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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

MMM #8 - Sept 1987

k X W L)
.ﬁ) ) A“

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.
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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.

—END VIEW

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.
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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
frog

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 redefined, others new and without precedent, and their demands upon the structure of
Xity bureaucracies, government, and politics. AL

Xkl

Xititech by Peter Kokh
While heretofore in human history many departments of cities and towns (health, light
and power, streets, traffic, parks, schools etc.) have at least some number of professionals with
germane expertise on their payroll, the policy distorting interference of elected politicos,
patronage appointees, and job-secure civil servants more often than not has the upper hand.
No matter how poorly citizen needs are met, no matter how “unlivable” in relative terms urban
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areas may become, people survive. Gaia, the Earth’s mothering biosphere, even in the extremes
of its climatic crescendos and geological catharses, is relatively friendly even to the shelterless.

Whatever may be the case some distant day out among the stars, anywhere else in our
Solar System hinterland that we might eventually establish pockets of civilization, the hostile
host environment will not be so forgiving of task-bungling in the name of self-serving
interests. Unlike cities, “xities” must be run largely by professionals and technicians if they are
to remain “livable” in a sense that is starkly absolute.

To illustrate, consider the department structure likely to be found in any xity
government. But lets go backwards in order of significance to our thesis, that is in order of
most familiarity to present day terrestrial urban area experience.

Xity SCHOOL Systems

In this country at least, we have an enormous tolerance for mediocrity and outright
failure in our schools. After all, our society (as distinguished from the Japanese, for example) is
one of atomic individuals whom we deem responsible for their own success or failure. “God
helps those who help themselves” etc. We put a low priority on bettering the odds individuals
must face. As a result, we are inexorably becoming a second class nation by all per capita (as
opposed to gross) standards of measurement. But we will survive.

On the Moon, Mars, out among the asteroids, or in space colonies in free space, clusters
of humanity will be so much more challenged by both high thresholds of economic viability and
the fragile vulnerability of all but “sink-less” mini-biospheres. They cannot hope to long survive
unless they collectively see to it that their xitizenry is appropriately educated on all points on
which their continued existence tightly clings. With one on one attention if need be, they must
be prepared to accept a much higher level of individual and actively cooperative responsibility
for their “commons” [whatever cannot be privately owned like the air, waters, and the
environment in general and for which no one therefore seems individually accountable or
responsible].

Along with other subjects, each must learn well the facts of mini-biosphere life and the
workings of biosphere support systems in enough detail to appropriately affect their individual
micro-economic decisions as well as their environment-relevant housekeeping habits both
public and domestic. Useful in building appreciation and respect for the xity’s potential failure
modes would be a universal service system in which each student would at some time do
yeoman stints on the farms, in air and water freshening and biowaste composting utilities, in
discard collection and recycling chores, and on pressure-integrity maintenance crews. Because
their existence will be far more critically dependent on technology than even our own, they
cannot possibly be either good enough xitizens or enlightened voters if the rudiments of
science and technology are treated as electives as is common practice Earthside. [See “the 4th
R”, MMM # 34 APR ‘90., MMMC #4]

Such education will be most effective, of course, if appropriate incentives and
conveniences to proper action are built into xity systems. We are too used to passing
ordinances without thought to making compliance easy and natural, if not second nature. (If
you outlaw spitting on the sidewalk, you should provide handy spittoons, etc.) That will have to
change if xities are to succeed against the enormous odds. Living downwind and downstream
of themselves, xity-dwellers will be especially prone to choking fatally, en masse, on the
business-as-normal by-products of daily life.

Baring censorship, a poor solution, space frontier xitizens, settler and native-born alike,
will likely be reminded or exposed to the saturation point with television and videos depicting
everyday life in Earth cities under conditions so relatively forgiving as to permit general
inattention, dismissal, or even contempt for the commons. In frontier xities, schools will have to
sweat up an especially steep hill as a result.

Future Lunans, Martians, Belters, or Space Colonists may not be able to order the latest
fashion design, kitchen convenience, or electronic gizmo from the Sears catalog, or go to their
neighborhood K-Mart or area mall lined with specialty shops featuring everything under the



sun. They may not have supermarkets with an infinite selection of prepared convenience foods,
toy outlets featuring plastic incarnations of the latest cartoon heroes, bad guys, and monsters.
Nor will the current fare in chic throwaway fascinations Earthside be available.

Instead young and old alike will have to be prepared for the crude, make-do
substitutions of the frontier. This will strongly motivate settler artists, craftsfolk, and
entrepreneurs to make and produce improved and refined goods that from production to
ultimate disposal respect their fragile mini-bio-spheres and the recycling systems that help
make them work. At the same time such new wares will help build a do-or-die long-term trade
surplus (see below) by ever working to further defray “upports” from Earth and expand total
exports.

One can imagine the curator of the local museum selecting for the “Reminiscences of
Earth” hall, principally ethnic folk and frontier items that, even if not appropriate for space
frontier situations, demonstrate encouragingly the best in human resourcefulness under
challenge. By contrast, the latest carefree titillations for individual convenience will be well
enough represented by film and video.

Xity HEALTH Department

Space frontier Health Departments will be charged with more aggressive attention to
public and domestic house-keeping conditions that could promote the spread of any pests that
slip through space transportation safeguards (food cargoes pressurized in 150° F nitrogen, or
exposed to vacuum; settler screening and clothing trade-ins etc.) But here again, education will
be primary.

Public health dollars in the U.S. grease the squeaky wheel. Thus much more attention is
given to keeping the no-longer productive person alive, than in ensuring that the young do not
grow up so unhealthy as to later burden the system. Space frontier settlements will be hard
pressed to survive unless a much higher fraction of their populations are productive than seems
acceptable on Earth. So priorities will be turned around with emphasis on expectant mothers,
infants, children, and seniors with good years left in them. In respect to the latter, the emphasis
must be on improving quality of life, not on extending it for extension’s sake. Bear in mind that
in very isolated space frontier settlements, xities may be really xity-states, concerning
themselves locally with cares here left to the state or jockeying candidates for national office.

Development of all-new Sports will be a new concern for xities, or for associations of
xities sharing similar gravity/inertial situations. For most of the traditional sports we now enjoy
will transplant poorly. [Jai Alai is one possible exception]. But Earth-return physical and
physiological rehabilitation programs might well be left to free enterprise.

Department of SOCIAL Services

For reasons already cited, when it comes to Social Welfare, the xity’s “first line of
defense” must be before-the-fact prevention rather than after-the-fact assistance or outright
neglect (not only in third world cities, but of our own urban address-less). The universal if
never stated presumption on Earth that, if need be, people can survive fending and foraging for
themselves, will be an all too obviously unthinkable one within the confines of mini-biospheres
quarantined from one another not only by miles, but by hard vacuum and radiation or
unbreathable planetary atmospheres. Again the stress will be on education and training to be
flexibly productive.

Department of ECONOMIC Diversity and Trade

Nowadays, increasingly strapped American cities are taking a much less laissez-faire
attitude towards their industrial and commercial bases. For xities, this will not only be a way of
countering economic decline as they age, or to promote new and refound prosperity, but a
matter of sheer survival. In point of fact for Earthbound cities, as the nations they drive, a
negative trade balance with the outside can be sustained for a surprisingly long time - though
tolerated slippage in the standard of living, and/or reversion to “simpler times” - read more
direct reliance on the support capacity of “Mother Earth”. And through income redistribution
bandages, areas that lag badly can be propped up by those enjoying better times.



Neither recourse is likely beyond Earth-orbit. Xities will either ever re-justify themselves
economically, or they will end up being abandoned, sooner rather than later. Xities, and
associations of xities sharing the same planetary or space setting, must through publicly
supported means, endeavor to ensure that local entrepreneurs find ever new ways to turn local
resources (or other raw materials more cheaply accessed than shipment up the expensively
deep gravity well from Earth) into new products for domestic consumption to reduce the need
or pressure to upport from Earth, or into products for sale to Earth, Earth-orbit facilities, and to
other off-planet settlements, in sufficient volume to fully pay for whatever upports and other
imports that the xity cannot (or prefers not) to do without - and to do so with reserve-building
surplus.

A xity university, however modest by today’s standards, would be a logical agency to
promote industrial and commercial diversification, even helpful new arts and crafts. The
university could do ground-breaking materials use research and then assist entrepreneurs in
development of marketable products for some limited share in the royalties.

To support this diversification, xities on planetary surfaces (Moon, Mars, larger
asteroids, etc.) will support continuing development of the potential economic geography of
their hinterland surroundings. This will mean establishing satellite outposts (some of them
perhaps to become rivaling xities in their own right) in order to add to the mix of minerals and
raw materials upon which economic diversity rests.

Space Colonies, each more like Singapore than analogs of giant Japan (a comparison
frequently made), may bind together in leagues to better exploit asteroidal and cometary
resources. The goal will be to lessen the restriction of their economies to industries supportable
by a diet of lunar raw materials alone. This need to establish and continue a favorable trade
balance will drive an initial handful of surface and space xities ultimately to develop much of
the Solar System, whether Earth itself remains interested or not.

An Office of Strategic Materials and Import Protocols could employ some blend of
taxation and credits to ensure that strategic materials in short supply (e.g. on the Moon:
hydrogen, carbon, nitrogen, and metals other than iron, aluminum, titanium, and magnesium)
were not diverted into spurious luxury uses or tied up in non-durable products without efficient
fast-turnaround recycling systems that work.

It will be also be in the xity’s interest to maximize interxity trade so that together the
xities are not just financially self-supporting but also industrially and agriculturally self-
sufficient if ever Earth cuts off trade, whether as a result of world conflict, major depression,
isolationist politics, or the spreading of hostile fundamentalisms in the various world faiths.
Such an ability to collectively survive the cutting of the umbilical cord to the womb-world must
be the cornerstone of every xity-state’s “foreign” policy.

Department of the Xity BIOSPHERE

The differences between mega-biosphere-contained cities and mini-biosphere-
containing xities, as described above, while significant, may seem matters of stress, emphasis,
and priority. We won’t argue the point. But that’s as far as one can stretch the kinship. No city
on Earth must build a containment system, mega-structural of modular, for its atmosphere. Nor
need any city on Earth concern itself with maintaining its own climate or the routine sequencing
of its seasons (beyond the provision of air-conditioned skywalks and other structure-
connecting passages, as popular perks).

No city on Earth must be dependent upon a closed loop water supply, drainage, and
recycling system totally within its own limits (even island city-states like Singapore have the
surrounding sea). In contrast, no xity will ever be founded on a coast or lakeshore or river or
over a subsurface aquifer - at least not until the “rejuvenaissance” [a coinage decidedly
preferable in its connotations and the pathways it suggests to “terraforming”] of Mars is fairly
well along.

A Corps of Pressurization Engineers will be charged with containment integrity and
maintenance of the atmospheric pressure of the settlement within the desired limits. Ever



vigilant for leaks and structural weaknesses, they will preventively repair microcracks, monitor
the performance of sealants, and relieve structural stresses safely. Automatic detection devices
and frequent human inspections will be crosschecks in preventing failures of regular airlocks,
liquid airlocks [MMM # 17 JUL ‘88], and matchports [MMM # 15 MAY ‘87 - both included in
MMMC2]. The corps’ job will be different in megastructures such as O’Neill colonies, Bova-
Rawlings’ Main Plaza [Welcome to Moonbase, Ben Bova, Ballantine ‘88] or the double vaulted
rille-bottom villages of the Prinzton design (LRS ‘89) from that of those charged with this most
critical of all xity responsibilities in modularly constructed settlements with physical growth
potential (banded and modular torus space colonies, the double helix oases [MMM # 11 FEB
‘88], and any of the more common Moon and Mars base proposals. Depending on the
settlement’s overall architectural plan, separated or separable fall-back safe havens need to be
provided and maintained.

The work of the corps presupposed, the Office of Atmosphere Quality will be charged
with maintaining air freshness and the proper mix of gasses: oxygen, nitrogen or other buffer
gasses, and carbon dioxide.

The settlement may have some sort of baffling separating the agricultural, residential,
and industrial areas. If so, the fans and ducts which provide for flow of fresh and stale air
across these baffles without back flow, need to be maintained to preserve air quality.

The Hydrosphere Office will maintain the xity’s water reserves and their cycling starting
with the dehumidifiers that condense excess humidity from plant transpiration to provide fresh
clean drinking water. The Office may maintain a tritreme drainage system [MMM # 40 NOV ‘90
“Cloacal vs. Tritreme Plumbing”] that keeps separate, for ease of treatment, sanitary waste
water, gray water from washing and bathing, agricultural runoff, etc.

On the Moon, reserve water supplies may be shunted in a cycle through dayspan
electrolyzers and nightspan fuel cells to produce power to complement off-line solar
generators. Reserve water can even be cycled through closed-loop high head rille-side or
crater-side hydroelectric stations, again to boost nightspan power [see MMM # 31 DEC ‘90 pp
4-5; also in MMMC #4].

But reserves can also be used to improve air quality by running them through fountains
and waterfalls to mist and cleanse the air, and to add further to the quality of xity life in the
form of canals and lagoons for boating, pools for swim-ming, and even trout steams for
fishing.

Whereas some cities take upon themselves the task of providing and maintaining green
markets by which produce from rural farms can be sold directly to city dwellers, in xities
beyond Earth, under the Biosphere Dept., there will be a Sub Department of Agriculture, with
far more responsibility than even national agriculture departments here on Earth. For in xities,
the antithesis of farm and city will be resolved. The xity will contain major agricultural areas
within its biosphere, not only for logistic and economic sense, but because the farm areas will
play the critical role in the recycling of stale air into fresh. The composting of solid organic
wastes will be its duty.

A system of parks, pathways, picnic strips and memorial gardens might well be
integrated into portions of the agricultural areas adjacent to residential, industrial, and
commercial zones. Since the emphasis will be on plants that serve an economic need, even
landscaping and “streetside” plantings will be selected to fulfill a dual purpose. Thus the whole
eco-system makeup of the xity biosphere’s general flora will be under this sub-department.

Agriculture will also bear upon the selection of livestock (if meat-eating survives as an
accepted lifestyle) and the xity’s complement of urban “wildlife” (some species needed to make
the ecosystem work, and maybe some others more for public enjoyment). This sub-department
would also license allowable pets and enforce their reproductive control.

As serious a job as is running a major city in today’s world, the burden of responsibility
on the Xity Parents out on the space frontier will be much heavier. The very continued existence
of the xitizenry will lie in their hands. There will be far less room for the discretionary
nonsenses of political decisions, far more entrusted to the care of responsible technicians. This



will affect not only the structure and divisions of xity bureaucracy but the roles of elected
officials and how they see them.

These life-in-the-balance responsibilities may even require final abandonment of the
dictatorship of the majority [our present system, wherein each faction attempts to gain a mere
50% plus advantage, in order to thrust some premature solution serving vested interests down
the throat of any other equally noncooperative faction] for governance by informed consensus.
Government by co- “promise” not by compromise.

The extraterrestrial xity will be a precedent shattering institution. And just maybe, Earth
cities will pick up a few helpful pointers in the watching. AL

On the Space Frontier, can there be any
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Fireside around which to gather?
By Peter Kokh

Since time immemorial, ever since the taming of fire, humans have sought warmth,
comfort, and company huddled around campfires and hearths. Even today, when a dwindling
number of modern homes boast the luxury of a fireplace, nestling around the fire is something
we all enjoy - when it is cold or damp, when we are out camping, on a clambake or a picnic in
the park, or just out on the patio or in the back yard for a barbecue or marshmallow roast. And
can any of us forget the bonfires after a high school homecoming football games?

While nowadays, such pleasures are scarcely everyday experiences, however infrequently
enjoyed, the magic of the fire is so much a universally positive experience that it is still possible
to ask: “can it be humanity if there is no campfire?”

In “FIRE DEPT.” MMM # 51 DEC ‘91, we pointed out the very intolerability of open fire,
controlled or not, in the very limited atmospherules of mini biospheres. But that is not the last
gloomy word, for it only applies to fires in which the combustion products are smoke and toxic
gasses.

In MMM # 40 NOV ‘90 “METHANE” we discussed the possibility of controlled burning of
compost-pile derived methane to produce water vapor along with CO2 for plant nourishment.
Such combustion will need to be confined to nitrogen-free chambers so as to avoid unwanted
hitrogen oxide byproducts. Could such a methane-oxygen fed flame in a glass- faced chamber
serve as a fireplace substitute? Why not?

It should also be possible to devise a tightly confined hearth “substitute” that slowly fed
together pure hydrogen and oxygen. If again the burning is confined to a nitrogen-free
chamber, the only combustion product would be steam - pure water, which can then be used
for drinking or other purposes. In effect, we are talking about a modified fuel cell, in which the
2H2 + 02 = 2H20 reaction is run somewhat faster, not so fast as to be explosive, but fast
enough to sustain a flame, perhaps with a harmless enough additive (if one can be found!) to
colorize the normally invisible H+O fire.

I'd be surprised if either such device now exists, with little market for them - down here.
But out on the frontier, a flame-in-a-jar device might create enough symbolic warmth and
cheer to become commonplace in settler homes on the Moon or Mars or elsewhere, in gathering
spot lounges, even on long trips aboard spacecraft or surface roving coaches.

Why not tinker up such devices now? The methane version could not be used in draft-
tight close quarters but a hydrogen hearth might sell to apartment dwellers, especially singles
wanting the latest in trendy mood-setting gizmos. Just knowing that we could take such “fire




chamber” with us, could make the prospects of life on the space frontier just a little less
daunting, just a little more reassuring. TALAC.
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XITY PLANS By Peter Kok

INTRODUCTORY DISCUSSION

As a rule proved by its exceedingly rare exceptions, Earthbound cities are founded and
grow haphazardly, a mosaic of micro-economic decisions and ad hoc solutions. Sometimes
there are scattered allusions to a priori blueprints showing up in road systems and other
infrastructures. But far more often, and especially the case with older cities, there is no more
than some brave flirtation with after-the-fact master planning that attempts to rescue order
from chaos and impose some facade of logic. All of this development occurs within the context
of the transcendent terrestrial biosphere, without which such “wild” growth and development
patterns could not be suffered.

