or rather LEO, low-Earth-orbit to Moon or lunar orbiting depot)
ferries of high lunar content (cabin, hold, tankage, etc.) and then even space station modules
for LEO and GEO designed for easy snap-in outfitting of "works" from Earth.

"M.U.S.-c.l.c." a 2-part Acronym

You will have noticed the unusual way we spelled "muscle.” For our strategy calls for
the: M.U.S. (Massive, Unitary, Simple) parts to be made by the settlement and the
C.L.E. (Complex, Lightweight, Electronic) components to be made on Earth to upport up the
gravity well and be mating on the Moon (or early space colony).

Here then is the logical formula for giving industrial muscle to the early settlement still
too small to diversify into a maze of subcontracting establishments. It is a path that has
been trod before. It plays on the strengths of the lunar situation and relies on the early basic
industries:
lunacrete, iron-steel, ceramic, and glass-glass composites (“glax”).

And not surprisingly, it is the path of lunar development that will produce the most in
exports to LEO, GEO, L5 (?), and even Mars.
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AN AMATEUR LUNAR TELESCOPE DESIGN



. Amateur Telescope to be used
power/control cables on the Moon, without a spacesuit
to main habitat Access to a spherical viewing room is
via a hatch in the ceiling of pressurized
habitat. Once inside, seated in the chair,
the viewing room rotates in directions
needed to aim the telescope on the
desired target.

Looking through a space suit
helmet just would not work! This design
is from an MSOE (Milwaukee School
of Engineering) student, Ron August, and
was thewinning entry in a design
contest cosponsored by the (Milwaukee)
Lunar Reclamation Society and the
American Lunar Society in 1988-89.

How would you provide for
stargazing in shirt sleeve comfort on
the airless Moon?

access :
hatch (HABITAT)

Note: electronic ways to channel a telescope image from a scope on the surface to a
comfortable viewing area within a pressurized habitat were not admissible in this “engineering”
exercise.

Submitted by Milwaukee School of Engineering (MSOE) student and MLRS member Ron
August of Hubertus, Wisconsin. This concept involves a moving, spherical shaped viewing
room, with the telescope an integral part of it, that is completely pressurized, heated, and
accessible from the habitat below. Entrance to the room is by way of an airtight hatch system.

Once inside the viewing room, the observer will be strapped into a viewing chair which
has all controls for movement of the telescope (and viewing room) and focusing of the
telescope.

Movement of the telescope/room is achieved by a controller wheel which moves the
room into position to point the tele-scope at anything above the horizon in all directions. The
room is suspended by a low friction smooth-running bearing system.

This was the winning design in a competition cosponsored by MLRS and the American
Lunar Society. Two other entries received honorable mention, including one in which a zenith-
pointing telescope had its base within the habitat, the shaft piercing the regolith shielding
overburden and open to the vacuum. The scope turned in a sleeve using a barometric liquid
seal and surface mirrors to redirect the view. (see MMM #17 “Liquid Airlocks” above)

NOTE: The editor has been well-received by astronomy club audiences over the years for his
talk on how future settlers will pursue their amateur astronomy hobby. He has also stressed
that through  human presence, we will over time learn much more about the planets and
moons. MMM

CERAMIC CITY By Peter Kokh



There are several building materials options for lunar based industry. Among likely
candidates for early demonstration are lunar concrete (one part in 224 [per T.D. Lin] represents
the hydrogen content of water and will probably have to be upported at great expense,) lunar
glass—glass composites, sintered iron, and cast basalt and ceramics. It is this last ceramic
option, about which the greatest amount of disinformation exists, some of it in bad faith, the
rest simply inexcusable.

A recent book “Space Resources: Breaking the Bonds of Earth” by John S. and Ruth A.
Lewis is a case in point. In it, the prospects for lunar development are dismissed with the
flippant “what does one do with [brittle] basalt bricks, is a neat question, one that we have been
unable to answer.” Unfortunately, this book, and this section in particular, received a critically
unquestioning review in a recent issue of Spacelines, unintentionally helping to spread the
disinformation further.

Enter Nader Khalili, an Iranian with a vision, living in this country, and working around
the world. The man is driven by a desire to provide low-, or even no-cost housing for the
world’s teeming billions. Familiar with Iranian adobe structures, to which there is some
resemblance by the far less developed adobe architecture of the American Southwest, he has
concentrated on clay and adobe building shapes and styles that lend themselves to being fired
and glazed from within to form far stronger, more durable structures than the original unfired
ones. His word for this is Geltaftan from the Iranian (Persian or Farsi) for “fired structure.” His
vision then, is a home for everyman, not erected of costly building materials, but fashioned
from the native soil of his homesite, in situ [in place, on location.]

Khalili has gone beyond this, however, to experiment with ceramic sidewalks, retaining
walls, underground storage tanks, irrigation ditches, etc. all dug/formed on the spot, then fired
and glazed. His vision extends to stabilizing eroding cliffs and advancing sand dunes by firing
them, to fashioning building slabs and other elements from molten lava fresh from active
volcanoes, and to the Moon.

Invited to deliver a paper at the October 1984 symposium Lunar Bases & Space Activities
of the 21st Century organized by NASA Johnson and held at the National Academy of Sciences
in Washington, DC, his remarks were greeted with enthusiasm by the unsuspecting audience of
“experts.”

Let us fast forward to, say, 2020 and read the following letter from a pioneer in his eyes.
Dear Mom and Dad,

How goes it down there amonggt the green hills of Earth? Thingg are really picking up for me here up
grayside.

Today (it'e eunrige here on what we optimigtically call the “Garden Coagt” of Mare Crigium) | began work
for Geltaftan-Luna, the gettler-owned congtruction company that ig building Port Tanstaafl. At qunrige the
company yards came to life ag actual congtruction work depends on concentrated golar energy. During the
preceding fourteen dayg of darknegs, workers put together the forme and molds we will uge, sifted lunar goil,
overhauled machinery, and did other non energy intengive work in preparation for the nest two weeks of bugy
city-building now upon us.

At dawn, the great mold-wheels of aseorted diameterg and depthe were filled with the first of their
carefully meagured portiong of sifted lunar coil. (That’e my job - a bit humble, but it'e a start!) Then the great
golar furnaces come to life concentrating the fire of untamed sunchine and directing it through a heliogtat onto the
coil charge in the bottom of the mold-wheels. Ag the charge melte (mare coil, being bagaltic, hag a very low
vigeosity and flows freely) and the mold-wheel beging to gpin, the born-again magma flow easily over the
reinforcing fiberglage mattes (made of nearby highland coil with a 360° F higher melting point) and around the
carefully degigned and precigely placed pluge that will be openings for doorways, indirect gkylighte (to be fitted
with sun-following heliogtate) and even for periscopic picture windows. Thege openinge owe an ingpirational debt
to the wind-catchers built into ancient [ranian adobe buildingg.



The mold-wheels are precigion shaped to have a parabolic catenary curve and the resulting fiberglase
reinforced cagt bagalt domeg will have maximum strength in compresgion (from the goil overburden in cage of
habitat decompreagion) and tengion (from excesg air pregeure within, not quite wholly compengated by the weight
of the goil backfilled above.) The domeg have a reinforced inner lip to securely anchor the floore which are fuged in
place one the domeg are erected on their gites.

After the domeg and floore have cooled down, the interiors are given a “sodium glaze” clogely related to
the calt glazing commonly practiced on Earth. The glaze is applied under high heat with firgt presurization go that
it ig really forced into every lagt pore to make the structure quite airtight. Moldings for hanging pictures or gome of
thoge pretty fiberglase tapestries are already built in - you don’t dare try to make a nail hole! Some gettlers put a
cort of lime whitewagh over the glaze. Others like the glightly browned (from the godium) gray toneg ag they are.

Jugt ag lathe workerg learned long ago to produce more than gimple turningg, Geltaftan\-Luna hag gome
very gophisticated mold wheele that turn out tunnel and conduit sections, vaulte and apses, and other more
complex elemente of the modular city-gtructure. We aleo make elements that are not turned such ag paving slabs,
watertight plant bed-bottomg for the farme, shade walle for waste heat radiators ete. And we fuse coil outside all
the entrances and airlocke to minimize troublesome goil hitehhiking a rid ingide on wheelg and boote. While the
wiftly multiplying Geltaftan Cooperatives on Earth uge bagically low-tech methods, here on the Moon, it ig all
appropriately high-tech or at leagt precigion work. [+ hag to be 0, ag our environment ig mercilesely unforgiving.

The great mold-wheelg, are, of courge, mobile, advancing with the edge of city construction. But gome
unitg are built to move rather quickly, for uge out-gide the city. Next sunth, [ get to go out into the field. We will
begin congtructing a new terminal complex for the epaceport, some thirty miles away, out farther on the mare.
Fusing of the new reinforced landing pads wag completed last qunth.

[n cage you wondered how the domes can fit together to make larger structures and the city ag a whole,
auffice it to gay that they best lend themeelves to groupinge based on a hexagonal grid or honeycomb.Of course
thig pattern ig broken by etreets (preseurized, naturally) and cuniculare (preseurized pedestrian walkwayg or
alleys.) Actually, thie method of building hag a whole congistent language of expresgion o to speak, and you'd be
amazed that he variety of designg Geltaftan-Luna architects have come up with to make the city anything but
predictable and boring! Yeg, magmatecture, ag we call i, ig trangforming our little corner of the Moon, all from on-
aite materialg, with the reault that the city looke (it ie!) home-grown, ag if it truly belongg here, almost ag a native
life~form.

By the way, [ am gtudying Lunar Architecture [LunArch (O, to be exact, ag a part time student at U of L.
[t ig really a fagcinating and exciting new field, and [ feel my future here is wide open.

My Marimba leggong are going well. Did you know that the ceramic tubeg uged in the Marimbag are
made by Geltaftan employees in their gpare time? Thig kind of experimental art and craft enterprice ie encouraged
by the management, and they will even get you whatever toole you need.

Well, Mom and Dad, ite been nice chatting but ['ve got to get to work.

Pll write again goon,

Love,

Graham

PIONEER QUIZ: The Moon’s Surface



Questions

[1] What evidence is there to the naked eye that the Moon's entire surface is covered with a fine
dust layer on a centimeter (half-inch) scale at least?

[2] Were any exposed outcroppings of unfractured lunar bedrock spotted by the Apollo
astronauts?

[3] Do we have any idea of the source of the meteorite material that has bombarded the Moon?
[4] What is the "regolith"? How uniform is it?
Answers

[1] The disk of the Full Moon appears to be of similar brightness edge to edge. If the surface
was bare rock, the edges would be much darker.

[2] Lava flow outcroppings, both massive and thin-bed (less than 1 meter) were spotted in the
west slope of Hadley Rille (Apollo 15 mission).

[3] All sites show a soil component (1.5-2% by weight) derived from meteorite bombardment
with the volatile enriched element abundance characteristic of type 1 carbonaceous
chondrites (C1). Signatures of other meteorite classes are rare.

[4] Regolith (we predict settlers will abbreviate this to 'lith) is a continuous debris layer which
blankets the entire surface of the Moon from a few centimeters to several meters thickness,
and ranging from very fine dust (the portion finer than 1 millimeter being called soil or
fines) to rocks meters across. Below this are many meters of fractured bedrock, and finally
solid bedrock. About 50% of the regolith at any site originates by impact debris from within
3 kilometers, 45% from 3-100 kilometers, 5% from 100-1000 kilometers, only a fraction of
a percent beyond that. About 10-30% of any given maria soil sample is of highland type.
Most of the fine pulverizing comes from on-the-spot micrometeorite bombardment, a very
slow process taking some 10 million years to thoroughly 'garden’ the upper first centimeter.

[See the article on Lunar Ores on pages 8-9 above and the one on “Tailings” below.]

Tailings from Mining Operations
By Peter Kokh
TAILINGS: (TAY'lings) the residue of any process such as mining. The leavings.

The Challenge and the Opportunity

Anybody who has ever visited a mining area, has seen the large talus slopes or mounds
of pea to acorn sized rubble of unwanted material that announce the approaches to mine
openings. This is the chewed up and spit out host material in which the desired ore vein was
embedded and which had to be removed to get at the prize. Tailings also refer to the
accumulated leavings after the sought after metal is extracted from its ore. As a rule, the
volume of tailings is enormously greater than that of the extracted ore. This is especially so
with the noble metals, gold, silver, platinum, and copper. In the case of copper, for example,
the volume of tailings to metal is typically 100:1.

To the environmentalist without imagination, tailings are a terrible eyesore. To the rare
creative environmentalist and would-be entrepreneur, they are instead a vast untapped
resource just begging to be put to work.



What is so special about tailings that would justify such a bold statement? Simply this:
tailings have already undergone a considerable amount of work. They have already been
extracted from the mine site, and are already uniformly ground up into bite-sized pieces often
of quite uniform composition. As such they are already preprocessed and represent a
substantial energy investment that goes utterly wasted when they are allowed to just sit there
scarring the landscape.

In much of the world where rich ore veins exist, paradoxically there is often a scarcity of
the traditional building materials. True friends of the Earth would quit wasting time ranting and
raving about scenic eyesores and spend their time diligently experimenting with these tailings
to see what sort of building materials they could be turned into, putting to advantage the
energy investment that has already been made. Alas, creatively enterprising environmentalists
are about as common as woolly mammoths.

Back on the Moon

On the Moon, we will find soils richer in this element, soils richer in that element, but
likely only in degrees and percentages. While prospecting for especially rich deposits of
strategic materials will have its ups and downs, probably more of the latter, basic needs will be
able to be met by surface mining of the loose topsoil at almost any coastal site, as such areas
have access to both the higher aluminum and calcium rich highland soils and the iron and
titanium rich basaltic (lava flow) mare soils of the lunar 'seas'. Among coastal sites, those that
also have KREEP (potassium, rare earth elements, phosphorus) deposits will have a special
advantage.

The ore company, let's call it Ore Galore Inc. or OGlI, will first separate the loose lunar
soil or fines into fractions by electrostatic and/or mechanical means. These fractions will then
go to various processing facilities dedicated to the production of oxygen, iron, aluminum,
titanium, magnesium, glass and glass composites, lunar cement, etc. At the end of each
processing line there will be leftover material, tailings. These tailings will often be as rich as the
material that undergoes final processing, but will be discarded because they cannot be
processed as easily or economically.

Now the principal lunar industries will be concerned with the two most urgent needs,
export to pay the bills, and basic shelter: habitat construction. Frills, such as finishing
materials, interior (i.e. secondary) building products, furnishings, etc., will have a much lower
priority for OGI. The lunar entrepreneur, experimenting in free time if necessary, will have on
hand any number of piles of tailings, each probably with some characteristic gross composition
resulting from extraction of the different desired elements.

Tailings-based Building Materials
Reusing Spent Energy

The tailings at the Glax™ (glass-glass-composites) plant will differ from those of the
Iron plant or the cement plant etc. We could just leave them there, but considerable energy will
then be wasted, the energy which has gone into their sorting and prior scavenging for adsorbed
gasses. But the real opportunity that suggests itself is to turn these tailings into various
secondary building products meant for finishing and furnishing habitat interiors at the settlers'
labor-intensive leisure. These can include decorative panels (glax), tiles for walls and floors,
ceramic and glass home wares, special glax compositions for distinctive furniture etc. OGI
cannot be bothered with sourcing for such needs but will be only to happy to provide tailings
for the taking. Simple opportunism, neighborly and environmentally aware to boot.

Consider the tile-maker. The tailings from the glax plant, when melted and cast, may
yield tiles of one characteristic color pattern (very likely variegated), while those from the iron
plant may yield another. Aha! variety! interest! choice! - the stuff to whet consumer appetites by
allowing personalization and customizing of habitat interiors at leisure once the cookie-cutter
pressurized habitat shells have been appropriately mass—-produced in the least possible labor-
intensive manner. In these various tailing piles lie the seed of incipient lunar entrepreneurialism
and small business free enterprise.



