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The first “surface activity” on the Moon (Armstrong’s 1st step) and the last moments for Cernan and Schmidt, A17

We’ve come to call the Moon’s surface, as a scene of activity, as the “Out-Vac” - yes an allusion to
Australia’s Outback, as exposed not only to vacuum, but to all the cosmic elements that affect the
Moon: cosmic rays, solar flares, and the incessant micrometeorite rain, and the extreme heat of “days-
pan” and the extreme cold of “nightspan.”

While pioneers will spend most of their time in pressurized environments under a shielding blan-
ket of moondust, some will have to venture out-vac for limited periods to explore and prospect for
minerals, to build roads and and other outside construction jobs. But people will also travel across the
surface in motor-coaches and trains.

There will be shielded arenas left unpressurized so that people can engage in sports that combine
low gravity with vacuum, without the risk of radiation exposure and hot-cold extremes. Artists will cre-
ate sculptures to say “we are here to stay” around entrances to individual homesteads as well as to
settlement gates, and along the walkways through “out-vac” nature parks. Of course, many similar
works of art will adorn individual homes and public places “inside.”

Some will venture out to look for rare rocks, others for road racing, just plain hiking, and more.
One way or another, as much as pioneers will have to spend most of their time more fully sheltered,
they will nonetheless engage in recreational activities out-vac. And, of course, they will travel between
settlements and outposts which will slowly spread the human presence around the globe, an expanse as
large as Canada, The United States, Brazil, and China put together. Motor coaches will come first, but as
the number of population centers grows, uniquely designed railway tracks and cars will appear.

Not all will be content to live in the growing settlements, on their way to become cities. Small
hamlets will appear where there is economic justification for them. Life on the Moon will flower into
many kinds of situations, just as on Earth: something for everyone. And there will be National Parks and
Monuments. People will visits the sights!

Not to forget the sights in the sky: Earth, of course from Nearside, and the Milky Way in unbeliev-
able glory on the farside. Out-vac activities will do a lot to make the Moon a “world.”
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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 me-
ters, 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 alumi-
num 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.

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 up-
ward 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.

MMM #5 - May 1987

SMMOUIN Wik TSk

WEATHER ON THE MOON

By Peter Kokh kokhmmm@aol.com
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On Earth, the weather forecast often plays a major role in our decisions. Can we go golfing?
Fishing? Swimming? Can we go on a picnic or hang out the wash to dry? Do we need an umbrella? Or
a shovel? Will it be a good day to paint the house or wash the car? Or are indoor activities in order?

Beyond this, we anxiously watch storm paths. Will the latest hurricane threaten the area where
we live? Is there a danger for blizzard, ice-storms, tornados, brushfires, etc?

Finally, without the fickle weather, how would one ever find anything to say to a stranger or ac-
quaintance? On the weather free Moon, will we be at a loss for words, passing one another on the
street with eyes averted? Will sports be more closely watched, not because we really enjoy them, but
because we need something innocuously trivial to talk about as a social lubricant?

Well, the Lunar environment isn't quite all that cut and dried. First, believe it or not, there will
be a slight seasonal difference in the seemingly steady-state indoor Lunar temperature. (Six feet down,
insulated from the heat of the sun and the cold of the night, the Lunar soil is a steady -20° C or -4° F,
very manageable for the buried habitats and factories and connecting walks, streets, and plazas. Just
the heat of life and industrial processes will make up most of the heating needed to provide livability.)
There is a difference nonetheless of about 3° F between March and September. This seasonality comes
not from polar tilt (only 1.5 degrees) but from the Moon and Earth being 4 million miles closer to the
Sun on January 1 than on July 1 with a couple of months lag time in consequent build up and loss of
extra heat.

Then there are solar flares. Flare seasons are long and in sync with times of active Sun with a
period of about eleven years from peak to peak and quiet flare-free times in between. But in flare sea-
son, warnings of particular storms will be on very short notice. Flare storms will not affect indoor or
"middoor" (see this month's "Essay on 'M", below) activities but will affect those who have business on
the surface. A network of permanent flare shelters, e.g. at intervals along highways, etc. will probably
be built. There will probably be portable or mobile shielding canopies at construction and mining sites.
These will probably be in common use anyway, as working under them will require lighter suits that
need pressurization but not cooling or as high a degree of micro meteorite protection. Such suits will
be more comfortable, more supple, and allow many more accumulative hours of surface activity at re-
duced cosmic ray exposure.

But there will always be some work done outside the easy range of such protection. For these
workers and for travelers, warning times must be maximized. One way to do this would be a set of six
solar synchronous satellites. Here | do not mean synchronously interposed between Earth-Moon and
Sun, but in an orbit, well within Mercury's, where they each remain in step with the rotating Sun. The
Sun's "day" is slightly variable, but an orbit about 16 or 17 million miles out would allow the "Vul-
cansats" to keep track of potential flare-producing sunspots for the duration of their lifetimes, each
satellite watching its own 60 degree wide sector.

Moonquakes are below the threshold of concern and would be felt only by instruments. But me-
teor showers, especially the predictable ones, will stir protective measures. On Earth, these bits of
comet debris burn up in the atmosphere and are harmless beauties. On the Moon they zoom in without
visible indication. They just hit, now and then with damage. But what is life, if there is no risk at all?

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 engi-
neering 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 indus-
trial and scientific resource especially in combination with the Moon's substantial gravity. Opening air-
locks for exit or entry and purging atmosphere into the vacuum, if done frequently enough, will de-
grade the vacuum to a point that the solar wind can't restore through its flushing action. Second, the
hitrogen 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:
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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 famil-
iar to most of us in the form of the enclosed, climate-controlled streets and plazas of many a shopping
mall. 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 with-
out donning a space suit. Homes, schools, offices, farms, factories, and stores will exit, not to the air-
less, 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 com-
fort" 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

e S

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 outlying instal-
lations, 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 pub-
lic 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
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ESSAYS IN "M"

Month or Sunth - Meridian - Metonic Period



By Peter Kokh - kokhmmm@aol.com

M FOR MONTH, OR SUNTH:

Originally, of course, the term “month” meant the span of a full set of four phases of the Moon,
e.g. from full moon to full moon, or from new moon to new moon, terms which render the appearance
of the Moon to the inhabitants of Earth. On the Moon itself, this lunar month of 29.53 Earth days would
rather appear to denote a full set of phases of Earth, e.g. full earth to full earth, except that this defini-
tion of month would seem irrelevant to anyone living on the Farside from which Earth was never visible.

Rather, to the Lunar Settlers, this period, called a lunation by our astronomers, will simply sig-
nify the period from sunrise to sunrise or from sunset to sunset - wherever they happen to live on their
adopted new home world. From a Lunan’s point of view, it’s all about where the Sun is in their sky, and
has nothing to do with Earth at all. Earth could cease to exist and their would be no more “full moons”
or “new moons” to reckon by. Just the interval between sunrises (or sunsets).

Introducing “the Sunth”

Accordingly, pioneers might well prefer to call it simply the "sunth." This term is less stuffy than
"lunation” which is really a geocentric term signifying the period from “new moon to new moon.” The
term “sunth” and avoids confusion with our own Earth calendar months of Roman origin which do not
coincide at all with lunar months as they average about a day longer in order to divide the year into
twelve neat periods with no leftover days. The Sunth then would be the natural way of reckoning the
passage of time on the Moon.

The sunth will also be the primary consideration in scheduling activities which depend upon the
availability of sunlight and/or solar power. This will include mining and industrial operations, road
building and prospecting, The local time of sunth will also determine the timing of agricultural chores.

M IS FOR MERIDIAN:

The Replogle globes of Earth and Moon alike are divided into 15 degree longitudinal segments.
For the Earth, this is a natural, since 15 degrees is the width of the idealized “time zone” (15 x 24 =
360).

On the Moon, however, the slow daily crawl of the terminator line dividing sunshine from dark-
ness is just over 12 degrees (12 deg., 11 min., 27 sec.). So for the purposes of settlers of the Moon or
for people on Earth who want to better comprehend what life on the Moon would be like, future Moon
globes might display meridians marked every 12 degrees. Thirty 12° sections equals a full circle of
360° Thirty quasi “date zones” if you will. Even if these zones do not precisely measure the sun’s slow
crawl across the sky they would offer a close enough approximation to allow Lunan students and others
to easily estimate by how many dates the sunth is retarded or advanced in his/her location in compari-
son to other settlement sites and outposts on the Moon.

M IS FOR METONIC PERIOD:

A 5th Century B.C. Athenian by the name of Meton noticed that the Moon's phases returned to
the same dates of the year after 19 years (i.e. 228 calendar months = 235 lunar months ). The Metonic
period is important for anyone who would devise a calendar which respected the 29.53 day lunar month
or sunth, and yet reconcile it with Earth's 365.25 day year at least periodically. MMM

Moon Colendorx

A Moon Calendar for Lunar Settlements

By Peter Kokh kokhmmm@aol.com
To be sure, there will be settlers on the Moon with "Tory" hearts, i.e. unwilling to give up the
ways of Old Earth, however inappropriate to the new world. Earth's calendar is one such piece of bag-
gage best left at home. On Earth, counting time by "moons" may be convenient for nomads and rustic
hunter-gatherers, but the overriding temporal fact of life since the dawn of the agricultural age remains
the length of the year: the four seasons.
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But on the Moon, however, the four seasons do not apply —-- except for astronomers. The over-
arching pacer of life will the the Sunth (see M is for Month, above).
Since the slow rhythm of sunrise and sunset cannot be ignored on the Moon,
the calendar should be organized around it, no ifs, ands, or buts.
Keeping the standard 24 hour day/date
Because of Earth's proximity to the Moon and the high density and intensity of Earth-Moon
communications and commerce (as compared, for example, to Earth-Mars intercourse), it will be con-
venient to keep the standard 24 hour day -- probably called "date" on the Moon to avoid confusion with
the longer sunth.
A simple calendar of alternating 29 and 30 date sunths will do the trick, especially if every for-
tieth date (or on the closest weekend thereto) an extra hour is added (as we do in the fall
switching from daylight-savings to standard time) to make the sunth average 29.5 dates ex-
actly.
Then a two page calendar would always be valid even as to the times of local sunrise and sunset
to within the hour, per location.
This system would be enhanced greatly if the sunth were four weeks exactly, which would re-
quire adding an eighth day three weeks out of eight.
Advantages of an occasional 8-day week
Such an extra day would be a logical choice for religious feasts and holy days and for secular
holidays alike. Since the extra day would not be a working day but an off day providing three long
weekends out of every eight, it should be a popular feature and add cultural color to life on the Moon.
This way sunrise and sunset would occur, for a particular place, not only on the same dates of
the sunth but also on the same days of the week which will be important for business and in-
dustry (see article: POWERCO in this issue)
Naming the days of the Week
Since, obviously, lunar weeks and weekdays would not line up or keep cadence with those of
Earth (no need to), new names are in order. Let me offer three possibilities, naming the days of the
lunar week after:
o The major moons or satellites of the solar system:
Luna, lo, Europa, Ganymede, Callisto, Titan, Triton (plus 3 weeks out of 8, Titania)
o The stars in the Big Dipper or Plough visible on the Moon anywhere north of 30 degrees
South:
Dubhe, Merak, Phad, Megrez, Alioth, Mizar, Alkaid (a plus 3 weeks out of 8, Alcor)
o The stars of the Pleiades which can be seen from almost anywhere on the Moon:
Alcyone, Merope, Electra, Celaeno, Taygeta, Asterope, Maia (plus 3 weeks out of 8, Pleione and/

or Atlas) They were the parents of the famous seven sisters).
Note: “Pleiades” was the name chosen by Artemis Society International, for its original short-lived
newsletter.

Fiscal Considerations

For fiscal and accounting convenience - divisibility into “quarters,” for example - the calendar
should have twelve sunths invariably —- like the Islamic model rather than the Jewish one (which some-
times has thirteen). This would yield a short "year" or “ennium” of 354 dates that would slip seven
sunths out of alignment with Earth's calendar after nineteen years (see M is for Metonic Period above:
19 years & 235 Sunths)

So every nineteenth year an extra seven sunth period could be added, to be called “the Renais-
sance” and devoted to constitutional and institutional renewal, reform, and rededication, thus bringing
the Moon's calendar back into step with Earth's and providing a predictably popular generation-long
rhythm as a creative fringe benefit of which lunar civilization could be proud.

There are alternatives of course, but why compromise with those inappropriately attached to
terrestrial customs. It's a brand new world and why not start fresh with new traditions? "Tories" can al-
ways import Earth calendars and keep them under their pillows. MMM

This article is online at: http://www.asi.org/adb/06/09/03/02/008/mooncalendar.html
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MMM #9 - October 1987

ESSAYS IN ‘M’
By Peter Kokh

M is for Mare Moscoviensis. The “Sea of Moscow” is the prominent mare area in the far northeast
quadrant of the Lunar farside. In flagrant violation of the tradition that calls for Lunar Seas to be named
after weather phenomena, states f mind, or directions, the Soviet discoverers of this farside lava plain
exercised their naming prerogative and christened it after their largest city. | have come upon the apol-
ogy that, after all, “Moscow is a state of mind.” Now | must confess, having been there, that there is
some subtle truth to this claim. Moscovites are justly immensely proud of the assets of their 850 year
old city, care-fully nurtured and built-upon generation after generation,. In the interests of good will,
I’ll withdraw the complaint if the free translation of Mare Moscoviensis as: Sea of Civic Legacy” is al-
lowed. :-)
M is for Marequator (Mare + Equator) - an imaginary “great circle” belt around the Moon that crosses
the Lunar equator near the limbs between nearside and farside, and rises to about 30-35° north near
the longitude that passes through mid-nearside (0°) and descends to about 30-35° south near 180°,
the longitude bisecting farside. (see the maps in the Farside | article this issue) Such a line seems to
evenly bisect both the major mare features of nearside and the skimpy farside placement, Someday a
circumlunar highway might logically follow such a route. Another possibility is a superconducting
lunar girdle along this path, with regularly spaced solar power stations, half of which will always be in
full sunlight, endowing this “dynequator” with continuous abundant energy to be conveniently tapped
by most “coastal” (mare shore/highland coast) settlement sites. A magnetic levitation rail route for high
speed inter-settlement travel would be a logical adjunct. MMM
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PART I: Lunar Asymmetry as a Clue to the “Origin Question”
FARSIDE PART 1 By Peter Kokh

To many of you in your teens, twenties, even early thirties, the “Farside of the Moon” conjures
up no special images. You’ve always known (or have been able to look up) what that face of our satellite
forever averted from Earth looks like. However, for those of us who came of age well before 1959, the
term “Farside” will forever carry a lingering thrill of mystery. For all of mankind’s history up to that
point, now one had ever seen, even vicariously, the back 41% of the Moon that its elliptical orbit-locked
rotation kept forever out of sight from Earth-bound vantage points.