Xity as Biosphere

Beyond Earth, the tables are turned, and biospheres will exist solely within the context
of discrete xities. That makes xity planning serious a priori stuff with more, or less, room for
subsequent adjustments. First, considering the xity’s design as a biosphere provider and
maintainer, the challenge is far greater than almost all space development advocates and
visionaries imagine. Most artistic visualizations of lunar or Martian surface settlements that one
sees (and they determine the expectations of those who cannot visualize on their own) show a
maze of habitat and function modules with token inclusion of agricultural areas. That won’t do.
Consider a trial definition of a xity:

A XITY is a human outpost outside Biosphere “I” (Earth) that (1) provides not just
permanent serial occupancy, but permanent lifetime residency for individuals and
families, and their educational, cultural, and other needs; AND (2) provides as
complete a bioregenerative life support system as is practical.

As ongoing experience with the Biosphere Il project, in its fourth month of closure at
this writing, is demonstrating so well, even a much higher ratio of plant mass to human mass
than most space planners had naively thought they could get by with, is proving inadequate.
CO2 scrubbers have had to be installed.

Xity master plans can not simply place plant life and food growing areas in a human
context. They must sprinkle humans sparingly, as they are the more dependent
partner in a fragile symbiosis, in a setting that is principally one of vegetation and
crops.
In other words the xity must include its own rural hinterland. Without this, there is no
hope of providing any real sort of biological flywheel, leaving settler survival to depend



proportionately on machines, however sophisticated, with their much higher susceptibility to
“failure modes”.
Xity as “individual-friendly”
There is another challenge here. As individuals, we give significance to our lives as we
make over into something friendly and personal what greets us as strange and impersonal.
To the extent Xities need more careful and more closely followed master planning
than cities, can they provide shelter without suffocating individual need to creatively
design it-says-me personal space?
It is not enough to provide for interior decorating opportunities. It is equally vital that
the public appearance of private spaces be left to resident discretion.

Indeed, it is often the very unplanned character of Earth’s cities, the colorful patchwork
patterns of individually determined “improvements” through the years and generations that,
however it sometimes threatens over all functioning, can make them such delightful places to
live in. Master plans which do not leave maximum play for individual discretion, as many a well-
intentioned urban renewal project has attested, can choke the very spirit out of a city and its
individual residents, even while attempting to unchoke urban traffic and provide an overall
alluringly deceptive tyrannical beauty.

BASIC OPTIONS [While as an unapologetic “planetary chauvinist”, the writer’s chief interest lies
with settlements on planetary surfaces, the general points made here must be applied as
religiously by xity-architects of space colony settlements as well. For a fresh new approach to
the latter, see MMM # 12 FEB ‘88 pp.3-7 “SPACE OASES: Part 4. Static Design Traps, and Part
5.A Biodynamic Masterplan,” For the complete 12 page series on Space Oases see MMM Classics
#2.]

l. “Thesis”: UNITARY Megastructure

Eye-catching visionary depictions of free space and planetary surface settlements
involve great megastructures that must usually be completed in toto before the first settler can
move in. They must sooner, rather than later, reach the design limit for their population with
ensuing cultural stagnation and ecosystem aging being the common prospect.

PLUSES: v/ megastructures offer less surface per volume (even per square foot) with
correspondingly fewer joints and couplings able to spring pressure leaks. +/ As conceived, they
offer greater space for a life-supporting ecosystem - at least until the pressures of growing
population in a fixed volume results in the temptation to “develop” “natural” areas. +/ The large
open volumes of such megastructures also offer easier air circulation pattern promising simpler
maintenance and lower atmospheric failure modes.

MINUSES are +/ the very high occupancy threshold - a lot of construction before the first
xitizen can move in; and +/ the lack of easy congruous growth potential. v/ The temptation to
erode an initially good biomass—-population ratio by encroachment has already been mentioned.

Megastructures share structural failure risks rather than distribute them locally. Further,
such structures also have the greatest need for extra counter-pressure structural
reinforcement. A plus and minus both, Lunar and Martian mega-structure xities will need extra
shielding to gravitationally counter the structure-straining air pressures within, increasing the
desirability of less than Earth-normal atmospheric pressure, already attractive as a nitrogen
import cost cutter.

Familiar examples of such Megastructure Xities in free space include [NOT TO SCALE]
the [1] Stanford Torus, [2] the Bernal Sphere, and [3] the O’Neill Sunflower cylinder.



Surface examples of megastructure approach are Bova (Rawlings illustrated) “Main Plaza” and
Domed Xity.

THE DOME - favorite of Sci-Fi pulp covers. A glass? hemisphere or geodesic dome [1] (which,
unlike a full sphere or cylindroid [2], must be anchored [3] to prevent it from being blown off
the surface by internal air pressure) allows traditional Earth-style architecture (e.g. skyscrapers
[4] to be erected within.

While glass can protect against ultraviolet, unless 2-4 meters thick, it could not protect
against cosmic radiation or solar flares. If the glass is thinner than that, the exterior walls and
roofs of the enclosed buildings would have to be thick enough to serve as shielding, and
inhabitants would have to severely limit their excursions “outdoors” within the dome (i.e.
middoors). A domed xity may be a bit less far-fetched on Mars than on the Moon especially if
the native CO2 atmosphere can be thickened appreciably.

Il. “Antithesis”: MODULAR Versatility

Most recent design studies for space frontier settlements are much more modest, driven
by economic reality to find the very lowest threshold for occupancy. Out are the great unitary
structures. In are modest modular concepts that will allow growth at any pace and in any
direction.
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A CURRENT NASA MOONBASE DESIGN incorporates a Space Station type module [left]
transportable in the shuttle payload bay and, for elbow room, a multi-story inflatable sphere
[right].

TWO MODULAR DESIGN STUDIES above and below done by University of Wisconsin-Milwaukee
Architecture Dept. students working under a multi-year NASA grant:
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PLUSES for modular designs include
v most flexible growth potential;
v/ minimum need for structural counter-pressure reinforcement;
J/ tops in structural ability to contain normal 1 ATM;
+/ distributive structural failure risk.

MINUSES for modular designs include
+/ the highest surface to volume and surface to square foot ratios;
v very high count of leak-prone joints and connectors;
v/ highest failure mode for atmospheric circulation maintenance;
v/ very high susceptibility to biosphere inadequacy and overrun.

Improving Modularity: Clearspan Shielding

While modular plans offer great versatility for future expansion, the actual addition and/
or changeout of modules can be made less cumbersome if each is not individually shielded
either with “snow-blown” regolith or with cleaner-to-handle regolith-packed sacks. Instead a
free-standing and open-ended “clearspan” can be built, with adequate shielding placed above
to create a sheltered “lee space” below in which to park, and connect sundry module, nodes,
and passageways. Such a site shed not only offers harbor from UV, flare, cosmic ray, and
micro-meteorites for the emplaced modules of the base or settlement, but for those doing the
work of emplacement and hookup. ‘Dozer-habitat accidents such as might occur in providing
individual shielding for each new module are avoided. The EVA of construction, once the clear
shield is up, proceeds in a “soft space” environment in which cumbersome rad-hardened
spacesuits are not needed. At the same time, permanent sheltered “ramada” space is provided
for routine near-module housekeeping activities:

V inspection for leaks and leak repair;
v/ changeout of volatile resupply tanks;

V/ tending experiment or processing packages that require vacuum but not necessarily
radiation, etc. [see MMM # 37 JUL ‘90 “RAMADAS” and “FLARESHEDS”. MMM Classics #4].



1 space frame to support shielding overburden;
2 framework over uneven terrain;

3 pressure hulls of modular settlement. This approach duplicates the protection offered
by unpressurized lunar lava tubes in areas of the Moon where they are not to be found.

l1l. “Synthesis”: CELLULAR Rhythm

While clearspan shielding, a simple concession to the megastructure approach, offers a
quantum improvement in deployability and operation of a modular base or settlement, it still
does not address the serious drawbacks of modularity mentioned above. By taking a strategic
look ahead to prepare for large-scale growth of the settlement into a real xity rather than
piecemeal expansion of an outpost into a base complex, we can come up with various sorts of
“segmented” or “polymeric” expansion, in which each “monomer” or “xiticell” repeats the basic
organic functions of the xity.
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BASIC ELEMENTS OF THE XITY FOUND IN XITICELLS

By repeating these at large elements in small ‘village’ clusters, the Xity can start small,
grow by rhythmic repetition (with adjustments in architecture, relative sizing, recycling, thermal
management, and power systems as dictated by experience) to any size. A collapse of the
ecosystem in one xiticell could be isolated, leaving the rest of the xity intact. Such
segmentation allows evolution of systems and does not commit the Xity at large to continue
systems and infrastructures and layout patterns that turn out to be unsatisfactory.

With such a xity planning philosophy at the helm, we can combine the very distinct
advantages of megastructural and modular approaches, by using large scale modules to create
the first and successive xiticells. For example, a residential neighborhood unit (in size and
population reminiscent of one or more city blocks in American cities) could be contained in one
larger scale cylindrical module as opposed to modules for each habitat plus pressurized
passage and traffic connectors.
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THE RESIDENTIAL STREET (‘FHOOD) AS THE MODULE

Cross-Section of cylindrical module 40m x 200 m: {1] shield louvers that let in the sunlight; [2]
a suspended sky-blue diffusing “sky” - air pressure would be the same on both sides; [3]
terraced residential housing with rooftop gardens; [4] the thoroughfare running the length of
the (neighbor)’hood; [5] light industry and shopping, possibly offices and schools; [6] conduits
for utilities.

This scheme enables a large variety of conventional architecture for the enclosed
buildings and mediates “indoors” living and work space and “outdoors” vacuum with
landscapable pressurized “middoors” commons for more Earth-like living. At the same time it
greatly minimized the total hull interface with the vacuum. Several such large ““hood” modules
along with industrial park-sized modules and farming modules are one way to form a Xiticell or
basic village unit with functional biosphere, establishing a rhythm for future growth.

PLUSES for the Xiticell approach to a synthesis between megastructure and modularity
include:

v Intermediate threshold to occupancy;

V/ Lessened air/water leakage vulnerability;

v/ Lessened failure modes for air circulation;

/ Partially distributed structural failure risk;

v/ Moderate structural counter-pressure and impact reinforcement needs and need for

reduced ATM levels;

v Intermediate flexibility of growth potential;

v/ Ability to switch to better utility and infrastructure systems in new cells;

+/ Reduced biomass encroachment threat;

v/ Room for adjusting biomass ratios in new cells;

+/ Best bet for biomass maintenance;

v/ Possible phase-in of xity-center and village-suburb “metro” structure;

v Logical extend as you grow internal cellular transit systems;

v/ 3-shift friendly .

The 1989 LRS “Prinzton” settlement design, with its three villages, embodies some of
these elements but involves more megastructure than the xiticell plan outlined above. The dual
(or triple) helix approach to free space oasis construction outlined in MMM # 12 FEB ‘88
“Biodynamic Masterplan” is a better illustration.[MMM Classics #2]

Where do we go from here (a complex of individually shielded modules)? Adopting the
Clearspan for subsequent early outpost expansion would be a start, switching to larger xiticell-
organic modules next. Fracara]
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“XITIES” Pronounced KSIH-tees’ not EX-i-tees
[Human communities beyond Earth’s cradling biosphere]

KDY PhANS

XITYPLANS By Peter Kokh

Part II: Last month, because of the shortened 12 page version of MMM # 53, we had to cut our
discussion short, with much of what we had wanted to say left unsaid. Here’s the balance.

If the trouble with megastructures is the very high construction threshold before first
occupancy can begin (the biosphere retaining shell has to be built all at one) the trouble with
the micro-modular concepts now in vogue is, on the one hand, the very high surface to volume
and joint count to volume ratios (multiplying, without real compensation in any cost to benefit
ratio, unacceptable leakage rates and the chances for decompressive failure) and, on the other
hand, a convoluted layout with many constrictive points, all of which must work against free
atmospheric circulation within the settlement’s mini-biosphere. The cramped spaces of the
micro-modular settlement are apt to leave much too little space for vegetation (which should
play the host to humans, not the other way around) and all of that, likely in food-production
modules not adequately integrated with the whole complex.
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Our suggestion has been to move to larger “block” sized modules (intermediate between
building size units and settlement-sized megastructures) all of which would have an important
place for vegetation, each module contributing not just to the settlement economy but to its
biospheric self-maintenance. To do this, we need to move quickly beyond shuttle payload bay-
sized sardine cans [limit is 15 x 60 ft], shuttle external tank or Energiya sized modules [27.5 x
97 ft], beyond simple inflatable spheres and cylinders, to modular prefab construction with
building elements manufactured on site on the Moon, or Mars, or asteroid as the case may be.
A facility that can spin integral cylinders of glass/glass composites [glax] of as large a diameter
as can be transported locally (assuming the factory does not itself move) should be a high
priority.

Given such a capacity, the settlement could grow one large module at a time. Such
modules should be used not only for residential neighborhoods, nor only for agricultural areas,
but also for for well-greened commercial and industrial space.

Even the connectors should be relatively generous in cross-section, providing,

religiously, space for vegetation as well as traffic. Such connecting trafficways should have at

least the girth of the ET e.g. 27.5 ft, which might allow them to be constructed of salvaged
cargo holds. To illustrate:
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KEY: (1) Sun, (2) fiber optic bundle sunpipe, (3) sky-blue sunlight diffuser (same air pressure
either side), (4) pedestrian walkways, (5) terraced plant beds, (6) gardener’s path, (7) art and
poster gallery.

O

g
e o
4

ET sized
transit
conneclor

P

- !
A 77

KEY LEFT: (1, 2, 3, 5, 6) as above. (7) wall-mount rail suspension system, (8, 9) bench seat
transit car.
KEY RIGHT: (1, 2, 3) as above. (4) plant bed and hanging garden, (5) planter-topped divider,
(6) vehicles. In all of these connector examples, there is a place for vegetation, and the more
place the better. It is more than a matter of morale, the comfort of mothering greenery against
the stark sterile barrenness beyond the settlement airlocks. It is a matter of always paying heed
to the overriding requirement to maintain a healthy and integrally functioning biosphere as a
host to all other activities within the settlement hull complex.

Polymerization - Growth Patterns

Given properly functional-sized modules, how should the settlement, any settlement,
grow? Should growth be helter skelter, unplanned? Or are there good reasons to suggest some
patterns of add-on connectivity over others? As with terrestrial cities, the lay of the land will
supply some sort of template, but perhaps to a lesser extent. Unlike Earth cities, xities on the
Moon will not be nestling along river banks or seashores. On Mars, the siting considerations
become more tricky and the potential drainage channeling of current dry land will have a say on
the directions of settlement expansion. In free space, modular settlements will follow their own
internal logic, one in which the principal consideration is the chosen radius for centrifugally
provided artificial gravity.

But back to surface settlements. Let’s consider as thesis the linear model of expansion.
We simply add modules end to end in one long line. This has the advantage of making a spinal
transit system simple and functional. The disadvantages are first, the overall damper on
physical networking as the mean distance between any two sites (and xitizens) grows linearly
with the population. Second, the long and narrow overall complex makes a circulating
atmosphere quite a plumbing problem.
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Above right: One of many possible “crystalline” growth patterns for the modular settlement
The antithesis, then, is the crystal lattice, where the average distance between sites and
“xitizens” grows only as the square root of the population, i.e. as the radius of the cluster of
modules. The atmospherule can circulate and the biosphere can function more integrally. On
the other hand, any sort of mass transit or people-mover network becomes more complex.
Further, instead of two points of growth, the crystal has many points for growth. This can be a
plus. It can also be a political nightmare.

The synthesis may be a pattern taken from nature, one in which the assets of linear
expansion and self-clustering are elegantly co- “promised”, i.e. the spiral pattern of the snail,
the nautilus, and other creatures. Here a single spinal transit nerve just keeps growing from one
end, while radial connectors keep everythmg compactly cIose at hand
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KEY: Order of construction 1-15 etc. with O being reserved for a metro downtown that can
be added whenever needed. C would be the central plaza and eventual origin of the transit
corridor. There is no limit to potential expansion

Such considerations may be foreign to cities on Earth. Off planet, all human settlements
will be behind the eight-ball and will need every advantage for efficient functioning that they
can draw upon.

Used to best advantage, the helical pattern will unite not individual modules, even
modules of size, but “xiticells” or clusters of modules in which all the basic elements of a
functioning Xity-with-biosphere are represented and repeated. To be sure, as sketched below,
this concept seems a little utopian, but elements of it are sure to recommend themselves to
future Xity planners and architects on the space frontier.

MMM #55 - MAY 1992
Beyond “Mole Hole City”



Our expectation of what a Lunar Outpost or Settlement might look like from the vantage
point of a surface overlook has become one of a monotonously drab pattern of regolith
mounds, the telltale sign of pressurized living space below. This “molehill-scape” is little
relieved by its punctuation with occasional observation cupolas, exposed air locks, solar arrays
and heliostats, peripheral tanks of volatiles, and other external warehousing. “Once you’ve seen
one moonburg you will have seen them all.” Not necessarily so! Eventually Lunan architects will
rise to the challenge. See below.
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ﬁ Series Cont. Pronounced KSIH-tees’ not EX-i-tees
[Human communities beyond Earth’s cradling biosphere]
By Peter Kokh

This month we look at how future Lunan Architects will be challenged by the conditions
of their environment, with full attention to structural integrity under pressurization stress and
to shielding from cosmic rays and solar flares.

To illustrate the possibilities, three articles follow: SKYSCRAPERS?, MOON ROOFS, and
SHANTYTOWN.
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SKYSCRAPERS ON THE MOON?: BEYOND MOLE HILL CITY
By Peter Kokh

Perhaps you’ve seen artistic visions of future Lunar and Martian cities replete with
modern skyscrapers and flying roadways, all under protective domes of glass or some superior
glass-substitute. We touched on this distant possibility in both of the last two issues. Certainly
there is much more room for creative license on the part of architects working within the
protected “middoor” volumes of megastructures like domes, and shielding vaults such as that
illustrated in the Prinzton design study [see MMM #s 26-31, esp. # 29 p.4].