The environment-respecting aspect of such products might be advantageously
marketed as such to the aware consumer. For example, tiles made from cast tailings might be
called 'slaks' (from 'slag’).

There will be an especially great demand for coloring agents -- on the Moon that will
mean metal oxides exclusively rather than the complex organic dyes made from coal tars etc.,
that we are used to -- coloring agents for ceramic glazes, stained glass, and special inorganic
paints (probably using waterglass, liquid sodium silicate, as a base*) etc. Some tailing piles may
be richer sources of one such colorant or the other. Some sources may be prized for yielding
products of special textures or other desirable properties.

When possible, reserve primary building materials for export products,
and tailings-based materials for domestic products

On the one hand, because of the urgent priorities imposed by the need to justify the
infant lunar settlement economically, basic end products such as iron, export quality glax, etc.
could well be off limits to the home-improvement product manufacturer. On the other hand,
using raw unprocessed regolith or soil may yield only a quickly boring and unvaried product
line, and further disturb the surface. Pre-differentiated tailings offer a handy and elegant
solution.

Test of Settlement Industrial Efficiency

There is perhaps no better single criterion by which to judge a society's environmental
impact than the degree to which its material culture uses resources in proportion to their
availability. On Earth, our record is abysmal, even amongst cultures which 'live off the land.' We
still discard as unwanted too much material after investing precious energy to sort through it
for some prized content. If tailings-based building products industries were pursued vigorously
here on the home world, there would be far fewer shelterless people in the world, if any, and
their homes could be more substantial and satisfying. All it takes is a few people with justified
environmental concerns who are willing, to spend more effort in concrete solutions than in
raising hell. Complaining is so cheap!

On the Moon, industries should be built up to utilize all the elements present in
abundance: with oxygen, silicon, iron, aluminum, titanium, and magnesium, the eventual uses
are obvious though requiring different degrees of sophistication. Calcium is the one very
abundant element, especially in the highlands, that is most likely to go underutilized. Calcium,
of course, is a major ingredient of cement, and Lunacrete, as investigators have begun to call it,
is one of the most promising building materials for lunar installations, if and only if a cheap
enough source of water, water-ice, or hydrogen can be located and accessed**. If not, the
choices will be either to discard calcium with tailing piles being characteristically calcium-rich,
or to accept the challenge of finding other ways to put it to use. Whitewash could be one of
these.

A lunar administration granting licenses to enterprises might give tax or other
incentives to those that are tailings based, to encourage opportunistic usage of material already
extracted, rather than allowing additional square kilometers of lunar soil to be mined. This can
be done simply by refusing license to mine or use unprocessed lunar soil to manufacture
secondary products. Industries should be encouraged to form in a raw materials cascade in
which one industry uses for its raw materials the discards of another, until the ultimate residue
is minimal or nonexistent. Not only would such a material civilization have the highest standard
of living at the lowest environmental impact, it would also use and reuse energy in the most
efficient way. Combine this with recycling, and the ultimate test of a mature civilization is one
without residue. That is a stubborn goal, so hard to realize that it may seem economic fantasy
to some, but one nonetheless worth insistently striving for. The rewards will be great. But above
all, on a world where so little is handed to us on a silver platter, only such total use of what we
do mine may allow us to beat the economic odds stacked against our success.

Next time you pass a tailings-scaped mining site on some Earthbound highway, stop
and take another look. There are fortunes to be made in this unwanted stuff, and preparing for



Moon-appropriate industrial protocols while filling vast unmet needs here below might not be
such a bad idea. Now if | were still a young man! MMM

* [Subsequently, we actually experimented with such "paints", producing the first Lunar-style
painting in September, 1994] -
www.moonsociety.org/chapters/milwaukee/painting_exp.html

** [Dr. T. D. Lin has since performed successful experiments using steam instead of liquid
water, reporting on this work at ISDC 1998.]
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At ISDC 1989 in Chicago over the Memorial Day Weekend, the Lunar Reclamation Society “Think
Tank” MilSTAR team [Milwaukee Space Tech & Recreation)] won honorable mention for their
design of PRINZTON, a 2-tier, 3-village, city in a rille just north of the mare-flooded crater
Prinz, 10 km north east of Aristarchus.

Our serialized entry begins here.

Prinzton

A Rille-Bottom Settlement for Three Thousand People

Part I: THE RILLE AS A SETTLEMENT SITE
By Peter Kokh

Rille: (pronounced rill) [Latin rima, a crack, cleft, or fissure] The origin of the word seems to
be a German term for a brook or small stream. Observers of the Moon borrowed it to
designate the many straight trenches (likely graben faults) and narrow winding valleys they
found. The later, like Hadley Rille, are widely thought to be collapsed lava tubes.

| can remember the days when | used to look upon lunar rilles, great winding valleys
hundreds of meters wide and deep and sometimes hundreds of kilometers long, as unfortunate
road hazards, obstacles to easy transportation across otherwise flat lunar seas. Every time you
plotted a logical route from point A to point B, sure enough there would be some lousy rille that
would make it necessary to detour and zigzag or scout out altogether roundabout routes. While
| have a lifelong habit of staring apparent obstacles, disadvantages, and liabilities in the face
until | see in them some hidden asset worth turning into a trump card, | was slow on this one.


http://www.moonsociety.org/chapters/milwaukee/painting_exp.html
http://www.moonsociety.org/chapters/milwaukee/painting_exp.html

In trying to imagine the Moon as a multi-settlement world, | have repeatedly scouted the
maps, photos, and Moon globe for special assets unique to particular sites, giving them raison
d'étre [reason for being] as potential sites for human presence. The Moon is seen by most
everyone as a dull monotonous place. But don't let yourself be fooled. The seeds for a
diversified and varied human presence are there. Clues abound! Someday I'd like to write a
book for amateur observers and armchair dreamers "Looking at the Moon with a Settler's Eye."

Nitrogen is the Stickler

Having plotted, in my mind's eye, a half dozen logical yet uniquely advantaged sites for
traditionally conceived cities dug into the surface, | began to look further into the future to a
time when one didn't have to be so stingy with nitrogen [Believe it or not, nitrogen for the inert
component of air, not hydrogen for water and biomass, nor carbon, will be the most critical and
decisive of the Moon's several deficiencies) and could plan a settlement with vista-friendly
headroom. And so the idea of covering a rille finally burst in my lethargic brain. Covering a rille
valley spanning as much as a kilometer, should not be an impossible engineering feet in lunar
sixthweight, where there is no wind to blow and no quakes above an impotent 2 on the Richter
scale. Building materials are already on site. But all the tons of nitrogen needed to co-
pressurize such a volume! That's the stickler.

| imagined a long sinuous “national park” -- a wildlife refuge in which the then native
Lunans could go to gawk and grok, in Schroeter's Valley (not the 15 km wide main valley but
the narrow rille within a rille that runs down the center - you need a good photo to see it).
Maybe in the 22nd Century something like that would be possible.

Meanwhile, more modest structures could be built in rilles. Why? Because rllles have
sides! It's as simple as that. Rilles have sides, that would otherwise have to be human-built.
Why, arille is an excavated foundation just waiting for construction!

In “Welcome to Moonbase” by Ben Bova (1988, Ballantine), Eagle Engineering's Pat
Rawlings depicts large volume structures built on the Moon, requiring a lot of excavation plus
the hauling of a lot of shielding material up onto the clear span shell. [The same drawings and
art were used by the ill-fated Lady Base One Corp.] It was a bold yet quixotic concept.

Advantages of Rilles for Construction

In contrast, rille sites offer pre-excavated sites and the opportunity to pull shielding soil
down upon any structure built in the lower portion of the rille. By virtue of its flanks, a rille site
offers a vastly greater heat sink [the temperature of the soil below the first couple of meters is
steady -4°F = -20°C all month long - all year long]. By the same token, from vantage points
along the bottom, appreciable fractions of the sky that would otherwise be above the horizon
are eclipsed by the rille sides. Consequently there is even less exposure to general cosmic
radiation [Lunar sites, having their butts coveted by the soil below, have only half the exposure
that space colonies will havel].

Observation

Sinuous rilles often do not occur as isolated features. They are, after all, collapsed lava
tubes. It is common to find a complex of rilles, partially collapsed lava tubes, and (by inference)
uncollapsed suspected integral lava tubes, all radiating outwards down the gentlest of slopes
from the principal sites of the great magma lava upwellings that filled the vast lunar impact
basins forming the “seas” so familiar to us. A well chosen site should offer considerable
regional expansion opportunities.

We have high resolution orbital photos of several such features. David Scott and James
Irwin of the Apollo 15 landing mission explored a section of Hadley Rille from their lunar rover
in late July, 1971. It was their photos that fueled my imagination. MMM
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Continuing our Report on PRINZTON

A 2-tier 3-village rille-bottom settlement for 3,000 - 5,000 personS

Part II: RILLE ARCHITECTURE - GENERAL CONCEPTS

Peter Kokh, Mark Kaehny, Myles Mullikin, Louise Rachel
A. Atmospheric Pressure: a Supercritical choice.

Perhaps it is because most of today's exo-habitat designers have came to the space movement in
the post-O'Neill era that so many of them seem to be what can only be called Earth-normal chauvinists.
Without ever examining the potentially onerous consequences, they predictably specify, with a casualness
more appropriate to choice of color, that their habitat design calls for Earth-normal atmospheric pressure
and, where possible (as in space colonies), Earth-normal gravity. On the other hand, old-timers who have
been space advocates long before O'Neill's watershed articles on Space Colonies, and who were reared
instead by the likes of Arthur C. Clarke, Robert A. Heinlein, and others, are far more likely to put
considerable faith in human adaptability.

The choice of atmospheric pressure is perhaps the single most critical design specification for an
exo-habitat. There are two reasons for this. First, the propensity to spring pressure-caused leaks rises
exponentially with the pressure. If you wish your habitat to be as maintenance free as possible, this should
definitely be a nontrivial consideration.

Second, the inert gas nitrogen which accounts for an unnecessary 79% of Earth-normal
atmosphere is in far shorter supply (as compared not only with oxygen which is abundant, but also with
hydrogen and carbon) in most Solar System locales except Titan. If one is talking about close-ceilinged
habitats with the minimal mass of atmosphere per usable square foot of floor space, nitrogen is already
the pacing deficiency if one's native sources for volatiles are the soil moved in the construction process.
[See "Gas Scavenger", MMM # 23 March '89]. Even though the needs for hydrogen (water, biomass,
industry) are obvious and we are rightfully attentive to the problems of economical sourcing of this
primordial substance, the potential import cost for nitrogen is even greater.

Now if this is already the case for close-ceilinged habitats, imagine what happens when you
specify a generous headroom and vista-providing clearspan. Hydrogen and carbon needs will remain
steady as they are more determined by square footage/acreage of habitable space. But when overhead
space is more generously provided either for postcard views or better dilution of whatever undesirable
emissions prove to be unavoidable, the cost of providing needed nonnative nitrogen soars.

We have frequently mentioned the Moon's need to develop non-terrestrial sources of the volatiles
it lacks. Nitrogen will be at the top of the list, and the hydrogen needed is logically co-imported as
ammonia (NH3) or methane (CH4) than by itself (H2). The single most effective thing we can do to cut the
cost of imports lunar or space settlements will need to survive is to design out excess nitrogen.

It is for this reason that the MilSTAR design team chose to go against the flow and specify half-
normal atmospheric pressure BUT with Earth-normal oxygen partial pressure. This results in an
atmosphere which is 42% oxygen and 58% nitrogen with all the savings born by a 62% cut in the nitrogen
import burden.

A common objection would be that we are increasing fire hazards with this much oxygen. But the
amount of oxygen is no more than we are used to on Earth. It only appears to be excessive in contrast to
the reduced nitrogen component. The O2 partial pressure remains the same and it is that, not the O2/N2
ratio that determines fire hazard. An objection seldom raised which we are far more concerned about is
the possibility that the new ratio will result in a higher amount of potentially carcinogenic and tissue-
degenerative free radicals. The answer awaits further research deserving of the highest priority given the
make-or-break stakes.

Perhaps more than any other single design choice, the specification (implicit or explicit) of
the amount of nitrogen needed will determine the economic feasibility of an exohabitat design. If we are
at all sincere about human out-settlement of the space biosphere makeup and pressure specs for
biospheres in free space or on the Moon. The present ho-hum lack of attention to this supercritical point
does not say much for space advocacy. We recommend that Space Studies Institute, the research arm of
the movement, push this study.
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B. Choice of a Two-Tiered Structure: “Townfield” below and “Farmfield” above

In designing our rille-sited habitat for 1000-5000 persons (NSS competition specs), we tempered
our desire for spaciousness and vistas, not only by specifying a significant cut in the nitrogen co-
pressurant, but by vaulting over only the bottom of the rille, rather than capping it shoulder to shoulder.
In addition, mindful that plants are less demanding than people, our design calls for a two-tier structure.

A townfield at the bottom of the rille enjoys the O.5ATM (1.0 Earth-normal oxygen) just
described. Suspended above it by the difference in air pressure is a farmfield (with less generous
headroom) that has 0.25ATM with the same mix of gasses as below (hence 0.5 Earth-normal oxygen). This
would be a largely automated agricultural area. The workers needed to tend this farm area intermittently,
would be unmasked but supplied with a backpack oxygen tank and a mouth tube which they could
activate by sucking on as needed.

The warmer, moister, but vegetation-freshened thin air of the farmfield would be exchanged with
denser, cooler, staler townfield air by (downflow) fail-safe turbine condensers (which would also turn the
humidity into potable water) at the rille sides and by (upflow) electricity-generating heavy-load fail-safe
turbines along the high point of the vault-span.

Both vaults are space-frame type strut structures in the shape of the shallow portion of a catenary
arc (the shape of a hanging chain) - the strongest shape in both compression and tension. [The St. Louis
Gateway Arch s an example.] These vault frames would be decked both above and below, with cables
overlying the topside tied to bedrock anchors in the side of the rille. 51 gm/cm2 (0.72 Ibs/in2)st [keep in
mind the 1/6th gravity situation]. There would be somewhat more shielding near the rille sides so that at
the point of attachment, net weight-above vs. pressure-below loads would be zero.

The vault-frames need not be built to carry uncompensated loads from either shielding or air
pressure. Instead, once decked and sealed, the volume below would be pressurized gradually to keep pace



with the on-loading of shielding soil above. In the unlikely event of a failure to maintain the pressure
differential that supports the lower vault, it would be suspended by normally slack cables to the upper
vault. The increased air pressure on the upper vault in this situation, would more than support the weight
of both.

The combined depth of shielding above the townfield area is some 10 meters (32’) which far
exceeds requirements for radiation and micrometeorite protection. Significant puncture of the upper vault
would not be expected on statistical grounds in a thousand year timeframe - a much longer span than any
Earth city design can offer.

The rille bottom would be terraced following computer-suggested lines to need a minimum of soil
moving. The flattened and compacted terraces (perhaps reinforced with fiberglass mat), and vertical
surfaces would be microwave-fused to a depth of half a meter and then sealed by laser-glazing.
Thereupon the terraces would be paved with hollow blocks or slabs to provide both runs for utilities and
an insulating air layer. The resulting surface would serve for walks and roads with all plantings in water-
guarding pots, tubs, and large trays.

planting trays sit on hollow block pavers made of
fiberglass reinforced hollow block

C. End Caps for 2-Tiered Rille Structures.

Obviously, our structure has to have a beginning and an end. At first we considered some
sort of vertical air dam since early on we decided to segment the settlement so that it could be built and
occupied one 'village' at a time. We had hoped to come up with a barrier which would serve to end one
segment and begin the next. However, there seems no way to build such a vertical barrier strong enough
to withstand the pressure differential between 1/2 ATM and vacuum over such a large expanse (500
meters wide by 100 plus high).