Speculations, of course, abounded, with little to limit them. The most popular and grating mis-
conception was that the “far” side was synonymous with “dark” side. However, these outfacing lunar
precincts are equally blessed with the alternating relentless glory of solar was shaped like some
pushed-in deflated beach ball, folded in on itself, so that with the foundations of the rear face up
against the roots of the front face, the back was some enormous hollow holding atmosphere, water,
life, and of course, a mutually unsuspected and unsuspecting civilization whose differences from our
own were left to one’s fancy. In contrast, most scientists and educated laymen fully expected the mys-
tery side to look much like the familiar side, i.e. a complex pattern of lighter crater-pocked highlands,
and darker mare planes, seas of congealed lava-basalt.




[llustrations from “Planetary Science: a Lunar Perspective” by Stuart Ross Taylor, pp. 266, 267, 346]

Suddenly, on October 4, 1959, two years to the day after the orbiting of Sputnik | - the Soviet
probe Luna 3 in an equally epochal feat, returned the first crude low-resolution photographs of the
previously unknown hemisphere which showed at once that while this newly revealed hinterland of
Earth’s faithful; orbit-mate had the familiar elements of lighter highlands and darker plains, the pro-
portions were startlingly different, and unsuspected. While the basaltic floods cover a major portion
(37%) of the hemisphere that charms Earthbound lovers, creating the “man-in-the-moon” naked eye
visage, these lava upwellings have pooled in only a few small and scattered basin bottoms on the aloof
side, making it far less photogenic.

At first, no one could suggest a plausible reason for such a surprising variance. But further
probes revealed some salient facts. First, the Moon was not all that round. Rather it was slightly egg-
shaped with the pointy end facing Earth. Second, the Farside did have great basins just like those on
the nearside: the South-Pole_Aitken basin is considerably larger than the familiar Mare Imbrium, the Sea
of Rains. But these basin were largely “dry” - not flooded with post-impact upwellings of lava. So these
basins are categorizes as thalassoids - “sea-like”rather than maria - seas. Only a few basins-within-
basins are thinly and irregularly covered with mare-like floods. (I like to call a small, irregular, and iso-
lating pooling of mare-like deposits a diluvium [plural diluvia ] from the Latin word for flood.

Further orbital data eventually suggested a partial explanation. On the Earth-facing side, the
lunar crust is perhaps 60 km (37 miles) thick, whereas it averages closer to 100 km (62 miles) thick on
the private side. Thus the molten magmas of a younger lunar interior had further to go to reach surface
release.

Why this crustal different? In the absence of hard data from Apollo or Luna sample-return mis-
sions to substantiate any answer, the prevailing wisdom is that the farside crust must be substantially
less dense in composition and unlike the nearside highlands it superficially resembles, so as to float
higher above the underlying mantle.

It is pardonable that public and private curiosity, driven as they are by the notoriously short at-
tention span of the media, did not allow follow-up sampling missions to these regions to fill in the
pieces of what remains the great puzzle over the origin of the Moon. Is the Moon a breakaway daughter
of the Earth? Or is it a stunted sister, having evolved side by side from the onset of planet formation?
(the pacific basin is much too young to represent a “scar” of such an event.) Or is it a successfully
wooed spouse, born and bred elsewhere in the Solar System?

The substantial differences in chemical composition between the lunar and terrestrial crusts
seems rule against the first two suggestions, while a successful capture scenario has never been devel-
oped to support the third contention. A recent hybrid offering attempts to solve both constraints. Ac-
cording to this hypothesis, the early still-forming Earth was hit at just the right angle by a “Mars-sized”
planetesimal (how can anything “Mars-sized” be “~esimal”?) vaporizing a significant portion of proto-
Earth’s pristine crust, the volatile elements escaping in the process to account for the chemical differ-
ences (the Moon’s crust being generally volatile-deficient) and the heavier refractory elements recon-
densing in Earth-orbit to form the Moon. This new thesis is gaining widespread currency and might be
called the Eve theory (i.e wife from husband’s rib.) | propose we call the suspected “Mars-sized plane-
tesimal” Velikovsky. Apparently we are now to believe such billiard-ball events respectable, so long as
they are surmised to have occurred in conveniently early eons!



| remain unconvinced, for two reasons. First, in the absence of plans (except by the World Space
Foundation) for probes to Sun-hugging Mercury that could answer the question, | feel that Mercury’s
crustal composition may be similarly volatile-depleted and bear a far closer match to Lunar element and
isotope abundance patterns than the above hybrid thesis can explain. Second, the new impact residue
theory leaves totally unaddressed the reasons for the great font-back hemispheric topographical and
crustal symmetries in the Moon that were pointed out above.

Rather | would offer instead that this nearside-farside asymmetry is an accident of capture, an
encounter with an aboriginal Earth satellite retinue that remain undigested because the Moon was al-
ready far along in its differentiation and consolidation at the time, being perhaps the one last major
planetesimal forming in Mercury’s orbital domain that instead of being assimilated to the quicksilver
planet was ejected from its orbit by Mercury in a close flyby pass, the action-reaction relic: Mercury’s
present atypically high orbital eccentricity and inclination, not to be expected so close to the Sun.

In the absence of contraindicating Mercury sample-returns to disabuse me of this notion,
| believe that the new desiccating-vaporization-splashout myth of lunar origin has severe weaknesses.
To boot, few question Mars’ capture of Phobos and Deimos. MMM

MOON SPORTS By Peter Kokh

One can easily think of non-team sport activities that might work well on the Moon: gymnastics,
swimming, road rallies, etc. But you can scratch sailboating, sky-diving and other such outdoor sports.

Physical Constraints on Moon Sports

But what interests me here are the possibilities for spectator team sports. On the Moon, “sixth-
weight” (1/6th G) will allow balls to bounce higher and travel farther (though, middoors, air resistance
will have its customary effect) and at the same time reduce players’ traction, maneuvering, and braking
abilities, all while momentum remains quite “Earthlike.”

Promising and not-so-promising models

Even with a greatly deadened basketball, for example, the game as we know it could not be
played. The bounce, even if restrained in height, would be slower, and players could not dart about the
court as easily, dribbling in slow motion. Baseball, Football, Soccer, and Hockey would be similarly af-
fected. Rather than produce caricatures of familiar and beloved sports, it would be better to start fresh,
and invent substitute sports from scratch.

Better candidates for adaptation, serving as a point of departure for “designer Moon Sports”
might be handball or racquetball, or its exciting distant Basque relative, Jai Alai (pronounced Hi-a-lye)
[a game like handball, played on a walled court with a hard ball, popular in Spain, Latin America and
parts of the United States (Florida); pelota. The ball is caught and thrown with a curved wicker basket
fastened to the arm - World Book], but without the parimutuel trappings. For lunar adaptation, the side
walls could be thick one-way glass, allowing spectators to sit behind.

Table tennis or ping pong, bowling, and such small-field sports as lawn bowling, croquet, and
miniature golf might work well enough, but these are not substitute for the big spectator sports. What
can we do now, here on Earth, to help give future lunar settlers a head start in this direction?

We would need to simulate lunar conditions. An awkward and certainly unworkable “game plan”
would be to do so by tying carefully metered helium balloons to athletes’ arms, legs, and torsos to
simulate reduced weight and traction along with undiminished momentum. A much better idea is com-
puter simulation, in which all the effects of sixthweight on traction, acceleration, speed, bounce, trajec-
tory, braking, etc. could be taken into account. Gaming rules would certainly be affected. Side walls
could be as important as the playing field or court customarily considered. All the elements of a pro-
posed game must be varied: number of players, type of ball and/or other equipment, dimensions, rules
etc. until a computer simulation resulted that promised exciting, ever interesting and gripping play.



On Earth, we have already taken preexisting games as points of departure and created new
sports which bear only a curious relationship to their design ancestors, Thus, English Rugby is a distant
precursor of American Football and English Cricket of American Baseball. On a hunch, I'd recommend
any would-be Lunar contact sport designer would do well to consider Rugby for inspiration.

Income-generating sports telecasts

The goal is a number of sports well-enough designed not only physically but in game play to
excite spectators and keep them coming back, resulting not only in whole new sections in the Guinness
Book of Records, but in heightened Tourist Lure! The “Saturday Wide World of Sports” TV show would
have to change to “Wide Worlds of Sports” as telecasts of Lunar sporting events to Earth become com-
monplace and finally bring home to “Joe 6-Pack” in his Earthbound armchair that, yes, the “world” has
expanded to include new turf.

Such telecasts could be a source of considerable income to the settlements, adding in both
royalties and purchases of commercial time for sponsors. And here and there will be the young Earth-
ling who will crave to try these sixthweight sports, which he/she can now only passively watch, kindling
in them the first ardors of a yearning to join the settlers someday. MMM

MMM #10 - November 1987

Pioneers’ Lunar Astronomy Quiz

QUESTIONS

1. How many square degrees are there in the sky?

2. Our stellar coordinates are based on Earth’s equator and axial tilt. This is too home-world-
chauvinistic a system to take with us to the Moon and beyond. Using celestial coordinates based in-
stead on the ecliptic, the plane of the Earth’s orbit around the Sun, is also chauvinistic but would be
acceptable to astronomers on the Moon since the Moon shares that plane. But anticipating man-
kind’s spread beyond Earth-Moon space into the Solar System at large, what coordinate system do
you think a “Union of Solar System Universities” might adopt?

3. Has any astronomy been done from the Moon?

4. Who was the “Father of Radio Astronomy?”

5. What is the north “Pole Star” of the Moon?

ANSWERS

1. 4 1 steradians or square radians. A radian is 67° 17’ 44.80624” so this works out to 41,253°2
(square degrees.) This encompasses all vectors. If you are situated on a planetary surface, half of
this (20,626.5 square degrees) is underfoot and half “in the sky” i.e. above the horizon.

2. The orbital plane of Jupiter, inclined to “our own” “ecliptic” by 1° 3’. Not only is Jupiter the largest
and most massive planet, but close to 75% of the angular momentum of the entire Solar System, Sun
included, lies in Jupiter’s motion in that plane. That would make Jupiter’s ecliptic the logical standard
for the whole Solar System. Transposition of coordinates, thanks to computers, will not be a big deal.

We already transpose our own to keep up with the precession of the equinoxes as the points in the
sky at which Earth’s poles aim rotates in a circle around the poles of the ecliptic over many millennia.

3. Charles M. Duke IlI, an astronaut on the Apollo 16 mission to the Descartes region, became the “fa-
ther of lunar astronomy”: when he took astrophotogaphs of interstellar gas clouds and of the ultra-
violet halos around some galaxies (April 21, 1972.)

4. In the early 1930s, Karl Jansky, ayoung radio engineer at the Bell Telephone Laboratories, concerned
about the ever-present static that is part of radio reception, detected a very faint but steady noise
that could not be traced to any mundane source, and concludes that it came from space. By 1933 he
had pinpointed the direction of the source. It lay in Sagittarius towards the center of the galaxy. He
received little recognition before his death.

5. Zeta (z) Draconis, a 3.2 magnitude star some 600 LY away. [see chart] This is also the north polar
star of the Sun and of the entire Solar System [read: Jovian ecliptic) and as such is the center of the



circle traced in the heavens by Earth’s north pole as it precesses through a circuit every 25,750
years (Polaris just happens to be our Pole Star during the present period.) Thus z Draconis is “the
pole of our pole” so to speak. Perhaps in time Zeta will be appropriately renamed “Zenith Draconis”.
And at the opposite pole is the Large Magellenic Cloud (Nebecula Major) at “Nadir Doradus.”

ESSAYS IN “M” Focus on Farside
By Peter Kokh
M is for Means of Transportation to and from a Farside Astronomy site.

Powered portions of rocket (suborbital or not) landings and ascents to and from the lunar sur-
face, ought not to be allowed in line-of-sight from a Farside Radio Astronomy installation in order to
avoid interference. Instead “Farport” ought to be located at the end of a surface road from the radio
telescope facility at least ten or more degrees away and around the Moon’s curvature [c. 200+ mi or
300+ km]. It might be best to locate Farport inside the farside zone which is within line-of-sight of the
L4 and L5 Lagrange points at all times, say within 35° of the central Farside meridian. Then communi-
cations too would be routed via-surface cable to Farport before being relayed to/from the S.E.T.I. tele-
scope facility.

M is for Monastery.

Despite serious inroads both by the age of skepticism and by the current preoccupation with
self-fulfillment and self-gratification, a small hard core population remains drawn to contemplation-
with-service, free from the burden of life’s many distracting hassles. Such persons offer a psychologi-
cally stable manpower source that could be tapped for support of personnel at outlying lunar bases and
installations (such as an isolated Farside Radio Telescope Installation pursuing the Search for Extra-
Terrestrial Intelligence) where a full-spectrum-city-life is unlikely to develop. While they might not re-
produce their numbers, neither would they come for limited tours of duty. They would certainly find the
“atmosphere” congenial to their way of life.