But looking at possibilities in the nearer term, when pressurized structures will be
individually shielded, we might ask if Lunar and Martian xitiscapes can escape the mole mold of
mound rows of shielding soil, hiding cramped lifespaces below. The appearance of this
shielding overburden is our topic in the piece that follows: MOON ROOFS. Here let’s explore
how architectural ingenuity can help a thriving Lunar or Martian settlement break out of the
terrain-hugging rut.

Traditional skyscrapers here on Earth, as varied as they be in style, are basically
vertically elongated boxes. Such a shape will not work well if it has to contain atmosphere
under pressure against a surrounding vacuum. While higher surface strength to volume ratios




allow more freedom with very small structures, on the greater scale of the multi-story building
exo-architects will have little option but to somehow adapt the sphere, cylinder, or torus, all of
which do a much better job of equalizing pressurization differential stress. There is, to
illustrate, no reason that a cylinder couldn’t be employed in the upended position, properly
anchored, with its internal floors perpendicular to its long axis, instead of parallel to it.

So much for meeting the pressurization challenge. We must still find a way to preserve
shielding integrity. A simple outer sleeve a couple of meters (6 ft. or more) out from the
cylinder’s pressure hull, creating a wraparound coffer dam for filling with soil, would do the
trick. But that certainly does not present the architect with a satisfying form of statement. The
whole idea of multi-storied buildings is not merely to create an imposing silhouette against the
sky, nor to make efficient use of high cost real estate, but also to allow visual access to the
ambient outdoors sun/daylight and to the views generous window-walling can provide.

If you accept that such structures on the Moon and Mars would be occupied only part
time by office-workers, for example, and if you restrict the field of unshielded vision to “a
couple of horizon-hugging degrees” or so, vertically tunnel-visioning the view of anyone
wanting to look out, the total averaged exposure to cosmic radiation from unshielded sky could
be kept to an acceptable minimum, even on a long-term basis. If the simple illustration below
reminds you a bit of the oriental pagoda with its tiered “pentroofs”, that is no accident, for that

is the source of the inspiration.

-Office Tower - 25 stories
-Uertical Cylinder Hull
view = = -Cap Shielding

: = Individual Pent Roof Shields
-Windows overlook N/S
Horizon Only for
Minimum Sky Exposure

What appears to be balconies in this sketch, are really continuous cantilevered coffer dams
filled with loose regolith soil shielding. Building occupants are restricted to the interior of the
fixed pressure-holding windows to the inside of these “pent roofs”.

This gives us an architectural “language” that can be used in yet more expressive forms.
Below we have a vertically stretched torus “muff” surrounding a central cylindrical tower.

Torus "mulff*
around ceniral
Tower cylinder
with pent roof
shields each floor
368° around

floor-incorporated cables under tension.

Another possibility may be to stack (co-axially, or perhaps stylishly off-center) story-
thick sections of cylinders of decreasing diameter, each with an attached pent roof soil bin to



shield observers inside from the greater portion of the naked light-black, radiation-bright sky
above.

The wider the diameter of each story section in proportion to its height, the greater the
need to keep floor and ceiling in parallel, not by support pillars under compression, but by
vertical (faux column hidden) restraint cables under tension. For unfortunately, the weight of
the soil overburden sufficient to provide the needed amount of radiation shielding, is no match
in the light lunar gravity (“sixthweight”) for the expansive pressure of the “atmospherule” below
against the vacuum outside. On Mars where the gravity is two and a quarter times greater, the
same amount of shielding soil mass will exert that much more of a stress-relieving
counterpressure on the building “hull”.

Tiered Pyramid of
Cylinder Sections 23
each with T

shielding
pent
roofs

A less pretentious example of sky-scraping is given in the end-view cross-section
sketch below, where a number of horizontally placed cylindrical pressure hulls are stacked. The
advantage is in longer rectangular floor space.
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By whatever structural idiom it is stated, just as in some terrestrial cities, the skyscraper
can be given even greater visual impact by siting it on high ground relative to the general
surroundings (like the famed Shangri-la inspiring 2500-roomed Potala palace in the center of
Lhasa, Tibet) e.g. on a crater wall or central peak, a scarp or lava flow front, etc.

And, of course, purely decorative unpressurized doodads such as spires and minarets or
other facade-making hull-disguising decor can be added for tasteless kitsch allusion to one or
more of the many Earth-legitimate building styles of past and present. We can only trust that
most future Lunan and Martian architects will see the value of learning to express themselves in
authentic world-appropriate forms. But it is a free universe!

Perhaps you can think of further distinctive directions in which future settlement
architects can give vent to their vertical aspirations. If so, we hope you will send them in to
MMM so we can share them with our readers.

But, is there a need? Will lunar settlements ever grow big enough for the real estate at their cores to
become valuable enough to justify the extra expense of high rise construction? Certainly not if they are or remain
government artifacts. But if settlement is enterprise driven, first supplying raw materials, then value
added products, exploiting every advantage, and diversifying its own domestic economy, there
is no reason why the number of pioneers on the Moon cannot rise into the hundreds of
thousands or more within a half century of their founding. Remember, for a largely self-
sufficient economy, the export sales needed to cover import costs will be relatively small. In the
context of a rapidly diversifying economy, in comparison to the rise in exports, the growth of



the supported population can be exponential (e.g. a 10-fold rise in exports for a 100-fold rise
in population).

The rise of settlement “downtowns” and of metropolitan and regional market centers
should be expected if we are to have a real expansion of the human economy through off-
planet resources, i.e. a spacefaring civilization. In this setting, the appearance of skyscrapers
within or without enveloping xity megastructures should not be surprising.

But settlement skyscrapers should also not be seen as a foregone conclusion. While they
might be considered for hotels, offices and corporate headquarters, residential condominiums,
government buildings and so on, for each of these needs there are plenty of ground-hugging
horizontal models. Indeed, if there has been adequate xity planning, the need for Manhattan
style density should never arise. What multi-story buildings are built may be very modest by
Earth standards.

Rather than “scrape the sky”, lunar multi-story
buildings will “break the horizon”

Indeed there will likely be operative on the Moon a strong DISincentive to dense high-
rise building: the neighbor’s right to unshaded access to the Sun’s valuable rays. This may
mean that multi-story buildings must have proportionally great east and west setbacks, so that
they do not rise above a certain rather low angle above the horizon, say 10°, at the property
line. In such a situation, the vertical high rise is no longer an efficient use of real estate. (In
theory, the best solution would be a very, very shallow broad-terraced pyramid.) The view (for
residents or occupants) and the image (for customers and clients) then, may well turn out to be
much more important drivers than the efficient use of “footprint”.

Terrestrial suburban office parks that have become common in the past decade, offer a
more realistic inspiration for lunar high rise developers. Rather than “scrape the sky”, their
constructs will break the horizon. Nonetheless, they will shatter forever the image of lunar
towns as “mole hill city”.

Visitors to a lunar metropolis will ride “middoor” coaches plying the xity’s pressurized
avenues within the shared biosphere. But they will also peer out over the surface xity-scape
from shielded overlooks within the various high rises, and get a good outside perspective from
the pressurized out-vac coach to and from the spaceport. Finally, in 1/6 G, a space needle
observation tower could easily be a mile high! ELAGAE:

MOON ROOFS By Peter Kokh

Roofs on the Moon? - where it never rains or snows? Ah, but it does rain - a gentle slow
micrometeorite mist, and a steady shower of cosmic rays, plus sudden ‘cats and dogs’
outbursts during solar flare episodes. While the characteristically imbricated (tile or shingle
overlap) shedding features of terrestrial roofs would not be called for, the sheltering function of
the 2-4 meters (6+ -13 feet) of shielding overburden above Lunar or Martian habitat space will
be more than a little analogous to the familiar roof, a prehistoric heritage.

To the architect, the roof has traditionally been one of the most important opportunities
for statement of style. To give some outstanding examples: the thatched English cottage, the
terra cotta Spanish Tile roofs of the University of Colorado in Boulder, the green-patina copper



roofs of many early urban skyscrapers, the onion domes of St. Basil’s in Moscow's Red Square,
the tailored French mansard, and the Pagoda.

It would be natural for future settlement architects in the employ of well-to-do facade
conscious homeowners to turn to the shielding blanket as a clay for expression. And for those
hired by companies seeking a striking design for their new headquarters building, to turn to
lunar “roofs”, alias shielding, as a medium of style.

Already, purely for the utilitarian reason of simple convenience, some outpost designers
are specifying that their habitats be neatly sand-bagged. The advantage of placing the loose
lunar regolith in bags should be obvious. Not only will it keep the construction site cleaner -
and safer (from dangerous bulldozer module collisions) - it will allow the bag-tamed shielding
to be easily removed in order to repair hull and joint leaks, to make structural modifications,
and to exchange old, or attach new, expansion modules. Meanwhile, by this simple trick of
bagging, the external appearance of the outpost is drastically altered. The ‘lith-bagged outpost
now looks like an on-surface installation rather than an under-surface one, its appearance and
presence radically transformed.

An alternative to the bag or sack (which could be made on site from medium-
performance lunar fiberglass fabric) would be sinter blocks made from compacted and lightly
microwave-fused soil. By varying the size and shape of such blocks and the patterns in which
they are stacked, distinctive igloo-like styles should be easily achieved.

Grecian Formula
It does not stop here. There is no cosmic law that states lunar shielding must be gray, or

Martian shielding rust-hued. If desired, colorants can be added to the material itself, or glazed
or even merely dusted on an exposed, rough surface.

In the early settlement, the availability of colorizers will not be great. On the Moon,
Calcium Oxide, Ca0, i.e. lime, made from highland soil will be a likely early favorite, probably
cheaper than mare ilmenite-derived Titanium Dioxide, TiO, also white. Either way, “white-
washing” Lunar settlement shielding mounds might early on become “politically correct”, for
they would make the settlement a conspicuous very bright spot on the Moon’s surface, perhaps
even outshining the crater Aristarchus. This would make Earthlubbers more conscious, and
hopefully supportive, of their frontier-blazing brethren above - a cheap way to put any Moon
town in the “limelight”!

More than empty vanity

By the simple addition of shaping or sculpting or colorizing, the shielding mound will
become more than a visual disturbance of the surface. The ‘lithscaper’s or architect’s touch can
imbue the protective mound with design, unearthing the presence of the living and work space
below and making the otherwise hidden structure visually present above the land-scape in an
identifiable, pride-investing way.

This transformed self-image of the settlement may have real positive effects on the
outlook, mood, and morale of the pioneers themselves. For it can be an early, easily won battle
in a campaign to “humanize” the sterile barren alienness of their surroundings, thus
contributing subtly to a sense of being “at home” in their adopted raw new world.

Economic opportunities

Indeed, outside of the occasional observation cupola, for most surface settlement
habitat architects, the “roof” may be the principal opportunity for exterior public-side
statement (other than any openings to also shielded public “middoor” spaces like pressurized
roadways, passageways or squares etc.) But the opportunities for “roof”’-styling will more than
reward frontier architects. This market will also provide entrepreneurial openings for
enterprising settlers to develop the additives, the tools, the equipment, the processes, for
making such on-paper possibilities real off-the-shelf choices.

Bower Roofing



Nor need ‘roof adornment’ be an expensive luxury item. For it could also serve as an at
least temporary ‘banking’ outlet for otherwise hard to recycle used building materials and other
non-organic ‘debris” - perhaps in shredded or gravelized form - and for various orphaned
manufacturing and mining byproducts for which more suitable uses are not yet in sight. These
are two stubborn categories which contribute significantly to terrestrial landfills, yet receive
little if any attention. Here we could take a page from the bowerbirds (8 species in Australia, 8
in New Guinea) who decorate the interiors and entrances of their nests with “found” objects of
all sorts.

Settlement Signatures

Without attention to shielding style, it could well become a prevailing truism that once
you’ve seen one surface frontier town, you will’ve seen them all. Given human nature and the
slightest modicum of discretionary private and public funds, it is unlikely that such will be the
case.

Distinctive ‘lithscaping and “roofing” styles may become characteristic identifying
trademarks, not only of individual structures, but of different lunar and Martian towns taken as
a whole. And there will be economic incentive, and payback, for the small expense involved in
the form of tourist interest in “local flavor”. Long before any Lunar or Martian towns become
large enough to begin to grow small high-rise “downtowns”, they may become identified in the
tourist mind by their individual mix of “roofing” styles. And all it will really take is a wee bit of
imagination! LACALA-
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SHANTYTOWN
By Peter Kokh
We opened this issue with an IN FOCUS discussion of a current brash proposal to
unilaterally open the Moon, or a large part of it, to homesteading. In all honesty, only space
within a biosphere can be ripe for homesteading. In that sense, except for the obscenely
wealthy, homesteading will not be an early way to open the space frontier. Some territory that is
to be made “homestead-friendly” must be opened first.

Nonetheless, there will be at least temporary imbalances in the supply and demand for
private residential turf on the frontier. Like it or not, there will be displaced persons, hard
pressed to use their ingenuity to hustle up secured privacy (if not shelter) - within a
constructed and maintained biosphere - using “found” cheap, if not free, discarded materials or
by-products. There will be no outside (“out-vac”) shantytowns hugging settlement walls. But
there may well be cyclical or even persistent economic dislocation and quarterslessness within
the containing biospheres of the Lunar or Martian towns and their early boom-bust economies.

To hide from this eventuality like an ostrich is not appropriate planning behavior.
Rather, recognizing that this unfortunate sideshow of what we like to think of as mainstream
human life might well follow us out into our new adopted extraterrestrial homelands, we ought
to plan a gamut of strategies to deal with it. Barracks and dormitory space for newcomers,
singles, estranged mates, and the elderly unwanted must be provided. The pace of public works
outside the settlement, i.e. building new roads, outposts, supporting science excursions can all
be speed up or slowed down as this labor pool grows or shrinks.

This said, there will still be those - hopefully only a few - who will be without proper
personal quarters. But their numbers could rise in bad times faster than the public sector can
make provision or adjustment for them. Within-the-walls temporary shantytown areas could be
provided on an emergency basis to take up the slack.



Shantystuffs on the Space Frontier

As with shantytowns on Earth, the building materials of choice will be those that are free
for the taking. Discarded skids and crates and tankage and other packing and packaging
materials stockpiled for eventual recycling could be drawn down for this purpose. Indeed it
might take little in the way of cost or effort to manufacture such materials in the first place with
an eye to this potential reassignment or diversion of use, making them shanty-friendly so to
speak.

Many items will be co-shipped as “packaging” to the Moon with the expense debited to
the C.0O.D. cost of the packed items. The idea of choosing, manufacturing, designing and/or
processing such “packmates” so that they are capable of diverse reuse, is one we have
mentioned before. For example, we could choose to ship things in copper, lead, or other
strategic “lunar deficient” metals that can be cannibalized latter. We could choose to formulate
packaging materials out of low molecular weight solid hydrocarbons that can serve as chemical
feed-stocks, or out of compostable molded materials rich in the micro-nutrients that lunar soil
typically lacks, etc.

Manufacturing common shipping “tare” items so that they can also serve as easy-to-
assemble shelter components, shouldn’t be difficult. This process of adding extra features to
make unrelated reuse simpler, easier, and cheaper is called “scarring”. Given the hidden
exorbitant cost of importing such co-shipments, it’d be foolish not to invest the relatively
minor cost of scarring them to leverage the bootstrapping of the settlement economy. And
when and if the need for “make-do” temporary housing disappears, these items could either be
recycled or made available to entrepreneurs who can transform them into elements for durable
and attractive housing.

Deliberate shantytowns and worse cases

While we might hope that the need for all this proves to be minimal, it is on the contrary
possible that some space frontier settlements, in the asteroids for example, may even be
designed totally as shantytowns through and through. They would be set up to serve some
temporary purpose, then fold up gypsy style, to be set up afresh in some new location.

Other space frontier towns, confidently designed and constructed as “permanent”, may
suddenly find that the economic underpinnings of their survival have vanished through an
evolution or revolution in technology perhaps, or through the opening of cheaper alternative
sources of whatever they supply to the off-planet economy. If such a town has not moved early
to diversify its exports, all or most of its inhabitants might suddenly become displaced. Without
any alternate ways to hold on in “depression mode” until recovery measures can be realized,
the need to shanty these people elsewhere may become urgent.

Differences from Earth

Hopefully, the minimal intra-biosphere shantytowns that do arise will not be totally
dismal places. Even in the worst favellas surrounding our exploding third world mega-cities, it
is possible to find pockets of art, design, and obvious pride of place. For it is not the materials
that are used, but the care and imagination with which they are used that make such
differences. The talents for blending composition, for artful juxtaposition, for cheerful
accentuation with color, etc. etc. - these are talents that are rare. But they are also free.

Given likely high standards for settler recruits, these talents may be less uncommon on
the space frontier. Shantytowns that arise out there, might prove welcome exceptions, exuding
hope and promise, rather than despair and resignation.

Space Frontier communities will not be utopias - not in any social sense (despite careful
preplanning for special challenges) nor in any materialistic sense. It will be a long, long time
before life on the Moon, Mars, the asteroids, or in free space oases will be as sophisticated or
genteel as in most any city on Earth. This frontier, like all those that have come along before,
will be for those who thrive on the rough edges and cheerfully rise to the challenge of softening
those edges, rather than those who need to find them already velvetized. And when this frontier
opens, those who value luxury, refinement, and being up to date or ahead of the Joneses, will



do best to stay behind on Earth. Space will be an opportunity to tame and create and overcome

and contribute and sew, not soon an escape for those who would only reap and consume.
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Almost no Copper, very little Hydrogen or Carbon

These are some of the more salient Lunar Facts-of-Life that severely constrain the
design and operation of Lunar Utility Systems. Other handicaps include the lack of lead, silver,
gold, platinum, tungsten, and key ingredients for known exotic high temperature (that of liquid
oxygen or above) ceramic superconductors. Utility systems must be designed to maximize
dependence on available Lunar substitutes. For a glimpse of how future Lunar Utility systems
may operate read the articles below.

=

atilities infrelstructure.

How to best transport water, electricity, and information within and between settlements?

[PUB lic] u TIL i ty: a business enterprise, such as a private or quasi-private public service
corporation, chartered to provide an essential commodity or service to the public, and
regulated by government.