The solution was to bring the soil-loaded (pressure-compensating) roof down the ends on a 450
slope. This sloping end-wall would have vertical baffles to hold soil shielding in place. Some 7 meters of
shielding along the upper slope would supply the same loading in a vector perpendicular to the slope
(inward to the farm area) as does the 5 meters on the upper vault. And 14 meters of soil on the lower
slope portion would give the same loading vector against the greater atmospheric pressure in the lower
tier as the combined 10 meters above both vaults. Thus we have a wall which is also a roof, and it works.
This end slope wall would likewise have a shallow catenary convex shape and also be cable-tied to
bedrock anchors. A solution with no weak spots is the result, although it meant that each village-segment
would stand alone. The end of one could not serve as the start of the next
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D. Bringing in the Sun.
We had already chosen an east-west section of rille so that the full fourteen days plus that the Sun

is above the general horizon would be available to our villages. In a north-south rille, our bottom hugging
settlement would be shaded by the rille side slopes for unwelcome stretches at the start and close of each
local lunar 'day".

Sun-tracking heliostats, concave mirror devices which concentrate the sunlight and channel it into
the habitat below, would work well for the upper vault area, the primary agricultural acreage within the
settlement. We came up with a low-tech design that does the job neatly enough. The low-tech approach is
critical because many hundreds of such devices will be needed and our settlement must be able to
manufacture them on the spot.

At the point where the sloping end wall meets the lower vault and the shielding increases from 7
to 14 meters, there is a 'bench' along the shallow curve of the end wall where an additional row of
heliostats could be placed that have direct access to the end areas of the lower habitat area. This will
mean these areas should also be dedicated to agriculture, especially to crops that need to be tended more
often.

For the main central stretch of the lower 'townfield' area, we decided upon a different approach.
Heliostats along the sides of the rille would channel sunlight down shafts to a point where it could be
reflected off the vault ceiling. The lower vault would have ceiling panes of glass composite [Glax*] that
could be ribbed to catch and scatter this reflected light. They could also be formulated to have a sky-blue
cast. A pleasant ambient light from a bright blue sky would thus pervade most of the lower residential
area. Garden plots needing more intense lighting could use electric task grolights™ suspended over the
beds, thus not wasting light where it isn't needed.

What about the night? This is a dual question. First during the local two week sunshine periods
while farm areas above may want to use all of this, the residential areas below are free to shutter the light
shafts to provide 'nighttime' on a 24 hr cycle. Second, during the local two week nightspan, the same
sunshine delivery system can be used to direct light from efficient large electric lamps, via the heliostat
optics and via the shafts that bounce light off the reflective skypanes.
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SARDINECAN Fatalism

By Peter Kokh

July 20, 1989 Milwaukee, Wisconsin - The University of Wisconsin-Milwaukee (UWM) has
received a 3-year $105,000 grant from NASA’s Universities Space Research Association, to
build on its (UWM'’s) previous work in designing a a Lunar outpost to include manufacturing,
laboratory, and habitat space. The renowned UWM Center for Architecture and Urban Planning

Research will direct the project in cooperation with the UWM College of Engineering and Applied
Science, according to Center Director Gary T. Moore.

According to Moore, the UWM students face the challenge of making the habitats livable
despite “the need to make them as small as possible.” While Moore recognizes the need to
provide get-away-from-one-another elbow room space for the ten or so persons stationed at
the base, the NASA “sardine-can” approach is rooted in the agency’s unwillingness to look

beyond the deployment period in which everything must come from Earth in some payload bay
or faring-space.

Moon Miners’ Manifesto, also in Milwaukee, holds to the brash declaration of “Miners’
Rights” implied in “Manifesto,” and will continue to illustrate alternative options and to outline

lines avenues of research that will create a frontier lifestyle that is both truly human and truly
lunar.

One thing we hope the UWM group will consider, is an option of pairing private quarters
on an alternating shift basis, with a two-sided works core sliding into the unoccupied walk-
around space. A “works” core-modules would contain plumbing conveniences, climate control,

communications and entertainment centers, etc., and possibly built-in fold-out, slide-out,
pop-up, or pull-down furniture.
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KEY: 1 Recycled fuel tank shell half or more spacious shelter made of Moon-processed
materials; 2 Door to other cabin; 3 passage to other shells; 4 Fold down beds; 5 storage
space 6 Slide out chairs; 7 Cabins also served by 8 Twin-sided works core;9 Fold out table
for meals, study, work; 10 Pull out lamp.© Dan Moynahan Once we are can
build habitat modules from local materials, these core modules could still be imported from
Earth, without the original pressurized container and all the mass it comprises. MMM
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Continuing our Report on PRINZTON
A 2-tier 3-village rille-bottom settlement for 3,000 - 5,000 personS

Part IV: The 3 VILLAGE RESIDENTIAL AREAS
Peter Kokh, Myles Mullikin, Louise Rachel

MODULAR HOUSING

Prinzton would be quite unlike any previous Lunar outpost or settlement. Gone will be
the pressure-hull habitats separately covered with meters of shielding soil, the early form of
burrow-warren life that will have become synonymous with Lunar subsistence, fulfilling the
unanimous prediction. In such accommodations to the Lunar facts of life, there will be the
starkest of differences between "indoors" and "outdoors", life and death.

In contrast, Prinzton is constructed within macro-sized and communally-shared
pressure envelopes = the sealed rille floor and side-slopes capped with catenary vaults and
end-walls. Such a scheme introduces an ample "middoors" environment, open space with
generous picture postcard vistas and "shirtsleeve" freedom for getting about, for recreation,
and for arranging homes and other buildings that do not need to be each pressure-tight. This
will allow construction methods more reminiscent of back-home.

Yet there are important differences between building beneath Earth's starry skies and
building under Prinzton's artificial sky-vaults.

1. Lunar gravity is I/6th Earth-normal or "sixthweight". This allows lighter construction for
multistory structures, and freer use of cantilever techniques.

2. Building materials commonplace to us may be unavailable: wood, vinyl and other synthetics,
some metals. Concrete may well be expensive if economically recoverable Lunar polar ice
deposits are not found by Lunar Prospector or other polar orbiters.

3. There'll be a premium on early occupancy. This means that building shells must not be
labor-intensive and must be erectable by fast and simple methods. Once occupied, they can be
given fresh distinguishing exterior and interior treatments at leisure. Thus a certain look-alike
cookie-cutter appearance is to be expected, with personalizing makeovers coming in due time.



4. The very small labor market, not only in contrast to our Earthside experience but in
comparison with Space Colony expectation, will work to minimize initial options. "Modularity"
will be at a very unsophisticated gross level, especially at the outset.

We had to take all of these things into consideration, in developing Town Plans for the
three Prinzton villages. The first would have to be as simple as possible, yet with interesting
and attractive features. The plans for the second and third of the villages should illustrate
increased sophistication that the growing labor pool and increased industrial diversification will
allow.

Prinzton Village | - EASTVALE

The plan for the first village, was conceived by Peter Kokh. He chose a simple street plan
with a closed loop boulevard, portions of which boast median canals, and 200 individual home
sites, 2 100-unit apartment complexes, schools, offices, and other buildings all using a version
of the same basic module.

The determining idea behind the EASTVALE Plan is that module shells would be cast in a
Rille top factory (at high temperature with the need for concentrated solar heat) probably of
glass—glass composites (Glax*) of minimally refined formulation. With openings ready for fitting
with standard window and door units, and with the interior surfaces ready for snap-in electrical
service, each 1150 sq. ft. unit would be brought down the rille slope in a pressurized cargo
elevator (whose dimensions determine module size) to the central freight-transit corridor along
the rille bottom. Next they'd move into the village for essential outfitting at a central plant, and
then to the homesite etc. for erection and immediate occupancy.

Everything in EASTVYALE is Modular

From one basic module, 7.5x15%3.75 m., built in a T ]
rille top factory and brought down the cargo elevator, =8 L
all homes, offices, schools, and apartment complexes ﬁ_jj T »

are built. This ensures fast, simplified development. MODULAR cc\v;ipo_‘sumls‘ OEFICES
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All other finishing would be done at leisure: surface treatments, interior walls,
furnishings, etc. Large landscaping trays would be similarly designed to singly, or jigsaw-like,
stack neatly in the same cargo elevator.

These restrictions offer a design challenge. Yet interesting combinations are possible via
varied module-stacking methods. Above, are some illustrations.
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KEY: S _ Transit Tunnel Station

200 individual homesites 25m x 25 m Church, Mosque, Synagogue

KEY: C/I Clinic/Infirmary - V Vegetable beds - O Orchards -HS High School - OB Office
Building - RA/IP Recreational Area above Industrial Park below - PS Primary School - S Shopping
area - TG Eastvale Town Government - e elevators to Farm Level - cc Cath. church - cp Prot.
church - s synagogue - m Mosque cw cableway (scenic) - h hatchery - R terrace view
restaurant - tl trout ladder - tt transit tunnel people mover = tt station - mg memorial garden -
Z Zoo - fm flea market - u underground water return - + 200 homesites 25x 25m

Under the surface Recreation Area level FARMFIELD \
cotton fabric | building panel/module 1 G
spin + weave K ] S add doors+windows etc. :z flight pereh

L M- ' '
s lslel7?lale liglqq|alasscomposite Eastvale acenib sibloway
! ! furniture shop lower teve cargo & peaple ’
1 basic apparel - 2 u-sew/ u-dye - 3 fiberglass fabrics light industry transit tunne
4 inorganic recycling - 5 carts/bikes - 6 wrought iron recirestion fielg TOWNFIELD
7 glass - 8 stained glass - 9 ceramics - 10 repair shop —_—

A dull and drab newborn village will slowly transform itself into a pleasant place to live.
Homes could be several tiers high as families purchase and stack additional units crisscross on
top of one another as the original "issue flat" is outgrown. Many such starter flats may be
turned into home enterprise shops, as the growing family moves to new quarters above.

The original grays of crude glax surfaces will soon be hidden under glazes and
whitewashes and other surface treatments: tiles, bricks, shutters and panels. Original balcony
railing designs will add distinction. There will be an ever-fresh look to EASTVALE townscapes.
The need to personalize and individualize will be a strong incentive for new settler enterprises
(at first, spare-time endeavors, as everyone is needed to provide essentials).
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Above Left: Overhead closeup of one of four stacked Apartment Complexes that straddle the
Canal Loop

Above Right: How surplus pre-treated waste water will add beauty and more to the town

Industries involving heat, vibration and any potential biospheric contaminants are situated on
top rille shoulders.

EASTVALE boasts other amenities. A scenic cableway crosses the townfield valley from
the NW upper corner to the SE upper corner [see Eastvale Village Plan on page above.] It also
boasts a small (just seven standard modules) animal zoo and aviary in one corner of the central
green space recreational area.

It is vital that Lunan children grow up with first hand awareness of the animal life that
shares our home planet with us. This modest facility would be enough to house a token
selection of easy to care for feathered, furry, scaly critters. And some that could be brought out
to pet!

There is also a stairway hugging the sloping underside of one of the end caps leading to
a perch from which young and old can try their arm-mounted wings at human flight, an age-
old dream never realized on Earth because of its high gravity. See the partial cross-section
elevation at the top of this page. Here is how the stair way and perch looks from the side.lt
would be quite a walk up in Earth gravity, but not on the Moon . Many a pioneer will make the
climb just for the view, and yes, perhaps to work up the nerve to fly!

Prinzton Village 2 - MIDVALE

Design by Myles M. Mullikin
Mullikin realized that by the time construction of village #2 began, pioneers would be
ready for both more diversity and more luxury in housing. This would mean diversifying
industry and food production as well. He also realized that #2 would be ideally situated to
include the 24 hour functions of service and recreation. Eastvale would be hours ahead,
Westvale 8 hours behind Midvale, with all the factories running around the clock. So Midvale
is divided into two districts: the Metro in one half, the village in the other half.
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The residential district includes homes for Prinzton’s more affluent individuals and their

families. Three story slope-hugging mansions are included. See the illustration in the Midvale
Town Plan above.

MIDVALE's Village District features neat subdivisions of cluster homes, apartment blocks
for young couples, luxury town-homes, even a few high terrace mansions. This quantum leap in
sophisticated modularity. As Prinzton grows, there will be ever more people to do ever more

things. More individuals will be able to make serving the discretionary consumer market their
principal occupation.

MIDURLE’s Clusters of Modular Family Homes
4 floor slabs
7 3 mx 10 m each

interior floor spac
120.5q.m. or
1,300 3q. ft,
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The all-in-one habltat unit has been abandoned as the basis for construction. It has
been replaced with modular floor slabs, wall panels and other elements that can be fitted
together in a greater variety of home designs with substantially greater architectural freedom
from the outset. But again, high temperature casting is done on the rille top, but now assembly
is finished within the village industrial park. Early occupancy is still the driver, but in a less
urgent manner.

The University of Prinzton

Small but vital, the University of Prinzton in MIDVALE will have enterprise formation and
assistance as major functions. Concentrating on research and development of 'Moon-




appropriate' materials, methods and processes, and marketable applications, the university will
further the growth of both the export and the domestic economies. The health of the people

will also be in its care. These missions will make the UOP the lead agency in advancing Settlers'
ever more thorough acculturation to their adopted world.
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KEY: The dorms serve students from elsewhere on the Moon. MC-H - Medical Center &
Hospital. Computer Center/Library. Professional Offices. U. of Prinzton Schools of Geology &
Mining, Astronomy, Chemical Processing, Product Development & Enterprise Assistance,
Humanities, Arts/Crafts. B=Bar R=Restaurant C=Cinema

A “Downtown” Metro District for Prinzton

MIDVALE's business district serves as Prinzton's downtown. More than likely, Prinzton
will serve as the metropolitan center for a number of outlying smaller mining settlements in this
whole general area of the Moon. This will all work to make the Midvale "Metro" District a much
livelier place than one would suspect from its size.

A “Lake” and a series of water cascades and waterfalls flowing out of a hydroelectric power
plant? On Luna? “Lake Luna” itself is but a shallow lagoon, but below it is a major reservoir for
the hydroelectric system. Overflow from the Lake goes into this reservoir. During the two weeks
of dayspan, excess solar power is used to pump pump water reserves up to holding tanks up on
the rille shoulder. During the two week nightspan, this water is allowed to flow down the rille
slope to generators on the top terrace of the Midvale town Field.

So the hydroelectric system involves both a closed loop and a very large head. The
reserves held on the rille top have as much potential energy as the water feeding niagara Falls,e
ven in the low gravity.

How the Hydroelectric Loop works will be the subject of a follow-on article in this series,
“Putting water reserves to work” is a primary design goal. Myles paid great attention to his
water circulation plan. MM
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Prinzton Village 3 - WESTVALE

Design by Louise Rachel (now Quigley)

Similar construction systems would be employed in building Westvale. The designer
specifies a single neighborhood to one side of a spacious village Commons. This residential
neighborhood integrates several housing types around terraced and lushly landscaped
courtyards.
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In WESTVALE, there will be ample provision of communal space for enterprise
nourishment. By the time such space becomes available, some of the infant enterprises
nourished in Eastvale might be ready to graduate to the more spacious quarters and to quantity
production techniques. 'Make-overs' by the mushrooming cottage-indus-try-based enterprises
will greet return visitors to Prinzton with much that is new and interesting. LRQ
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Above: A cross section of the 2-level Rile Bottom Settlement and its basic architecture
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Ongoing SSI-Supported Research



Brandt Goldsworthy, the President of Alcoa Goldsworthy, reports that testing of the
feasibility of producing glass composites from loose lunar regolith soils by solar heating will
begin sometime this year (1990). McDonnell Douglas has a spare parabolic solar concentrator
able to produce temperatures above 3000 °F (1650 °C) needed to melt the raw material, and
has agreed to lend the unit to Goldsworthy.

Crude glass-glass composites on the analogy of fiberglass reinforced plastics (RFP)
would be the easiest way to build structures needed for a lunar settlement using on site
materials. Some further refinements could provide export-quality building materials for
income-yielding export to space construction sites.