Here in deep Farside, with Earth never above the horizon, with telecasts from Earth blocked by
the Moon’s own mass, and with the Milky Way unimaginably brilliant in the nighttime skies, will be an
ideal site for a monastery tasked with the S.E.T.l search.  ###

FARSIDE Part Il. The Ideal Site for Frontline Astronomy
By Peter Kokh - http://www.asi.org/adb/06/09/03/02/010/farside.html

A popular theme of science fiction has long been the idea of using the Moon, and particularly
the lunar "farside", as a platform for astronomical research. The advantages the Moon offers over to-
day's orbital satellite astronomy are considerable:

1. Shielding over 50% of all vectors (2 p steradians ), and with it, halved exposure and vulnerability to
cosmic rays, flares, and micrometeorites

2. Greatly reduced radiation coming from particles trapped in Earth's magnetosphere and Van Allen
Belts

3. Vastly reduced vulnerability to the swiftly multiplying trash-belt of cavalierly discarded space junk,
a trend which, if not soon reversed, will eventually render LEO orbits unusable

4. A rotation rate 400-500 times slower ( 0.5 degrees or 33 arc minutes per hour versus 240 degrees
for the typical LEO-sited facility, and with it the possibility of long exposure times of up to two
weeks or more, extreme stability, and long integration times

5. Ease of access for maintenance and changeout of equipment
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6. Low 1/6th g which will be a mechanical plus in comparison to both 0g and 1g and which will allow
very large instruments and which also serves to scavenge dust out of the environment very rapidly
(not so in the "Sargasso sea" environments of LEO, L4, and L5.)

These advantages over LEO facilities are available anywhere on the Moon. Even for radio astron-
omy, the Earth presents a far smaller cross-section and can conceivably be baffled out-of-sight, espe-
cially since Earth's position in any nearside sky remains fixed within libration limits of a few degrees.

Radio astronomy has been at the forefront of astronomical research for more than two decades.
At first very crude in its resolving power, integrating arrays of radio telescopes can now achieve angular
resolution and detail that optical astronomers can only drool over. But the problem arises with interfer-
ence from man-made radio and TV signals which make for poor listening even as Earth's thermally
shaky atmosphere makes for poor seeing for optical instruments. The idea, long a favorite in science
fiction, has been to put radio telescopes beyond reach of such interference on the far side of the Moon.
Here we can best listen to the "music of the spheres" from natural astrophysical processes and, some
hope, from intelligent species, if there are any out there trying to make their presence known.

FARAF - Farside Advanced Radio Astronomy Facility

Not just anywhere on Farside will do, however. Not only should such an installation be closer to
the equator than the lunar poles, so as to cover as much as possible of both celestial hemispheres, but
it should be in the shadow, not just of Earth-direct transmissions but of indirect relayed transmissions
from the L4 and L5 Lagrange areas, 60° ahead and behind the Moon respectively in its orbit about the
Earth, where the Moon's version of synchronous communications satellites will be placed.

Line-of-sight exposure to L4 and L5 encroaches 60° or more (if "halo" orbits are used) on
each flank of Farside thus ruling out such otherwise ideal sites as Tsiolkovsky crater, Mare Orientalis,
and Mare Moscoviensis. Rather, only a central "orange-slice" between 155° E and 155° W ought to be
considered, restricting outposts to 25° either side of the central Farside meridian, 180°. And a treaty or
convention may be needed to prohibit the use of the L2 Lagrangian position behind the Moon for any-
thing but intermittent tight-beam transmissions on a non-casual emergency basis only. Laser-based
communications relays via L2 to Farside points are a possible substitute. If such alternative communi-
cations systems cannot be developed, it may be necessary to make Deep Farside off-limits to home-
steaders except at, around, and in support of FARAF.

We have already mentioned some mare/diluvium-floored Farside locations that must be ruled
out. Highland type sites abound, of course, and the ivory-tower ideal site at 0° latitude (the equator)
and 180° E-W is on highland terrain. However, this would limit us to highland-sourced building materi-
als and rougher topography than would be available at a highland/mare "coastal" or "near-shore" site
which would offer the advantages of both kinds of soil and terrain. Further, mare-like areas will be
vastly superior for such extended installations as a Socorro (NM) type Very Large Array or even for its
design-archetype, the "Cyclops" Array.

Unfortunately, there is no such mare/ coastal site anywhere near dead-center Farside. The site |
suggest is northeastern Mare Ingenii (variously translated as the Sea of Engineers or the Sea of Ingenu-
ity) centered about 168° E and 32° S. While this location is further south than one might wish, it will still
allow full coverage of the entire Milky Way and such important nearby galaxies as M31 (Andromeda) and
M33 (Triangulum). Bear in mind that, on the Moon, the apparent celestial equator will more nearly coin-
cide with the ecliptic -- the plane of the sun and path of the major planets.



Left: dark basalt floored Tsiolkovsky stands out. Right: flat-floored Thomson Crater
The view of Thompson / Mare Ingenii is towards the south, opposite the orientation of lunar maps.
Mare Ingenii is located at the “antipodes” of the impact center of the Mare Imbrium basin which is
the largest basin on the Moon’s Nearside. The area has a vestigial local mini-magnetosphere, proba-
bly an artifact of the plasma that flowed around the Moon in all directions to this location from the

Mare Imbrium impact. This mini-magnetosphere might offer some feeble protection for astronomical
instruments from the solar wind.

Mare Ingenii is incompletely and thinly covered over much of its expanse with mare lava sheets.
The best flooding conveniently occurs in the large (70 mi = 112 km) Thomson Crater in the ENE part of
the Mare Ingenii basin. This is surely the ideal site for the next generation VLA (Very Large Array), a "Y"-
shaped array of movable, tracked, steerable radio telescope dishes that can provide significant resolving
power, working in concert. Ancillary smaller outlying installations for further image integration over
longer baselines could be placed at convenient Farside sites outside our "orange-slice" preserve. (It
goes without saying that a competing free space array anchored in L4 and L5 with a baseline of about
400,000 miles (643,000 km), should also be built and teleoperated from central Nearside.)

On Thomson’s north crater rim are some small deep craters that might prove suitable for a large
unsteerable Arecibo-like dish, appropriately scaled up as far as the reduced lunar gravity will allow. Nor
need our Mare Ingenii-Thomson site be restricted to radio astronomy. Dedicated optical/infrared ob-
servatories concentrating full-time exclusively on the two Magellanic Clouds, the major companion sat-
ellite galaxies of our Milky Way, lying at (LMC) and near (SMC) the lunar celestial south pole and always
above the horizon from our proposed FARAF site, are a logical adjunct.

What about the supporting settlement itself? Not only will astronomers and technicians be
needed, but also support personnel to grow food and maintain the life-support systems, in short a
whole community of eventually some hundreds. And what about a name for the place? Thomson City?
Or tired, stuffy names related to the history of radio astronomy or SETI such as Marconi, Sagan, Jansky,
Spielberg, or New Socorro? Personally, | would like to see something more suggestive of the special vo-
cation of this unique settlement such as Sussuri (Latin for 'whispers', i.e. of the stars) or simply Stella-
rum (Latin: 'of the stars').

Sussuri would have a very distinctive ambience. Earth would be out of sight and out of mind.
The sunless fortnights would be dominated by the Milky Way in spectacular unrivaled brilliance. The
whole mentality would be outward-oriented, astro-empathic, in tune with the stars (and any supposed
intelligent species circling them). A major hobby will be brainstorming end-runs around the restrictions
imposed by the speed of light and the shortness of human lifetimes.

The psychological distance of Sussuri from Earth and its flesh-pot distractions will be far greater
than any physical quarter million miles. For some, not all, of course, Sussuri could be a stimulating
place to live out one's twilight years. MMM
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LIVING IN THE “BOONDOCKS” CAN BE RELATIVE!

RURAL LUNA By Peter Kokh

If the Moon, all 14.5 million square miles of it, is not "rural,” what is? To be sure, the first
beachhead bases will be preoccupied with doing Lunar Science and successful demonstration and pilot
plants for the production of Liquid Oxygen from the fine lunar soil. Such footholds will hardly amount
to small "hamlets".

But upon first expansion, the Moon bases will concentrate on feasibility demonstrations of vari-
ous forms of lunar-sourced construction; they will then proceed to the manufacture of a spectrum of
building products for use locally, in Earth orbit, and in Mars orbit. Leveraging on these beginnings, if
we make a serious effort to fully diversify on-Luna manufacturing to exploit the LEO and Mars markets,
then one or more genuinely urban biospheres will arise.

So back to the question: given this incipient "urbanization" of one or more lunar sites, will there
be any room on the Moon for homesteaders who prefer more elbow room and looser ties to civilization?

Well beyond the outskirts of "The City" (until there is more than one, locals may not pay much
attention to proposed proper names), there may be a growing number of mobile nomadic science /
prospecting camps searching for economically abundant concentrations and deposits of useful ele-
ments that exist only in taunting traces in the soils around The City. If such lodes are found, new set-
tlements may be founded to mine and ship them to urban factories or to render them into marketable
products on the spot. Depending on the market for such products, the new site may remain a rural vil-
lage or grow to become a rival city. Bear in mind that rich concentrations of specific ores are not to be
expected on the Moon except in a few Sudbury-like astroblemes, relics of the impact of particularly
mineral-rich asteroids. On Earth, most ore deposits have been laid down in multi-million year long
episodes of hydrotectonic leaching, a process probably unique to Earth and lo in our Solar System. But
there are different soil types: highland soils, and a variety of mare soils deposited by successive epi-
sodes of lava flooding. Further, some crater central mountain peaks may be upthrust mantle material
such as relatively denser pyroxene. The prizes will be useful concentrations of copper, platinum, lead,
etc., all of which are unlikely.

Both underneath sites well known for the reddish glows of TLP (“transient Lunar phenomena")
and elsewhere (where there are no 'leaks') there may lie deep underground pockets of unreleased
volcanic gases or volatiles. No matter what their composition, detection of these reservoirs will likely
lead to new homestead locations. Particularly harvestable water ice and / or carbon dioxide ice deposits
(when mixed they are called 'clathrate’) will call for at least temporary encampments as well.

Thus a number of lesser towns or even rival cities may develop, all feeding the local lunar econ-
omy, which in turn supports ventures in LEO ( Low Earth Orbit ) and in the Mars PhD area, and sooner or
later in the L4 / L5 locations. Roads will be built apace, and along them, at intervals, will be needed
way stations that support road maintenance, refueling, vehicle repair, closed life support system re-
charging, flare shelter, inn-space, food, first aid, communications, etc., and probably serving not only
travelers and truckers along the main routes, but off-road excursions for tourists, prospectors, and sci-
entists.

Where the beaten path takes a long detour about some obstacle such as mid-mare wrinkle
ridges, rilles (ravines that have resulted from collapsed lava tubes), or sand scarps, for example, is it
not plausible that entrepreneurs might build bridges, fjords, or cuts and rightfully establish tolls for the
shortcut they provide? Here and there, the run-of-the-mill lunar scenery ("once you've seen one crater,
you've seen them all" is far from the truth) is relieved by some exceptional vista e.g. the Alpine Valley,
the crater rims of such unique beauties as Aristarchus, Copernicus, Theophilus, and Tycho come to
mind; such spots may support tourist inns.

A site along the east or west limb (90° east or west) will afford monthly Earthrise and Earth-set
(caused by libration resulting from the Moon's eccentric orbit about Earth). The Earth will rise a few de-



grees clear of the horizon and a fortnight later be a few degrees below it, affording "twin skies": half the
time a picture-window postcard scene of the Earth-kissed horizon, half the time (with Earth out of
sight) the Milky Way will fill the sky with a brilliance we can only imagine. Here, especially along preex-
isting roads, would be a good spot for a honeymoon motel or a get-away-from-it-all retreat house, etc.

But not to wax too romantic, there will be dampening facts of lunar life. Firstly, to insure that
there is a sufficient economic basis for such rural locations, a lunar authority would do well to license
them, restricting them to minimum intervals depending upon current traffic volume projections. Sur-
vival without traffic support will be far, far more difficult than it is on live-off-the-land-friendly Cradle
Earth! Applicants or applicant groups for rural openings may well have to bid for them, based on skills,
abilities, talents, financial resources, and experience. At first the niches for such rustic rooting will be
few, but they should grow exponentially as the multi-site economy expands and diversifies.

Secondly, hermitages and single family mines, farms, or inns, etc. may be both unsafe, and un-
endurable. The reason is that unlike on Earth, where we all share the same biosphere, on the Moon,
each city, town, village, hamlet, camp, and isolated homestead must be a biosphere unto itself. And the
smaller the biosphere, the less stable, less diversified, and less satisfying the sustenance it affords. Un-
less you and yours are stoics content to live on chlorella and algae mush, there will be a certain minimal
size to any such isolated biospheres. To support a bare minimum exchange of service functions and
division of labor as well as menu variety and social outlets, the village-sized, or at least hamlet-sized,
island of humanity will likely be the smallest the Moon could support. As in lunar towns and cities,
individual residences, greenhouses, workplaces, etc. will all be interconnected by pressurized passage-
ways to afford the convenience and safety of integrated biospheres.

And you thought the Moon would be the ultimate get-away-from-it-all! Best head for some of
the less settled areas of good old Cradle Earth! Qur challenging gray neighbor may have room enough
for small towns and villages, but the antisocial need not apply.

Such rural settlement as does occur will undoubtedly provide opportunity for diversification of
food crops, meat animals, ornamental plants, and specialized arts and crafts. Separation combined with
ingenuity and diverse mineral endowments will suggest unique feature products for which the town or
hamlet may someday be renowned. Certainly, a rural subculture will arise. Radio, folk song and dance,
and country ballads, as well as its own special etiquette, brand of hospitality, and “ways' will instantly
distinguish lunar rustics from city people. But they will share the Moon, a common bond which will set
them uniformly apart from Earthsiders. The future of both urban and rural Luna will rise or fall to-
gether.