Lunar Industrialization: Part Il
By Peter Kokh
Every human, civil, or industrial operation, function, or activity that we have examined in
MMM promises to be transformed by its transplantation to a lunar or space settlement setting.
What we call “public utilities” will be no different. Some of these transformations will be due to
the characteristically unique set of economic constraints that will operate in the early settlement

period. Other differences will flow from the physical nature of the host environment. Often from
both.

“MUS/cle” and the Local Production of Utility System Components

Some utility system components are complex and might not be suitable priorities for
settlement self-manufacture until the productive population is larger and the local industrial
complex is well into diversification. Other items — happily often those which will account for
the greater weight fraction of the total system — might well be locally made early on, helping to
keep a lid on imports.

For example, supply and drain pipe, and shortly after most common fittings for a Water
Utility may be produced from local iron (if an anticorrosive treatment other than zinc-based
galvanizing can be found) or from Glax™, glass/glass composites (if not). Valves, meters and



regulators totaling a small mass fraction of the system, could be upported. Drainage pans for
planter beds could be made locally of Glax, or sulfur impregnated fiberglass. Flexible water
hoses might have to be forgone unless used only sparingly, in very short lengths — for they
would have to be brought up from Earth.

To deliver water over long distances, it will make more sense to pipe the constituent
Hydrogen either by itself, or with Carbon and Nitrogen, also needed everywhere, i.e. as
methane CH4 and ammonia NH3. At the destination, these gases could be burned with locally
produced oxygen or run through electricity- and water-producing fuel cells during the
nightspan.

For the Electric Utility, the mass-fraction set priority will be to locally produce cable
and other media of power transmission, at least initially importing switches, outlets, relays,
breakers, and meters etc. Later parts of these can be locally made, following the MUS/cle
strategy. For more on this see “Wiring the MOON” and “Let There Be Light”, below. For long
distance transmission, if locally made superconducting cable is not feasible, it may make more
sense to transport electricity “virtually” in the chemical equivalent of gases that can be oxidized
to produce electricity at the user destinations.

Rethinking Utilities

Not only must utility system components be selected, and in some cases even
redesigned afresh, to permit local manufacture of as much of the system mass as possible, in
other cases whole new approaches must be adopted (per the examples above, using gasses to
virtually transport water and power). In every case, the Utility must adopt a philosophy of
operation altered from the one, or ones, which worked quite well on biosphere-coddled,
mineral- and volatile-rich Earth.

The water company, for example, may require many industries to operate independent
self-contained water treatment loops, their original water allotments in effect becoming “capital
equipment”. The utility may also require separate drainage systems for diversely “dirtied” waste
waters to simplify treatment. [“Cloacal vs. Tritreme Plumbing” MMM #40 NOV ‘90 p4 . MMM
Classics #4]. Hydro-Luna will also be aggressively involved in finding new cheaper sources of
water, or hydrogen, to make up inevitable losses and permit settlement growth, especially if
lunar polar cold traps are found to be dry.

On the Moon there is likely to be a new boy in town, the Atmosphere Utility, charged
a) with the makeup and expansion supply of nitrogen (and possibly a greater fraction of other,
lunar producible buffer gasses like argon etc.) and oxygen; b) with maintaining their freshness
and low dust count; and ¢) maintaining an equitable range of temperatures throughout the
sunth (lunar 28.53 Earthday-long dayspan-nightspan cycle) and various agreed upon growing
seasons, harnessing the conduction, convection, and radiation of heat.

These charges will require systemic cooperation with the Water Utility, both in
maintenance of air quality through misting and dehumidification cycles, in fire prevention, and
in temperature control, To do its job, this Utility may need to take a page from the Water Utility
and supply not only a fresh air supply system but a stale air return system as well. Several

Utility-relevant articles follow.
Relevant READINGS FROM Back Issues of MMM
MMM Classics #1 MMM # 4 APR ‘87 “Paper Chase”, Kokh - MMM #7 JUL ‘87 “Powerco”, Kokh
MMM Classics #2 MMM #14 APR ‘88 “Electric Options”, J. Davidson, R.J. Miller, L. Rachel, G.
Maryniak
MMM Classics #3 MMM #23 MAR ’89 “Gas Scavenging”, Kokh

MMM Classics #4 MMM #31 DEC 89 The PRINZTON Settlement design: “Multiple Energy
Sources” , P. Kokh, M. Kaehny, M. Mullikin, L. Rachel, J. Suszynski; “HydroElectric Storage
Systems”, Mullikin, Kokh; ““The Laser Power Tower”, M. Mullikin - MMM #40 NOV ‘90 p4
“Cloacal vs. Tritreme Plumbing”, Kokh



MMM Classics #5 MMM #43 MAR ’91 “Lunar Power Storage”, A. Reynolds - p 4. “Dayspan”,
“Nightspan”, P. Kokh

MMM Classics #6 MMM #51 DEC ‘91 p3. “Everfresh”, Kokh - MMM #52 FEB ‘92 p5 “Xititech:
Dept of Xity Biosphere”

The order of the day will be to minimize the use of
both copper wire and plastic sheathing
By Peter Kokh

Until 1966, Copper was the exclusive conductor of choice both for long-distance electric
power transmission and for wiring systems in individual buildings and vehicles. For Copper is
both economically producible (since 3000 B.C.!) and the best conductor known. In contrast,
Aluminum, the second best conductor, was first introduced to the public in this century as a
semiprecious metal and did not become truly affordable until mid-century. By the mid-60s, its
price had fallen low enough that contractors could save as much as $200 a house by installing
wiring systems that used Aluminum.

Aluminum wiring soon earned a very bad name. The problem was that the outlet
receptacles used with it had steel terminal screws, an unwise and inappropriate choice that lead
to “dangerous overheating causing charring; glowing; equipment malfunction; smoke; melting
of wire, wire insulation, and devices; ignition of combustible electrical insulation and
surrounding combustible materials; fire and injury and loss of life.” So stated the U.S. Consumer
Product Safety Commission, plaintiff, in its successful suit against Anaconda and 25
manufacturers and suppliers, in banning “Old Technology” Aluminum Wiring Systems in 1973.

While Aluminum wiring has been little used since, a perfectly safe and CPSC-approved
“New Technology” system is available. Very simple: just substitute brass terminal and
connection screws. So aluminum wiring systems for the Moon are ready to go. The amount of
copper contained in the brass screws is really trivial in comparison to the amount saved by
substituting aluminum wire. Until outlet and switch devices can be made substituting lunar
glass or porcelain for the plastics nhow used, such devices - with brass screws - could be simply
imported. They do not weigh much and are not bulky.

But that only meets half the challenge. There is the matter of all that carbon and
chlorine based plastic sheathing! We could first of all greatly reduce the amount of sheathing
needed by giving up modern Romex cable for older technology rigid aluminum conduit (or glax
- glass/glass composite) or for the flexible metal conduit (BX) used by an earlier generation of
do-it-yourself installers.
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KEY: A. Modern flexible plastic sheathed ROMEX cable
B. Rigid or flexible grounded conduit, copper wire
C. The same with aluminum wire
Either way we save the shared sheath which makes up the romex, and as a bonus (with
aluminum conduit) save the grounding (earthing) wire. We’d still need insulating sheathing for
the individual hot and neutral wires, and about 67% more of it because of the switch to
Aluminum which needs a larger cross-section to carry the same current as Copper.



The next step in designing a lunar-appropriate wiring system is to devise lunar-
producible wire sheathing. Fiberglass fabric is one place to start. If you’ve ever seen a pre-WWiI|
lamp, you may have noticed the frequently frayed cotton fabric-covered lamp cord wire. If some
plasticizers are needed to keep the fabric sheathing supple, perhaps some thio-silicone (see
MMM # 63 “SILICONE ALCHEMY”) could serve.

Other ways to save include lower voltage systems (like the 12 volt systems used in
recreational vehicles and remote site cabins) and tighter, more centralized distribution
networks. On this, more below.

Finally, a considerable amount of copper is used for the wire bindings of electric motors
and generators. It will be desirable to begin producing early on the heavier commonly needed
motors and generators on the Moon. Has anyone experimented with aluminum motor bindings
and gotten past any initial discouraging results to produce something workable? MMM would
like to know. If you know, write. MM

Light Delivery Systems
for Lunar Settlements
need to be rethought

pK

LIGHT DELIVERY SYSTEMS FOR LUNAR SETTLEMENTS NEED TO BE RETHOUGHT
To minimize the mass fraction of bulb and other light system components

that must be imported, careful, even novel choices might be in order.
By Peter Kokh

| have never seen a reference that gives any indication that anyone else has ever
considered the unwelcome problems posed in the continued importation to a lunar settlement
of lightweight but bulky and fragile (therefore over-packaged) light bulbs and tubes. It would
seem to me that the lunar manufacture, or at least final assembly, of such devices would be
somewhere in the upper third of the list of priorities. The problem is that each of the growing
number of diverse lighting bulbs and tubes incorporates some elements not native to the Moon
in economically producible abundances.

Our familiar everyday incandescent light bulb is quite reliant on tungsten wires and
filaments for which there is NO practical substitute. The amount of tungsten involved is,
however, trivial, and could be affordably imported, preformed and ready to be assembled with
Made-on-Luna glass bulbs and mounts. The screw-in or bayonet base can be aluminum with a
minimal amount of brass needed for the contact points. The evacuated bulb can be filled with
lunar Argon gas. Available coatings include phosphorus produced from known regolith KREEP
deposits. Light bulb manufacture is among the most highly automated, with about a dozen
people needed to make most of the incandescent bulbs used in the U.S. (per manufacturer).
Lunar production would not hog precious person power.

High intensity halogen lights would necessitate the importing of either bromine, iodine,
or fluorine gas along with tungsten filament. To save energy, other light bulb types and
fluorescent tubes may be are preferable. But energy savings must be weighed against the gross
mass of ingredient materials required that must be imported on an ongoing basis.

Early fluorescent tubes were filled with mercury gas and had UV-sensitive
phosphorescent coatings of calcium, magnesium, or cadmium tungstate; zinc, calcium, or



cadmium silicates; zinc sulfide; borates of zinc or cadmium; cadmium phosphate; finally
calcium phosphate. Only the last would be a good choice for lunar manufacture.

In addition to the phosphor used, a relatively small amount of activator to facilitate its
excitation is necessary: among these copper, silver, antimony, and bismuth are not lunar-
appropriate; thallium may be so someday; and only manganese will be available locally any time
soon. However, the small amounts needed should not be a problem to import. Greater
challenges are the sophisticated process needed to produce the coating in 2-8m size and the
organic binding material needed to coat it on the glass.

The recent development of Light Pipe technology suggests an altogether different
approach to indoor lighting on the Moon. Instead of a multiplicity of individual lamps and light
fixtures, a network of Light Pipes whose rib-faceted inner surfaces channel light without
appreciable loss to locations remote to the light source could be built into each building,
ending in appropriately spaced and located Light Ports.

A central bank of efficient high-pressure lunar-appropriate sodium vapor lights could
feed the network during nightspan, sunlight feeding it by dayspan, to form an integrated light
delivery system, part of the architect’s design chores. Delivery Light Ports could be concealed
behind cove moldings to produce ambient ceiling illumination or end in wall ports that could be
mechanically variably shuttered or dimmed from full “off” to full "on.” If the reverse side of such
shutters were mirrored, the ‘refused’ light would just go elsewhere and not be lost. A low
voltage feedback loop could match supply, the number of central bank lamps “on,” to the
number of Light Ports open.
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Wall and Ceiling Light Ports could then be fitted with any of a growing choice of
consumer purchased and artist designed decorative plain, etched, or stained glass; or pierced
metal diffusers; or fiberglass fabric shades. Such a system might allow the number of types of
bulbs that need to be manufactured to be minimized, allow the use of the most efficient bulb
types, appreciably reduce the amount of wiring needed, and still allow wide decorator
choices.
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WATER RESERVOIRS By Peter Kokh



Certainly for smooth running and timely growth of lunar settlement and industrialization
we will need substantial water reserves in excess of those actually in domestic, agricultural,
commercial, and industrial cycle use. In addition to the recreational uses of water in deodorized
stages of treatment suggested in the article that follows, additional fresh reserves can be used
for recreational and landscaping use. The in sight availability of such reserves will be reassuring
to the settlers, and obvious drawdowns a cause for political concern and action. Such extra
open water reserves could support wildlife and additional luxury vegetation. Another use of
fresh open water storage is as a heat sink to control the climate of the settlement biosphere.

Inactive storage of water-ice made from hydrogen co-harvested in Helium-3 mining
operations or brought in by Hydro-Luna from various off-Moon sources can be cheaply
provided in lava tubes. The first waters would quickly freeze and self-seal the tube from
leakage. When needed, ice could be cut and hauled by truck or conveyors to pressurized areas
for thawing and use.

Handy lavatube storage will be available in many mare areas and will be a consideration
in choosing settlement sites. Where settlements or outposts are desirable in areas devoid of
such underground voids, there are other options: Hydrogen gas can be stored above ground in
pressurized tanks, but to prevent leakage and other problems, a better way to store it would be
as methane or ammonia, either liquefied or as pressurized gasses. Conveniently, it is in such
form that out-sourced volatiles will be imported in the first place. Further, storage in this form
is very versatile allowing volatiles to be drawn down, resupplied, or shipped elsewhere all by
automated pipeline systems. As a bonus, at the use market destination, they can be run
through fuel cells or steam turbine boilers to generate electricity as well as water and other
volatile products.

Both methane and ammonia have major agricultural and industrial uses. In both cases,
introducing added water into these cycling systems through this form makes elegant sense.

How much of a Water Cushion should the settlement strive to maintain? New water must
be added not only to support growth in population, agriculture, and industry but to make up for
inevitable losses. While major attention must be paid to preventive strategies to minimize
losses of water in the various loops, accidental and other difficult to prevent losses will still
occur. These need to be made up and the rate at which such make-up additions are needed will
greatly affect the local “cost of living” and indirectly, the “standard of living.”

It would be wise to have a 2 year reserve sized not only for make-up use but also for
planned growth. With quick additions difficult, planning and foresight are needed. [MrMM

The Setment Water Company

By Peter Kokh
Industrial Exclusions: “Closed Loop” water systems for some industries

While even on Earth, abundant water for industrial use is not something everywhere to
be had, in general, water supply is simply a matter of location. And given a wise choice of
location, both the supply is cheap and the discharge is easy.

Water is used to move raw materials in slurries. It is used alone or with detergents as a
cleaning medium. It helps separate particles by size, powders floating to the surface, heavier
particles precipitating to the bed. Doped with emulsifiers it helps separate suspended materials
normally impossible to separate.



Water itself serves as a chemical reagent. But more frequently it is used as a delivery
medium for other more reactive dissolved chemical reagents.

A fine-tuned jet of water under pressure can be used as a cutting and shaping tool.
Pressurized abrasive suspensions can wear away stubborn surface deposits.

Water is used in enormous amounts to cool by carrying off surplus waste heat.
Combined with a heat source, it becomes a source of considerable power - steam! - the genie
that unleashed the industrial revolution!

Its hard to see how we can even talk about industrial operations on the Moon if water is
a scarce item! Clearly, in a situation where the water source is not constantly and automatically
replenished, an abundant naturally cycled freebie, it becomes instead a very finite capital
endowment that can only be replaced at great cost. Even if replacement charges can be lowered
to mere thousands of dollars a ton or cubic meter, water will be “fanatically” recycled.

Nor would it make sense to funnel point source industrial discharges laden with
particulates and chemicals into the general residential-commercial water system of the host
settlement community. It will be far more efficient for each industrial operation to recycle its
own discharge water - water that is still dirty in a known and limited way - before it gets mixed
with differently polluted discharges from rather diverse industrial operations elsewhere.

Industrial operations then ought to have closed loop water systems. Not only does this
make the job of water treatment much easier and simpler, it provides strong incentives for
more conservative use of water contaminants in the first place. Plant engineers responsible for
the water cycle will want to keep their job as simple as possible. Chemical agents used in
industrial processes will be chosen not only for how well they work, but for how easily and
totally they are recovered.

Where water is used for cooling, there will be strong incentives to cluster facilities that
discharge heated water with operations that could put such a heat source to good use. A
“thermal cascade” then becomes a natural way to ‘organize’ an industrial park - ‘organically’.
An alternative is simply to store heated water for nightspan use to even out indoor and middoor
(pressurized commons) temperatures throughout the sunth (lunar dayspan-nightspan cycle
28.53 standard 24 hr days long).

Double Duty Storage of Water Reserves and of Water-in-Treatment

The water utility - both that of the Settlement at large and those in-house systems used
in lunar industry - will have three types of water “pools”: a) clean, ready-for-use reserves, b)
waste water awaiting treatment, and c¢) water in process of treatment (settlement pools or
cooling ponds, for example). For the first two categories, there are both essential and luxury
morale-boosting uses of water that are quite compatible.

Stored water can be put to good use in maintaining comfortable temperature and
humidity conditions within the settlement. By freezing and or boiling some of the supply at
appropriate times in the dayspan-nightspan cycle, the water reserves can act as a heat pump,
be part of a heat-dump radiator system, etc. For water in treatment, distillation during boiling
can work triple duty both to clean the water, regulate thermal levels, and produce power via
steam.

Recreational use of stored water is not something to be overlooked. Even water in later
“deodorized” stages of treatment may be clean enough for fountains, gold fish ponds and trout
streams, and for boating lagoons and canals (“ho swimming, please”). Nothing does more to
boost the general ambiance and feeling of being in a “paradise” than generous, seemingly
profligate, but totally self-conserving use of water. Judicious use of water reserves will be a
primary function of the settlement water utility.

Making Treatment Easier - Smart Drainage Systems

As was pointed out above in the discussion of closed water loop recycling systems for
individual industrial operations, it makes sense to keep separate, waste waters that are still
diversely and relatively simply dirtied. Why mix waste water from a can-making company with
that from a canning operation? More, why mix either with agricultural runoff? Or agricultural



and garden and landscaped area runoff with human waste drains, or any of the above with bath
and shower water?