Below: a Popular Mechanics illustration of such a highly automated early lunar industrial
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RAMADAS: “YARD” AND WORKSITE CANOPIES FOR LUNAR OUTPOSTS
Artwork by Dan Moynihan - Article By Peter Kokh

Examine a picture of an Antarctic Base, and you will see a cluster of main buildings
awash in an unplanned, unkempt cluttering of fuel tanks, stockpiles of supplies, new equipment
not yet installed and old equipment already retired, trash dumps and so on. Base architects
have a tradition of leaving to afterthought the siting of necessary external paraphernalia, the
things that make base operations work. Nor is such an unsightly hodgepodge of land use
expediencies the only result. Since the realities of base operations were not taken into account,
as only individual structures rather than integral functioning of the base as a whole - or likely
patterns of growth and evolution - received attention, it is an inevitable result that such sloppy
installations function rather less efficiently and less safely than they might.



The sketches available of various Moon Base designs, be they the product of NASA think
tanks or of outside sources, share this ivory tower penchant for neglecting patterns of likely
land use in the immediate vicinity, in the front and back "yards" of principal base structures.

It is inevitable in any Lunar Base operations scenario, that an appreciable portion of
routine "out-vac" EVA activity will take place in a few concentrated areas, especially the
immediate vicinity of the Base itself, and of its component structures and facilities. There
should be a very thorough effort to identify and categorize the types of activities involved and
the intensity of use of these "yard" spaces.

Current planning and design provisions make no distinction between those EVA
activities on the base doorstep and those spacesuits-required activities at some distance from
camp. However, the relatively high intensity of usage of selected close-in areas for storage,
staging, repairs, or other repetitive outdoors housekeeping tasks, offers us an opportunity to
make such routine activities both safer and easier.

By designing lightweight, modular, and easily deployable work canopies or "ramadas”
strong enough to hold a few centimeters of regolith insulation blown on top, Lunar Base
architects can provide built-in cosmic ray, ultraviolet, and micrometeorite protection for these
high use activity areas. ['Ramada" is a Spanish word common throughout our treeless plains
and desert areas for the shade-providing shelters at roadside rest stops.] Providing ramadas
will allow those working in such sheltered areas, while still exposed to vacuum, to wear
lightweight more comfortable pressure suits. Under such improved conditions, those working
outdoors could put in more hours with significantly less fatigue, with lessened vulnerability to
random micrometeorites, and with reduced cumulative radiation exposure.

Such ramadas might be attached to various base structures themselves, in an analogy to
awnings and lean-to sheds, or stand free but adjacent to them. They could cover an area
continuously or make use of overlapping panels to allow some reflected sunlight to ricochet
between top and bottom surfaces into the working spaces below.

Those whose assignments take them beyond such protected yard areas will still require
the heavier more cumbersome hard suits. For some such cases it may be possible to design
mobile or "redeployable” ramadas to use at temporary sites of heavy outdoor activity such as
can be expected in the field at prospecting sites or with the time-consuming installation of
scientific equipment, solar arrays etc.

Kevlar fabric slung over frames of aluminum poles, all brought from Earth, could form
the earliest ramadas. In the light "sixthweight" of the Moon, such fabric would be more than
strong enough to support an overburden-load of several inches of loose regolith shielding. As
Lunar manufacturing develops, glass-glass composite panels covering glass-glass composite
lightweight space-frames and pylons, all manufactured on site, could fairly early on become the
standard means of providing safe workspaces sheltered from the avoidable "elements" that
buffet the exposed Lunar surface.

We began this article by pointing to a general unsightliness that has come to be
characteristic of this country's Antarctic bases. While a strategy of careful management of high-
use yard space, including the use of ramadas, would clean up much of this clutter, on the Moon
as well as in Antarctica, that is certainly not its principal merit. The unsightliness, as much as it
grates, is but a symptom of the deeper ill of lackadaisical management of base operations. It
betrays an attitude which is of one piece with that same carelessness which breeds accidents,
both mechanical and human.

Most will accept that we cannot tolerate the expense of mismanagement on the Moon.
Part of good base management will consist in providing the safest possible routine working
conditions. The added cost of bringing along the materials to erect ramadas over those
highest-use outdoor areas around the base will be well justified. Next time you see an artist's
depiction of a Moon Base, whether it comes from NASA, the Lunar & Planetary Institute, SSI or
Eagle Engineering, ask yourself "what's wrong with this picture?" If the grounds look neat and



uncluttered all without ramadas, the rendering will clearly be more akin to science fantasy than
science fact.

If ramadas are essential facilities for Lunar bases, no matter how absent from base
concepts currently in vogue, then a national competition to come up with some good design
options will be in order. Such a competition should have three categories:

(1) For first generation bases, the most economical use of imported material; per square meter
sheltered;

(2) For next generation bases, early practical use of building-materials made on site; and

(3) Mobile and/or redeployable ramadas for use in the field. Prize money to entice
participation could come from traditional sources such as aerospace contractors, but also
from materials industries who wanted to promote the use of their products e.g. Aluminum,
Kevlar, Glass, and Steel, or from construction firms. MMM

[This article is an expansion of an abstract sent to AIAA in response to its solicitation of ideas
for Moon/Mars Missions & Bases. Thanks to Michael J. Mackowski of St. Louis Space Frontier

Society for alerting MMM to this  opportunity.]

FLARE SHEDS: BUTT-SAVERS IN THE OUT-VAC

By Peter Kokh
[For a related article, see "WEATHER,” MMM # 6 JUN 87, republished in MMM Classic #1]

The Sun doer not rotate integrally as would a solid-surfaced body. We can clock its
rotation by watching sunspots, slightly cooler areas that look black only in comparison, slowly
transit from west to east over a two week period. Spots nearer the equator are carried across
the face more quickly than those near the poles, marking one rotation in about 25 days,
compared to 28-some nearer the poles, and as slow as 36 days at the poles themselves.

Keep in mind that sunspots, occurring in pairs, mark places where intense magnetic
fields project from the surface, and it becomes clear that the Sun's overall magnetic field must
become ever more tortuously twisted and kinked with each differential rotation until the pattern
finally can be maintained no more. Such a crescendo is eleven years a-building. At the end of
the cycle, the magnetic polarity reverses, so that the overall pattern repeats every 22 years.

Solar flares might be seen as the bursting of solar-energy "dams" maintained by great
magnetic forces within these sun spots. As the dam bursts, a flood-surge of energetic particles
heads out from the Sun at an appreciable fraction of the speed of light. Light takes 8 1/3
minutes to span the distance between the Sun and Earth (= 93 million miles = 150 million km
= 1 Astronomical Unit) so when a flare is spotted (if anyone, anything, is watching!) we have
only a few moments before the deadly storm hits. For the associated X-rays advancing at light-
speed, the only warning possible is a means of predicting such eruptions.

On Earth we are sheltered from the full fury of such lethal solar flares first by the Van
Allen radiation belts maintained by the Earth's own magnetic field, and then by our atmospheric
blanket. Nonetheless, enough energy some times gets through to disrupt radio communications
for hours, even cause massive power outages by inducing current surges in transformers and
transmission lines. Though the inconvenience for us is mild in our protected cocoon, and while
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they cause spectacularly beautiful auroras, we can be grateful that flare seasons come 11 years
apart.

The most intense portion of a flare onslaught can be over in just minutes or last a few
hours. Beyond the Van Allen Belts, the need for shelter is immediately pressing. Flares can
occur in clusters and single flares can have the energy of hundreds of millions of hydrogen
bombs. The direction the torrent takes is random, depending on the location of the source spot
on the solar surface.

Unless we are to limit our activities on the Moon and throughout space in general, to
quiet-Sun years, two things must receive priority attention:

1. Developing a Flare Early Warning system
2. Developing a network of storm shelters within reach.

The first need is touched on briefly in the earlier MMM article cited above. The second
requires multiple strategies. On route to Mars, we can put all the fuel and cargo and equipment
sunward of the passenger cabin (the "P.0O.S.H." strategy: Passengers Outfacing, Sun-facing
Hold). Coming home with empty holds and tanks presents a more stubborn problem. But here
we want to highlight situations on the lunar surface.

Lunar bases, habitats, factories, and whole settlements will be sufficiently protected by
the same 3-4 meter thick overburden of loose or bagged regolith shielding that shelters them
from cosmic rays and micro-meteorites. Surface activities in the immediate neighborhood of
such sites should present no problem even in high flare season. But in time an outpost or
settlement will be joined by others as the lunar beachhead transforms into a more "world-like"
SET of human places. How do we protect those traveling between such protected sites?

Surface vehicles can be designed top heavy with batteries, fuel cells, cargo and other
heavy equipment on top - that's sound practice anyway, and the center of gravity problem can
be handled by longer wheelbases and wider tracks - no problem when the cost of real-estate
and right-of-ways is moot. While these measures will reduce routine exposure to other
hazards, they may be less than adequate during solar flares, especially when the Sun is at a low
angle over the horizon. Ports in the storm will be welcome.

Open ended north-south facing quonset-type shells covered with a couple meters of
soil, situated at intervals along established routes, could harbor a number of vehicle
emergencies. How close will we need to put them? Obviously that depends on things we can't
pin down as yet. First, how much early warning time can we expect (= how much time do we
have to take cover) and how much ground can vehicles traverse while the clock is ticking. We'll
want a reassuring margin of safety.

The need to reach shelter with time to spare and the relative expense of erecting such
flare sheds could put a real premium on vehicle swiftness, well-graded roadways, or both.
Excursions off-the-beaten track in "shedless areas" may be limited to emergencies, during
flare season. The alternative is to travel during the 2-week-long lunar nightspan in the "lee" of
any storms. This may work to confine lunar "rural” outposts along established routes between
major settlements or to provide storm-cellar-equipped vehicles to service the less frequented
routes.

Over time, if traffic increases warrant it, some of these flare sheds could grow into more
full-featured facilities: emergency communications, automatic self-replenishing liquid oxygen
depots, drop-off points for fuel cell water to be automatically electrolyzed by solar power back
into liquid oxygen, and hydrogen, for fuel cells of other vehicles, hoist-equipped repair ports,
unstaffed hostel-type bedroom space and so on. Eventually, some such oases might even
become the first humble beginnings of whole new towns.

The way lunar development proceeds, from the placement of outposts, the design of
vehicles, and the preparation of roadways - much that will shape the unique character and feel
of the Lunar Frontier — will trace back to this need to cope with the occasional deadly solar
flare. Storms do have their usefulness! MMM
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POLDERS: A Space Colony Model By Marcia W. Buxton*

* Cultural Anthropologist & founder of Northwest L5 Society Chapter (now Seattle L5/1) in June
1996

From the beginning of human civilization families have made sacrifices for their children
and for future generations. In order for human civilization to continue it seems self evident that
families must eventually move into space and become a spacefaring people. An interesting
parallel can be drawn between the familial movement into space colonies and the Renaissance
development of the Polder System in the low countries of Europe. Each is truly an artificially
created environment.

"A polder is a piece of land won from the sea of inland water and is constantly defended
from it thereafter," explains Paul Wagret in Polderlands. Beginning in the 11th Century along the
Northern Coast of Europe families labored to painstakingly force the sea to relinquish land in
order to provide farm land for their progeny. These brave men and women worked hard to
provide future land not for themselves but for their children and their children's children. In the
same way serious thought must be given by all families today to look to space colonies to
provide a better life for their future generations.

The family structure as it had developed by the 11th Century, in what is now the
Netherlands, decreed that at a husband's death his widow received half his wealth excluding his
land. All his farm land went to his eldest son and the remaining wealth was divided among the
brothers. This custom allowed for a large enough area of farm land to be passed from one
generation to another to sustain at least the eldest son. Daughters were generally expected to
marry or enter convents to pray, teach, copy manuscripts and care for the sick. The remaining
sons frequently were prepared to enter guilds to become expert weavers or other sorts of
craftsmen. The center of cloth production was the city of Antwerp. Other sons might choose the
monastic life.

In France, wealthy Lords would often grant monks the right to the marsh land on the
edges of their properties provided that the monks endeavored to successfully drain the land for
pastures and maintain them as polders. This "reclaimed" land was theirs henceforth. Here they
constructed their religious buildings including stone towers which could be used as shelters in
times of floods by the people living in the low lands.

Mont St. Michel is an example.

In the areas of Friesland, Zealand, and Flanders much of the land was a brackish peat
bog bounded on the North by the Sea (illustration below). As the population expanded, the
digging of peat to be dried and used as fuel became necessary. The word "polder" may derive
from the Flemish word poelen, meaning "to dig out". This digging was done in conjunction with
the digging of ditches for the drainage of the brackish water into the sea. This lowered the
water table and the people learned that when these [newly] created dry areas were planted in
clover and desalinated with natural rainwater, eventually this area became land where cattle
could graze and much later hops, hemp, flax, coleseed, rapeseed, cereals, and finally flowers
could be grown successfully. This often became the land of second and later sons.

In order to aid the drainage of the low lands, canals needed to be constructed. Dikes
using woven willow twigs and burnt clay bricks were built systematically to keep the brackish
water from returning to the hard earned low crop lands. The area is often six feet below sea
level. Great care needed to be taken not to dig for peat too near the dikes which might be
weakened causing catastrophe.



By the 13th Century primitive windmills and lifting dredger buckets were established
along these "highways" of brackish water. Younger sons became inheritors of the early
windmills. Bridges, locks, and paths were built along the canals to aid the families in fetching
drinking water which often could only be obtained by going a considerable distance to an area
where rainwater collected sufficiently for fresh water wells.

At the end of the 15th Century due to religious persecution in other countries many
immigrants, particularly Anabaptists and Mennonites who refused to bear arms, fled to the low
countries. Here the ruling class, perhaps because some of their ancestors had been among the
Crusaders in the Holy Lands and had opened up early trade routes and welcomed new ideas and
foreigners, respected these people who were willing to work so very hard to drain fields and
maintain the polders. And they, as other polder workers, were exempted from military service
and payment of land taxes. These immigrants were allowed to organize their own schools and
churches.

The development of the canal and polder system was not without many real
catastrophes. There was often great destruction but always followed by rebuilding. The canals
also began to serve other purposes and small barges were used to develop an efficient system
of primitive commerce, dispersing beer, wine and salt. With the beginning of commerce came
certain restrictions. Members of the ruling class, usually people owning large amounts of land
but who lived in the towns and villages, began to demand tribute for the use of the canals near
the villages.

The continuing need to dig for peat for fuel which enhanced the reclamation of the low
lands, the emergence of the windmills, the building of locks, and the slowly developing system
of commerce encouraged the establishment of "high water authorities" and water boards.
Voting rights depended upon ownership of farm land. Among the peoples of Utrecht,
Netherland, Zeeland, and Flanders there were to become in the 14th Century the hoogheemraad
schappen or high water authorities and [they were] responsible only to the governments. At the
local level these Waterschappen came to serve the function as a court of law.

Just as the marsh lands were reclaimed from the sea with embankments, with increases
in population attention needed to be paid to reinforcing the coastal sand dunes along the North
Sea. Wagret describes a polder dike as being perhaps 40 meters in width, but a main sea dike
may reach 80 to 100 meters in width. The ebb and flow of the tidal currents along the sea coast
sometimes caused erosion.

Jan de Vries, in The Dutch Rural Economy in the Golden Age, remarks that rural districts
were prohibited from brewing, spinning, weaving, or ship building but that skippers of barges
passing villages were required to dock, unload their cargo and allow their goods to be offered.
In 1575 there were elaborate plans made which are reminiscent of the early plans and dreams
in the 1970's of the L5 Society for Gerard O'Neill's High Frontier. His "Bernal Spheres" concept,
housing 10,000 people, were to be nearly a mile in circumference and rotate to provide gravity
comparable to that of Earth. The L5 Society proposed building such habitats by the end of the
twentieth century from lunar materials to provide living space for workers and their families in a
space manufacturing complex producing, among other things, satellite solar power stations to
supply cheap, clean power to Earth.