For the city dwellers, the existence of a number of rural communities will be both a safety valve
and a constant source of cultural cross-fertilization and enrichment, as all Lunar citizens seek to
continue their acculturation and adjustment to their new host world. The adventure should not be
boring. Peter Kokh April 1988

What better way to traverse “rural luna” with minimum disturbance of the terrain from
a high perch where you can best see the moonscapes at their close-up best from a Spider,
or all by oneself in this go-anywhere motor “squirrel cage.”
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in & out of
Lavatube Habitats

The weight of a column of water
20 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 & layer of oil, lighter than the
water, keeps the water from
boiling away into the vacuum,
while a heated hood keeps the
surface warm enough so that
neither oil nor water will freeze.

|— 30m=100ft —|

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

INDUSTRIAL USE VACUUM-PRESSURE TRANSIT OF PRODUCTION ITEMS IN FULL

OR PARTIAL GRAVITY, (REAL OR ARTIFICIAL) WITHOUT VENTING OF AIR
LIQUID AIRLOCKS 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) re-
mains. 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 produc-
tion 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 pres-
surized 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 manufac-
ture in a vacuum but which will be used in the interior of the settlement. Metal and glass items are pos-
sible 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 in-
stances. Very real losses of nitrogen, especially, but also of oxygen, can be avoided and vacuum degra-
dation prevented, by the employment of such a liquid airlock system in well chosen cases. Two prob-
lems 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 up-
port 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 economi-
cally 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 constitu-
ents: 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 ther-
mal capacity is high. This, together with its expected economical lunar-sourcability will make it the in-
dustrial coolant of choice (instead of water/steam) for many lunar applications, possibly nuclear reac-
tors 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 con-
sidered, 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 den-
sity, 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 (15’0 229 (7’57
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 descend-
ing 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 invent-
ing (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 atmos-
phere 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



MAIL to MMM: The Moon’s Atmosphere

| have been following MMM’s debate on the use of nuclear power on the Moon. There seems to
be the assumption that because there is no sensible lunar atmosphere, there never will be. Once we
come to stay, however, that could change. The natural lunar atmosphere weighs about 10 tons, with a
replacement and loss rate of about 50 grams per second. Most of it consists of solar wind particles en-
joying a brief rest before rushing off again, and radioactive decay products such as radon waiting to be
photo-ionized off into space.

Humans will probably be far messier than that. Gasses from pressure hull leakage, regolith
processing, rocket exhaust, etc. will outstrip natural sources by several orders of magnitude. Unless
we're exceedingly careful, the natural atmosphere would soon be merely a trace element in a man-
made one that will be thick enough to stop the solar wind and some UV from reaching the surface. Un-
der those conditions the lower portions of this nouvelle atmosphere will be protected from the main
loss mechanisms and the stay time of typical air molecules may rise from weeks to millennia.

The future history of the Moon’s atmosphere is hard to predict, depending as it does, on human
activity and on the unknown absorptivity of the lunar surface. | don’t suppose the air will ever get thick
enough to tempt one to go outside sans spacesuit, but there will be enough, someday, to require ap-
preciable changes in lunar hardware and operations. A thousand years from no, Earthlings may look up
to see not only the lights of lunar cities, but also the ruddy, oxidized disc of a deeply tanned man-in-
the-moon.  Joe Suszynski
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/,»"’ . : 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
Arerican Lunar Society in 1938-89.

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

AN AMATEUR LUNAR TELESCOPE DESIGN

Note: electronic ways to channel a telescope image from a scope on the surface to a comfortable view-
ing 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 tele-
scope 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.

access
hatch (HABITAT)




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 tele-
scope 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

Earlierthan
you think

Lunar
Overflight

LUNAR OVERFLIGHT TOURS By Peter Kokh

To be honest, it will be a long time before you can go to your local (or any other) tourist agency
and book a two week tour on the Moon. Even after we have returned to Sol Il B to set up permanent
bases and installations, even after actual settlement has begun, facilities for tourists will be a while
coming.

All the same, within a decade of the start up of tours to LEO (Low Earth Orbit), flyby "overflight"
tours out to the Moon will begin. All the talk of micro-gravity processing aside, the real gold mine in
space may well be tourism, once new vehicles bring access costs down. Now there is simply not that
much of a jump from tours to LEO to following in the trajectories of Apollos 8, 10, and 13 which took
three crews out to the Moon without landing, as in the classic novel by Jules Verne. In brainstorming
ways to bootstrap an economically profitable return to the Moon, would-be entrepreneurs should not
overlook the comparatively low threshold to lunar overflight excursions.

Perhaps you think the prospect of paying good money for a lunar odyssey sans 'Moonfall' would
be too much of a tease and disappointment to attract much business? Read on. We offer this future
fiction scenario set 20 years from now in 2008.




My Flight on the A.F. Jules Verne
Space Fiction By Simon Cook

The sleek "silver sliver” of our Boeing 808B Columbiad gently eased of f the rocket sled trolley that
served as its 'first stage' at the end of its track at Jose Marescal Aerospaceport just north of Quito,
Equador and began its streak for orbit. (At 9500 ft. elevation and smack on the Equator, Quito had be-
come the first civilian gateway to space, serving both the Americas. Similarly advantaged, 8600 ft. high
Nairobi fills the same need for Europe, Africa, and western Asia. The third gateway, serving East Asia and
Australia is Singapore whose sea-level handicap means smaller payloads and fewer passengers to orbit.)

Within the hour the Columbiad pulled up to the new Orbitel SupraTropicana, owned jointly by the
three gateway aerospace-lines (Equatoriana, Aerospace Kenya, and Singapore Aerospacelines), Terre-Lune
(say tehr' loon") Excursions Ltd., and Motel 6 ("the only luxury you want to pay for is the view"). At 1000 km
or 600 miles up, the SupraTropicana is the highest orbiting of all the man-rated orbital facilities yet built.

This avoids the need for periodic reboosting caused by the drag of the tenuous upper atmosphere,
but the real rationale behind the orbit choice is that folll-owing a zero inclination equatorial orbit, the
guests of the orbitel would otherwise see only a narrow swath of the Earth below, repeated over and over -
a slice through South America, Africa, Indonesia, and lots and lots of water. But at this higher altitude, at
least the entire tropics lie within the orbitel's horizons.

A few hours in the SupraTropicana calms us down from the excitement of the boost up from Quito,
and allows us to get our space-sickness medication adjusted. We all enjoy enjoy the Olympian view.

The 36 tourist class passengers and the 12 crew class (we get a fare break for one time service as
ship personnel, after a bit of training, of course) are welcomed aboard Terre-Lune Excursions’ flagship, the
A.F. Jules Verne, by its permanent staff of two, the captain and first officer. This arrangement (a crew
class in which paying passengers assist) drastically cuts overhead and allows TLE Ltd. to offer more for the
money. At these prices, that's a must!

The Jules Verne is quite a ship. The 'A.F." stands for aerobrake ferry. A ferry is any spacecraft
capable of plying a regular route without, however, ever landing anywhere. It is meant for space alone. Being
equipped with an aerobrake means it can return from deep space and use the friction of a low-angle graze of
Earth's upper atmosphere to shed enough velocity to skip back out neatly into the desired orbit. As the
aerobrake apparatus weighs a lot less than the extra fuel, the ship would otherwise have to carry for decel-
eration, an A.F. has more capacity for cargo and passengers, and that after all is what pays the bills.

She is a beauty -- once you come to appreciate the elegant efficiency of her design! She looks un-
gainly next to the Trans-Atmospheric Columbiad and does not at all remind one of the great spaceliners con-
jured up by "Sci-Fi" writers.

At the 'bottom’ is the gentle curve of the wide aerobrake shield which has shutters that open to
expose the exhaust bells of the rocket engines. [ILLUSTRATION below]

Above the aerobrake, are the engines, fuel tanks, and the umbilical tether-cable reel and winch. On a
platform above all this sit two of the three cylindrical habitation units or ‘habules’ (the initiated simply call
them 'cans') built by Occupod and brought up on the Hercules Heavy Lifter. One of the habules is a sleeper-
lounge whose name plaque reads Moonlight Sonata. The other is the diner-lounge with the pretentious
French name (no reference to the cuisine!) La Vache Sautante (say la vahsh' soh tahnt') (“the jumping cow").

Above and nestled between these is the third habule, an observation-lounge named Claire de Lune
("moonlight") with roll-top shutters over vista windows along its topside, used during the lunar over-flight,
and petal-shutters over the end cap windows which offer views of the receding Earth and approaching Moon
on the way out, vice versa an the way back. (Why the ship cruises sideways you'll see shortly.)



(the “A.F. Jules Verne" -- a rough conceptual sketch)
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Letter home continues

Concourse between the three habules is via a triangle of pressurized passageways at either end, the
modest bridge being attached to one of these. So this gives you some idea of what the JV looks like during
power mode, during the lunar overflight in which it is upside down to afford the fullest view, during aero-
brake maneuver, or buttoned up for flare protection, aerobrake tfowards the Sun. But this only covers a few
short periods.

For most of the three day cruise out to the Moon, ditto on the way back, the ferry is in cruise mode.
The habule-bridge complex is then released from its platform, while remaining attached to it by a tethered
harness attached to the ends of the observation-lounge (the top one on the stack). The complex is then ro-
tated so the bottom two habules are furthest from the aerobrake-engine-tank complex, and the tether is
reeled out a couple hundred meters, while the thrusters on the engine complex start the counter-weighted
system slowly rotating at a rate that provides 1/6th gravity enough to make the passengers and crew com-
fortable and at the same time give them all a chance to experience what being ‘on' the Moon itself would be
like, vicariously. On the return, however, with the lunar experience behind them, the tether-split ferry spins
the first half of the return at a rate twice as fast to give all a foretaste of Mars, and finally spins up to full
Earth-normal gravity to ease their adjustment going home.

Hot-racking is the rule on board, no exceptions. Each berth must be shared by two passengers in
rotation. Morning people like me, those who find getting up easy if not altogether a joy, sleep first from
16:00-23:30 hours ship time. We can retire as early as 1430 but must vacate the berth promptly so the



crew class passengers can get them ready for the next shift, the night people, those who find getting up
distasteful. They have the berths from 24:00-07:30 but may tarry till 09:00. (A surplus of either 'morning’
or 'night' people is handled first by volunteers and then if necessary, by a draw.) From 08:00-15:30 every-
one is in either the diner-lounge or the observation lounge. Ship time is set so that the periods when every-
one is up coincide with departure from LEO, the lunar overflight itself, and the final return approach to
Earth. Time-sharing the facilities allows the ship to carry twice the number of passengers it could other-
wise handle, or to put it another way, charge only half the exorbitant fare it would otherwise need to show a
profit.

Terre-Lune Excursions Ltd. goes all out to provide a real 'lunar experience' and I do mean all out.
Providing 1/6th G on the way out is only part of it. No opportunity to enhance the atmosphere is overlooked.
The three habules are all furnished with materials that the early lunar settlements should be able to fabri-
cate from the soil. This even goes as far as the color scheme: only those coloring agents, metal oxides and
ions, that the early settlers will be able to extract economically are used. Furnishings are thus mostly of
glass-glass composites (Glax™), sintered iron, ceramics, softened by crudely processed cotton, and fiber-
glass fabrics. Except for ceramic glazes, stained glass and green plants provide most of the color. This de-
cor is called 'Lunar Dawn' in Terre-Lune's promotional brochure. (One of the crew class passengers is a
settler-recruit who cheerfully explains all the options open to the settlers in adapting to their chosen home-
to-be; naturally, I spend a lot of time plying her with questions.) Add the 1/6th gravity, and those on board
are getting a very genuine preview of life in the early settlements. And you thought all we were paying for
was an up-close view of a monotonous expanse of cosmic splashprints! But more about that later.

I should say something about the food in La Vache Sautante diner. Even here an opportunity to set
the stage is seized. When tourists signh up for a cruise, they are all given a list of available food items and
asked to check their preferences and preferred combinations and to select from a list of menu items ac-
cordingly. Only those food items that an early settlement might expect to raise in its own farms are in-
cluded on the list. So the variety available excludes all the more exotic choices to be readily had on Earth.
Chicken, rabbit, or cavy for meat and that only as an accent, talapia for fish, a half dozen vegetables and
fruits, some herbs and a little in the way of spices. Beverages include only water, vegetable and fruit juices
and a few simple fruit juice-added seltzers and herbal teas. But this limited selection gives a healthy and
balanced nutrition and variety enough. Now the ship cannot stock to meet every combination of whims. So
each passenger, for each meal gets to order (and check off the list) only from the food he/she has preor-
dered before boarding. Towards the end of the cruise one's selection becomes limited to what is left. The
wiser passengers reserve some treats for last.

Even the games and reading materials aboard are in a form reproducible by an early colony. Now to
be sure, some of this 'lunar experience’ could be reproduced on Earth, but out here with no distraction or
escape, plus the low gravity, the total effect is intense.

Finally, after three full days previewing the lunar frontier, we are approaching the old girl herself.
Our anticipation is high. This is, after all, the climax we paid for. Slowly, the thrusters despin the tether-
split ship and the spring loaded ftether reels in our habule bridge section. Once back together and secure
and gravity free, the ferry turns so that its top, the still-shuttered vista windows in the ceiling of the
observation-lounge are kept Moonwards.

As it happens on this particular cruise, the Moon is between the Earth and the Sun, or 'new’ and the
nearside is dark. Once we are almost opposite the limb and the Sun is off to the side, the shutters open just
in fime as we approach the sunset terminator now over Mare Orientalis, the great bullseye basin on the
western limb. We are still about 800 miles above the surface at this point, but the long evening shadows add
dramatic relief to the wider field of view below. Farside is fully illuminated for overflight. What a treat!

But T am getting ahead of myself. Before the shutters are opened, those of us who want a filtered
experience are fitted with special heads-up display helmets, a spinoff of military technology thanks to es-
pionage which had made continued classification of the technology a joke. These smart helmets scan both
the field of view and the direction of the eye's focus and then neatly yet unobtrusively appear to overprint
on the lunar landscape the names of whatever features catch your attention for more than two seconds. The
heads-up display also gives the estimated ages of the more prominent bright-ray craters we see, as these



fascinating features are far younger than the rest of the 3 1/2 to 4 billion year old surface. With the hel-
mets to provide information, silence is requested and expected during the overflight. Yes, pointing is al-
lowed!

A few refuse the helmets. They want to be fully absorbed in the raw experience of the awesome
magnificent desolation of the lunar terrain below (or is it above?). Terre-Lune encourages direct observa-
tion, that is to say they discourage preoccupation with photography. The ferry's own cameras are making a
very complete record of the whole overflight and can be pro-rammed to pay particular attention to pre-
specified features. Videos and slides and prints of this coverage can be purchased from the company for a
low fee. Cameras are allowed but we are urged to use them to record on board life, and to keep them shut-
tered during the overflight itself.