In a previous article, “CLOACAL vs. TRITREME PLUMBING”, MMM #40, NOV ‘90 p. 4,
[reprinted in MMM Classics #4] we discussed a revolution in drainage philosophy, the first great
leap forward beyond the Cloacal (one hole) system invented in Mohenjo Daro (200 mi. NNE of
modern Karachi, Pakistan) about 4,000 to 4,500 years ago. Simply put - separate color-coded
or otherwise differentiable drainage lines for diversely dirtied waste waters so that they can be
separately and more simply treated and recycled. Here on Earth, where in every established
community drain lines and pipes make up a major component of entrenched (both senses!)
infrastructure, it would be prohibitive to replace them with a more sensible network.

But on the Moon, where we are starting from scratch, the additional upfront costs of
“doing drainage right”, will pay off immediately in lower upfront costs of treatment systems, as
well as continually thereafter in lower operating costs for the whole communal water system.
Double hulling, drip pans, leak sensors

When it comes to the Earth’s waters, Nature clearly pays no head to the Proverb: “a place
for everything, and everything in its place!” Even if the settlement shares a common
megastructure atmospheric containment hull, it will be sound practice to keep water drainage
systems and basins leak free, or at least leak-monitored and controlled. The separate drain
lines might still be clustered over a common drip gully or gutter. As with modern gasoline
(petrol) underground tanks, double hulling would be a wise policy. What is flowing or pooling
around loose, even if technically still within the biosphere, is neither being effectively used nor
recycled in timely fashion.

Humidity Control

Humidity could be a problem, especially given the high concentration of green
vegetation needed to maximize the biological contribution to the clean air & clean water cycles.
Plants transpire lots of moisture into the air.

While writers dream of biospheres in which “it rains” from time to time, for it to rain
naturally may require an insufferable prior buildup of humidity, with all the damage that can do
(mold etc.) in addition to simple discomfort. Instead, giant muffled dehumidifiers will be
needed, and the nectar they wrest from the air will be the start of the clean drinkable water
cycle. Yes rain cleanses the air of dust and other contaminants, but so can the artificial rain of
controlled periodic misting, the abundant use of fountains and waterfalls, etc.

Rules — Protocols — Restrictions

Even water-dependent cottage industries, households, and individuals will have to
accept some responsibility for wise use of the “liquid commons”, if they are to continue to enjoy
its freshness, cleanness, and adequate abundance. Students may well be taught good cleaning,
bathing, cooking, and gardening water use in unisex home economics courses.

Graduating youth may enter a Universal Service and spend some time manning all the
infrastructure utilities upon which lunar survival is closely dependent, including the water
treatment facilities. This too will foster thoughtful citizenship.

Water use might well be metered by progressive rates: rather reasonable prices for
reasonable amounts; unreasonable prices for unreasonable amounts. Some home enterprises
may need to seek Utility help in setting up closed loop water purification systems of their own:
fabric dyers, for instance.

Mail Order Catalogs of items available to Earth may have pricing tariffs favorable to the
import of items high in H, C, N, for example, and unfavorable to the import of items for which
lunar-sourceable substitutes are currently “on line”.

Agriculture and Horticulture: Drip-Geoponics versus Hydroponics
In agriculture and home gardening alike, the naturally

buffered, lunar regolith-using geoponics systems using drip irrigation should be more
economical than hydroponic systems that import all nutrients from Earth, not just some of



them. Water use in such systems can be controlled well enough, and indeed natural soil farming
may be an “organic” part of the water treatment cycle. Here, as elsewhere on the Moon, water
can’t be used casually anymore. rMrm
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When settlers finally get to “settle in” on the Moon, moving out of the sardine can and
into habitats built of local materials, their new “homes” will be quite different from anything we
are used to. Yet the new abodes will fill the same basic needs. This month, MMM begins a new
series. We open with some “prerequisites” for lunar architecture 101. How will we provide
Visual, Solar, and Utility Service Access? — below

Introducing a NEW MMM Article Series

Many a novel has been written set on the Moon. Yet the reader never gets an idea of
what a lunar home might, or could be like. Had the scene been anywhere on Earth, these
authors would have dropped plenty of descriptive mood-setting details. But here, where none
of them seems to have a clue, they leave not just some things, but everything to the
imagination. Even Heinlein in his “The Moon is a Harsh Mistress” speaks only vaguely of the city
and its underground “warrens.”

Those who have only NASA achievements and plans as a guide are neither better nor
worse off. The teacher we must turn to is neither any one of the science fiction writers, not even
all of them pooling their collected insights, nor NASA-aerospace metal-bending engineers - but
the Moon itself.

What sort of shelter can future homesteaders create relying on local resources,
fashioned, constructed, finished, and decorated in local conditions? As on Earth, the constraints
imposed by the suite of available materials do not dictate everything. There will be room and
plenty of it, for architects, craftsmen, and artists to create ever new expressions of form,
function, comfort, harmony, utility, and beauty. We might predict that in a world with steep
economic disincentives to import from the endless diversity of wares and wears of Bazaar Earth,
the role of local architects, craftsmen, and artists in providing distinctive and personal
expressions from a limited but slowly growing number of choices will be much prized.

Some things will be the same. People need space: private space to mold in expressing
their own personalities and into which to retreat; and communal space in which to be



comfortable together. Sardine cans won’t do. Indeed, against the stark sterile barrens outlocks,
we’ll need even more structured per capita space for real comfort than do modern Americans.

Other things will be different. With no transcending natural biosphere as a cradle,
homesteading as we have known it will be orders of magnitude more difficult.

This month we talk about some of the features we'‘ll want to insist upon. Next month we
turn to the architectural possibilities for Made on Luna modular housing. After that, we’ll
discuss how lunar home interiors can be decorated and furnished, and the role they’ll play in
settlers’ lives.
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READINGS From Back Issues:

[Republished in MMM Classics #1] - MMM # 1 DEC ‘86 p. 2. “M is for MOLE”. - MMM # 5
MAY ‘87 p. “Weather?”

[Republished in MMM Classics #4] - MMM # 37 JUL ‘90 pp. 3-5. “Ramadas,” “Flare Sheds”.
[Republished in MMM Classics #6] - MMM # 55 MAY ‘92 p. 7. “Moon Roofs”.
SHIELDING & SHELTER By Peter Kokh
On Earth, “Roof” and “Shelter” are synonymous. The roof (along with the walls, doors,
and windows) protects those underneath (within) from the wind and rain and other
discomforting atmospheric phenomena. A well designed roof is also a major part of the home’s
temperature modulation apparatus. And always to the builder and/or architect if not always to

the homebuyer (almost never the renter), the arbitrary aspects of the roof’s design are key to
the style of the home as a whole.

We go through life mostly unaware and unappreciative of the fact that some of the ways
in which we are “sheltered” are “given”, provided in common for all without our need to be
concerned (until recently) by the Earth’s warm moist blanket of breath-giving air. The
atmosphere “shields” us from most cosmic rays, most ultraviolet light, most solar flares, and
most meteorites. And it works with the oceans to greatly moderate the much greater
temperature extremes to which we would otherwise be subject.

On the Moon, we will have to provide for ourselves both shelter and shielding. The
pressure hull of the individual habitat, or of a shared megastructure, will be something new,
keeping atmosphere and moisture captive within - something we have never had to do before
(at least until the dawn of air conditioning and more recently of determined thermal
conservation). Atmosphere and hydrosphere recycling functions must be brought indoors in the
process.

Those storms left outside, just outside, are those left miles above on Earth. To do this,
we have to provide the equivalent of miles of atmosphere in a condensed solid or liquid form.
Fortunately, the loose lunar regolith soils or Moon Dust that blankets everything 2-10 meters
(yards) thick will do the trick quite nicely. So we can think of this shielding overburden as a
solidified atmosphere - at least in this respect.

Unless the lunar home lies within the shared lee space of a common shielded
megastructure, it must provide both shelter and shielding. The hostility of the universe at large
will be held much more closely and fragilely at bay. A lunar home will be refuges in a much
more intense and dedicated way than any terrestrial one. Surface temperature extremes are a



case in point. Fortunately, lunar regolith used as shielding is an ideal moderator. A couple of
meters down, the ambient temperature does not vary by more than 3 degrees Celsius all year,
being highest in March, lagging perihelion in early January, lowest in September, lagging
aphelion in early July.

Locally derived shielding can be provided in several forms. Loose regolith can be spread,
dumped, blown, or bulldozed over the top and side banks of the structure(s) to be protected.
Or the same material can be poured into lunar fiberglass “sandbags” or sintered into igloo-
making blocks and then put in place. For those who can afford shielding with an 11% exotic
imported content, water made with local oxygen can provide shielding and translucency alike.
All-lunar glass block may be a cheaper and thermally more forgiving way to provide the same
effect over glass-top habitat hulls.

Earth’s roofing professions hardly supplies expertise needed for the much bigger job on
the Moon. Here, “Shielding Engineers & Contractors” will be among the most prestigious
headings in the settlement Yellow Pages. Making their job more challenging will be the need to
provide for easy shielding handling and removal when existing habitat space must be replaced,
repaired, retrofitted, or modified externally, and even expanded with add-on additions. Their
expertise will be needed also for retrofitting interior visual, solar, and added personal and
utility access to the surface.

In short, a lunar home will have to take its refuge and safe haven providing function
much more seriously and less casually than even its most thoughtful terrestrial counterpart.

Home Sweet Home will be a sentiment more appreciatively felt than ever
before. AL,

READINGS From Back Issues:
[Republished in MMM Classics #1] - MMM # 1 DEC ‘86 p 2. “M is for MOLE”
[Republished in MMM Classics #6] - MMM # 55 pp.? visual access (lunar skyscraper

article)

VISUAL ACCESS By Peter Kokh

The one single event that got me most excited about the possibility of lunar settlement
was an ‘85 personal tour of a unique “earth-sheltered” home called Terra Luxe (Earth Light)
about 30 miles northwest of Milwaukee in the Kettle Moraine glacial relic area. Built by architect
George Keller (German for cellar), Terra Luxe is unique in having no sun-exposed south facade.
Yet despite an earthen overburden 8 ft. thick,the place was flooded with sunlight from mirrored
shafts in the ceiling fed by sun-following mirrors. More to the point here, in every outside
facing wall was a 4’x8’ picture window out on to the picturesque countryside. This neat trick
was accomplished by a pair of rectangular mirrors set at 45° angles in a vertical shaft -
“periscopic picture windows” so to speak. To this date, | have never been in a house so
refreshingly wide open to the landscape all about as here at Terra Luxe.



PERISCOPIC PICTURE WINDOWS VS. HDTV LIVE VIEW

Could such a system for real visual access be in some way adapted to lunar conditions?
Why not? The glass used could be reinforced with transparent glass fibers (in lieu of lamination
with plastic, as we might do here) and be somewhat thicker. Then there could be a pair of
horizontal panes at the bottom and top of the vertical shaft (see dotted lines in sketch above) to
allow the atmospheric pressure between them to be gradually stepped down to reduce the
stress on any one pane, e.g. 0.25 ATM, 0.5 ATM, 0.75 ATM (or similar percentages of whatever
the interior habitat pressure was set at). Finally, an easily replaced “sacrificial” glass composite
meteorite shield can sit in front of the outermost pane of the sealed periscopic unit. The “Z-
View” unit would preferentially have north or south exposures so as not to admit the rising or
setting sun (unless equipped with automatic (hence failure-prone) shutter system. Meanwhile,
the indirect visual path would preserve full line-of-sight shielding for the habitat occupants.

It would seem that such fixed units with no operating parts would be both strong
enough and well enough protected to be built in genuinely “picture window sizes. These units
could be standardized preassembled and tested modules made to be snap-installed in
standardized habitat wall “rough openings.”

Of course, there is the electronic solution of thin, hang-on-the wall ultra-high-
definition television view screens (“you can’t tell it from real” will go the hype) for those who
dislike KISS (keep it simple, stupid!) solutions and who can trust that the signal received is
coming in untampered, and live and that neither their “window sets” nor the surface telecams
that feed them will ever break down and need costly repairs. I’d like to see both options
pursued and predict that both will find ample market share in a growing settlement.

A third solution is the cupola observatory. Here direct views of the surface are afforded
while maintaining a very limited sky exposure, thanks to the generous shielded eaves.

EV A
airlock

_—

A fourth solution is the surface dome, with a clock -driven sun-following shade screen.
This would open the view to the star spangled sky, and to Earth for homes on nearside. The
penalty, of course, would be accumulated cosmic ray exposure and thus the need to budget
time spent therein.

Perhaps some would expect visual access to be a neurotic need of the few unadjusted
persons. Who needs to be reminded of the hostile life-threatening radiation-scorched surface
when interior spaces can be made so comfortable and reassuring. But | suspect lunar settlers
will come to appreciate the unique beauty of the magnificent desolation outlocks and enjoy
monitoring whatever surface activity there is outside their safe underground homes. Providing
real-time true vision exterior visual access to all will promote acculturation to the Moon and a
healthier, more balanced morale. frarara]



Letting in the glory and warmth of real Sunlight
SUN MOODS By Peter Kokh
READINGS From Back Issues:
[Republished in MMM Classics #1] - MMM # 1 DEC ‘86 p 2. “M is for MOLE”
[Republished in MMM Classics #3] - MMM # 27 JUL ‘88 p. 5 “Ventures of the Rille

People:
Pt. Il. Rille Architecture General Concepts. D. Letting in the Sun”

[Republished in MMM Classics #5] - MMM # 43 MAR ‘91 p. 4. “Dayspan”
[Republished in MMM Classics #7] - MMM # 66 JUN ‘93 p. 7. “Let there be LIGHT”

On Earth we take sunshine for granted. Not that it’s always there! Nor that we don’t
appreciate a nice sunny day! But the point is, we get to go outdoors and bask in it- at least
once in a while. On the Moon, the Sun shines gloriously, free of even a wisp of cloud or haze,
for fourteen and three quarters days at a time, before setting for as long. One hundred percent
predictable. But! We can’t go “outdoors” to enjoy the brilliance it confers on everything nor its
warmth on our face or back - not without cumbersome space or pressure suits. Nor will it
automatically flood in through simple windows.

Two things are clear. We will have to enjoy the Sun indoors, and we need its rays to
bathe us and our living space from above. Living underground, or under 2-4 meters (yards) of
lunar regolith shielding, one might expect that to be a neat trick. Not really. Sunlight can be
captured by a Sun-tracking mirror or heliostat and then directed via a broken path (to preserve
line-of-sight shielding) to various points along the ceiling (or walls, if deflected upwards). Such
a pathway can have a number of intermediary sealed panes to step down the interior pressure,
just as in the Z-View window system described in the piece above. Option a) below.

Option b) is similar but the light is deflected against the ceiling. Option c) uses a
smaller diameter direct path filled with bundled glass fiber-optic strands in a sealing matrix.
This also preserves shielding, substituting glass for dust. It could be coupled to a heliostat or
not. The bundle can just as easily be branched to produce little pools of built-in spot and mood
lighting at various places within the habitat. As such, it would be an important part of
architectural decor and setting.

Option d) produces electricity from a solar unit at the surface and regenerate “sunlight”
electrically within the habitat, faithfully repeating the visible spectrum distribution and
intensity. Artificial sunlight does work! | have seen convincing “skylights” in the basement
ceiling of a seven story office building. The light pools beneath them mimicked bright sunlight
quite effectively. Over-illumination (compared to comfortable reading and task lighting) is as
much a key as color fullness. So this option is a possibility where direct funneling of true



sunlight is impractical: in lower floors, in lavatubes, and during nightspan. Actually, even where
directly channeled sunlight is quite feasible, the natural and artificial systems can be combined,
with artificial “sun lamps” on the surface feeding sunlight delivery systems during nightspan.

Over-illumination, is itself quite therapeutic, flooding interior spaces with all the light
you’d experience in the middle of a Kansas cornfield on a late June noon under a cloudless sky.
Such intense lighting can be applied in garden areas, for example; or in a private meditation
chapel, or public church, filtered through stained glass art panes.

So far, we have only spoken of ways to bring the sunlight into the interior of hard-
hulled regolith-shielded habitat spaces. But the upper portion of a habitat module can be made
of translucent glass composite, with the shielding provided by glass blocks. [1] That much
glass would cut down on he amount of light being transmitted appreciably. But if desired, this
loss could be compensated by reflecting several suns’ worth of light upon the outer surface
with the aid of peripheral mirrors.

A combination of conventional and glass block shielding is a more modest possibility; for
example, a clerestory of glass block used on the sun-facing bank of a structure running east-
west.

Finally, liquids also provide both shielding and translucency. We have to have stored
reserves of water at any rate, and storing it overhead as translucent shielding is a Marshall
Savage suggestion that deserves attention. This combo fresnel lens bottom water skylight -
solar hot-water tank is our own idea.

A more ambitious project is to use water shielding over a glass—-domed or glass-
vaulted garden-atrium or farm module.



water  weater-diffused j::)
=hield sunlight e

aaaaaa

L T, reqgalith

shield

In “The Millennial Project”, p. 209, Savage suggests circulating the water through cooling tanks
to keep the water shield under thermal control. More on this another time. hMMM

(KGB drop-in

KGB drop-in Core By Peter Kokh

No, this isn't an article about an unreformed cadre of commie secret police dropping in
unexpected and unwanted to harass peaceable lunar settlers in their homes. Rather by “KGB”
we mean Kitchen, Garden, Bath (& Laundry). “Drop in Core” (eefps) means a standardized
preassembled combination plumbing, air circulation, and electrical and communications service
entry package needed to make a modular pressurizable architectural shell into a habitable
home. Just add furniture, furnishings and people - those very things that personalize and
customize each dwelling beyond initial floor plan choice.

The point is that on the frontier, on any frontier, there is a severe labor shortage. When
you’re pioneering a settlement from scratch, there’s always far too much to do for far too few
people. Labor-saving measures are vitally essential, especially in all the steps necessary to
bring a new structure to the point that it can be occupied. It will be imperative to do this as fast
as possible, in a couple of days per housing unit perhaps. Once inside, the new residents can
take their blessed time “finishing” their new abode, personalizing it to taste.