Immigrants to Bernal Spheres were to develop a better life for themselves and for future
generations. It may not have been by digging peat out of low lying bogs and creating drainage
ditches, but by using materials from the Moon, colonies would be created and solar energy
would be utilized to grow food in a closed system, and eventually there would be trees,
streams, attractive housing, and a peaceful environment for future generations. One space
colony would act as a stepping stone to the building of others.

The Haarlemmer Meer Book of 1575, by Jan Adriaanszoon, describes an elaborate plan
to build 160 windmills and to build extensive canals to drain a major lake area. Like the L5
Society's early dream it was not developed immediately but finally with the invention of the
steam engine the project became a reality in 1852.



By 1607 the Leeghwater's Beemster drainage project using 43 windmills created 17,500
acres of usable acreage. Some of the money necessary to finance this project came from the
highly successful Amsterdam merchants of the East India Company, trading primarily spices,
sugar, coffee and tea. Land owners were encouraged to grow livestock to provide large amounts
of butter, cheese, and livestock that could be exported abroad.

Near Amsterdam by 1649, six villages combined efforts to provide a dairy for the nearby
city, using their farm lands for that purpose.

Capitalists beginning in 1612 developed ambitious large scale pear digging
organizations. Plots were carefully laid out as were canals and locks where settlers dug the peat
and later were able to claim the soil as homesteads [|IIustrat|on below].
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According to de Vries, "dike maintenance was an obligation divided among the villages
that benefited from it." A land user was responsible for a specific segment and the
Waterschappen supervised the system.

Windmill operators took on growing importance and were expected to keep the polders
dry throughout the winter. In 1574 an 8 sided windmill was worth 3,500 gilder and the salary of
a mill operator was 100 guilder plus a supply of candles in order to work at night! Rapeseed
became a frequent polder crop and oil-pressing windmills in Northern areas often were kept
busy the entire year. Windmills were also used for sawing wood [harvested] from carefully
tended groves of trees.

de Vries writes that "the monastic lands yearly yielded several hundred thousand guilder
for the support of education, health and welfare. Women played a very important role in the life
of the religious community. Churches played a major part in the communities providing some
education, but literacy in the majority remained low. Nevertheless five universities were
established.

Canals became of increasing importance and interconnected the major villages and
cities. Barging guilds were formed and established regular service between major cities. Frank
E. Haggett sites that by the mid 1650's 80,000 acres had been reclaimed form the sea. The
farmers taxed themselves hundreds of thousands of guilder yearly to improve the quality of
their soil. Sea shells were ground up and used for fertilizer. Everywhere farm structures and
homes were enlarged or rebuilt. Commerce along the canals flourished.

In 1667 there was a proposal to polder an inland sea, the Zuider Zee (See Figure 3).
Hendrik Stevin developed the idea of closing off the incoming tide with sluice gates but
allowing the ebbing tides to flow into the sea. Eventually the fresh water would replace the salt
water sea. (The project was actually begun in 1927 and the first crops harvested in 1933 with
175,000 acres eventually reclaimed.)

By 1798 there were over 3,000 local Waterschappen and a central Waterstaat was
created to fight against major floods. "The state set itself up as a protector against floods, the
hereditary enemy of the country. The Waterstaat undertook works too large for small groups,
collected data, coordinated hydrological observations and drew up maps. According to Wagret,
577,905 acres, or fourteen percent of what is now the Netherlands, had been reclaimed from
the sea. The cost of the reclamation always exceeded the actual value of the land first brought
into cultivation - only future generations were to be the true beneficiaries.



A worthy cliche, "God made the Earth, except Holland, which the Dutchmen made for
themselves."
Might that we, with God's help, break free of Earth and build the Universe for ourselves!
MMM
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CLOACAL VS. TRITREME PLUMBING By Peter Kokh

The Best Plumbing System for Lunar and Space Settlement Biospheres?
cloaca: (clo AH ka) = a common cavity into which the intestinal, urinary, and reproductive
canals open in birds, reptiles, amphibians, and monotremes (the lowest order of mammals).
monotreme: (mo NO treem) = either of the two remaining species (duck bill platypus and spiny
anteater) of the lowest, most primitive order of mammals, with one hole for all discharges.
SCENE: the lower Indus Valley about 200 miles NNE of modern Karachi, in the north part of Sind
province, in what today we know as Pakistan.
TIME: some 4,000-4,500 years ago.
PLAYERS: a people, long since vanished from the area, but with increasing evidence that they
were the ancestors of the populous dark-skinned peoples of today's southern India: the
Dravidian speakers of Tamil, Telugu, Kanarese, Malayalam.
ACT I: fade from the ruins we see today, and known to us as Mohenjo Daro, back in time to one
of mankind's first experiments in urban settlement - we do not know by what name its
inhabitants called it - where the city fathers meet to accept the plans of their chief urban
architect for the world's first urban sewer/drainage system: a network of gravity-gradient open
ditches, into which all liquid-born wastes would flow off to same final place of out-of-sight/
out-of-Mind.
ACT II: there never has been an ACT Il. Ever since Mohenjo-Daro, except for putting the sewer
and drainage system underground and treating the effluent so that it commits less aggressive
harm against neighboring communities, we have been in the rut of the very primitive duck bill
platypus, stuck using a cloacal system to handle the quite different wastes from toilet (septage),
bath and laundry (gray water), kitchen, and industry. Lessons for the “New Towns” of Space



Except in "new towns," it would be prohibitively expensive to switch to a new 'multi-treme’
system which keeps different types of sewerage separate from the beginning in order to benefit
from simpler and more efficient source-appropriate forms of treatment, with the fringe benefit
of enjoying whatever valuable byproducts such separate treatment may promise. Lunar and
space settlements are "new towns". Infrastructure is 'change-resistant'. Therefore it is of
supreme importance to choose it wisely from day one.
While in many other areas NASA has chosen to pioneer radically new technologies, the
agency, and those involved in the 1977 Space Settlement Systems Summer Study, turned
instead to existing urban models when it came to the basic architecture of plumbing and
sewerage treatment systems. If you think of the opportunities for Earth-side spin-offs, this
decision emerges as a major slip-up.
Let's explore the benefits of an alternative triple conduit or tri-treme drainage and
routing system for future off-planet mini-biospheres.
1)Farm, garden, and lawn run-off, food processing waste and kitchen garbage disposal waste
(if not saved to compost for home gardens): the water laden with them should be kept
separate by a distinctively labeled and color and/or design-coded drain and conduit
system. After sieving out larger chunks for composting, such water can empty into fish
tanks without further treatment.

2)Gray water from showers, hand- and dish washing, and laundry would similarly have a
privileged routing system, to a treatment facility which would remove whatever
biodegradable soaps and detergents are allowed, for composting separately. The
remaining liquid could be run during dayspan through shallow near-surface ponds, top-
paned with quartz, where 'raw' solar ultraviolet would sterilize it, killing all pathogens and
bacteria. Simply cleansed and purified with the biodegraded cleaning agents added back
in, this nutrient-rich water could go directly to farming areas and into the drip-irrigation
system.

3)Septage (urine and feces) can be handled next in several ways. The familiar very water-
intensive water-closet flush toilet system could be preserved, connected to its own
drainage net. Solids could be removed to be channeled through an anaerobic digester for
composting and methane production [see "Methane" below], and suspended particles in
the waste water treated by microbes to produce milorganite type organic fertilizer. The
clarified effluent would then go to the farm watering system. Or, the urine and fecal water
might alone use a third drain line system, while fecal solids are 'collected' for separate
treatment. [See "Composting Toilets" below].

4)Industrial effluent must be purified and reused in a totally closed on site loop with a high
price for any loss makeup water piped in. Allowing industries to discharge water, of any
quality, into the public drains system, invites than to pass on clean-up costs to the
public. If all industries must play by this same rule, and cost out their products
accordingly, there will be no problem with this make-or-break provision.

The 1977 NASA study recommended the use of a wet-oxidation (euphemism =
incineration) process for treatment of all water-carried wastes indiscriminately. While this
method almost certainly offers the swiftest  turn-around for our costly original investment of
exotic (= Earth-sourced) hydrogen, carbon, nitrogen, and possibly added phosphorus and
potassium, on the order of 1-1.5 hours, it misses valuable and elegant opportunities to
produce 'organic' fertilizers and other regolith-soil amendments which are far superior to
chemicals in their  buffered slow-release of nutrients and in soil conditioning character.

In smaller space and/or lunar outposts, heavy reliance on chemical assistance for fast-
cycling sewage treatment may be the only feasible way to go. But as we design settlements for
hundreds or more pioneers, we have the opportunity, if not the duty, to consider more natural
alternatives. Every part of our proposed tritreme drainage and sewage treatment system, has
separately received abundant proof of concept on Earth. MMM
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HOSTELS: An Alternate Concept for both First Beachheads and Secondary Outposts

Peter Kokh, Douglas Armstrong, Mark R. Kaehny, and Joseph Suszynski - Lunar Reclamation
Society

FOREWORD

Our purpose here is to outline an approach which will promote more timely, and wide
ranging human presence on the Moon. In the event that the nation does not commit itself to a
fully equipped Lunar Base, the hostel approach described herein could offer a less expensive
alternative, a minimal but functional “tended beachhead”, a humble yet significant step beyond
the Apollo achievement. “Hostel”, a term for sheltered sleeping space available to traveling
campers, here refers to a pressurized structure offering minimally and inexpensively furnished
“Big Dumb Volume” space for the private and communal use of visiting staff.

The concept cosignifies a visiting vehicle to be close-coupled to the hostel for the
duration, to provide a complementary “Small Smart Cranny” component. Such a partnership
promises to allow hostel and vehicle to function conjointly as an integral, reasonably complete
outpost in support of exploration, scientific research, prospecting, and processing experiments,
allowing longer, more comfortable stays at minimum expense. In some later time of expanding
presence, roadside hostels would facilitate safer, more regular travel between fully equipped
distant outposts or settlements across the globe. By not duplicating equipment and facilities
that are standard equipment aboard the visiting spacecraft, both the total amount of cargo
landed on the Moon and the number of crew EVA hours necessary for establishing a given level
of capability, are minimized. Thus the hostel approach has the potential to keep the economic
threshold for an initial operational beachhead significantly lower than in other mission
paradigms.

Our objectives are four:

1. Define the logical division of functions between visiting vehicle and shelter,and how
these differ with the particular purpose of the hostel and the prospects for its future

2. Define design constraints on the visiting vehicle. Such co-design will be necessary if the
potential of the hostel approach is to be realized

3. Outline logical paths of evolution towards stand alone status

4. Examine possible architectures, whether for prefabrication on Earth or for construction on
the Moon using native materials.

During the six Apollo Moon landings, the landing craft did double duty by offering
minimal camp shelter on the exposed surface. The Lunar Excursion Module, or LEM, offered
hammock-type sleeping and enough floor space to permit two whole steps at a time in a single
direction. No one has yet slept in a bed on the Moon, or taken an indoor walk, basic humble
everyday functions. As shelter from the elements, this Grumman-built lunar camper protected
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those within from the incessant soft mist of micrometeorite infall and from the Sun’s ultra-
violet rays. It actually offered negative protection from cosmic rays or the occasional solar flare,
for its thin unshielded hull served as a source of troublesome secondary radiation.

After a lengthy retreat, we now propose to return in style with a fully shielded
permanently staffed base complex long on scientific and experimental capability and
exploration support, but short on personal and communal space. Several missions would be
required to set it up and render it operational As has proven to be the case with the Space
Station, such overreaching skip-step designs must inexorably work to defeat the timeliness of
their realization. Is there indeed a middle ground, a reasonable set of design choices which will
lower that threshold enough to let us get on with the show within this generation? The hostel
paradigm combines the complimentary assets of a relatively inexpensively equipped but more
spacious shelter space with base-relevant compact and expensive standard equipment aboard a
coupled visiting spacecraft or other vehicle in a synergetic partnership that allows the two to
function together as an integral “starter base”. The hostel paradigm is offered as a strong
statement, even a protest, about the need for more elbowroom in lunar outposts than the more
orthodox approaches can affordably provide. But to evaluate the feasibility and practicality of
the hostel concept, we have to explore both sides of that special relationship, consider how this
dynamic balance may change over time, and suggest how it might be realized in the concrete.

I. THE VISITING “AMPHIBIOUS” VEHICLE
Design Constraints

The design and outfitting of the visiting vehicle is critical to the workability of the hostel
concept. The visiting craft must close-connect with the hostel structure if the facilities and
equipment it brings are to be used to support any sort of practical routine,and the linked pair
are to function together in an integral way. Exercising reasonable precaution, a visiting
spacecraft would land a prudent distance from the waiting shelter. Even bridged by some sort
of pressurized passageway, the tens or hundreds of meters between would prevent efficient
use.

Thus craft must be designed (a) to “taxi” en masse to the porch step of the hostel, or
(b)* to lower a_conveniently underslung detachable crew compartment, with its relevant
equipment, to the surface so that it can separately taxi the distance on a chassis provided for
the purpose. We suggest that this is the design choice to make, as it leaves the unneeded and
ungainly landing frame, with the rocket engines and primary tankage, sitting on the pad site.
When the crew’s visit to the hostel is completed in a couple of weeks or months, this mobile
cabin would uncouple from the shelter and taxi back to the pad site, reconnecting to the
waiting descent/ascent portion for the trip back to LLO or LEO.  To highlight the amphibious
space/surface character of such a vehicle configuration, we have dubbed it the “frog.”

Figure 1: The amphibious “Frog”

KEY:
1 Frog (detachable mobile crew cabin) wheel on right retracted, wheel on left extended



2 Winch to lower/raise frog 3 Main rocket engines 4 Fuel tanks -
5 Oxidizer tanks 6 Cargo pods 7 Overhead crane/winch for cargo
8 Central clear-vision area for top viewport navigation

Figure 2: Generic Sketch of Hostel Concept

Frog vehicle docked/coupled to Hostel under shielded open-vac canopy for duration of
crew visit.
1 Frog - 2 Hostel - 3 Canopy - 4 EVA airlock - 5 Open-vac rover
Frog vs. Toad
The descent/ascent stage could also be designed to take off without the crew module,
picking up a new one at LLO or LEO. The original crew compartment vehicle would continue to
serve as a lunar surface transport. This “toad” version, would require a more rugged chassis,
more serviceable engine, and some sort of refueling arrangement. If we are to settle the Moon
in a self-leveraging way,”toads” introduced to serve remote outposts, may be the ideal ‘dues-
paying’ way of importing the surface craft needed before the settlement is able to self-
manufacture its own coaches. Thus, whether the crew’s came through open space or across
lunar terrain, the vehicle that actually couples with the hostel structure will be functioning as a
surface vehicle at the time.
The frog/toad/coach arriving on site could (1) be designed to hard-dock, in which case
it must (a) be able to level, orient, and align itself properly for the task, and (b) be able to either
lock or deactivate its suspension, perhaps with retractable legs. (If the suspension were allowed
to continue floating, the hard-dock seal would be under continual stress with personnel moving
back and forth.) Alternately, the vehicle could (2) be designed to link-up with the shelter via a
some-what flexible and alignment-forgiving, short pressurized vestibular passageway (a)
extending from itself to the shelter, or more logically (b) tele-extended from the shelter to itself
by a prompt from within the vehicle. There would seem to be engineering, weight, and safety
tradeoffs between these hard- and soft-dock options and we do not suggest which would be
the more practical in the short run..
[One criticism of our frog concept brought to my attention at the conference was that, as
illustrated, it involved a pair of widely separated engines, one to either side of the centrally
suspended mobile crew pod, introducing potential instability if either engine had to be
shut down for any reason. Our response is simply that there is so much to be gained by
using frog-like vehicles - however they be configured - that it is very much worth the
trouble to find or develop engineering work-arounds of this problem feature (e.g. a single
top center engine with the exhaust split between pod-flanking exhaust bells). By hook or
by crook, there has to be a way! - PK]

Outfitting constraints

To play its part, the coupling vehicle be out-fitted in a way that the capabilities it offers
are complementary to those offered by the hostel shelter. It would seem that the repertoire
offered would vary according to the customary length of trip for which the vehicle was
designed. The possibilities suggest two general classes, the ‘commuter and the traveler.