We pass over the Mare Ingenii-Thomson crater area where robot rovers are even now surveying the
site for the proposed Farside Advanced Radio Astronomy Facility (FARAF). Someday this ferry and others
like it may be delivering electronic mail to FARAF, as a relay satellite at the L2 Lagrange point behind the
Moon is frowned on. As planned, this is the very lowest point or periselene of our overflight and we are
skimming just 50 miles above the surface. Even though there are no other clues to the scale of what we see,
you can tell we are closer by the accelerated rate at which the scene is whizzing by.

Then we pass over the what is easily the most striking feature of Farside, the crater Tsiolkovsky
with its very dark mare-filled floor and bright massive central peak. Twenty years ago, crater central peaks
were unnamed. Now they are given the first name of the person for whom the crater is named, where appli-
cable. So in this case, we are looking at Mt. Konstantin.

We have just been informed that the Jules Verne is about to launch a resupply pod destined for one
of the nearside bases. This one contains medical supplies, some requested seeds for the farms, specialized
tools, and other low weight high value items. Such cargo drops help defray the cost of our passage and per-
form an invaluable service for the pioneers below.

"All good things come to an end”, they say, and so we approach the eastern limb at Mate Smythii and
the sunrise terminator, and there above the rugged morning-shadowed horizon, Voila, the Full Earth which
so rivets our attention we forget to take a last glimpse at the moonscape below before we slip past the ter-
minator into darkness. Reminded, we now scan the inky blackness below each intent on being the first to
catch site of the beacon at Base Two in western Mate Crisium before the vista window shutters close and
we revert to the tether-split cruise mode for the ‘downhill’ coast home.

The next few hours finds a few talking excitedly, sharing their private experiences. But most of us are
unusually quiet. There is a definite feeling of anticlimax, perhaps a hint of mild depression. However, I think
the bigger part of our complex mood is simple silence, in an attempt to absorb, assimilate, and relish the
flood of visual input.

Not all cruises aboard the Jules Verne are like this one. Some are timed with either the waxing or
waning Half Moon (and Half Earth!) None are timed for Full Moon as that would mean that all of farside
would be invisible in the darkness and everyone wants to see some of that portion forever hidden to Earth-
bound eyes.

But then there are talks on Moon-Mars differences to go with the Mars-like gravity now provided
for ambiance, and we begin to come out of our withdrawal. A shipboard wedding between two of the passen-
gers certainly helps! To the familiar lilting strains of Christopher Cross's classic 'Arthur's Theme' (and its
great refrain "When you get caught between the Moon and New York City, the best that you can do is fall in
love"), it is an unforgettable moment.

The closing portion of the cruise features talks and discussions about the disturbing state of the
environment on the almost deceivingly beautiful globe slowly growing ahead beyond the petal-windows at one
end of the Claire de Lune. The captain draws our attention to subtle indications we otherwise would have
missed of growing desertification, recently clear-cut trop-ical forest lands, and heavily polluted oceanic cur-
rents. I begin to see the deeper significance in the name of the cruise line. This has been not merely a trip
‘from' the Earth to the Moon, but a rendezvous with both.

As in the cruise mode on the way out, our axis of rotation points parallel to our path. At last, still
four hours out, we come out of cruise mode spin and secure for the aerobrake maneuver, half of us in the
berth restraints, the others strapped in reclining lounge chairs. It is a nervous and tense moment for most
of us. It may be routine for the Jules Verne but every last one of us signed on green.



Suddenly the g-forces we feel ease and we free-fall back out to the Orbitel. The Boeing 808B is
still docked, awaiting out return, with no other assignment during the past week. Her crew and the staff of
the SupraTropicana quiz us with an ill-suppressed hint of envy. Yes, it's been the experience of a lifetime,
and with this sneak preview under my belt, I've lose the last of my hesitation. I am definitely going to apply
to the Settler Recruitment Office the first chance I get. I'm going to go back! MMM
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A 1988 SSI Brainstorming Workshop
FIRST EXPORTS Reported by Peter Kokh
The Team

In MMM #20 "STATION MATE" we reported and commented on Space Studies Institute’s 1988
brainstorming Lunar Systems Workshop session that addressed commercial and entrepreneurial oppor-
tunities in Low Earth Orbit (LEO). In this article we'd like to report on the work of another team at this
same workshop, this one addressing Lunar Surface Operations. The team budded a “Quick Payback”
Subgroup consisting of Edward Bock of General Dynamics, Gregg Maryniak and Rick Tumlinson of Space
Studies Institute, Robert Temple of Pacific Institute, and Brian Tillotson of Space Resources Associates of
Seattle. The group's goal was the same: 'to create one or more scenarios or business plans for the pro-
ductive use of lunar materials', guided by the “philosophy that independent, profit-making space busi-
hesses could provide a robust, non-reversible course into space.”

Goal: Identify Profitable Opportunities from robotic missions to the Moon

In particular, the Quick Payback Subgroup looked for openings for economic gain from early
precursor missions prior to actual human return to the Moon and establishment of a Lunar Base. In this
way, the path back to the Moon could be 'terraced' with economically justifiable steps that would both
guarantee and hasten the ultimate goal of using lunar resources to build a space-based civilization.

The first product or export to be gained from precursor missions would be salable information.
A three tier scenario was outlined in which the information product from one mission would help boot-
strap the next mission.

Information from Teleoperated Rovers

The first mission would entail a one-way lunar lander with a ten [metric] tonne payload to
include six small teleoperated rovers weighing four tonnes together, a two tonne pilot liquid oxygen
production plant, three tonnes of avionics, and one tonne consisting of TV cameras and transmitter, a
robot arm and hand, and a demonstration electrostatic or electromagnetic iron beneficiator.

The purpose of the teleoperated rovers is, of course, soil sampling and site investigation. But
before they are deployed to their first target assignments, 'income could be earned by a teleoperated
rover race' between individuals on Earth from companies that will have built them 'for free for the pro-
motion value', or between teleoperators who will have bid on the rights to participate in this "race of the
millennium”.

This form of prior sale will cut the costs of such a mission to $200 million about half of which
would go to Energia-class heavy lift vehicle transportation. The camera equipped rovers could earn ad-
ditional revenues by providing moving pans of lunar landscapes for movie productions and as back-
drops for commercials, with a capacity for 'live' footage.

An Ambitious Soil Return Mission Plus Liquid Oxygen Production

Plus production of glass & iron trinkets

The next mission would be more ambitious and include a 1.5 tonne sample return of lunar ma-
terial [the sum total of Moon Rocks returned by the six Apollo missions was 841 Ibs or .38 metric ton-
nes] and also a 2nd generation liquid oxygen production plant with the capacity to process small
amounts of lunar glass and iron [included in the lunar soil run through the plant] “into high value prod-
ucts for sale on Earth, such as lunar iron ‘coins’ and lunar glass ‘jewelry’.




The value of such products on a back-home market is highly speculative and depends almost
entirely on demand. The group optimistically hopes for a sustainable demand for such coins and jewelry
in the $300-500 per carat range. [By way of comparison, this is over 100 times higher than the going
rates for gold or platinum. But a check with a local jeweler gives the current (2/'89) price range for dia-
monds as $1800 to $100,000 per carat depending on quality.]

This second mission would likewise deliver 10 tonnes to the Moon, but this time, half of that
would consist of the sample return rocket. If the target $500/carat yield is realized, the mission would
earn a tidy $750 million against its cost of $200 M.

The third mission would bring up a 3rd generation LOX plant, return fuel and an aerobrake
equipped rocket. The mission's purpose would be to demonstrate the profitable return to LEO of a siz-
able 8 tonne payload consisting of LOX (liquid oxygen rocket fuel) and more made-on-Luna trinkets,
with up to $1.4 billion profit at a now slumping $200/carat.

While the payback figures hoped for remain highly speculative, the study does give much en-
couragement to the expectation that Lunar EXPORT$ can commence prior to human return.

* [Cf. FIRST STEPS TO LUNAR MANUFACTURING: RESULTS OF THE 1988 SPACE STUDIES INSTITUTE LUNAR
SYSTEMS WORKSHOP by Gregg E. Maryniak, Executive Vice-President of Space Studies Institute. The
complete report is available for $10 from SSI, P.O. Box 82, Princeton, NJ 08542.] MMM

Lunar Lander deploying
teleoperated rover.
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Pat Rawlings

FIRST SOUVENIRS$

Lessons from Mt. St. Helens
FIRST SOUVENIRS By Peter Kokh
Trash to Treasure - May 18, 1980 started out to be a day of spectacular demonstration that human
conguest of nature was but a veneer. That was the day that Mount St. Helens blew its top. In time,
however, enterprising Washingtonians put the unwanted inches of white ash that buried much of their
state to an amazing variety of uses.

To be sure, much of this ash was merchandised tongue-in-cheek. The same people who once
fell in love with cute little "pet rocks" at $5 apiece, were now lining up to buy MSH ash for "pet food" for
these critters. The ash found its way into novelty gift soap bars, ash ant farms, candles, terrariums, gag
salt, pepper, and ash shaker sets, and bean bag chairs.

Ash-filled souvenirs soon appeared such as paperweights, pens, good luck charms, hour
glasses, etc. But what caught my interest immediately was the way in which serious local arts and crafts
people quickly found ways to express themselves in this suddenly abundant ash-cheap new material.
Potters, glassmakers, sculptors, and painters all began experimenting with the stuff and producing
items of exceptional character and beauty.

Lessons for early lunar entrepreneurs



What in the universe, you ask, does this have to do with the Moon? The answer should jump out
at you. The previous article, FIRST EXPORTS, highlighted the SSI brainstorming idea that the glass nod-
ules and iron fines in the tailings from the lunar soil run through a pilot liquid oxygen production plant
could fetch a high price on Earth if turned into novelty jewelry and coins 'made-on-the-Moon'. The as-
sumption here is that the vast bulk of the ash-like soil could not be turned into comparable profits. Not
so!

'Made-on-the-Moon' Fad

| do endorse the glass jewelry and iron coin idea for an icebreaker lunar enterprise since the
'made-on-the-Moon' aura will definitely add extra market value to the extraterrestrial origin of the ma-
terial itself. BUT the artistic quality of such 'machine-made’ trinkets and the number of people who will
want to pay the price both work to limit the potential of this gambit.

Lets See What Earthbound Artists & Craftsmen can do with Moon dust & rocks

This “Junior Chamber of Commerce” effort should be immediately followed by a bi-world enter-
prise in which a group of human artisans commissioned by the venture company fetching the lunar soil,
would turn the common 'Moondust' into objects of more genuine beauty, right here an Earth. The price
of their works could be kept high by the simple device of using the Moondust as an accent, a garnish,
an ingredient adding striking character to objects the bulk of whose materials are Earth-derived, The
results would be nonetheless authentic and certified LUNAR SOUVENIRS. To illustrate:

- Moonscapes created with lunar soils of various shadings in an earthly glass—glass sandwich
(wall-art, jewelry box lids, pendants, votive candle glasses etc.)

Fine terrestrial glassware (bridal registry quality or prestige barware) with etching like pat-
terns made with lunar fines.

Decorative mirrors, clock faces, and other items made similarly.

Fine earthly china and pottery in which Moondust is used as a striking glaze accent. Lamp
bases and glass shades, candlestick holders, book ends made similarly.

Colored glass fiber combined with earth glass matrix in striking and illustrative glass-
glass composite (GLAX*) creations from paperweights in 1x4x9cm '2001" monolith style to
luxury door knobs and pulls, 'Moon-pearl' necklaces and earrings, abacus beads, and prestige
desktop name plates.

And this is just a starter. Homework can be done now, both with MSH ash and using some of the
lunar simulants available at $1/lb. The possibilities are far more numerous, the attainable quality
higher, and the market far less shallow for items made-from-Moondust-by-an-artist-on-Earth than
those made-on-the-Moon-by-machine.

[Special thanks to my sister Mary Wegmann and to Jack Estes both of Peninsula College, Port An-
geles, Washington and to Carla Rickerson, head of the Pacific Northwest Collection, University of Wash-
ington Libraries, Seattle, for their research assistance and suggestions.] MMM

MMM #23 - March 1989

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). Signa-
tures 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 rego-
lith 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 micro-
meteorite bombardment, a very slow process taking some 10 million years to thoroughly ‘garden’
the upper first centimeter.

@AS-ECAYENE

Waste-not, Want-not: Available Byproducts of Soil Moving
GAS SCAVENGER: By Peter Kokh, based on these sources:

1 Lunar & Planetary Institute, Houston and Research School of Earth Sciences, Australian National Univ.,
Canberra. pp. 147-169.

2 "Water and Cheese from the Lunar Desert: Abundances and Accessibility of H, N, and C on the Moon"
by Larry A. Haskin, Dept. of Earth and Planetary Sciences and McDonnell Center for the Space Sci-
ences, Washington Univ., St. Louis, MO.

The powder-like dust of the lunar surface is a housekeeping scourge. But this same fine grain
texture carries with it a fringe benefit that more than makes up for any nuisance factor. It was one of
the biggest surprises of the Apollo Moon Rock studies to find that this pulverized soil had been acting
like a sponge soaking up the solar wind for four thousand million years. While the lunar rocks and soils
themselves are extremely dry and deficient in volatile elements (those which melt and vaporize at rela-
tively low temperatures) there are plenty of these elements both adsorbed to fine grains and trapped in
minute cavities and pockets within soil particles.

Particles from the solar wind, from solar flares, and from cosmic rays, each leave characteristic
traces and from these it is clear that the solar wind has been the main source of the volatiles we now
find. Other sources include volcanic fire-fountains or fumaroles and meteoritic or cometary bombard-
ment!. By all these means, the upper meters of the lunar surface has become effectively saturated. A
lunar form of fossil sunshine if you will.