That is the stage where labor-intensive options are appropriate - and not before. And
in the early years, such work will be done “after hours”. For every ‘able-bodied’ person available
will at first have to primarily employed in the manufacture of exportable items, in settlement
maintenance chores (biospherics, air/water systems, food-production) or in bare-bones
settlement expansion as we’ve just described. (Almost all the paper-pushing jobs will be
electronically farmed out to support personnel on Earth, far cheaper to support).

Drop-in plumbing cores have long been one of the more common tricks of
Manufactured Housing, prefabricated in an automatable factory assembly line in controlled
quality conditions with major savings both in labor-hours and labor-rates. The idea is not new.
| first came across it in the mid-sixties when Israeli architect Moshe Safde was planning his still
stunning contribution to Expo ‘67 in Montreal. Habitat ‘67, still standing and occupied as Cité
du Havre. If you’ve never seen it and ever get to Montreal, this mind-expanding complex is
worth the side trip. But it may well be that other innovative builders had used the idea
previously.



Lunan KGB Cores contain the water supply, drainage connections, fresh air entry, stale
air exit, preliminary water/air treatment and thermal control equipment, electrical service entry
master panel, communications service entrance, etc. All these things can be put together in
compact standardized form within a wall or two at a factory then delivered to the job site for EZ
installation without subcontractors. The kitchen sink will share a wall with the bathroom
shower/tub, toilet, and lavatory. Despite such standardization, there will still be a lot of leeway
in selection and arrangement of fixtures, appliances, and decor. The connections made in a
factory setting can meet higher quality standards. Saliently, total labor hours as well as
expensive subcontractor work at the job-site are much reduced.

An effect of the use of drop-in cores is to cluster all the utility service connections and
entrances in one spot in the house - not the case in most onsite construction! Thus it makes
sense to locate our KGB unit by the ‘street’ or ‘service alley’ entrance of the home, along which
ever access corridor where ever the utility mains are laid. These constraints will still leave plenty
of room for floor plan and home size variety.

We’ll have to do some rethinking, however, and this for several reasons. We can’t just
apply existing works core layout and designs simply translating them to lunar-sourceable
building materials. Our design requirements will be rather more demanding. For one, we’ll need
a fresh air entrance and stale air exit. Lunan homes will be verdant with plants to help keep air
fresh, but that should be seen as an a biological “assist” device for the fallback utility air
circulation system.

For another, drainage from various sources will likely be segregated to make the
water-recycling utility’s job no more difficult than it should have to be. Garden runoff, tub/
shower drainage, kitchen sink effluent, and toilet wastes all pose different problems for
treatment. Not mixing them will simplify the management task and isolate problem areas as
they come up. [see MMM #40 NOV ‘90 pp. 4-5 “Cloacal vs. Tritreme Plumbing” and
“Composting Toilets”.]

Those precursor drop in plumbing cores I've seen contain only Kitchen and Bath
plumbing connections. We’ll want to integrate laundry connections as well. And a new standard
feature of Lunan homes will be an inside garden with solar access (whether the residents
choose to grow flowers and foliage, or vegetables and herbs, or just patio-side shrubbery is
their choice). The Garden will need to be watered and drained.

Finally, we might as well integrate electrical and communications service entrances into
the package. That’s a lot of stuff to integrate and it is going to take a lot of brain-storming to
meet the design challenge with the most space efficient yet follow-on diversity-friendly layout
options. To make the challenge even greater, consider that modules will not share walls, just
interconnecting entrances. The resulting core package will be a more complex and extensive
assembly than we see today in modular and manufactured housing. One suggestion is to pack
all these “works” features into a modular entrance node by which all the other “bigger, dumber,
cheaper” modular units of the house are reached. Something like a head-trunk “guts” module
to which the arms/legs are attached.

The Lunan home must be designed as a functioning organism. It represents and serves
as the personal, family-level extension of the settlement’s minibiosphere. If you stop and think
about it, that’s quite a major shift in our philosophical understanding of what a home is. Just as
extra-biospheric (trans-Earth) cities that have to host biospheres of their own will be need to
be thoroughly reinvented (MMM'’s “Xities” series, issues # 51-6), so too with settler homes
within mini biospheres of which they be capillary-served living tissue.

Perhaps now the reader will begin to see why we did not begin our series on Lunan
Homes with a piece on the architectural options and possibilities. The architect too must know
what he is up against, within which design constraints he must work. Visual and Solar and

Utility access demands are the course prerequisites for Lunar Architecture 101.
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METE: MODULAR ELEMENT TESTBED ENSEMBLE

A For-Profit Project to Predevelop Architectural Subassembly Elements
for On Site Construction.

[mete (meet) n. def.: limiting mark, limit, boundary]
Mete: v. to assign by measure, measure, allot; n. boundary
By Peter Kokh

If the Visual and Solar and Utility Access-providing plug-in feature-packed
subassemblies we have been talking about are to become standard in Lunan frontier home
construction, it might be wise to begin the designing, testing, and debugging of prototype units
here on Earth, while we are treading time waiting for CATS, cheap access to space, or BATS,
budget access, and a more favorable economic climate.

These units can be made of terrestrial materials but for many critical function parts
these materials may have to be reasonably close analogs of those we could expect to be
available in the curtain-opening era of frontier settlement. In most cases, this requirement
should not prove to be an insurmountable challenge. In others, we’'ll just have to do the best we
can with available materials pending development of better analogs (e.g. glass-glass
composites or Glax™).

The purpose of the METE PROJECT is to test and compare alternative design
approaches and assembly methods. The goals will be simplicity, durability, safety, and minimal
failure modes. This is homework. No seating in the classroom without it being turned in
complete. That the dog of apathy or buck-passing (“that’s NASA’s job”) ate it, won’t fly. Surely
in the process we’ll discover marketable applications galore to Earthside housing. And this for-
profit driver should be a big help in getting these design tasks done the “spin-up” way.

Visual Access METEs

Z-View window units withstand the pressure differential between interior habitat
atmosphere and external vacuum. Can we use flat glass if we gradually step the pressure with
intermediate panes? We can start with laminated safety glass, but ultimately we’ll want to test
the pressure tolerance of panes of fiberglass-glass composite, the lunar-appropriate solution.
Can we make larger windows using convex panes, curving in towards the viewer so as to be
compression-stressed by the higher pressure. Glass is strengthened by compression, a fact
already put to good use in deep-ocean submersibles. For a stronger assembly, less prone to
racking, should we use round frames in a zigzag tubular shaft with elliptical diagonals?

How do we make the seals in a way that not only does the trick but so that the
manufacturing and assembly process can be duplicated on the Moon and require the least mass
of parts or materials expensively upported through Earth’s deep gravity well? What kind of
coatings will we need to cut down glare and unwanted heat gain/loss? How simply can we
design the mating of our factory-finished subassembly to the habitat module on the job site?
How does our METE actually perform in a vacuum chamber?

Less expensive pressure testing might be achieved by placing the METE in a quarter-
turned attitude under water so that the parts to be exposed to vacuum are exposed to surface
air, and the habitat interior interface is at a depth which duplicates the expected pressure
differential. High altitude balloon testing would be considerably more expensive.

Could not at least the footwork on these and other METE projects be channeled
through design competitions between engineering and technical colleges? The prize(s) could be



put up by an entrepreneur who hopes to make a buck from any terrestrial applications. It’s an
approach worth trying.

Solar Access METEs

Here we’ve uncovered a greater variety of distinctive options. Each of these options
poses a quite different set of design, assembly, and onsite module integration challenges:
Heliostat channeled broken path through a stepped pressurized shaft (akin to the Z-View),
clustered fiber optic bundles, and solar hot water skylights or Sun Wells in which plumbing
connections and major thermal management are involved.

But in each case we do have something relatively compact to design and test. There is
no reason why these design and test, redesign and retest tasks can’t be done on Earth. Nor is
their any reason to think that these homework processes could not also yield profitable
terrestrial applications to suitably reward someone for all the pre-frontier research and
development required.

Utility Access METEs

This more complex design challenge would probably be best tackled by a divide and
conquer method. College level plumbing, air conditioning, electrical, and communications
teams could work separately, periodically coming together under the direction of a systems
integration team. Again, at least for the high end manufactured housing market, there should
be some marketable applications.

Here too, pressurization elements are of the essence: joints, seals, and interfaces. In
this and other aspects, there is ample room and need for the various METE teams to
communicate and share insights and findings. Again, there should be marketable developments
in this area as well.

Other METE Projects

So much for now. Additional METE project opportunities will be uncovered in future
articles in this series, in the area of various interior structure and utility systems needed to turn
habitable housing shells into comfortable homes, offices, schools, shops, and factories.

So our goal in this ‘Better Lunan Homes & Gardens’ series is not just to illustrate and
bring to life for the armchair reader some of the ways settlers might “settle in” on the Moon.
Our hope is also to inspire and spur on the entrepreneurial “spin-up” ventures that can make
some of us (why not you?) some money now.

For us the big plus is the frosting benefit of having the satisfaction that we have tone
something creative to help enable and accelerate the opening of the frontier. For such work will
help telescope the outpost-into-settlement transition into a much shorter major-money-
saving time frame than if we wait until CATS has put us on site before we begin scratching our
heads. Any of you entrepreneurial free spirits out there who'd like to network in brainstorming

business plans to get these lunar train cars on track, please do get in
touch.
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Lebensraum — Elbow Room in Lunar Settlement Homes

Personnel on short tours of duty can put up with spartan and ultra-compact quarters - for the
duration - witness submariners! They know it is only for a while. But those who have come with
the intention of not returning to Earth, perhaps ever, will quickly go stir crazy. They will need
much more spacious “homes” in which to “unfold” their presence and feel truly at ease. How will
lunar architecture satisfy this need? See below
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A SUCCESSFUL LUNAR APPROPRIATE MODULAR ARCHITECTURE: (is)
One that incorporates these Six Elements:

e The smallest number of distinct elements
e The greatest layout design versatility
e The most diverse interior decorating options
e Fabricated with the least labor and equipment
o Assembled with the least EVA and equipment
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e Pressurizable after the least total crew hours
By Peter Kokh

Relevant READINGS From Back Issues:

[Republished in MMM Classics #1] - MMM # 5 MAY ‘87 pp. 5-6. “Lunar Architecture”
[Republished in MMM Classics #2] - MMM # 20 NOV ‘88 pp. 5-6. “Ceramic City”
[Republished in MMM Classics #5] - MMM # 49 OCT ‘91 p.3. “Lowering the Threshold to
Lunar Occupancy:
HOSTELS, Part Il, 2) Roomloving functions”
[Republished in MMM Classics #6] - MMM # 53 MAR ‘92 pp. 5-6. “XITY PLANS, - Il. Modular
Versatility”
Setting the Tone
If we (consortium, settlement authority, government - this applies universally) are not
to be overwhelmed by the cost overruns that come from “stretch-outs” rooted in financial
timidity and shallowness of commitment, the progression from Beachhead to Outpost
(demonstrating startup processing and manufacturing technologies) to Settlement must move
along swiftly. Once the level of confidence generated by the feasibility demonstrations reaches
a critical point, the settlement must be prepared to grow quickly. Economic self-sufficiency only
makes sense if it is achieved without delay.



We will need a way to provide roomy, safe and secure pressurized shelter, i.e. lunar
housing, on a just-in-time basis as the waves of settlers pour in, ready to crew the industries
that will supply income-earning exports to Earth. Residential units must be completed, utilities
installed, with a minimum of crew hours. In contrast, interior decoration can be labor-intensive,
pursued slowly over the years. But the habitable shell itself has to be erected 1-2-3.

Assembly line production of a few modular units that lend themselves to diversified
floor plans seem to be the answer. The modules must be designed to connect simply and
swiftly - yet securely. This is not Earth: the need to pressurize the whole against the external
vacuum is a demanding one.

Speed is just one half of the coin. The other side is the need to hold the labor force
involved in module production and on site home assembly to the minimum - so as many
settlers as possible can work on production for export. Every part of the design of the
manufacturing and construction processes involved must have this labor-light goal in mind.

Materials suitable for manufacturing housing modules

Steel and Aluminum or Titanium may come to mind. After all, that is how we build
pressure hulls on Earth. But a reality check shows that while iron is abundant, processing out
from the lunar regolith soils the various elements that we may want to use to produce iron’s
alloy, steel, is a bit problematic, especially since no one seems to be doing needed homework
on this question. Yet a serviceable lunar steel alloy is much more of a near term prospect than
is producing quality alloy aluminum - especially in the context of a small available labor pool,
and the need to keep the mass of imported capital equipment to a minimum.

Another theoretical possibility (homework proceeding without due haste) is that of
habitat module shells and components made of glass glass composites or Glax™. Concrete or
Lunacrete is a possibility if economically recover-able lunar polar ice deposits are found. Fired
ceramic shells and cast basalt shells have both been suggested, but unless reinforced with
fiberglass or steel cables, they might not be up to the job of containing pressurized
atmosphere. Our own wager, then, is with lunar steel and/or Glax.

The Size of Lunar Homes - the “Great Home” Concept

We must resolutely and brazenly set aside the notion that lunar settlers shall be
forever condemned to endure life in cramped quarters. As long as pre-built shelter must be
brought in from Earth, weight limits will work to keep pressurized space at a high premium.
Fortunately, by the incorporation of inflatable elbowroom in early expansion phases especially
for shared communal functions, “cabin fever” can be kept at bay.

But once simply and cheaply and easily manufactured housing modules have been
designed that incorporate local lunar materials almost exclusively, valid reasons for pioneers to
continue accepting constrictive personal quarters evaporate.

If it can be achieved within the labor and productivity budgets of the settlement, there
is no reason why lunar settlers should not request and receive homes that are spacious by
American standards. Indeed,

There are good reasons to err in the opposite direction

First, considering that lunar shelter must be overburdened with 2-4 meters of
radiation-absorbing soil, and that vacuum surrounds the home, expansion at a later date will
be considerably more expensive and difficult than routine expansion of terrestrial homes. Better
to start with “all the house a family might ever need”, and grow into it slowly, than to start with
initial needs and then add on repeatedly. Extra rooms can, of course, be blocked off so as not
to be a dark empty presence. But they can also be rented out to individuals and others not yet
ready for their own home, or waiting for one to be built.

Even more sensible is the suggestion that the extra space will come in handy for
cottage industry in its early stages, before the new enterprise is established, matured, and
doing enough business to be moved into quarters of its own. At the outset, with every available
hand employed in export production, the demand for consumer goods, furnishings, occasional



wear, arts and crafts, etc. will have to be met in after-hours spare time at-home “cottage
industry”. The lunar “Great Home” could meet this need elegantly.

“A Minimum # of Module Types”
——1
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Above are shown 2 basic modules: a 4x12 m (= 13x40 ft) cylinder with open ends
and expansion openings to each side. These units can be chaln or cross-linked, but ultimately,
all remaining openings must be closed by an apse or hemispheric cap. Four versions are
suggested: simple blind cap; cap with door (to the “street” or to an EVA airlock); cap with
periscopic “picture window” unit, and cap with utility service entrances: fresh/drain water,
fresh/waste air, electricity, telecommunications, etc.)

Our suggestion is that the water-using functions be concentrated in a cross-T
module with a side utility entrance cap. Two phases are shown. But we recommend the whole
complex be built together.
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Add a third, larger module and presto!

As soon as the settlement’s module manufacturing facilities are able to produce
longer, larger diameter units capable of being configured into two floors, more spacious homes
can be built with less modules on less land. At right is a “Great Home” plan that incorporates
two of the larger 6x20 m (20x66 ft) modules. One has a master bedroom above and two or
three smaller bedrooms below.

The other has no middle floor but is equipped with larger sun ports and houses a
Garden-Solarium that quite literally brings the home to life, producing herbs, spices, and fruit
and vegetable specialties for home use and possible sale. The unit includes a patio for nature-
revivifying rest and relaxation.

This spacious Great Home or Mare Manor includes ample space to pursue hobbies,
even to start up a cottage industry. It is assembled all at one time.
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The settlement will need more than homes

As it grows, there will also be a need for larger constructs to serve as apartment
blocks, office complexes, schools, clusters of shops, and so on. One way to combine the three
modules previously described in larger clusters is to provide a larger polygonal atrium module.
We chose a 12 m (40 ft.) diameter octagon for our illustration, simply because our MacPaint
drawing program doesn’t do hexagonals well. Here we have an atrium floral and foliage garden
with a peripheral portico balcony leading to the entrances of other single and double-floored
cylindrical modules.

Other specialty connectors could introduce even more diversity in module layout
options. Hex nodes, equilateral Y nodes, Y nodes with the fork separated by 90° instead of
120°, longer, and wider cylinders, torus segments etc. The result would be an ever more

expressive homegrown architectural “language”. Yet the 4 basic modules shown here should be
able to put together a respectable town.

Not to be forgotten are the larger diameter cylinders with side ports of which the
settlement’s residential and business streets are made.
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The search for the best modular architectural strategy, one that meets all the challenges
listed at the outset of this article, will certainly benefit from being tackled by many minds. The
sketches above are suggestions. Perhaps there are far better solutions than those which have
occurred to me.

The Apse or End Cap - Challenge or Opportunity

In comparison with terrestrial homes of what-ever style, the distinctive feature of
homes on the Moon (or Mars) (that are not within an atmosphere containing megastructure) is
their curves. The structural stresses imposed by pressurization and the need to minimize failure
constrain basic shell choices to sphere, cylinder, and torus, and combinations of the above.
Floors will be flat, of course, as will be added interior walls. But decorating and furnishing outer
side walls that are curved will present challenges. The ways these challenges are met will
contribute much to the distinctiveness of Lunar (and Martian) Homes. If you look again at the
design offerings on the preceding page, you will notice that on average, the cross-T cylinder
module, with 4 vectors for expansion, has other cylinders at 2 points, and apse end caps at the
other two. These hemispheric alcoves seem to be everywhere.

Will the Lunan homemaker look at these odd-shaped spaces as nuisances, places to
stuff odds and ends or stick something distractive? | rather suspect that instead a number of
enterprises will arise that find a suite of ways in which to turn this layout liability into a real
asset. While these end caps will probably be erected as empty shells - some of them with
factory installed entrances or “Z-view” windows, others with factory installed utility service
entry connections, others plain and “empty”. And as usual, those who come up with ways to
productively fill such alcoves will find a ready market for their “product” among those less
creative or imaginative. There is a market here, not for factory installed “built-ins”, but for post
home-raising tailored “snug-ins” with a built-in look. This thoroughly standardized space is the
perfect opportunity.