(1). Commuter class vehicles would include shuttle craft plying between the lunar
surface and either an orbiting depot or a more substantial orbiting mother craft such as an
Earth to Moon (or LEO to LLO) ferry. Also fitting the description would be suborbital hopper
linking mutually remote lunar sites. In either case the commuting craft is occupied for only a



few hours at time. Thus it may not contain berth space, galley (though food stores are likely to
be a major part of the cargo), or head, though some emergency-use only arrangements would
be a prudent option should the craft go astray or be forced to land far from its destination.

Even here, we have a vehicle which could bring something to a hostel partnership. For
both shuttle or hopper will have communications, navigation, and computing equipment which
do not need to be duplicated in the hostel. And either will likely have an emergency first aid
compartment complete enough to serve the crew in its hostel stay, as well as other emergency
survival provisions. Finally, its air recycling equipment (a water recycling capacity is less likely)
and ventilation fans, might easily be oversized without too much weight penalty, so as to also
serve the hostel space well enough in a close-coupled configuration.

(2). Traveler class vehicles would include such landing craft comprised of a shuttle
module delivering a “through-cabin” crew-pod transferred from an Earth-Moon (LEO-LLO)
ferry. As on the coast to coast Pullman sleeper cars passed on from one railroad to the next in
an era now long gone, the crew coming to staff the hostel would ride the same “through-cabin”
all the way from LEO, or even all the way from the Earth’s surface.

Also in the cruiser category is the “overland” coach (from an established settlement or
full base) designed for trips cross-lunar excursions of a day or more in duration. In either
scenario, the visiting craft will contain serviceable if cramped “hot-rack” berth-space that can
serve in the hostel-hookup as emergency infirmary beds if isolation or quarantine is called for.
And certainly the craft will have at least a minimally equipped galley and head (possibly with
shower) as well as a compact entertainment center with some recreational extras. Such more
fully equipped vehicles would serve especially well as hostel complements, leaving the hostel to
provide what it can offer most economically and efficiently: hard shelter from the cosmic
elements, and plenty of elbowroom to serve the less expensive low-tech but space-appreciative
aspects of daily life -- private bedrooms and communal areas for dining, gaming, exercising,
etc. <<< LRS >>>
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HOSTELS: An Alternate Concept for both First Beachheads and Secondary Outposts

Il. THE HOSTEL’S SHARE OF THE WORKLOAD
General Philosophy

Approaching the suggested vehicle-shelter functional partnership from the point of view
of the hostel itself, we must keep in mind both the economies to be gained by keeping the
shelter as low-tech and inexpensively simple as possible while still serving its purpose, and the
competing consideration that we might want it to design it so it can evolve over time into a fully
configured autonomous base. The underlying concept of the lunar hostel is that base functions
can be physically and spatially separated into two broad types.

(1) Cranny-loving functions. The first includes the compact but expensive equipment
that is needed to maintain human existence outside our native biosphere, to maintain the
health of the crew, to support the crew’s scientific and exploratory research tasks, and to
maintain contact with the rest of humanity from which it is physically isolated. The whole
evolution of vacuum-worthy craft has been to make such equipment ever more compact and
lightweight while ever more functional, productive, and capable. This first category thus




principally includes those things that the crew must always have access to, whether it is
settled-in on the Moon, or in transit between Earth and Moon, or simply orbiting the Earth.

(2) Room-loving functions. In contrast, there is a second broad category of functions
which principally includes those things that are not missed in the short run (and so need not be
provided for periods of the order of Earth-Moon transit times or shorter) but are needed over
the long term (and thus are ideally provided by durable in-place shelter to be visited for
extended periods.

These are the functions which, because we lacked the lifting capacity or out of sheer
economic necessity have been at best shoe-horned-in on spacecraft and orbiting stations, but
which for personal and group morale and psychological well-being should really be offered on
a far less space-stingy basis: honest to goodness personalizable private quarters with ample
space to move about, arrange one’s personal effects, display (if only for oneself) any personal
treasures or hobby-work; pleasant dining, assembly, and meeting space (wardrooms); quiet
places for reading; places for shared entertainment or gaming; places for space-hungry
exercise routines.

These long-term needs were necessarily ignored on Mercury, Gemini, and Apollo
because the space to serve them could not be set aside. Nor have such spaces been more than
suggestively and teasingly provided on the Shuttle or even aboard the relatively voluminous
Sky-Lab. True, sardine-can packing can be sustained even for months if there is light at the
end of the tunnel, as ample submarine experience has demonstrated. Yet it hardly contributes
to morale.

More to the point, such elbow-to-elbow jostling may prove to be much less tolerable
over any length of time in settings where the outside environment is one of unsurvivable
desolation, however magnificent; where a play of sterile grays and blacks, is nowhere relieved
with soft and friendly greens and blues; where there is no wildlife to be found at all, not even
‘alien’. Space Station planners have endeavored to give some consideration to these needs,
exploring design innovations that might make the station’s unavoidably cozy spaces more
human.

Since on the Moon, the task of maintaining individual and communal morale and mental
health will be much more challenging than in low Earth orbit, if there is a way to provide both
more generous private and communal space - not just workspace - without undue expense, it
should be prioritized. It is our premise in this paper that by not unnecessarily duplicating
equipment and facilities already needed aboard the visiting craft to sustain life in space,
appreciable dollar and fuel savings can be gained which can be spent to this purpose.

Gray Areas

Before we consider how in the concrete such liberal camp space shelter can be offered
(that is, building materials, construction methods, architectures, and deployment options), we
wish to consider some gray areas, facilities and outfitting whose proper placement - in the
coupled visiting craft or in the hostel space - might be debated. We did not attempt to reach
definitive answers. But in each case we list considerations that seem pertinent.

(1) Communications/computer center: The need for redundant systems is inarguable. But
there placement may be a matter for dispute. Accepting that the hostel would never be
occupied without a visiting vehicle coupled to it, one might still argue that the various systems
aboard the visiting craft necessary to maintain life and contact with metropolitan humanity
should be duplicated within the base structure itself as a matter of simple precaution. Here one
should keep in mind that spacecraft systems are already by themselves provided redundantly.
But the point might still be made that the coupled spacecraft is unshielded and therefore could
be knocked out by a rare meteorite of sufficient size. A testy rejoinder would be that anyone
that concerned about remote possibilities, doesn’t have ‘the right stuff’ and shouldn’t volunteer
for such duty.

But accepting the challenge made, we can more constructively reply that it would be
possible to offer shielding protection, not to an intact conventional lander, but to the



detachable crew-compartment become bus (i.e. the frog or toad), under a shielded but
vacuum-exposed carport-like canopy extension of the hostel structure. Such a “ramada” would
also shield routine doorstep and porch outside activities: outside vehicle maintenance, storage
areas for surplus supplies and discarded items; items awaiting shipment, etc.. But if such
sheltered parking space is provided, the vehicle’s antenna would be effectively blinded.
Therefore the hostel must be equipped with the necessary antenna(s) for joint operation.

(2) Electric Power Generating Capacity: The power systems aboard the docked vehicle will be
sufficient to take care of its own needs in transit, probably via fuel cells with a couple of weeks
of emergency reserve power at best. While the activities the hostel itself is designed to support
within its own confines will consume relatively little power, and even less to run whatever
minimal housekeeping equipment, if any, is needed in between visits, we are left with some real
challenges.

(a) Compact workstations aboard the vehicle may need more power when the vehicle is
parked and functioning as an integral part of the base combo than when it is in transit.

(b) If the landing vehicle does have a modest solar power array, this is most likely

to be a part of that apparatus left on the pad. Connected to the detachable crew
compartment or frog, such arrays might be effectively disabled if the frog docks with the hostel
underneath a shielding canopy out of sunlight’s reach, as recommended.

(c) Nightspan power needs must be taken into consideration, even if these are

minimized by apportioning base operations into energy- vs. labor-intensive tasks reserved for
dayspan and nightspan respectively.

Thus for a stay of any real duration, the location within the integrated base (frog or
hostel) where the power is actually consumed becomes irrelevant. The apparatus to generate it
and store reserve supplies will be weighty, no matter which path is taken. Therefore principal
power generation and reserve storage must be the contribution of the hostel component, with
the apparatus necessary a part of the original hostel endowment package. This hostel-provided
power system could also electrolyze whatever water that had been generated in the frog’s fuel
cells en route to the hostel, so that its hydrogen and oxygen fuel reserves were fully
replenished for the return trip. Any surplus gas could be stored in shielded tanks outside the
hostel as a handy and welcome fuel/water reserve for the next visitation. Under this
arrangement, fuel cells aboard the frog, which would go off-line for the duration of the
coupling, would be fully available as backup for short routine repairs to the principal system or
for ‘mayday’ emergencies.

(3) Air Quality and Ventilation: Any crew-rated spacecraft is going to have redundant systems
serving this need. It would seem that it would be cheaper to oversize these aboard the visiting
vehicle so as to handle the extra coupled volume, than to install separate and independent air
management systems in the hostel. However, it may be necessary to put complementary
equipment in the hostel to dehumidify and sterilize the air within after the crew departs, so that
the next crew to visit doesn’t walk into a dank and moldy place. An automatic cycle that would
dehumidify and then heat the air to perhaps 70° C for a relatively short time would possibly do
the trick, allowing the air to stand without further treatment or control until the next visit when
a short, perhaps vehicle-assisted procedure would restore the proper humidity, temperature,
and ionization level. This still allows the bulk of the equipment needed to treat air currently
being used to be housed by the visiting craft.

(4) Thermal Management Systems: This need includes tasks that could be appropriately
apportioned between the partner elements. With suitable architectural attention, the hostel
could be built and shielded to be thermally stable. Between occupations, the hostel could either
be designed so that the interior temperature falls to that of the the surrounding soil blanket
(-4°F or -20°C). Alternatively, the hostel could be designed to harvest and store heat from
dayspan sunlight so as to coast at some higher but still level still on the cool side but from
which recovery to (and maintenance of) comfortable room temperatures will be easier and



quicker. Most of the activities for which the hostel space is designed to make room should
generate little heat. If the coupled vehicle is parked under a shielding canopy, extensive heat
rejection arrays for excess heat generated within might likewise be unnecessary. But if a
thermal surplus is expected nonetheless, the radiators indicated would best be a hostel feature,
easily integrated with a solar array, or possible placed on the permanently shaded underside of
attached ramada areas. Meanwhile, the control apparatus could be housed in the visiting vehicle
if it doesn’t require much space, since the vehicle already houses ventilation and air quality
apparatus which would have to be integrated with the thermal management system.

(5) EVA Airlock and Open-vac Rover: An air-lock for suited exit onto the surface needs to be
a part of any functioning lunar base. For this purpose, if the visiting crew vehicle already has its
own EVA airlock as standard equipment in addition to its docking adaptor, as seems likely, this
should serve the joint vehicle-hostel operation quite adequately. The hostel need only have a
docking adaptor and connecting vestibule with which to interface with the visiting vehicle.
Personnel would then exit onto the surface through the coupled vehicle. Again the hostel would
not be occupyable without the pressurized vehicle attached, and any contingency which is likely
to make the latter unusable or unenterable, is likely to doom the combined base at any rate. In
sum an additional airlock as part of the hostel proper, would be an option of definite eventual
value but not an immediately pressing need. If not original equipment, such an accessory could
be added latter, as part of a docking port extension, as increasing use of the facility and the
prospects for its evolution into a fully equipped base warrant. For exploratory sorties to nearby
spots of geological interest of resource potential or for recreational change-of-scenery jaunts,
a separate unpressurized Apollo-type rover would be carried along by the first vehicle to visit
the ready hostel, to be left on site.

(5) Recirculating Water Systems: These, along with waste water treatment equipment are
unlikely aboard visiting commuter-class vehicles, put plausible in traveler-class ones for which
the hostel concept is properly tailored. If the prospects for the particular hostel to be
transformed into a permanently staffed autonomous base are positive, such systems will be an
early addition to the hostel’s offerings. But at the outset, almost by definition, the vehicle will
be wet, the hostel dry. This implies the following:

(a) Toilet and personal hygiene facilities will be offered in any non-commuter type
craft, in which case installing additional plumbing and waste treatment facilities in the hostel
space from the outset would seem to defeat the purpose. But carry-in-and-leave convenience
plumbingless toilets that shunt their wastes to external shaded holding tanks where they will
freeze, are to be recommended for placement within the hostel space if they can be designed
so as not to need special venting. For the alternative of keeping the wastes sealed within tanks
aboard the visiting vehicle, presumably for disposal in space or for return to Earth, would not
only add to takeoff weight unnecessarily, but would constitute almost criminal waste of what,
on the Moon, will constitute an invaluable exotic volatile-rich resource to be husbanded with
care. Even before the onset of lunar agriculture, which could compost such wastes and recycle
them so as to enrich the regolith-derived soil, it will cost nothing but storage containers to
bank these wastes, inertly frozen, until that day does come. Even if a particular hostel site is not
destined to become a full-fledged base or settlement, its stored freeze-stabilized wastes could
be collected at any convenient later date and transported to wherever they can be used to
enhance on-Moon agriculture.

(b) Food preparation and dining would seem to another task apportionable area: the
food preparation, scrap handling and dish washing capability of the vehicle’s galley need not be
expensively duplicated; relaxed casual dining complete with ‘atmosphere’, can be cheaply
arranged within the hostel’s more spacious setting. The vehicle may have a locker for the fresh
food supplies it has brought along for the mission. But a pantry for long shelf-life contingency
rations would logically be put within the hostel along with a snack bar.

(c) Laundry tasks may also be apportioned. Given the water treatment and recycling
facilities on the vehicle, if crew stays were long enough to make laundering desirable or



necessary, and if space could be found in the vehicle, that would seem to be the logical choice
for washing. Clothes drying could easily be done anywhere within the hostel, which might even
have space enough for hanging items ‘out’ to dry, if such an option did not burden humidity
control. If the planned hostel stay is sufficiently short to make laundering unnecessary, each
crew could simply bring in their own fresh clothes and bedding, taking the soiled items with
them when they left - in keeping with a recommended leave-as-you-found-it, bring-with/
take-with honors code protocol. But alternately, soiled fabrics could be allowed to accumulate
in shielded but sterile vacuum outside so that their exotic and precious imported carbon
content would remain on the Moon as an endowment, to be reused or recycled in some existing
or future settlement. Replacing carbon-rich fabrics from Earth with new goods will be
marginally less expensive than bringing soiled items all the way back, then returning them to
the Moon cleaned.

(7) Medical Facilities: Medical care presents another gray area. Cabinets of medical supplies
and common procedural implements, especially those needed to handle accidental injuries and
trauma cases as well as the more common fast-developing transitory ailments, are likely to be
standard features of any visiting craft. The hostel, in turn, offers roomy bed-space for patients.
This allows any much less generous berth space aboard the coupled vehicle to be pressed into
service where isolation or quarantine is advised, even as sealable morgue space if need be.

But expensive, diagnostic equipment, compact or not, with the instruments and medical
supplies needed to handle the full range of more plausible eventualities is something that may
not be provided at all at first. Such a level of medical capability might be added later, however,
and preferably within the hostel itself as the frequency and duration of visits increases. If any of
the personnel must be returned to Earth for medical reasons via the coupled vehicle, everyone
else must leave as well; for in the coupled vehicle/hostel scenario the hostel, by definition, is
not configured to function separately. It will be a principal priority in the evolution of the
particular hostel, to minimize the likelihood of such premature abandonment.