Travelers in the Wind

Foremost of these guest elements is hydrogen - protons comprise 90% of the solar wind - fol-
lowed by Helium - alpha particles comprising 10% of the solar wind1. While no hydrogen has yet been
found in lunar rocks proper that gives any indication of being native and while no water or water-ice
has yet been found [as of 3/'89, eight years before the Lunar Prospector mission], the amount of ad-
sorbed hydrogen is far from negligible.

It is now estimated that there is enough hydrogen in one cubic meter of lunar topsoil to yield,
combined with lunar oxygen more than a pint and a half of water.

Extending this figure to the Moon at large, the total global regolith layer, if it could be harvested
100% for hydrogen, could yield a lake of water 10 km wide x 68 km long by 100 meters deep (roughly
6x40 miles by 330 ft. deep).2 While this is hardly an ocean full it is a surprising amount all the same.
The real question is whether this endowment can be harvested economically.

Carbon and nitrogen, which are found as traces in the rock (30 and 1 parts per million respec-
tively) are enriched in the regolith soil to 115 and 82 ppm (kg per thousand metric tons).1 Another way
of putting this is that an area mined 6m long x 6m wide and 1m deep contains as much nitrogen as an
average human body. Or consider that the amount of carbon locked up in soil organisms on Earth is




only 2.7 times the amount of carbon adsorbed to the same amount of moondust. It's just there in a to-
tally different form than we are used to finding and harvesting it. We need new methods, new tools, a
new way of living off the land.

In Earthside laboratories, gasses trapped in lunar soil samples have been released by simple
heating. Some gasses will need more heating to scavenge, others less. Further pulverizing may be
needed to release compressed gasses trapped in glass cavities and vugs (small, irreqular-shaped,
rough, crystal-walled cavities inside rocks) at pressures commonly as high as five thousand atmos-
pheres! Laboratory methods are one thing. Engineering the equipment to do the job economically on a
large scale in routine fashion is another. Here is a hardware R&D job as ultimately important as any.

While it may be true that extracting the H, C, and N in a finite amount of lunar soil could pro-

vide for all the needs of an appreciable biosphere2, the first milestone might well be the ability to
make up for all leakage losses with the gasses extracted from the soil in the everyday 'lith-moving
involved in building roads, excavating shelters, covering new habitats with shielding etc. As this
would mean that all imported H, C, and N could go towards increasing the size of the biosphere, it
would be a major step on the road to self-reliance.

What we are suggesting then is that any piece of regolith-moving equipment involved in con-
structing the various parts of the base/settlement-to-be or providing the various processing plants
with ores should routinely process all the soil it handles to harvest the gasses trapped in the soil.

This capability should be built-in. On page twelve of this issue, there is a sketch by Pat Rawlings
(Eagle Engineering) of a mobile soil harvester in the service of the liquid oxygen industry. This sketch
appears in Ben Bova's 1988 book Welcome to Moonbase. In our view, such a machine should never be
built as depicted. Scavenging soil gasses (not including the oxygen chemically combined in soil miner-
als, at c. 45% by weight) must not be an afterthought, an accessory to be added later, a luxury to be
built into future models.

Scavenging soil gasses will be an exercise in self-endowment and the settlement that does not
practice it de rigueur will not deserve to succeed. Gasses harvested in excess of the current need will
become a capital investment in the settlement's future. A lunar community that practices such gas scav-
enging will have a friendlier more at-ease attitude to its adopted world than one which, not doing so,
chooses by default to remain a stranger in a strange land.

It's hard to say what a proper gas scavenging soil mover would look like. A lot depends on
whether it is practical to do at least a first sort of the different gasses into separate tanks on the spot,
possibly attached to sequential heating chambers, or whether this task is best done in a fixed plant. If
the gasses can be stored compressed, the soil mover can do more work before unloading full
tanks and taking on empties. Is anyone working on such a gadget-mobile? We would be surprised.
The Noble Gases

As to the noble gasses (chemically inert, not reactive with other elements) each cubic meter of
'lith contains an average 20 grams of Helium, 2 each of Neon and Argon, 1 of Krypton, and a milligram
of Xenon. The extent to which these gasses can be economically extracted from the soil may well de-
termine which form of lighting bulbs and tubes it will be most feasible to manufacture on the Moon
using the highest possible 'lunar content'.

Will neon lighting, presently under-going a tremendous renaissance in this country, play a major
role in illuminating as well as decorating lunar habitats? When a settlement reaches a certain viable size
it will pay for it to provide for its lighting needs by self-manufacture so this question is not an idle one.
The Implications

There are strong implications in all this for lunar city-planning. Contrary to the usual vision of
lunar settlements in which personnel are limited to cramped quarters sardine-style, our future lunar
sodbusters engaged in routine gas scavenging may find it profitable to construct more square footage
of habitat and more footage of pressurized passages and roadways per person. As avoiding cabin fever
will be harder than on Earth, this may be the only way to sustain general mental health and morale.
Lower density living brings with it lessened vulnerability to impact damage, and a larger biosphere mass
per inhabitant i.e. "MM Manifesto!" MMM



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 ex-
tracted 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 composi-
tion. 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 tra-
ditional 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 al-
ready been made. Alas, creatively enterprising environmentalists are about as common as woolly mam-
moths.

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 min-
ing of the loose topsoil at almost any coastal site, as such areas have access to both the higher alumi-
num 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, phospho-
rus) deposits will have a special advantage.

The ore company, let's call it Ore Galore Inc. or OGI, 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. sec-
ondary) building products, furnishings, etc., will have a much lower priority for OGI. The lunar entrepre-
heur, 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 op-
portunity 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 composi-
tions 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 an-
other. 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 us-
ing 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 re-
golith 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 re-
quiring 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 lo-
cated and accessed**. If not, the choices will be either to discard calcium with tailing piles being char-
acteristically 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 refus-
ing 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] - http://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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LAVA TUBES By Peter Kokh
In the event that the citizen-funded* Lunar Prospector 1 finds no indications of ice deposits in
permanently shaded (permashade) craters near the Moon's north or south poles, there will still be some
debatable pluses for siting a base near one of the lunar poles along with a litany of disadvantages. What
then?

On many occasions, we have stated that a mare/highland "coastal" site makes the most sense
because it allows access to both major soil types on the Moon, important if we want to make intelligent
use of lunar resources. Such coastal sites frequently come endowed with topographical features of
enormous potential advantage: lava tubes and sinuous rilles. Indeed, the most important site advantage
for a base designed with settlement expansion potential uppermost, will be close proximity to accessi-
ble lava tubes.

Our evidence for lava tubes on the Moon is threefold, and though indirect, quite strong. The
first evidence is the existence in many mare areas of sinuous rilles or valley channels such as Hadley
which was investigated by the Apollo 15 mission. These are typically hundreds of meters across and
deep and can be a hundred or more kilometers in length. Our best explanation for these features, one
now generally accepted, is that they represent collapsed lava tubes. (Rilles bear none of the water-flow
signatures so marked in Martian valleys).

The second evidence is the existence of chains (catennae) of rimless craters, often oval in shape,
in several mare areas. Our best explanation for them is that they are collapse pits following along the
top of a lava tube whose ceiling is within 40 meters of the surface, and with intervening stretches still
intact. Finally, we find at least one "interrupted" rille, Hyginus, in which the interruptions appear to be
intact lavatube sections, "bridging" the rille here and there.

There are many terrestrial examples of lava tubes, admittedly on a far smaller size scale (the
considerably higher gravity on Earth being the determinant here) for example in the lava flow sheets
covering much of Oregon and wherever the lava upwelling has had an especially low viscosity such as
the Panhoehoe flows that have built up Mauna Loa/Mauna Kea (the Island of Hawaii). Lava tubes on
Earth are typically 10-40 meters wide and high and may run several kilometers in length, and as a rule
with a very gentle gradient. Their floors are sometimes flat (often with mid-floor channels handy for
utility emplacement), sometimes strewn with rubble from ceiling spallation. We are only beginning to
realize the extent of the honeycomb network of such tubes on the Big Island.


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

Our evidence that the lunar maria were formed by very low viscosity lava flows is substantial,
and based both on compositional analysis of the mare basalt samples returned and the topography of
the very flat flows themselves. Relatively high titanium content may be a factor in this fluidity.

While all those tubes of which we currently have evidence lie near the surface, it is totally
groundless to conclude, as most writers seem to have done (we know of no exceptions), that this is the
extent of their domain. On the contrary the morphological evidence is quite conclusive that the various
mare areas have been built up by a succession of flows, each typically hundreds of meters thick.

Total mare fill thickness can be deduced from the size of subsequent crater impacts that have
'bottomed out.' In the case, for example, of western Mare Crisium (Pierce, Piccard) this thickness must
be two km. or more. Another indication is the size and extent of ghost rim craters on the mare (e.g.
Yerkes in western Crisium, Prinz on the Mare Imbrium/QOceanus border). Thus Mare Smythii which con-
tains many such features, must be comparatively shallow.

Lava tubes in all probability radiate out from the source(s) of lava upwellings in one successive
sheet above the other. Accordingly, some, subsequently filled or not, must lie quite deep and present a
considerable challenge for detection and an invaluable especially pristine resource if found.

Some writers have suggested emplacing lunar bases within lava tubes. While it will be some time
before we can afford to seal and pressurize even the smallest of these voluminous features, there are
less ambitious ways to make use of them for initial bases or settlements. The Society's Oregon chapter
has taken the lead in illustrating the very real advantages of near-surface intact tubes both for original
siting and for subsequent base/settlement expansion, going so far as to carry out dry-run exercises
with area Young Astronauts in suitable (but much smaller scale) lava tubes in the Bend, Oregon area
east of the Cascades.

Lava tubes provide constant temperature volumes (about -4° F, -20° C) free from the hazards of
micrometeorite bombardment, cosmic rays, ultraviolet radiation and solar flares (allowing lightweight
inexpensive 'pressure suits') and thus ideal for warehousing and volatile storage (water-ice and gasses),
expansive garaging space, and siting automated or teleoperated manufacturing facilities and laborato-
ries that do not need, or even work best without, pressurization. Lightweight inflatable structures, per-
haps of Kevlar, that do not need their own shielding overburden can provide whatever pressurized con-
trol centers or habitat spaces that are needed.

Access can be by a shaft through the ‘roof’ for freight and personnel elevators, utility conduits,
even entry for sun-shine concentrated and funneled by heliostats on the surface. It is, moreover, hard
to conceive of a safer and more secure environment in which to emplace a nuclear power facility than
an isolated section of lava tube.

As these features have already lasted 3.5 to 4 billion years (limestone caves on Earth are likely to
last a few million years at best), and will outlast all existent terrestrial features without exception, a
lunar lava tube might well be recommended someday as the best site in the entire Solar System to
house some future grand archives and museum of all humanity. By the same reasoning, if you will par-
don a little fun speculation, there would have been no better site in all the Solar System for ancient visi-
tors from elsewhere who happened to have arrived millions, even hundreds of millions of years prema-
turely (from our point of view) to have left a calling card of sorts that would survive for as long as need
be to be found by some as then barely conceivable native intelligent species (us). As such, lunar
lavatubes have been aptly dubbed "attractors of alien artifacts."

Given the way they were formed, lava tubes may provide the best hunting grounds for future
lunar gem collectors. At any rate, there is a future for lunar spelunking, although it will be quite a bit
different from limestone cave exploration in karst regions on Earth.

The cost of providing access to an intact lava tube pales in comparison with the cost of provid-
ing comparable volume by any other method of base construction. So while at least the first residential
and agricultural areas will likely be excavated or built in covered trenches, Lunar Industrial Centers built
in convenient lava tubes will have an enormous advantage over those that are not.

Our recommendation:

The National Space Society should consider raising funds for further studies of the existing pho-
tographic records for evidence of near surface lava tubes. Research into the best non-photographic
methods of ferreting out such features from orbit also should have very high priority and if task-
appropriate instrumentation can be devised, strong advocacy of a so-equipped follow-up probe in the
Lunar Prospector series is in order.



* [When Lunar Prospector finally flew, some eight years after this was written, it was NASA who picked
up the tap. Lunar Prospector was the 2nd outside mission to be picked up by NASA as part of its Dis-
covery Mission Opportunity program. All attempts at private funding had failed.]
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At ISDC 1989 in Chicago over the Memorial Day Weekend, the Lunar Reclamation Society “Think Tank”
MiISTAR team [Milwaukee Space Tech & Rec(reation)] 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, ob-
stacles 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 round-about 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.

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'etre [reason
for being] as potential sites for human presence. The Moon is seen by most everyone as a dull monoto-
nous 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 tradi-
tionally 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, a rille is an exca-
vated foundation just waiting for construction!

In “Welcome to Moonbase” by Ben Bova (1988, Ballantine), Eagle Engineering's Pat Rawlings de-
picts 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. Conse-
quently 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 have].

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 famil-
iar 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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Above: A cross section of the 2-level Rile Bottom Settlement and its basic architecture

So Where is Prinzton, Anyhow?

Prinzton lies in the rille within the red box. The 50 km, 32 mi wide mare-fllledd crater Prinz is in the
foreground
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MOONGLOW By Peter Kokh [Based in part on a telephone Interview]

"T.L.P." - Transient Lunar Phenomena - could include any visible phenomenon on the Moon
that has a fleeting existence, e.g. markings not previously seen and soon gone. in practice, however,
the term is used to pigeonhole the hundreds of sightings of short-lived unusual glows, flashes, and
(pink or red) colorings that have been observed by many. These happenings, however, have been seen
to occur at only about two dozen sites on the Moon, a short list indeed when you consider the thou-
sands of craters and other features covering the nearside alone. The conspicuous crater Aristarchus
(brightest spot on the nearside) heads the list in the number of TLP events recorded. A distant second is
Alphonsus near the center of the lunar nearside. Copernicus, Tycho, and Proclus are some of the other
well known craters on this short list.