Some obvious solutions are:

Vv “Murphy- bed”-reminiscent fold down beds with night stands, lighting, etc. for a
supplementary bedroom;

v/ non-hide-away version of same +/ closets and storage units; +/ audiovisual entertainment

centers;

v/ dinning room buffets; Vv breakfast nooks; V/ kitchen cabinetry and
pantries;

+/ library-den shelves and cabinets; -/ devotional center or chapel; v/ bathroom
equipment;

v an exercise center; you get the idea.

We have not yet talked about interior wall decor (next issue) or distinctive lunar-
appropriate furniture and furnishings (later issues). But the architectural implications for lunar
home interiors are already becoming obvious and interesting.
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Like terrestrial homes, lunar versions will have a certain front door/back door polarity.
Here, however, the back door may be included less for convenience (handy to the kitchen and/
or garage and/or kids’ outdoor play area, as for safety - an alternate way out in case of
emergency. Whether the back door leads to a pressurized “alley” or serviceway (that would be a
convenient feature) or simply via an EVA airlock to the surface vacuum, is another question, one
to be given careful consideration by the city planners long before the first home is erected. If
there are such a pressurized serviceways, utility entry connections (air, water, power, data) can
be located alleyside rather than 40 ft. from the “front door” on a single street as shown in the
illustrations above.

While homeowners in general need not be concerned with the “external appearance” of
their buried home [but see “Moon Roofs” in MMM # 55 MAY ‘92 p. 7] they will have the
opportunity to do something distinctive with the areas of the street cylinder wall adjacent to the
doorway to their homes. They can choose the anonymous unimproved look, or do something
distinctive to the door itself, most likely in the way of approved appliqués, or the trim or
“matting” around the door framing. For this purpose brick and tile and lunar rock (as is or cut
and/or polished) are some of the obvious possibilities. And certainly some doorside
landscaping as space permits, at least wall-hung potted plants. Entrepreneurial concerns will
arise to meet the universal psychological need to signal personal uniqueness at the public
entrance to one’s personal world. PK

MMM #76 - June 1994

Windows - out with one cliché, and in with another
Driving along at night one sees home after home with a lamp on a table in front of the
picture window? Poor decorating actually, but commonplace. On the Moon, with very little
pedestrian or motor traffic “outside”, exterior “presentation” will rate low.

Ranking higher will be the need to gaze on the stark moonscape through the reassuring
foreground of living foliage and flowers, under solar spotlights. More on lunar homestead
interiors, below.

[Editor: the author of the series of pieces that follows has his own one man “This Old House”
business and specializes in custom home interior remodeling and redecoration. His hands-
on experience working with all sorts of building and construction materials and in getting
the most out of them under oftentimes difficult conditions has filled him with enthusiasm for
this “ultimate challenge” to home-crafting resourcefulness.]
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INSIDE MOON MANOR By Peter Kokh

In the previous issue we speculated a bit about the possibilities for a modular lunar-
appropriate homestead architecture reliant on locally produced building materials. Until such a
far off day arrives when new homes are built within atmosphere-retaining megastructure units,
traditional box-type homes are ruled out. The need to contain atmosphere against a vacuum
under a protective shielding overburden will result in homes with curvaceous exterior shells or
“hulls”: curved side walls and ceilings and cylinder end caps. Such shapes can be put together
to yield a great variety of floor plans and layouts.

We learned that the alcove-like spaces of hemispheric cylinder end caps will be an
opportunity for “snug-in” furniture with a built-in look. We saw too that these caps are the
logical modular element by which both visual and personal access is provided, in alternative
versions.

In this issue, we take a further peep inside the Lunan homestead. We’ll look at the
building materials likely to be available in the early settlement and their implications for interior
decorating options. While Lunans will have less choices, with resourcefulness, a great deal of
decorative variety should be possible, nonetheless. Frarara]

Manufacturing and Assembly of
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By Peter Kokh

So far, our speculative Lunan Homestead is just a shell, one continuous labyrinthian
space. In a pinch, that’ll do. Heck, we can string up a blanket or sheet to provide privacy where
needed, but that is certainly no long term answer to the need for structured, subdivided space
to house a variety of rather different activities. We will want interior partitions or walls and
interior doors and doorways. These can, and will be added afterwards - after construction and
pressurization and utility hookup, and after the new occupants take possession. For as we have
seen, the need to provide safe basic shelter in as timely a fashion as possible will be
paramount. All other “secondary” shelter needs will have a much lower priority, that is, no real
urgency at all.

All the same, how will we provide partitioning? We won’t be able to order a load of 2x4s
and dry wall sheets. Even if the settlement farm can produce wood as a byproduct, the young
biosphere can ill afford to see its carbon and hydrogen content withdrawn from quick
turnaround circulation to be “banked” instead in so comparatively frivolous a pursuit.

If indeed economically recoverable lunar polar water-ice deposits are found, then
gypsum, the hydrated calcium sulfate used in dry wall could be produced. To produce dry wall
or sheet rock itself, we’'d also need a substitute for the paper/cardboard surfaces used to
sandwich the gypsum in sheets. Some sort of tight-weave fiberglass might do. This lunar dry
wall could then be used with steel 2x4s now widely used in fireproof construction.

Baring this fortunate orbital prospecting find, and subsequent ground truth
confirmation, the more likely building materials for walls are steel and aluminum panels, with
steel easier to produce for the early settlement, and glass-glass composite (Glax™) panels, the
same likely stuffs used in fabricating the homestead’s modular shells themselves, making for
consistency in decor treatment . Brick, sinter block, and glass block are likely to have limited




application where the permanent decorative look and feel they provide meet the original
homesteaders’ needs and desires.

Will available building materials be brought into the homestead from the warehouse
with fabrication to take place on location with all the attendant dust, debris, and cut off waste?
This may be the custom on Earth where the specifications of the particular job vary enormously.
But for Lunan homesteads built of lunar-appropriate modular construction elements, the wall-
spec variations will form a very limited set. Walls will either fit spherical cross-sections of
cylinder modules or center or near-center rectangular sections along the length of the cylinder.
In either case, they can be manufactured with in-factory efficiency for onsite snap-fit erection
by again designing a very limited number of modular elements.

We suggest wall sections of a varying ceiling contour and height but with a standard 50
cm (19.77”) width. A double clear space would provide a “rough opening” for a door 1 meter
wide (i.e. 30.54”, and why not 2 meters i.e. 79.08” high). If each module has a pair of
retractable pegs or dowels on both bottom and top to fit matching holes pre-drilled into floor
and ceiling on a 50 cm (half meter) grid, the modules could be put together to make a wall
easily, and taken apart and reassembled elsewhere when desired.

The modular wall elements could be hollow or honey-combed, with or without inner
acoustic insulation. Each of the various elements could be equipped with surface screw actuated
KD [*knockdown”] connectors for easy mating. Surface screws would also actuate panel to floor
and panel to ceiling pegs or dowels.

The various wall panel elements might also each be fitted with male-female electrical
interconnects feeding one continuous service strip on each side of the wall panel.

——

If our suggestion for modular architecture were to be adopted, 3 principal “schedules” of
wall module elements would do the trick: S(single floor module); DU(duplex cylinder upper
floor); and DL (duplex cylinder lower floor). ﬁMMM

— Modular Interior Wall Elements L3
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=& Trimwork
SURFACES & TRIMWORK
An Exercise in Resourcefulness — and Creativity
By Peter Kokh
Unavailable on the volatiles-impoverished Moon are:
Woodwork trim moldings Wood and wood byproduct paneling
Plastics and hydrocarbon-based Synthetics Wallpapers and wall coverings of all sorts

Oil (Alkyd) based paints, stains, varnishes Latex (Acrylic) based paints, stains,
varnishes

Still available for the resourceful homesteader are:
Steel, and Aluminum Brick and cinder block

Ceramic tile - however, no lead-based deep colors and no lead-based high gloss
glazes

Glass & Fiberglass-glass composites: Glax™ Pyrite (FeS2) brass-colored surface
coating of steel

Waterglass/oxide based* paints, stains, varnishes and “texture paints” with regolith
pastes

Titanium or lime (calcium) “whitewashes”

[* NOTE: No known experiments to date but LRS-sponsored R&D to begin shortly, and to
include application tools.]

And IF water ice is found in quantity at the poles:
Concrete (“lunacrete”, fiberglass reinforced, fiberglass surfaced cement board (Duroc™)
Plaster or drywall (hydrated calcium Sulfate)

The “ultimate resource” of any Settlement is the talent pool & creative resourcefulness
of its people — not mere natural endowments.

Background Readings in MMM'’s Past [Republished in MMM Classics #7]

MMM # 63 March ‘93 pp. 4-11: Beneficiation; Sintered Iron; Alloys; Glax; Glass; Ceramics;
Color the Moon.

MMM # 65 May ‘93 pp. 5-6. Sulfur; Moonwood

[NOTE: A word about Prerequisites: the discussion that follows assumes that the necessary
homework has been done in learning how to isolate, under realistic lunar conditions, all the
“workhorse elements” needed to make a useful stable of alloys, glass formulations, and
colorants. See MMM # 63 reference above. Very little of this homework backlog has been done
by NASA, by industry, or by capable individuals. It is MMM’s belief that much of the know-how
needed on the lunar/asteroidal/space settlement frontier can be pioneered for profit here and
now, solely for the terrestrial applications. All that is lacking are motivated and talented
entrepreneurs.]

Design Preferences: Simple Minimalism vs. Ornate Maximalism

There has to be a balance in life. In Victorian times a century ago, when life and living
were far simpler (or do we simply forget the problems of times gone by) home interiors were
customarily ornate, excessively so by today’s standards. The wood furniture was highly carved,
of complicated design, and often with marquetry inlay and other embellishment. Wallpapers
and fabrics were “busy”. Things made of iron were full of curves and flourishes.



The Art Nouveau period that followed freed the curves from symmetry, replacing that
sacred cow with free spirited “balance”, yet keeping all the curves in homage to nature. Art
Deco came along and substituted the rectangle, triangle, and diamond - straight lines and hard
angles in general, but keeping the new free spirit.

Then we languished in a state of eclectic poor taste for lack of inspiration. From this we
were rescued by the simple straightforward “form is function” and “simplicity is elegance” of
modern design. Many enduring different fountains of creativity here: Frank Lloyd Wright, the
Bauhaus, Danish-Scandinavian design - to take a broad potshot at the spectrum.

Modernism installed a slavery of its own. Happily these days, we are each free to
express ourselves as fits our own soul’s needs: with simple, graceful, minimalist elegance - or
with wild, life—embracing detail - or anywhere in between.

When it comes to our picture of the future - and of space - the image of steel and
plastic and plain lines has taken on a life of its own with no basis or justification at all in reality.
In many frontier situations, plastics and synthetics will be prohibitively expensive exotic import
materials. More to the point, the barren desolation of most, if not all, settlement settings in
contrast to the lush host biosphere we all enjoy on Earth (even in the desert, even in the tundra)
will stuff the pioneers with as much simplicity as they can bear, perhaps more. The deep
psychological need will be for homes that are oases of rich detail and interest in this design
desert.

Many of the suggestions for decoration illustrated below will strike the reader as being
out of touch with today’s spirit. We protest that today’s spirit bears no relevance to the needs of
the frontier. Frontier lives will be difficult, but hardly as over-structured and complicated as is
common in our own contemporary situations. The one thing that will hold true for them as for
us is that overriding cosmic need for balance.

Variety in a small market

What is needed is not only a number of different ways to decorate with interest, using
few basic materials, but also ways in which to customize the effect. For manufactured items,
computer assisted manufacturing or CAM offers promise. It has traditionally taken hours to
effect setup changes in machinery to alter the product design or finish, and only premium cost
or large demand justified the loss of productivity such change-overs required. Nowadays, smart
machines can customize each item without missing a stroke. A small market and small total
product run need not mean that only one kind of anything is made, that everyone’s wares and
wears are indistinguishable.

At the same time, such “kaleidoscope machines” have limits. And the role of art- and
craft-finished items will be important. Scarcely in history have artists and craftsmen enjoyed as
much prestige as they will on the frontier. Never has the personal touch been as valued as it will
be. To serve this need, some quantity of every item might be made “ready-to finish”. The trick
is to design items that can be finished in an open variety of ways, either by the professional, or
by the do-it-yourselfer working to his/her own satisfaction.

This will apply especially to furniture and furnishings. But we jump the gun and bring up
the subject here because it applies to surface finishing in general. And living spaces as defined
by floor, walls, and ceiling are an important instance.

The surfaces in question will include metal (steel, later also aluminum), glass, glass
composite, ceramic, and cast basalt, and sintered regolith block — plus lunacrete or plaster or
lunar dry wall only if water ice is found to be abundant.

Surface treatments: metal can be embossed, engraved, and oxidized (rusted) or pyrited
(sulfur treated for the brassy yellow look of fool’s gold); it can be polished or sanded for a shine
or satin sheen. It can be chrome-plated, or stainless.

Glass and glass composite can be stained and etched and mirrored. Cast basalt can
perhaps be given the mold-transfered look of crosscut sawed wood, of bark, leaves, or other
“nature collages”. Sintered regolith brick can perhaps be produced in pleasingly variegated
grays with homogeneously colored regolith in waterglass serving as mortar. Tile can take on the



color of oxides, left unglazed or given a salt (sodium) glaze. Vitreous glazes without a lead-
based flux are possible in many colors and hues, even if neither bright nor deep.

Surfaces with sufficient “tooth” or fine-scale roughness can perhaps be whitewashed
with titanium oxide or calcium oxide (lime) powder suspended in a waterglass medium. Perhaps
colored oxide pigment powders in the same medium can be used as paints. We see that there is
plenty of room for experiment and the promise of amazing variety.

Special wall and trim treatments

Woodwork, to which we are so accustomed in our homes the world over, is not a lunar-
appropriate choice. While good “furniture quality” woods could be produced by apple and
cherry orchard trees, the settlers will not be able to afford to withdraw and bank that much
incorporated hydrogen and carbon from the biosphere-food production cycle.

One option is the “trimless look”, a natural for manufactured walls and wall module
systems. For example, door and window frames are seamless features of the adjoining wall
(modules) and not set off in color, texture, or any other visible way as “border” areas. I've seen
such a look in Mexico City’s D’el Angel Hotel, and it is strikingly refreshing.

But where desired by the homesteader, the edging and border setoff function of
woodwork, can be simulated by lunar-producible inorganic materials such as thin veneer
(Z-)brick, ceramic tile, and metal “trimwork”.

These choices are illustrated below along with several possible companion wall surface
treatments. As a general rule of good taste, when the chosen trim is ornate in feel, wall surface
treatments should be simple; and vice versa.

] ) Trim
Using Brick for work

In the illustration above, the soft look of “carpet” is chosen to balance the rough look of
the brick veneer. However, as organics and synthetics are not available for this purpose, and
fiberglass carpet would wear poorly, being too brittle to take repeated crushing of the fibers,
the latter is applied to the upper walls, out of harm’s way, so to speak, but still contributing to
the sound control and providing visual softening.

In the illustration below, ceramic tiles are used to provide trim borders. While the
seemingly endless variety in color, pattern, and glazing now available on Earth could not easily
be produced on the Moon, a variety of hues from the lunar palette (regolith grays, oxide colors,
stained glass colors) should be available either unglazed or in soft satin glazes. Tile in
contrasting sizes, and coordinated colors and patterns, would make a good companion wall
finish, as would simple white-wash or waterglass-based paint.
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Simulating the “wallpaper look” with lunar paints
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In this schema, the walls are first primed with a “whitewash” of lime in a waterglass
solution. When this is dry, any of a wide variety of wallpaper like patterns can be sponge-
painted over the base white, using metal oxides, again in a waterglass medium. Imported
natural sponges of various textures and shapes can be used over and over again as the “paint”
is water soluble. The technique is much faster than wallpapering and the results can be
“painted over” when a change in color and/or pattern is desired.

Projecting a transparency of a scene or panorama to be transformed into a mural, one
could follow the pattern with variously textured sponges dipped in various waterglass-metal
oxide “paints” to create a result with an “impressionist” feel.

Other possibilities with waterglass-based coatings are in need of investigating. How
about applying a clearcoat of waterglass and while it is still wet, random- or pattern-flocking
with dry oxide powders or regolith powder? This could be done on site with by blowing through
a hopper-fed (self-choking feed) straw equipped with variously shaped nozzles to alter the
dispersion pattern (as in decorative cake-icing devices). Under factory conditions, flocked
panels could be produced to order by computer controlled blower-printer. What would the
effect be like? Has anyone yet tried anything of the sort? | suspect not.

Metal “shakes” as a wall treatment choice
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Using a repertoire of four differently edged shingles, each available in any of a repertoire
of waterglass-oxide colors, a large-pixel mosaic tableau can be created. Working up from the
floor, the metal shingles could snap into horizontal channels prepositioned on the wall, with a
special topper strip. A computer could analyze a picture, pixelize the pattern and color codes,

and list the elements to be purchased.
L1 E B

Geometric and Pictorial Panels of Embossed or Beaten Aluminum “Sculpsheet”.
If Lunan metallurgists can formulate an alloy of steel or aluminum malleable enough to
permit the kind of sheet working that has long been practiced in copper, brass, and tin, bas
relief patterns or tableaus could be either mass produced in a number of popular styles, or




handcrafted on commission. The patterns or scenes might be “highlighted” by careful use of
waterglass-oxide “varnish-stains”. This form of wall treatment might be an attractive choice for
dens, libraries, formal dining rooms, entry ways, even for “front door” facings.

Less ornate and ambitious would be steel “paneling” of interlocking or tongue in groove
narrow strips. These could all be finished alike or vary in a set sequence. Finishes that might be
used include stainless with smooth, embossed, or satin-finish, chrome, and Pyrite surfaced
steel. The latter, being of false gold, iron sulfide FeS2, would have a brassy-yellow finish. (Brass
and copper are not lunar-available).