(8) Workstations and Laboratories: Provision for geological and mineralogical analyses is a
primary design criterion. And the need for facilities to support lunar materials processing
feasibility studies will be of increasing importance as the human return to the Moon becomes
more earnest. The first relevant consideration is whether the proposed workstation is wet or
dry. The second is whether the supported research can be done in a compact space or needs
extensive floor/wall space.

The logical division would locate compact testing and analysis work stations, wet or dry.
aboard the visiting craft. This would allow convenient changeout and updating of equipment on
return visits to Earth or Earth orbit. “Dry” research needing extra space can be provided within
the hostel structure proper. “Wet” research or experimentation needing extra space should be
examined to see if the wet and dry tasks can be separated by location without too much
convenience. If so, the dry part of the operation would have a claim to hostel space
conveniently near the docking passageway. The hostel, in turn, would offer inexpensive and
liberal sample storage lockers, and sorting and display areas.

But in deciding where to house various workstations, we must also take a more
comprehensive look at the mission context of such hostel-stays. If there is more than just one
hostel site for a single vehicle to visit, it will indeed require less expensive duplication to
provide such space aboard the vehicle, so long as the equipment involved is not particularly
massive. If, on the other hand, we are dealing with a single hostel visited by a small fleet of
similar vehicles, it would require the least duplication to put such workstations within the hostel
structure proper. Again, if each frog is specially equipped to support a particular research
agenda that changes with each stay (as has been the pattern with Space Shuttle missions to
date), the pendulum swings in the other direction. The question cannot be fully resolved
outside of the mission context and the hostel’s continuing evolution through use.

If in general, most workstations are in fact built into the visiting vehicle, reserving the
hostel principally for off-duty functions, such a segregation of activities would lend itself
especially well to shift-scheduling, with on-duty personnel clustered in the vehicle, and off-



duty personnel within the hostel. A two shift setup with shared social time might prove the
most workable and best for group morale. Whether such a separation of activities by area is
practical or not, we suggest that the passageway space, short or long, connecting the two areas
of the outpost combo, be designed with sound-buffering in mind. However all such
considerations are secondary in deciding where each workstation should be.

(9) Exercise Areas and Equipment: These are best placed according to the nature of the
activity in question. While some daily ritual types of exercise need little room and can be
performed in a compact exercise area within the vehicle such as the wardroom area, other
exercise routines are space-hungry; to provide for these, any portable equipment needed could
be brought into the hostel and left there. The hostel’s interior spaces and overall architecture
might conceivably be designed and arranged to incorporate a banked peripheral jogging track,
or even a “sixthweight” caricature of a bowling lane. A billiards or ping-pong table, even a
handball court are imaginable, given enough cheap dumb volume.

(10) Entertainment and Recreation. The visiting craft will doubtless possess its own
entertainment console and a modest audiovisual library. Small personal audiovisual consoles
would be an inexpensive and welcome feature for the private quarters within the hostel. With
ample space, separated communal viewing and listening/reading areas could be provided.
Additions to the hostel’s audiovisual library, extensive reading materials on CD-ROM, [written
before the arrival of DVD technology] even a modest collection of low-weight art pieces, could
be carried in and contributed by each new visiting crew, continually enriching the cumulative
samples of Earth culture available on the Moon.

(11) Exterior Visual & Interior Solar Access: Visual access to the surrounding moonscape
would also foster psychological well being. The portholes in the coupled vehicle serving
navigation and driving needs are likely to provide only restricted views. Windows or view
screens are likely at both ends of a frog-type craft. Side-wall portholes may or may not be
offered.

If feasible, then, the hostel structure ought to provide visual additional and more
possibly more panoramic visual access as well. A technique already demonstrated on a low-tech
basis in one Earth-sheltered home in the Kettle Moraine region of southeastern Wisconsin, in
which pairs of angled mirrors bring in stunning picture-window views of the surrounding
countryside through zigzag shafts, which duplicated on the Moon would conveniently block
cosmic rays. This suggests a design approach for hostel architects desiring to visually integrate
the hostel’s interior spaces with the surroundings. Pulling off the same trick while preserving
pressurization against the hard lunar vacuum will require architectural/engineering ingenuity,
but seems doable. Such a feature might be more easily built into Lunar hostels constructed on
site of local materials.

This would also seem to be the case for solar access, channeling in pools of soul-
warming sunshine via a sun-tracking heliostat using either a zigzag mirrored shaft or a ‘solid’
fiber optic bundle to preserve shielding integrity. The shutterable sunshine thus brought in can
be used to highlight focal points or for general lighting during the dayspan. Both of these
features may or may not be harder to provide in hostels partly or wholly pre-fabricated on Earth
for transport to the Moon. But ‘where there’s a will, there’s a way.” To the point, both options
are relatively low-tech and space-eating features that can be more satisfactorily provided
through the hostel’s expansive structure than through the nook-crammed hullspace of the
paired vehicle.

Left: FROG VEHICLE FUNCTIONS Right: INITIAL HOSTEL FUNCTIONS



Communications Center %

Navigation/Systems Computer
Fuel Cells for use when decoupled

Electrolysis equipment, LH2, LO2
Air quality and ventilation

Thermal management controls

EVA airlock

Water recycling, treatment

Water closet, shower -

Laundry washing

Galley: meal prep, scrap disposal
Fresh Food locker

First aid and trauma cabinet

Isolation berths

Wet/dry compact workstations

Sample analysis, experimentation

Cab windows, both ends

In place exercise center

In transit entertainment console
Limited tape/disk collection

Bedrooms, Lounge, Office, Chapel etc.

Main antenna, possible ham equipment
Personal computers in quarters

Main power generation equipment
Surplus compressed H2, 02

Departure dehumidify/bake cycle
Main heat-shedding radiator bank

Open-vac rover

(No initial plumbing, drainage)
Plumingless toilets, waste banking
Laundry drying

Main dining area - all meals
Pantry for standby rations, snack bar

(future diagnostics/major medical procedures)
Infirmary space

Dry space-needing workstations
Sample sorting, display, storage

(Panoramic exterior visual access)
(Interior solar access, heliostat)

Space needing exercise area

Bedroom consoles, Lunge console
Accumulating library, collections

l1l. EVOLUTION OF THE HOSTEL WITH USE

(1) A First Beachhead: If current more ambitious Moon Base plans have to be abandoned and
our first beachhead on the Moon is based instead on this hostel-coupled vehicle concept, and if
continuing site reappraisal confirms the decision to establish a permanently occupied full-
functioned base on the site, two directions suggest themselves. 1) Provided that the
architecture and design of the original hostel have been chosen to be expansion- and retrofit-
friendly, with each new visit the hostel could be slowly evolved into the stand-alone full-
function base desired. Crews would add floor space via plug-in expansion modules or,
preferably, by additions constructed of on-site materials as soon as such a capability comes
on-line.

Then would come installation of independent air management apparatus, plumbing and
water recycling equipment, sundry work stations, laboratories and shops etc. More adequate
medical facilities to treat a wider range of needs would be an early priority. The actual order of
improvement would depend on logical dependencies, calculated to prioritize redundancy and
safety and to allow an acceptably timely shift to permanent staffing. 2) But if the hostel’s
chosen architecture and design does not readily allow such expansion and evolution, instead of
the hostel being wastefully dis-mantled or simply abandoned, it could be preserved as an
annex of a totally new base built adjacent to it, serving to house guest visitors for whom the
new base complex may have no spare room. That is, the hostel could become an attached
hotel, the Moon'’s first. We suggest that in the case of a first beachhead, this is the preferred
path.



(2) A Farside Astronomy Station: Our recommendation is different for a hostel designed to
serve remote infrequently tended installations such as a Farside Advanced Radio Astronomy
Facility (FARAF). Such an installation may well follow, rather than pre-cede the establishment of
an original permanently staffed nearside Moon Base, so that the latter could be an advance
logistical support node for the farside operation. Following this scenario, the hostel should be
designed from the outset with planned expansion and evolution towards permanent
autonomous staffing in mind, and an appropriate architecture chosen accordingly. Indeed, it
was to show that there is a happy middle ground between the vehicle-tended farside minimalist
installation envisioned by NASA and the permanently staffed major installation the astronomers
would like, that we set about to develop the hostel concept in the first place.

The Farside hostel should offer more than basic off-hours shielding against the cosmic
elements for technicians changing out equipment, repairing, and updating the facility. An
expandable astronomical workshop should be an early extra if not part of the original structure,
along with a garage and lunar pick-up or tractor. Such assets would make the visits of the
tending staff far more productive, especially if limited to once or twice a year, the low level of
activity NASA feels confident the agency can support (in lieu of a near-side base!). For as long
as visits remain so infrequent, a stand-alone full-function base would be an exorbitant luxury.
In contrast, a simple Big Dumb Volume hostel could justify itself with the first visit . And once
such a hostel were in place with the appropriate special extras mentioned, the next crew to visit
need bring only new and replacement parts for the astronomical installation, and be able to
bring more of them, as they wouldn’t have to keep hauling workspace and berth space to and
fro with them.

Thus the original up front investment in a FARAF hostel, by allowing visiting vehicles to
maximize their capacity to carry equipment for expansion of the installation, would promote
more rapid growth and development of this facility within the same subsequent budget.

(3) Remote Prospecting Camps: Hostels serving prospectors may or may not develop into any-
thing more. If the prospecting activity does not reveal enough promise and economic
justification for further visits to the site, the hostel could be abandoned (to serve as available
solar storm shelter or rest stop for anyone happening by) with little waste of investment.

Meanwhile much more extensive prospecting will have been made possible than from a
solitary unshielded vehicle with the same size crew. Hostels at remote research and prospecting
sites, like the one proposed as a first beachhead, will need to offer a fair amount of
unpressurized but shielded work and storage area, to minimize radiation and micrometeorite
exposure during routine porch step ‘out-vac’ activities. So housed repair and maintenance
facilities for surface-ranging equipment would be a logical early addition.

(4) Wayside Hostels: A hostel serving as an ‘overnight’ rest stop and flare shelter along regular
trafficways could be built and shielded in one of the ways suggested below for beachhead or
research station hostels. But alternatively, such a hostel might simply consist of one or more
linked towable mobile modules (perhaps settlement-rendered retrofits of surplus cargo holds
or fuel tanks and other scavenged items) parked under the overarching shield of a previously
constructed roadside solar flare shelter.

With the lack of right-of-way and clearance constraints on lunar roadways, such mobile
units could be built much larger than their terrestrial forerunners. In either case, the roadside
hostel may continue to function as originally set up, or, over time, grow to become the nucleus
of an all new settlement, depending on the economic rationale offered by the particular location
and the resources of those proposing to exploit any such perceived advantages. In that case, as
with the original beachhead hostel, it could either itself be evolved and expanded, or kept as a
‘motel’ annex for the new settlement. A sheltering open-vacuum ramada for roadside vehicle
and equipment repair would be a logical first improvement if not already provided, along with a
standard-equipment tool and parts crib for user-performed work. A fuel cell changeout/water
re—electrolysis station, a battery recharging facility, stocks of emergency provisions and first aid
supplies, and standby emergency communications equipment, could follow.



In other words, the expansion, as warranted by traffic and location, would first proceed
along the lines of additional user-tended facilities. Only later would regularly scheduled types
of full-service be offered by dedicated staff: the truck-stop restaurant (slowly switching to
supplementary onsite food production), the bed and breakfast motel, the on-duty expert
mechanic, the souvenir-maker, and the inevitable practitioner of the ‘first profession’.

In all cases, docking apparatus should be pre-standardized. If we are indeed going to
develop the Moon as an integrated part of a greater Earth-Moon or circum-solar economy, the
solitary first beachhead must give way to a multi-site world, and hostels will be at the forefront
of that global expansion and acculturation. Any visiting vehicle, frog, toad, or coach, should be
able to couple with any hostel.

Code of honor protocols governing visitor behavior should also be standard, expanding
on the suggestion above.

As to architecture, building materials, layout, size, method of deployment or
construction -- these could vary widely depending upon available technology, resources,
logistics, prognosis for the future of the site, and innovating entrepreneurial competition.
<LRS>

The Magic of Symbiosis

Life clings to rocks in the frigid wastes of the arctic Tundra in the form of lichens, a symbiotic
partnership of green algae and colorless fungus - neither of which could survive alone.
Similarly, little smart “Frog” and big dumb “Hostel” might combine their assets to create a “full-
function” lunar base. We examine the magic of this symbiotic relationship in depth in Part Il of
“HOSTELS” below.
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HOSTELS: An Alternate Concept for both F|rst Beachheads and Secondary Outposts
Peter Kokh, Douglas Armstrong, Mark R. Kaehny, and Joseph Suszynski - Lunar Reclamation
Society

IV. HOSTEL-APPROPRIATE ARCHITECTURES
The operative philosophy in making architectural and design choices for lunar hostels, is
getting the most usable square footage per buck. Our intent is not to give an exhaustive
treatment of the many possibilities by which prefabricated or built-on-site hostel shelter space
can be provided. But we point out appropriate considerations that should affect the final choice
in each particular case. We have attempted to illustrate some previously unexplored avenues.



Hostels Pre-built or Prefabricated on Earth

(1) Hard-Hulled Modules: Lunar hostels established prior to the startup of settlement
industry, would be unlikely to employ lunar materials except as shielding mass. That is, it will
be necessary to pre-build them on Earth. But neither ready-to-use payload-bay-sized space
station type modules, nor structureless inflatables seem ideal for the purpose. The former quite
simply offer inadequate space and if brought up to the Moon empty, will squander payload bay
capacity. Multiple modules stuffed with provisions and serving as temporary cargo holds, to be
unloaded on the Moon.then interconnected, are a more reasonable possibility. But their
deployment would call for an unwelcome load of high-risk crew EVA hours. The wiser course to
reserve human activities on the Moon for tasks that can be performed under shelter. The
modular approach does, however, allow the hostel complex to grow with each new visit.

(2) “Telescoping” hard-hull designs are another story. Prebuilt hostels of this type
could be built to extend, unidirectionally or bidirectionally, with the smallest diameter section
(1) being loaded with built-in features and the wider diameter telescoping sections offering
simple unstructured spare volume. The inside walls of these sleeves could be furnished with
electrical service runs, flush lighting, recessed attachment points, etc. Deployment would be
accomplished via simple pressurization which would securely force together properly designed
o-ring-fitted inner and outer flanges providing a seal with more than sufficient mechanical
strength to maintain integrity under any likely interior traffic/use.
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Figure 3A: Telescopic Module: The thickness of the sleeve walls, and the amount by which
one is smaller than the other, is exaggerated to show detail.

Alignment would be preserved by the simple expedient of a key/keyway feature with
keys on the outer flanges and keyways on the outer surface of the inner sleeves. Outrigger
skid-dollies attached to the smaller ends and the outer flanges of the widest diameter middle
sleeve, riding freely on a pre-leveled compacted gradeway, would midwive the deployment.
Airlocks or docking ports could be placed at either end, but only the widest sleeve could have a
side-mounted protrusion. A pair of bidirectionally expanding units could turn this to advantage
to conjoin “H” style.




Figure 3B: Bi-telescopic Module: [4] connector tube. [5] docked frog, under a shielded canopy.

In fact, any number of such units could polymerize in like fashion. For this reason, we
have dubbed the basic unit the “monomer”. The beauty of this bi-telescopic design is that it
allows a single payload bay to deliver perhaps two and a half times its own usable interior
volume. The apparent drawback of the strongly linear floor plan (and required special attention
to site preparation) becomes a potential plus through H-H hookup possibilities. We think this
telescopic approach to hard-hull modularity is much more promising than any of the more
conventional segmented approaches. Indeed, such a configuration might also prove to be the
eventual architecture of choice for full-function lunar bases and non-gravid orbital stations as
well. Single units would be especially trailerable and might thus be ideal for manufacturing in
the lunar settlement for trucking to roadside locations about the Moon, to be deployed under
previously built emergency flare sheds.