In this country there is a small but dedicated band of TLP watchful kept energized by David O.
Darling, a member of the American Lunar Society and the Madison Astronomical Society. He lives in Sun
Prairie, Wisconsin about ten miles NE of Madison. He became interested in TLP vigilance while observing
the Moon during an "Earthshine" event in May of 1979, more than ten years ago. "Earthshine" or "ashen
light" happens near the 'New Moon' when only a thin crescent is visible lit by sunshine, but the rest of
the disk is visible in a dark ruddy color, the feeble reflection off the Moon's night surface from the
nearly 'Full Earth' in its sky. (The Full Earth observed from the Moon is bout 60 times as bright as the
Full Moon appears to us!) During Dave's May 1979 observation, Aristarchus began to glow so bright,
you could pick the crater out with the naked eye. The phenomenon, with ups and downs, lasted about a
half hour, a typical lifetime for such events. Dave has watched with dedication ever since.

About two years ago, Dave agreed to head up the TLP Watch program for the American Lunar
Society. He has some 14 others in this country who regularly report to him, though some need 'encour-
agement'. He is looking for additional collaborators. Of greatest help are the strong ties he has estab-
lished with a group that really has its act together in Great Britain, headed by Peter Foley of the British
Astronomical Association. David and Peter are frequently on the phone, trading alerts, endeavoring to
verify and corroborate sightings on both sides of the pond.

It doesn't pay to be on the watch for these tantalizing and mysterious events just anytime the
Moon is visible, says Dave. Under full illumination by the Sun, any such color and brightness changes
would simply be lost in the glare. Thought to be caused by outgassings (Radon so far is the only gas



whose spectrogram has been positively identified - by the Soviets, in Alphonsus), TLP events might well
occur at other times without being visually observable.

In fact, however, sightings seen to be more frequent during Earthshine (with favorable phase
angles) when the Moon is also halfway between apogee and perigee (hinting that tidal stress trigger).
Events also cluster at peak Sun activity (causing outgassings to glow or fluoresce).

TLP watchers gear up for lunar eclipses too. Sudden flashes sometimes occur during eclipses
and may be due to electrostatic discharges from the sudden fall in temperature during the event.

As exciting as it is to experience one of these events, the real gratification comes when one's
sighting is independently corroborated by others in the TLP network. Recently, Dave saw a darkening in
the prominent bright ray crater Proclus (just west of Mare Crisium) and this was corroborated by several
others. In the Apollo days, NASA worked closely with L.I.O.N., the Lunar International Observing Net-
work, and a number of Earthbound TLP observations were also witnessed by Apollo astronauts in orbit
on the command modules. The astronauts also reported occasional fleeting flashes as they orbited over
darkened portions of the lunar farside.

The Soviet spectrographic observation is not the only instrument reading corroborating these
visual sightings. The British obtained photometric (light level) verification of the ups and downs in the
glow of Aristarchus during the 1989 lunar total eclipse. One of the three canceled Apollo missions had
been targeted to put down in Aristarchus. It would have been equipped to chemically analyze any out-
gassings that took place during its stay and after, for the life of the instruments. Of the three could-
have-beens, this was surely the most tragic loss.

It is rather interesting to speculate whether besides radon, other more economically useful gas-
ses might be involved, possibly bottled up in large reserves. The Moon itself is extremely poor in easily
gasified volatile elements, and finds of gas reserves that had collected out of the molten magma below,
and had worked their way up through crustal cracks towards the surface, could make a big difference in
the pace of lunar development. Radon itself is not an original endowment, but comes from the slow ra-
dioactive decay of thorium and uranium, both of which are well represented in the lunar crust.

Even though the rocks and soil are 40-45% oxygen locked in chemical combination in various
minerals, the Moon is still under-oxidized. The telltale clue here is that there is much unoxidized pure
iron (not ore) in the form of fine particles in the loose soil, free for the gathering with a good magnet.
This could never happen on Earth. And that portion of iron which is oxidized as ore, is ferrous (one
atom of oxygen to one of iron) not ferric (three atoms of oxygen to two of iron - the usual case here).
Thus carbon dioxide, a major component of terrestrial volcanic gasses, is far less likely on the Moon
than carbon monoxide. But economically tapable pockets of CO would be very important as a source of
carbon which might otherwise have to be imported at greater expense.

Pros leave the patient and time-consuming TLP watch to amateurs, but this is not because they
are disinterested. Darling keeps in touch with Dr. Cameron at U. of Colorado's Astronomy Dept. But the
UC telescopes are usually booked up, unavailable for sighting confirmation.

* Darling edits and distributes his newsletter “MOONGLOW?” free to a short list of persons truly dedi-
cated to vigilant observation. Anyone interested in participating in this work can link up by contacting
David O. Darling.at: 416 West Wilson St., Sun Prairie, WI 53590]
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Above: a “Ramada” (RaeMAHeda): Spanish, a free-standing canopy providing shade from the sun, com-
mon in U.S. southwest cf. Ramada Inn. lllustration © 1990, Milwaukee artist Dan Moynahan.

“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 function-
ing of the base as a whole - or likely patterns of growth and evolution - received attention, it is an in-
evitable 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 rela-
tively 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. ['Ra-
mada" 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 expo-
sure.

Such ramadas might be attached to various base structures themselves, in an analogy to awn-
ings 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 "re-
deployable" 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 earli-
est 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 de-
velops, 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, includ-
ing 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 sci-
ence 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 shel-
tered;

(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.]
= A R

BUTT-SAVERS IN THE OUT-VAC

FLARE SHEDS 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 pro-
ject 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 re-
verses, 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 ra-
diation belts maintained by the Earth's own magnetic field, and then by our atmospheric blanket. None-
theless, 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 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.O.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 ade-
quate during solar flares, especially when the Sun is at a low angle over the horizon. Ports in the storm

will be welcome.
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FRINGE BENEFITS OF INTENSE LUNAR SUNSHINE
SOLAR WEATHER By Peter Kokh

Most of the pluses of cloud-free access to the undiminished strength of sunlight on the Moon
are too obvious to need listing. The key words: heat, electric power, light, photosynthesis. On several
occasions we've also mentioned a solar benefit easily overlooked: the considerable endowment of gases
adsorbed to regolith fines (pulverized upper soil blanket) from four eons (billions of years) of bom-
bardment by the weak but incessant Solar Wind.

["Helium-3" & "Gas Scavenger" in MMM # 23 Mar '89 - republished in MMM Classics #3]



In this writer's philosophy, anything whatsoever has only assets. Apparent liabilities are just
that, appearances things have when one's outlook isn't right: when our knowledge is incomplete, our
assessment immature, our attitude is not quite "game."

The usually cited liabilities of the Sun's unbridled stellar fury as it lashes the Moon are these:
intense raw ultraviolet radiation and "fortunately rare" deadly blizzards of ionized particles traveling just
below the speed of light, originating in solar flares. Our bias suspects both of being assets in disguise.

Might we not quit brooding about the dangers of UV exposure for naked flesh and plant matter,
long enough to investigate whether or not this area of the solar spectrum has any potential as an in-
dustrial tool? Surely there is incentive enough to pursue the question!

For there is a seemingly endless litany of chemical and industrial processes routinely used on
Earth, often with unwelcome side-effects, that do not lend themselves at all to lunar application. Either
they involve materials that are too expensive to make available on the Moon, or they would soon be le-
thal in the unforgiving, tightly closed, quickly cycling mini biospheres we'll need to cradle our existence
on our barren neighbor. Given these strictures an our activities, discovery of more Moon-appropriate
forms of processing would be rather welcome.

On Earth we're addicted to "improving" and/or "disguising" surfaces of various materials with
coatings and/or chemical treatments that would be taboo for one reason or another on the Moon.
Looking for alternatives, we might ask what would be the effect on various alloys, types of glass and
ceramics etc. of various lengths of exposure to full-spectrum ultraviolet? We have no idea, but shouldn't
someone endeavor to find out? (Full-spectrum UV is not yet naturally available on Earth but give the
Ozone hole time to grow!)

Through the use of suitable resists or stencil overlays, could some types of glass and some al-
loys be etched and/or textured? If so, could this become an art and craft method as well as a manufac-
turing process? If satisfactory fiberglass papers or scrim can be developed, could we print-impregnate
this with oxides that would "develop" given raw-UV exposure?

Perhaps these ideas are farfetched idle musings of an armchair chemist. But we would be sorely
disillusioned if some happily serendipitous results didn't come out of an honestly far-ranging set of ex-
periments. Will the tests on the LDEF (Long Duration Exposure Facility) finally retrieved this past De-
cember by the Space shuttle Columbia, carry useful clues? Undoubtedly six years of raw-UV exposure
has done its work on the LDEF trays, but it may be difficult, if possible at all, to sort out these various
effects from the smothering and masking corrosion expected from orbit-altitude atomic oxygen.

We have already suggested [MMM # 31 Dec '89 "Ventures of the Rille People” Part V.B. Hydroe-
lectric Storage System?] that the well known germicidal and bactericidal effects of raw-UV be put to
work in waste water treatment. (Glass filters out UV but quartz panes let it pass through.) Raw ultravio-
let may also play a role in food processing and preparation. Its tissue-destroying ability might be har-
nessed as a fine-honed tool in various other ways such as "sun"-printing cotton, leather, and jewelry
woods. Raw ultraviolet can be reproduced in Earthside labs and, with proper safety precautions, the fun
of exploring such possibilities can begin now.

With so much of today's sophisticated processing techniques unsuitable for use in lunar condi-
tions, the settler economy will need all the help it can get. Investigating the effects of raw full-spectrum
ultraviolet on the likely stable of lunar materials would be a good start. The opportunity to put solar
flares to work will be quite sporadic. But there will be ways to turn that liability into an asset also.

MMM

Moon Minine & Common Eco-SENSE

By Peter Kokh

The multi-thousand-year-long record of human mining activities on our home planet will surely
be enough to convince even the most bribe-prone galactic bureaucrat to deny us required permits to
extend such resource extraction efforts off-planet. In default of such red tape, it is left up to us to
judge and police ourselves.

With mines come huge ugly piles of useless barren tailings and scarred landscapes slow to heal,
streams poisoned with acid run-off, and legions of workers with dust-racked lungs. The record gives
pause to those considering opening up pristine eco-vulnerable Antarctica for development of its legen-



dary mineral wealth. Should it not also give pause to those who look with such high expectations to the

plains and rolling highlands of our serene gray neighbor, the Moon?

The salient points to remember are these:

(1)The Moon's mineral endowment has been minimally differentiated or locally concentrated and is
thus distributed rather homogeneously, by Earth comparisons, in ores that are extremely poor by our
standards. There will be no reason to fight over deposits or jump another's claim.

(2)There is no reason to believe that richer deposits lie buried deep beneath the already pulverized re-
golith blanket that covers the entire surface to a depth of some 2-5 meters. In effect, countless an-
cient meteorites by their bombardment have already "pre-mined" the surface for us. There is no
need for open pit mining.

(3)As to what does lie deeper, the central peaks of the larger craters represent upthrusted material
from several kilometers below - sample and source enough should we need it. There will be no need
to deep tunnel the Moon.

(4)In the absence of atmosphere, any and all dust 'kicked-up' by our various activities, has nothing to
suspend it above the surface, and is quickly purged from the near-surface vacuum by the Moon's
light but effective 1/6th gravity.

(5)Tailings, the unwanted residue after resource extraction, will be visibly indistinguishable from the
source material. Tailing mounds will blend in with the moonscape, and if preferable, can be raked
back over the surface. The only clue to an area's having been mined will be a telltale absence Of mi-
nor craterlets. Tailings should usually be minimal, nonetheless, since more than one resource will be
extracted leaving little more than the proverbial squeal of the pig.

[See "Tailings" in MMM # 23 March '89 - republished in MMM Classics #3]

(6)Fluids and gases used in the extraction process such as water, hydrogen, hydrofluoric acid, chlorine
etc. must be brought from Earth at great expense. So resource extraction cannot possibly be accom-
plished economically unless ways are found to recover and recycle these reagents almost totally
(read 99%). There will be no mass leachate drainage into the environment.

(7)Even in the case of accidental spills of reagent leachings, there is no lunar ground water to pollute
or spread the problem. Spills will remain localized and it will be an economic imperative to recover
as much as possible. (

(8)Miners, if you can call them that, will not be breathing atmosphere in contact with the regolith they
are processing. Health concerns will instead focus on minimizing accidents and exposure to cosmic
rays and rare solar flares.

(9)As to housekeeping activities of miners themselves in their shielded habitat warrens, they too must
recycle and conserve religiously [see "Saving Money on food in Space" - elsewhere in this issue]. They
will assuredly be acutely aware that living immediately "downwind" and "downstream" of themselves
in cradling mini-biospheres leaves scant room for eco-carelessness.

As long as private enterprise - carrying the baggage of the almighty "bottom line" - is the agent
in question, you can rest assured that sheer economic necessity will work mightily to prevent 'eco-
nonsense' on the Moon. The real danger would come with government leadership and its deferrable ac-
countability.

When you hear or read someone express alarm at prospects for developing the Moon, remember
these points. A good response with this as with any challenge: "That's just what | used to think - until |
looked into the matter further!"

MMM

MMM #39 - October 1990

Moon MiNING & Encineering REALITIES

By Peter Kokh
In an article in the June 1990 issue of the Engineering and Mining Journal with the title
"Moon Mining: should we boldly mine where no one has ever mined before?"
Earl C. Herkenhoff, P.E. raises several points about the very logic of moon-mining. His tone is blatantly
hostile.




The writer's principal point is that (to his knowledge) our survey of the Moon's mineral wealth is
so incomplete that it is highly premature to be discussing what we can or cannot extract from it, and
certainly premature to be spending hard scarce cash on studies as to how to go about doing it.

Our response is that while admittedly our mineralogical survey is far from complete, the wide
equatorial swath 'read' by orbiting gamma ray spectrometers on board Apollo Command Modules the
last three missions, coupled with the six widely scattered diverse surface sites actually sampled by our
astronauts and the three additional sites sampled by the automated Soviet sample-retrieving missions,
gives us high confidence that what we've seen and sampled is representative of the Moon at large.

Herkenhoff insults NASA geologists and their carefully supervised astronaut proxies when he
speaks scornfully of "only a few pounds of v/ “grab samples” “snatched” from the surface of the Moon +/
at only “a tiny spot” on the surface where the landing craft was set down."