Artist-Craftsman, Tradesman, & Do-It-Yourselfer

The settlement market should work to ensure the entrepreneurial supply of a number of
satisfactory alternatives for three overlapping degrees of expertise, talent, and available effort.
Within each there should be choices to fit various budgets. The result will be a surprising and
spicy variety between individual personalized lunar homesteads.

Range of Talent, Skill, and Effort
Artist-Craftsman low =

Tradesman
== high Do-it-yourselfer

Special Wall Surfaces
Tub surrounds, shower walls and sink back-splashes can be glax one piece units, of
standard size and shape and fitting interfaces, available in a variety of colors and patterns and
textures, thanks to the ease of setup changes possible with computer-aided manufacturing

methods.
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Problems & Solutions for Hanging Stuff

ON THE WALLS By Peter Kokh
On Earth, it is no problem to hang something on the wall: pictures and paintings,

macramé hangings, copper and wire sculpture, plastic bric-a-brac, mirrors, wall lamps and
candle sconces, knickknack shelves, shelving systems, clocks, or whatever else is not too heavy
and not too deep as opposed to high or wide. The reason it is not a problem is that the sundry
wall stuffs we build with such as plaster, dry wall, and/or wood are all medium density
materials. They are soft enough to pierce with a nail or screw, and firm enough to hold such




fasteners. Even concrete, brick, and cinder block - all denser and harder - have fastener
systems designed for them that are more difficult, but not impossible to use.

On the Moon, the most probable wall materials are steel, aluminum, and glass-glass
composite or Glax™. These are very dense materials, and while it is possible to drill holes into
them, “repairing” the “damage” when one wants to redo a room and hang the same or other
items elsewhere, exposing old wall-wounds in the process, is something else.

Cable-wrapped fiberglass reinforced lunar concrete is a remote possibility as a hull
material. Some sort of cinder block is a conceivable but unlikely material for interior walls. For
either of these, however, a waterglass-regolith mortar should be available in a wide range of
gray shades. But as these wall materials are the less likely, let’s concentrate on the problems
posed by metal and glax.

If repairing “nail holes” is the problem, the simple answer is not to make any in the first
place. Yet our Lunan homesteaders will want to personalize their quarters not only by room
surface decoration (paint, paper, panel, trim) but by hanging artcraft items and other objects
“on” the wall. So we are faced with a design problem: how to design walls so that hanging
things on them requires no added hardware, no added holes, etc.? We could limit ourselves to
steel walls requiring only magnets. But let’s brainstorm a bit more thoroughly.

Our settlers will face two situations: (a) curved outer hull walls (either cylindrical or
hemispheric concave surfaces); and (b) flat interior walls. Most likely the kind or at least the size
and placement of things we will put on curved surfaces will show more restraint than the total
freedom we are accustomed to enjoying with traditional flat walls.

On the horizontally concave outer walls of cylinder modules, only the central portion is
suitable for holding things flat so that both top and bottom of the object ‘touch’ the wall.
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For this purpose, a series of built in hanging strip grooves is a solution that may work,
and even presents decorative possibilities, i.e. as a broad horizontal stripe. Objects can be then
hung anywhere along the length of the wall, utilizing the hanging groove that best suits their
individual height. While the result may be that pictures and other objects are hung slightly
below the customary “eye-level”, the hanging grove stripe, perhaps differentiated by texture
and/or color from the rest of the wall, will be at the top of this range, serving as a visual
corrective of sorts.

This hanging system can be repeated on flat interior walls, especially if one wants to
continue the visual effect of the color/texture differentiated hanging stripe. If not, i.e. if one
wants more freedom for flat interior walls, then the hanging “stripe” should be visually
minimized by not distinguishing the space between the hanging grooves by texture and/or
color.

Bearing in mind the suggestion that interior walls be modular, with sections 50 cm or
20” wide, then the butted edges can be “perforated” to allow hanging objects at any height
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The constraint of having to space sundry hangings on 20 inch centers may be
acceptable to some, not to others. An elegant alternative might be random perforation of the
wall panels themselves. The result would not look like “pegboard” for two simple reasons: first,
the hole spacing would not be in noticeably vertical and horizontal “rows”; second, the holes
would be much smaller, say just large enough to admit a 6d (6 penny) nail, slanted downwards
to a depth of say 1 cm or 1/2 inch. The effect, both visually and acoustically would not be
unlike that of some acoustic ceiling tiles.

random
i pattern
perforation™

There is, of course, ample precedent for “nail hole control”. Many rental and lease
agreements stipulate that the tenant or lessee must either repair any holes made, or use
adhesive hanging methods - neither a practical option for our settler, given the wall materials
likely to be in use. However, much earlier in the present century, it was common to place a
“picture hanging molding” just below the ceiling. Anything hung “on” the walls could then be
suspended by decorative cords, clips, and tassels from such a molding. That is a look long out
of favor and not likely to find fresh converts. But it embodies the philosophy of built in
“purchase points” for hanging various items “on” walls that we’ve tried to borrow.

Again, what we have tried to do is to illustrate the distinctive look of Lunan homesteads
that is likely to flow from the constraints inherent in the building materials settlers are likely to
have as options. With resourcefulness, such restrictions will trickle through to homes no less
custom personalized, nor less beautiful than those left behind on Earth. While options will be
less, the possibilities are varied enough that no one will be able to say, “when you’ve seen one
Lunan homestead, you will have seen them all.” And in a world many magnitudes of order
“smaller” in population, the pursuit of distinctive variety for its own sake will be intensely
pursued.

A large part of our sense of world, is not just size, but wealth of diversity and variety -
in scenery and terrain, in . plant and animal life, in climate, and in architectural and interior
decoration styles. With first just one, then a few more settlements and outposts on the Moon,
the settlers will turn to variety in home decoration, not only as the spice of life, but as the
principal way of validating their new adoptive satellite as a human world - one with
depth. ﬁ

.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

R R R

cellings

CEILINGS By Peter Kokh
How do you define “ceiling” in a habitat space in which the walls curve up overhead and
over into one another without any break in the flow? If there is a cove well above eye-level to
support ambient cove lighting, the area between the coves might be pragmatically defined as
ceiling.



Continuous
Cowe Light
Strip with
Eeflective
Lurmination
off Ceiling

In some decorating schemes, dark ceilings have been used especially to visually “lower”
them when the actual height is too high for one’s taste. Ceilings have also borne lavish
decoration. The Sistine Chapel in the Vatican is the most famous example (the one in the
Governor’s Conference Room in the State Capitol in Madison comes close enough). But recall
also the molded tinplate panels that were commonplace in commercial halls at the turn of the
Century (19th to 20th).

But overwhelmingly, ceilings have served as indoor surrogates for the sky, surfaces
meant to reflect ambient light brightly. Accordingly they are traditionally painted in flat or other
soft white are light pastel shades. On the Moon, we’ll probably see examples of both. The
ornate design showpiece may be a high end budget choice as a focus of attention for meeting
places, banquet halls, and just plain dining rooms.

But overwhelmingly here on the Moon where the outvac sky is black, the Earth-
reminiscent overhead brightness of the sky will be repeated in homestead ceilings as
repositories of soft rich unfocused reflected light. For this purpose a waterglass Ti20 (titania)
and/or CaO (lime) whitewash should work. If a blue oxide pigment can be produce, we predict
sky blue will quickly replace white as hue of choice. F£arara]

By Peter Kokh

In the context of the modular Lunan homestead, three subtopics of interest suggest
themselves when it comes to floors and flooring. These are structure - how they are built and
installed, function - what purpose these structures might serve besides providing surfaces to
walk on and set furniture upon, and finish - what they might look like and feel like underfoot.

Structure: In sixthweight (1/6th G) truss members can be much less massive. We are
talking about short 10-20 ft. (3-6 m) spans. Floors and truss/joists can be integral panelized
elements, and in the case of two-story applications, incorporate ceiling surfaces as well. Since
customer customizing does not seem to be in question, they might best be designed for more
efficient factory-installation module by module prior to assembly of the separate homestead
modules on site.

Function: if flooring is panelized or modular, ought it be removable? Removable decking
could give access to storage space underneath as well as to utility runs (plumbing, ventilation,
electrical, communications) connecting the various modules. Yet to the extent trouble free
systems are involved, ready access looms as a less important requirement. Nor is subfloor
storage especially convenient. More, it might interfere with some finishing options, e.g.
installation of ceramic tile.

Fixed flooring could 1) serve most of the utility run needs 2) incorporate a radiant in-
floor heating system, the most efficient and comfortable form of heating yet devised, 3) top off
a thermal mass reservoir. The latter would be especially attractive if some lunar-sourceable
form of eutectic salt can be discovered. [A eutectic salt is one that changes phase from liquid to



solid and back at a convenient temperature in the mid ambient range with a relatively large
heat input/output i.e. storage/release.] To my knowledge of lunar resources, that is an unlikely
prospect, however welcome it would be.

Finish: On Earth, popular flooring choices include carpeting, wood plank or parquet,
vinyl tile or sheet (linoleum), slate, and ceramic tile. On the Moon, only the latter is a real
possibility, along with steel, glass composite or Glax™, and tiles, bricks, or slabs of cast basalt.

Carpet can be made of natural or synthetic organic fibers. In either case, for lunar
application, it would tie up priceless hydrogen, carbon, and possibly nitrogen that is best used
to maintain and grow the biosphere. What about carpets made of fiberglass fibers? After all,
fiberglass draperies are a common choice. The problem is that for all their strength, glass fibers
are brittle and stand up poorly to wear, and other abrasive abuse. For draperies that is not a
problem. Underfoot it would never work. However, glass fiber carpets could still be applied to
walls, out of harms way, there to contribute to acoustic control and visual softening.

Cast basalt pavers are the one possibility mentioned that deserves the most homework.
Baring that, ceramic tile and textured steel, pyrited for color, will be the workhorses frarara]

If carpeting is out, perhaps throw rugs made of discarded clothing are not - especially
clothing made on Earth, gaining passage as the allowable maximum of settler recruit clothing,
and produced through “nonkosher” processes that make recycling and/or bio-digesting of the
constituent fibers difficult or “not worth the effort”. But is it not more likely that most recruits
will head the request (if it is not indeed a requirement) to bring along only recyclable clothing?
At any rate, in sixthweight, expensive resilient material is more efficiently invested shoe soles

always in use, than in carpet that for the most part just lies
there.
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[Editor: one of the stints on the author’s resumé is that of former furniture salesman in the
early 70s. His familiarity with furniture and home furnishings earlier and continued to broaden
thereafter.]

Inside Moon Manor Part ll: Furniture and Furnishings
By Peter Kokh

In the previous issue, we took a look at “the look” of Lunan homestead interiors, insofar
as they will be constrained by the materials to which settlers may well be limited.

In this issue, we take a further peep inside the Lunan homestead. We’ll look at the list of
furniture-making materials likely to be available and how Lunan furniture designers might
express themselves in such media. Then we’ll take a non-exhaustive look at furnishings or
accessories. These articles will complete this MMM series on first generation Settlement
Quarters. Related pieces will appear occasionally.  ERARACA:

CINDERELLA STYLE



By Peter Kokh

It might seem that without wood and plastics, stuffs for furniture making available on
the Lunar Frontier only at exorbitant cost, compensated by a corresponding reliance on such
New Stone Age materials as metal alloys, ceramics, glass, and glass composites, that the
“Style”, if any, achievable by Lunan furniture designers, will not much surpass those of the
Golden Age of Bedrock way back in Flintstonian times.

That would hardly be a fair assessment. Mature style is less limited by the kinds of
media on hand than by the artist/craftsman’s knowledge of the innate potentials of the
materials and access to, and skill in using, appropriate tools. Even now, kindred materials are
used on Earth to make sundry furniture items of premium quality, with a respectable market
share.

But it is the absence of wood, organic and synthetic fiber, and plastics altogether as an
option that will bring forth all the creative resourcefulness of the designer and craftsman in
developing for the first time the full range of potential of the available materials. The results
may be copied, or on the other hand anticipated, in the growing areas on Earth where wood is
scarce, or more sorely needed for other purposes.

Combine this prospectus with the need to provide personal customized variety in what
will for a long time be a very small market, and the challenge becomes stronger. One way to
meet that challenge is to mass produce basic items in a simple functional design, “issue” (cf.
G.l., government issue), that on the one hand has its own grace, and on the other lends itself to
subsequent embellishment or elaboration, becoming a canvas, so to speak, for middlemen
cottage industry artists and craftsmen, buying issue items wholesale and reselling them out of
their homes or in streetside shops after they have been transformed under their skilled hands.
Such items assuredly would be in great demand. Customers could buy “issue” items “factory-
direct” for use as is, to give to a chosen artist for customizing on commission, or for do-it-
yourself adornment.

Such an evolution of consumer product lines ought to merit real Frontier Government
support. The brand new pioneer settlement culture, without access to the vast variety of
manufactured goods available on Earth, will find in art/craft finishing of common ready to finish
items an ideal way to provide the essential perk of custom individual variety. It is in the public
interest to promote such development.

Once a “University of Luna” has been established, such art and craft activity aimed at
making Lunan Homesteads more satisfying places in which to live, would appropriately become
a major outreach concern aimed at full development of the widest possible range of Moon-
appropriate art forms, materials, media, methods, and tools. Support for individual artists
involved in this art/craft activity in collaboration with the University should extend only through
the R&D phase. The market, expected to be quite vigorous, should be trusted to support
mature expression in such newly developed Moon-appropriate forms.

What to make for furnishing the homestead from this burned out “cinder” of a moon?
The “Cinderella Style” of the frontier will rise to the occasion.

MAKING FURNITURE

For the Lunan Homestead
By Peter Kokh
Furniture is commonly divided into three broad categories:

1) “CASE GOODS” include items commonly made of wood: bedroom sets, dining room sets,
living room tables, desks, bookcases, etageres etc.



2) "UPHOLSTERED GOODS” are just that: fabric-covered and cushioned chairs, love seats, and
sofas. Modern bedding, mattresses and box springs, would fall into this category.

3) “ACCESSORIES” include lamps, pictures and other wall-hung items, table top sculptures, etc.
Furniture Materials

Metals have long been used for case goods, but their market niche has been narrow:
office and patio furniture principally. Glass has been used principally for table tops. Ceramics
principally for lamp bases.

Glass composites, the sleeper, has not been developed at all as a furniture item (or for
any other purpose) but has enormous potential in superior serviceability and performance, as
well as in visual appeal (cf. our previously published suggestion in MMM #16 JUN ‘88 “Glass
Glass Composites” [Republished in MMM Classics #2] that a formulation in which the glass fiber
is colored or stained and then combed within a transparent glass matrix to provide a material
with all the “grain character” of wood, be pioneered for the high end furniture market in order
to pay the high initial development costs of this new material. Glax, to use the suggested
generic trade name, may lend itself to the same fabrication techniques as current fiberglass
reinforced plastics. This means it should be suitable for molded contour fitting seating, as well
as for structural framework, replacing wood.

Below we offer a number of product “studies”, trial balloon designs of “issue” items that
can either stand as is or be further embellished, all according to customer taste. (Recall that in
the last issue, we predicted a turn away from the elegant simplicity of modern and minimalist
styles towards more design-intense items as a psychological counterweight to the monotonous
barrenness of the lunar surface surroundings.)

Cathedral Choir Style Box Chair, Love Seat, Sofa

In the illustration below, a glass composite molded seat and back, the actual “contact
surface”, is given an open supporting framework which can either stand alone or support
encasing artcrafted panels of various types on the outfacing sides and back to provide a
heavier, more design-intense piece. The variations shown do not correspond one for one with
any specific possibilities, but are simply aimed at getting across the idea that an “Issue” item
can serve as a “canvas” for further art and craft. The units could be ganged as modules to serve
as love seats and sofas, either in look alike suites or in eclectic manifestations of the expertise
of Lunan artists.

Among the many possibilities are:

¢ Aluminum panels embossed and/or engraved in abstract or pictorial patterns (“sculpsheet”
alloy)



¢ Textured metal panels including pyrited (fool’s gold) steel (brass or copper would be
prohibitive)

¢ Wire art

& Wire weaves

¢ Glass or ceramic beads strung on wires

¢ Beads made from lunar rock

¢ Macramé of fiberglass cords and ceramic and/or glass beads

¢ Stained glass collages or murals

¢ Glazed ceramic panels or tiles of varying sizes, colors and mosaic patterns

Nb. If any of these seem “heavy”, remember this is furniture for one sixth G or “sixthweight”
and for the softer look

¢ Fiberglass fabric carpet
¢ Fiberglass bands in multicolored scotch plaid weave
¢ Fiberglass fabric pleated panels

The vast variation in final appearances made possible by such a menu of possibilities yet
maintains the common underlying shape of the parent “issue” item. Eventually, entrepreneurs
would find ways to customize the lines of the piece as well, starting with the addition of
decorative finials, head rests, hand grips, and swing-out foot rests.

Example: Chests and Dressers

A chest of drawers could consist of metal or glax drawers with a frontpiece frame to fill
with matched or coordi-nated drawer front panels of choice, all in a metal or glax framework
whose sides, top, and edges are again opportunities for optional embellishment. Drawer pulls
of metal, glass, and ceramic add another avenue for variety. If in time it becomes acceptable to
withdraw small amounts of wood at a premium price from the biosphere cycle, usual roles may
be reversed: expensive wood handles and pulls adorning metal or glax chests, not metal and
ceramic handles and pulls adorning wood cabinetry. Perceived value will follow bottom line
expense.

Example: Bed Headboards
Rectangular, Oval and other Headboard frames could support similar “panel” finishing. A

large variety of choices exist. And of course, we could have bookcase headboards with built in
drawers and doors just as easily as on Earth.

s
SN

Example: Lamp Shades

Lamp bases can be of metal, glass, glax, ceramic, or some combination of the above.
Glass, glax, and ceramic will offer the greatest opportunity for coloration. Design possibilities
are virtually limitless.

For shades, translucent parchment and fabric materials other than fiberglass will be
unavailable. Translucent, not transparent glass shades are a likely favorite. But so are pattern-
pierced metal sheet, possibly also embossed. Following suite, one “issue” item may be a simple
framework for supporting various slip-in diffusing panels. Stained and waterglass/o