3) Simple Inflatables come in spheres and cylinders, shapes with unstable footprints

and awkward to work with if not pre-decked. In free space, the inflatable cylinder can be
subdivided in radial cross sections, its caps serving as top and bottom. But on the Moon, one
can only lay such an shape on its side, especially given the need for shielding. Then, as with the
inflatable sphere, the inconveniently curved inside bottom surface has to be somehow decked
over. Nor do pure inflatables lend themselves easily to even modest built in features and
furnishings. An alternative we do not recall seeing treated, is the inflatable torus which would
seem to offer maximum stable footprint per usable volume.

(4) “Hybrid” Inflatables were examined next. These are structures employing both hard,
feature-loaded elements and soft inflatable sections.

a) First we sketched a flat footprint “sandwich” model

The “sandwich” has a prefab floor section with pop-up built-ins and utilities, paired with
a prefab ceiling section with built-in lighting and pull-down features, the two slab units
connected by a peripheral inflatable wall. (The curvature of the walls, providing maximum
volume for combined flexible and rigid surface areas, would follow the lines of a projected
cylinder of the same diameter.) Collapsed for trans-port to the Moon, such a hybrid could offer
clear flat floor space a full fifteen feet wide if designed to fit the Space Shuttle payload bay or
up to 27 feet wide if designed to fit an inline (top-mounted) shuttle derived cargo faring. Such
hybrids could be deployed with significantly less crew EVA hours, or even be tele-deployed. To
the improvement in habitable volume as compared to the rigid module traveling in the same
hold, the folded “sandwich” would make room for plenty of additional cargo, both by taking up
less space and by weighing less.



SANDWICH has hard, feature-
uninflated packed ceiling & floor, inflated
z side & end walls.
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Figure 4: The Sandwich:

[1] Floor module with pop-up built-ins. [2] Ceiling module with pull-down units.

[3] Inflatable sidewalls and end walls. [4] Collapsed loose furnishings

[5] Cove-lighting tubes or bulbs [6] Contingency support poles & utility
chases

[7] Representative floor pop-up feature [8] Representative ceiling pull-down
feature

[9] (Curvature of inflation extended) [10] Soil overburden for shielding

[11] Original graded & compacted ground contour [12] Pull-down pleated room
divider

[13] Representative loose furniture item [14] Docking tunnel

While the great advantage of the sandwich design is that it offers a stable flat footprint
and a ready to use flat floor, it offers little more than half again as much space as a rigid
module designed to travel in the same cargo hold.

Another configuration, which we’'ve dubbed the “slinky”, features rigid feature-
packed cylindrical end caps connected by a cylindrical inflatable mid-section. Here instead of
multiple circular ribs and worm-like segmented lobes, we strongly suggest using a
continuous helical rib spiral, as this helical design choice offers an elegant opportunity to
build-in a continuous electrical service run along with other utility lines and lighting strips
within this skeletal “monorib.”
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Figure 5: The Sllnky [1] Pair of r|g|d end caps, outfitted with build-in features and
equipment.[2] expandable slinky module (unfurnished). [3] docking tunnel.
b) Next we came up with a novel wide-floored lunar “quonset” idea.

The “Quonset” has a stable footprint and favorable width to height ratio. While all the
built-in features would have to be floor-housed pull-ups, this design offers about two and a
half times as much floor space as the “sandwich” for the same payload bay space. The inflation-
reinforcement of a triple slab hinged floor is a design innovation that offers opportunities for
crawl-space storage, utility space, and ventilation worth pursuing. A telescoping vestibular
passage-way for vehicle coupling could be built into one or both inflatable end-walls as
illustrated.

uninflated

unit in
pay-
load
- \
S 4 -
/ inflated \ o 2| E
“Quonset” So| &
/ o £
|
aw
EHE
PRI . 10 cC+|
AR ? 25|5
¥ i y o al«
\5 1

Figure 6. QUONSET: [1]H|nged 3-section floor deck. [2] uninflated

quonset roof/wall

[3] uninflated floor support pontoons [4] inflated quonset roof/
wall

[5] Inflated floor support pontoons [6] In transit position of docking
module

[7] Docking tunnel in end wall [8] Downward air pressure
on hinges

[9] Counterbalance pressure on hinges [10]Contingency stiffening
bars

[11] Representative pull-up feature [12]Ground contour before
shielding



d) Finally, we sketched a hybrid torus design, dubbed the “donut”

In this design, the “donut-hole wall” is replaced with a compact payload-bay sized
hexagonal “works” module loaded with pull-out built-in features including top mounted central
solar, visual, and EVA access, side-wall vehicle docking port, decking erected from parts
brought up in the core module’s “basement’, complete with a peripheral jogging track.

antenna heliostat follows sun
Q dumps sunshinge inside

L O

The “DONUT * =7 Observation Cupola
rigid-inflatable y L . telescopes
torus /7 out of
structure T AN C?re

works core
and membrane
deflated in

payload bay

visiting
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E

Figure 7: The Donut: This 3 floor model at top is an upgrade of the simpler design in the
original paper. Shown is the central works-packed core, optional telescoping observation &
EVA tower, antenna, heliostat. Docking tube is at left. In this version, a small crater was
chosen to make shielding emplacement easier and to allow the frog access to the middle
level. Center left: a crude sketch of how the package arrives deflated in a payload bay, and a
view of the donut hostel and docked frog from above.

Taking further advantage of this design, the naked inner surface of the outer side wall
could easily be pre-painted or pre-printed with a 360° panoramic mural medley of Earthscapes,
Spacescapes, and Moonscapes. The sketch above suggests a peripheral walkway to take
advantage of such an opportunity. By including two additional coupling ports in the donut’s
outer wall at 120° angles we would make possible ‘benzene ring’ clusters of individual donut
units for indefinite “organic molecular” expansion potential.

Small conventional instrument-packed modules could be brought up from Earth and
coupled at unused ports to allow endless upgrade of the facilities. Of the hybrid inflatable
designs investigated, the “donut” seems to lend itself best to all our various design goals. We
intend to work with this central core torus design further to bring out its full promise and tackle
any unsuspected problems.

e) The “Trilobite”

Once the paper was in the mail to make the publication deadline for the conference
proceedings, we thought of yet another promising configuration. In the “trilobite”, the core




works cylinder lays on its side suspended between two larger inflatable cylinders. The area
below the core cylinder forms a sheltered bay or ramada for vehicles and routine EVA.

Figure 8: The Trilobite: The works core module could be scaled to a 15’ wide shuttle
payload bay or to a 27’ wide faring atop an External Tank, with inflatable cylinders
proportionately sized. Here, the trilobite hostel sits under a shielded hanger, making
servicing and expansion much easier.

If hybrids are designed as connectable modules for expansion, the vehicle docking port
design chosen for standardization should also serve as a module to module connect. This will
offer the greatest versatility. Where rigid ribbing cannot be included (all the above designs
except the “slinky”) hollow ribbing with a post-inflation fill of rigidizing foam could provide
structural support if pressurization was lost. However such a foam must be carefully formulated
to drastically minimize noxious outgassing as we are dealing with sealed structures that can’t
be ‘aired out’. The hybrid, while still more limited in size than the pure inflatable (though it
comes close in the torus format), offers measurably greater usable floor space than a hard-
hulled module designed for transport in the same hold, yet can be full of convenient built-in
features. The hybrid, in comparison to the retro-furnished simple inflatable, offers comparable
savings over rigid shelter in total imported mass. Thus the hybrid inflatable seems to be the
best of both worlds. We have only begun to scratch the surface of this promising world of
hybrid inflatable design, and present our first fruits for your stimulation and input.

(5) Shielding for Prefabricated Hostels:

Since full tele-deployment would be ideally appropriate for these intermittently staffed
outposts, ways of covering the hostel with regolith shielding by robotic or teleoperated means



should be researched. The needed equipment could be small and lightweight with minimal
power, as, working slowly prior to the arrival of a crew needing protection, there need be no
hurry to finish the job. Perhaps this task could be performed in such a way that the shielding
regolith might be gathered as part of the process of grading and compacting a launch pad and
a driveway or taxiway to the hostel for visiting frogs to follow. The basic idea is that the first
humans to return to the Moon since the departure of Apollo 17 find a cozy place waiting.
Hostels Built on the Moon of Native Materials

The ultimate potential for ample ‘Big Dumb Volume’ will not be realized until we begun
self-manufacturing building materials, modules, and components from native materials, either
in-situ, or at a factory site for overland or suborbital delivery to remote sites. Glass glass
composites (“glax”) or lunar steel are likely to be the building materials soonest available in an
upstart settlement. “Lunacrete” would be a competitor if economically recoverable amounts of
water-ice are found in lunar polar “permashade” areas. Glass-fiber reinforced cast basalt is an
option that seems especially suited for opening remote sites, with modules being manufactured
on site by mobile facilities. [2012 Note: Basalt fiber industry is far advanced and appears to
have superior qualities.]

CONCLUSION

The hostel concept rests squarely on acceptance of calculated compromises. Such
choices run counter-flow to the spread of risk-free expectations in the public culture,
something to which any public-funded space program is especially vulnerable. Yet this
paradigm promises to both significantly lower the threshold for human return to the Moon,.
and to significantly accelerate the breakout from any form of first beachhead towards
establishment of a truly global presence there. We believe there is more than a bit-role for such
“hostels in a hostile land.” Meanwhile, many of the ideas explored in the course of developing
our topic, would appear to stand on their own. << LRS >>
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FIRE DEPARTMENT By Peter Kokh

Fire and Man go back a long time together. A natural phenomenon frequently caused by
lightning striking tinder dry forest, brush, and grassland, our ancestral domestication of fire for
cooking, heating, artcraft and manufacturing purposes played a role in the rise of civilization
hard to exaggerate.

Yet fire out of hand or out of place has been one of the most devastating and
frightening perils to life, limb, and property. Our response to this danger has been one of fire
codes attempting to both minimize the chance of accidental fires and control the spread of fires
once begun. Most every community is served by a paid or volunteer standby Fire Department. In
most cases, unwanted fires are quickly controlled and potential damage limited. Smoke and
other volatile combustion byproducts of fire are quickly dissipated by flushing to the circulating
winds of the vast atmospheric sink surrounding us.

Alas in settlements beyond Earth’s atmosphere, the volumes of air available to absorb
fire gasses, smoke, and other particulate byproducts will always be most severely limited in
comparison to Earthside. Instead of an atmosphere miles deep above our abodes and over vast




thinly populated rural areas, we are likely to have only the few cubic meters per person within
pressurized habitat, food growing and work areas and other common places. Even in relatively
voluminous megastructures like O’Neill colonies or the Prinzton rille-bottom double vault span
design, the available “middoors” common volume will still be so minimal by Earth standards
that we will have to forgo a strategy of merely controlling fire.

Having nowhere to flush the smoke and fumes, a settlement that has even a small,
quickly controlled fire may face at least temporary wholesale abandonment, the incident a
catastrophe out of proportion with previous human experience.

Instead, settlers will have no choice but to adopt a zero tolerance for fire. Their first line
of defense will not be an automatic fire suppression system, no matter how elaborate. That can
only provide a damage control backup and a futile one at that, simply buying time needed for
orderly evacuation to standby vehicles or shelters. Rather spacefolk must accept settlement
design strictures all but guaranteeing that fires can’t start by accident, and that set fires have
nowhere to spread.

Because most combustible materials are organics or synthetics rich in carbon and
hydrogen, two elements scarce and exotic on the Moon, lunar towns and early space
settlements built principally from lunar materials prior to the eventual accessing of cheap
volatile sources elsewhere (Phobos and Deimos, asteroids and dead comet hulks] sheer
economics will force the choice of largely inorganic and incombustible building materials,
furniture, and furnishings. Commonplace wood, paper, organic and synthetic fabrics, and
plastics will become exorbitantly expensive choices reserved for the obscene consumption
patterns of the ultra-rich. In there place will be various metal alloys, ceramics, concrete, glass,
fiberglass, and fiberglass—-glass composites (Glax™). Even electrical wire will, for economic
reasons, be manufactured on site with inorganic sheathing in place of commonplace plastics.
Frontier houses and other structures simply will not burn.

On the Moon, the low gravity (“sixthweight”) will greatly reduce the need for cushions,
pads, and mattresses that cannot be easily made of these available incombustible inorganic
materials. Early Space Colonies will thus have a second incentive to choose lunar standard
gravity rather than Earth normal (the first reason being to allow much tighter radiuses, greatly
reducing minimum size and structural mass, significantly lowering the threshold for
construction).

The two areas of greatest remaining concern will be clothing and drying or composting
agricultural biomass. Cotton, since its lunar sourceable oxygen content is much higher than any
that of any other fiber choice, renders it easily the least expensive selection. The need to
recycle its carbon and hydrogen content upon discard of items made from it, will mandate
processing choices for cotton that are organic and thus happily preclude additives with toxic
combustion products. The best strategy may be to isolate (even in fabric and clothing shops)
concentrations of cotton fabrics and garments from one another in relatively small caches, each
guarded by a sprinkler.

Biowaste and biomass management and housekeeping practices, combining strict
personnel training with discontinuous storage in small concentrations below critical mass (but
again with one-on-one sprinkler vigilance) should all but banish chances of spontaneous
combustion and make the spread of set fires impossible. Special attention must be given to
grain and powder storage housekeeping and management.

IN SUM: on the early space frontier, fire “control” departments will provide no security. If
a fire big enough does break out, the game would be already lost. But what if, despite all
precautions, the unthinkable does occur?

Fire shelters connected to the community by air-tight fire doors and relative over-
pressurization could be provided, doubling as shelter in event of pressurization loss. However
such shelters must be large enough to accommodate the entire community on a short term
basis. It may be prudent to design the community with enough fully “isolatable” storage and
warehousing space or agricultural space to serve emergency needs. For the only way to recover



from a fire may be to depressurize, then repressurize the affected area. Since a fire may well
leave no option but retreat, there should be periodic en masse orderly evacuation drills for the
community at large.

As the constraints on building materials ease through cheaper out-sourcing from
Deimos and Phobos and/or asteroids and comets, the taboo on using organic and combustible
synthetic materials for in-settlement structures, furniture, and furnishings must not be relaxed.
In most space locales we will never have the luxury of enough contained ambient atmosphere to
allow a return to our current flush it and forget it strategy.

On Mars, in contrast, thanks to the thin carbon dioxide atmosphere and available water
and ice reserves, pioneers should be able to produce inexpensive wood and plastics with almost
Earth-like ease. Yet here too, until the far off dawning of some new age of “terraforming” that
installs a planet-enveloping commonwealth of breathable air, human settlements on Mars will
labor under the same threat of sheer disaster from even the most miner of fires as will lunar
and space settlements. If the Mars settlements are to allow wood and synthetics, it will be wise
they do so with constraints that work to isolate them in discontinuous small pockets.

Economics on Earth has made the abandonment of combustible materials unthinkable.
Instead, fire is tolerated and we have “Fire Departments” for “control” . Beyond Earth, quite
different economic realities will combine with a major exacerbation of the threat posed by fire
to make fire truly intolerable, and a strategy of control futile. There won’t be any Fire

Departments in space frontier towns. frarara)
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? Xities Pronounced KSIH-tees’ not EX-i-tees

Beyond-the-cradle off-Earth settlements (“Xities”) will be fundamentally different from
the familiar Biosphere- “I"-coddled “cities” that have arisen over the ages to thrive within the
given generous maternal biosphere that we have largely taken for granted. Elsewhere within our
solar system, each xity must provide, nourish, and maintain a biosphere of its own. Together
with their mutual physical isolation by surrounding vacuum or unbreathable planetary
atmospheres, this central fact has radical ramifications that must immediately transform space
frontier xities into something cities never were.

In this issue, we investigate a gamut of essential xity functions, some familiar but
strongly r