It's clear that the writer hasn't gone even the first mile in trying to objectively understand what
we were trying to accomplish during Apollo.

The granted exception to this is the absence of sampling and orbital readings near the lunar
poles leaves open the possibility that permashade cold traps in deep near-pole craters may contain
volatile resources which have been ruled out elsewhere. On this very point, vis-a-vis the possibility of
finding water, the writer betrays his shallow study of published lunar findings by speculating that more
thorough prospecting might find hydrates as fixed water in igneous rocks. To the contrary, we are now
quite certain that the Moon formed hot and dry and that none of its volcanoes or fissures spouted any
steam and that its great lava outpourings were also quite dry.

The writer shoots his respectability in the foot when on the one hand he complains that our ex-
ploration has not been thorough enough, and on the other he states correctly that the Moon is 'unlikely
to contain minerals that have been concentrated by magmatic segregation'. When he states that 'it is a
safe bet that most minerals are complex silicates' he isn't telling us any thing that we don't already
know quite well.

He also shows the shallowness of his science background when he doubts out loud how we can
be so sure that Solar-Wind-derived Helium-3 is more than a local quirk in the few tiny soil samples
studied. Surely there is no mechanism by which the Solar Wind could have deposited its largess in any-
thing but an indiscriminate way!

Herkenhoff complains that established mining companies have not been consulted about mining
methods - after he has already slipped and told us that they wouldn't dream of trying to extract any-
thing useful from such miserably low grade ores. "Even on Earth, process hydro-metallurgists would
flinch at such an assignment.”

In point of fact, established companies have been too busy getting wealthy off of Earth's much
richer ores to have bothered to accumulate any know-how that might apply to the situation facing us
on the Moon. What would be the point in listening to those whose predictable broken-record message
is "it can't be done"? We have no choice but to seek out rebels willing to try something new.

He points to the difficulty miners will face in working in vacuum and without abundant water -
surely not news to us! We have to pioneer not only whole new chemical extraction processes but engi-
neer new ways of handling the raw materials involved. You have to grant him a sharp touché', however,
when he asks how we can ever hope to do anything so difficult, when NASA can't seem to get even sim-
ple things straight these days.

Certainly no one should underestimate the engineering and chemical processing difficulties
ahead of us. Unfortunately, most space advocates betray in their butt-to- the-sofa fixed positions just
such a naive grasp of the situation. We have a fearsome amount of homework to do. NASA is not doing
it, and NSS seems to assume it will just all fall into place somehow. SSI by itself can only scratch the
surface with member-derived funds it has to work with.

Perhaps it is this all too nonchalant cocky conviction that we display in our bold scenarios for
the future that encourages this open scorn. Our dreams of the future may turn out to be on target, but
if we continue to rely on nothing more than let-George-do-it [i.e. the government] "activism", how will
we ever know?

Herkenhoff lists an impressive bibliography. It is mute testimony that he has done his homework
with prior bias in search of ammunition. [

Nb. Thanks to R. McNeil of the Willey Ley Space Society, the Chattanooga, Tennessee NSS
chapter, for bringing this article to MMM's attention!] MMM



MMM #43 - March 1991

DAYSPAN By Peter Kokh

For the watchers on the ridge, it begins with an arcing flame of light punctuating the still dark
eastern horizon -- part of the solar corona, something that the atmosphere-coddled Earthbound can
never see, except during locally exceedingly rare ‘total’ solar eclipses. The Sun’s intense disk is now
still below the horizon, but this great prominence announces its imminent arrival onto the moonscape.

Here on the Moon, the Sun rises with great deliberation. From ‘first contact’ when the first dia-
mond glint of light from the solar surface itself breaches the horizon, until ‘last contact’ when the entire
blazing disk has just cleared, the Sun takes sixty ceremonial minutes to make its entrance. For such is
the slowness with which the Moon turns on its axis to bring the Sun into view. (On the fast turning
Earth, this show is run through in fast forward so that it amounts to no more than a two minute skit.)
Two hours later, the Sun will have cleared the horizon by only a degree. It will not reach the far horizon,
1800 degrees away, for another 14 3/4 days, better than two weeks.

But already this first standard day of the new sunrise, there is a noticeable shift in settlement
activity and a quickening of its pace. Within a few hours of first light, solar panels and/or solar dishes,
and the many sun-tracking, grabbing, and channeling heliostats will have all locked on to its life- and
energy-giving rays.

The Sun is both workhorse and taskmaster for the little community. With its return, added elec-
trical power surges online. Solar furnaces melt charges of raw, or refined, regolith for the productions
of sundry items from cast basalt, ceramics, glass, and glass-glass composites or Glax™. The concen-
trated rays are also put to work sintering iron fines scattered abundantly in the loose regolith blanket,
and collected with a simple magnet, into assorted useful pieces using powdered metal technology. And
either directly through focused heat, or indirectly through electricity, industrial-strength sunshine be-
gins cracking water reserves back into hydrogen and oxygen for use in fuel cells aboard field vehicles
and, stockpiled until sunset, for reserve night-span power generation.

“Make hay while the Sun shines!” Not only does the pace of mining, processing, manufacturing,
and field activities such as construction, road building, and prospecting, rise dramatically, but so does
that of farming and home sunspace gardening. Plants emerge from their ‘subsistence diet’ of reduced
artificial lighting during the nightspan, thrive anew and resume their progress towards eventual harvest.
For most of the base personnel or settler population, the tempo of life has significantly accelerated.

More people venture abroad, “out-vac”, either for work or just for a welcome change of scenery,
excursion vehicles being the popular choice over cumbersome spacesuits. “Selenologists”, still lazily
called ‘geologists’ by their chauvinist Earth-tied colleagues, venture out of their labs to collect fresh
samples in the field.

Habitats and pressurized common spaces (the “middoors”) are flooded with soul-warming sun-
shine, thanks to the heliostats which filter out both the unwanted heat of the infrared and the harmful
fury of the ultraviolet rays. Stained glass and prisms turn sunbeams into a painter’s palette and interior
and middoor surfaces take on a new glory. Walls, finished with a cheap whitewash of CaO lime or TiO
titanium oxide suspended in a waterglass medium of hydrous sodium silicate, make an ideal canvas for
these rainbow-bright live paintings. Greenery, its verdant hues more vivid after ‘breakfast’, completes
this characteristic settlement color scheme.

Oases of park space tucked into crannies of the various food-raising areas are thronged during
free time. Schoolyard recess is imbued with renewed spirit. Those going to and from work along pres-
surized passageways lined with carefully chosen plantings seem to smile with a subtle new radiance.

Any ship carrying tourists will arrive while the Sun illuminates the area. Perhaps most of the visi-
tors will stay to experience the full rhythm of settlement life, and depart during the following dayspan
some three or four weeks later.




Long forgotten is the ho-hum grudging routine of daybreak on Earth, oft’ equated with life
before coffee. Here the Sun’s glorious presence transforms everything through and through. For the
fourteen plus 24-hour days of dayspan, the life of most settlers will be one of especially earnest indus-
triousness. In every field of dayspan-reserved activities, there will be important production goals to
meet if these brash settlers are to “set themselves up” for the quite different, but complementary, rou-
tine to follow. MMM
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NIGHTSPAN By Peter Kokh

For the previous two plus weeks, this unlikely pocket of humanity on the Moon has been a bee-
hive of activity, making use of the Sun’s heat, its life-giving rays, and its electrical generating potential,
to work through the more energy intensive portion of the long list of tasks needed to keep the commu-
nity going. For total available on-line power will drop measurably as the Sun finally reaches the western
horizon.

While the light available on the surface will remain full-strength until the final two minutes,
‘down below’ the level of redirected sunlight will have begun to taper off the past day or so as heliostats
on the surface, even arranged in purposely staggered rows, begin to eclipse one another, cutting off
solar access.

Industries dependent on harnessed and concentrated sunlight will have been located to avoid
this problem, so they can keep working on full throttle for the full duration of ‘sun-up’. Finally,
however, the great solar furnaces and turbines will be shut down and the activities they support will
stop. Those industries that depend indirectly on abundant electricity generated by solar arrays must
likewise phase down. For whether supplied by standby nukes, fuel cells, spinners, or hydroelectric gen-
erators (where rille or crater slopes allow the possibility of pumping up water surplus by dayspan to let
it fall during the nightspan), the total amount of on-line electrical power will be likely be appreciably
reduced for the fortnight to come. Industry after industry will switch gears, taking up now the rather
more labor-intensive tasks that it had strategically postponed during dayspan.

Maintenance, repairs, and changeout of equipment; assembly and finishing; packaging for
shipment; bookwork and inventory; - for many workers, it will be rather like switching jobs every two
weeks. And per-haps that will be a welcome break in the routine, an anticipated and appreciated peri-
odic shot in the arm, an essential element in sustaining personal and communal morale.

Workers who by dayspan crew those industries that do not have a proportionate list of postpon-
able energy-light labor-heavy tasks to keep them busy during nightspan, might shift to quite different
company co-owned ventures that are task-lopsided the other way. Unneeded farm workers might move
to food-processing duties etcetera. Continuing education, especially in the line of one’s work, might be
preferentially scheduled for nightspan.

The Sun now set, Lunans, temporary personnel and permanent settlers alike, will find more lei-
sure time for arts and crafts and cottage industry pursuits. Music, dance and other performing arts will
vie for attention. Now there may be more time for shopping and flea market barter. Perhaps only neces-
sities will be bought and sold during dayspan when able persons are best occupied building up export
inventories to defray import costs, and producing domestic items to reduce import demand.

Fresh new pioneer recruits may have arrived shortly before sundown. This will give them a taste
of what dayspan settlement life is like, saving more intensive orientation for the nightspan when extra
senior personnel will be freed up from other duties to devote themselves to this task.

The public spaces of the settlement - its mid-door squares, streets, alleys and passageways -
might be more crowded during nightspan with people free to linger leisurely and enjoy activities for
which there was little time the two hustling weeks before. Such places will come alive with entertainers
and soap box orators, artists and craftsmen selling their wares or demonstrating their talents and
taking in serviceable but prosaic “issue” items for customizing makeover into items of pride, hucksters
selling similar items on commission, second-hand stalls and exchanges for recyclable items, shelves of
produce harvested from in-home gardens and specialty jars of preserves put up by enterprising home-
canners - you get the idea.




Ambience provided by electric lighting can take several forms. Great electric lamps might use
those same sunshine-delivery systems slaved to heliostats during dayspan to provide periods of simu-
lated daylight each nightspan ‘day’, with subtle mood-setting lighting for nightspan ‘nights’ (night life
and sleep time).

And color? Colored bulbs as well as stained glass diffusers and dividers will be one way to pro-
vide a magically cheerful touch. A harvest of neon and other noble gases adsorbed from the Solar Wind
to the fines of the Moon’s regolith soil blanket, and recovered by heating during the routine soil-
moving processes of mining, road building, and construction, could lead to ample and creative use of
neon lights. The “Greek Isles” look of the community’s middoor and indoor spaces, in which sunlight
splashes whitewashed walls accented with luxuriant greenery, will be upstaged now by quite a different
enchantment after dark. It seems unlikely that our future Lunans will fear the night!

At last, the end of the long nightspan will draw near, and the final evening meal of nightspan
may become a special one in settler homes, filled with anticipation, maybe even ceremony: “Sunrise
Eve”! MMM

Will Lunans mark the days by the Month or by the

SULTE

THE SUNTH By Peter Kokh
It should be clear from the above pieces that the arrival of sunrise and, a fortnight later, of sun-

set will radically determine the scheduling of almost every activity within a lunar community beyond
eating and sleeping and making love. Given that most Lunan industries and enterprises must stop to
shift gears at both sunrise and sunset, it will be of no small benefit to their efficient operation to sched-
ule “weekend” breaks so that they always fall at the same time in relation to these all-transfiguring
events. As the Lunar settlement will be “under the gun” to produce enough exports to balance the cost
of needed imports, as well as enough domestic goods to minimize that import need, achieving such
smooth operation is not a goal to be dismissed .

But here’s the rub. Sunsets repeat every 29.5 days (twice every 59 days) or 12 times a year with
11 plus days left over. The Jews and Moslems have such a calendar of “lunar months” (a tautology, when
you think of it). But the Romans, while inappropriately keeping the word, altered the “month” so that an
even dozen fit in each solar year. For us on Earth, where the really significant repeaters, affecting busi-
ness cycles as well as agriculture, are the seasons whose onset is determined by our annual orbit
around the Sun, quite irrespective of the lunar phase of the moment, the solar “month” (how that
grates!) makes sense.

If the word “month” is no longer ‘honest’ for our calendrical tomes of 28-31 days, neither does
it fit the sunrise to sunrise period on the Moon itself. From the viewpoint of one on the Moon, it is the
Sun’s aspect which is significant. Hence our suggestion [MMM #7 JUL 87, p9 “Calendar”] that the term
“sunth” be coined for the purpose. Astronomers use the term lunation, but as this properly refers to the
new moon to new moon period (that is, reckoned from local sunrise at 90° East), it is not sufficiently
generic, and again inappropriately refers to the Moon, not the Sun (we would accept Lunar Solation).

Back to our question. Will future Lunans mark the days by Earth’s months or by the local sunth?
Perhaps they will use both calendars side by side, or a special calendar with dual dating. To visitors
from Earth, as to those serving temporary tours of duty with no intention of staying for the rest of their
lives, the Earth date will be the “real” date, as if our arbitrary notation were some cosmic fact. Even
“tory” settlers (those who have made the move in body but not in spirit) will feel reassured by a glance
at our familiar Gregorian calendar.

Meanwhile, not only will settlement life totally ignore terrestrial conventions out of practical
need, but both exports and imports and the arrival and departure of tourists will pay heed to the local



Sun angle (the time of sunth) rather than to the date on Earth. Business and accounting cycles for Lunan
entrepreneurs will follow the march of sunths, not months. Even those businesses on Earth trading with
the Moon will need to refer to the lunar calendar (or at the lunar phases shown on most ‘normal’ calen-
dars) to help determine shipping times.

From the 59 date sunth-pair to a full “lunar” calendar is a big step, however. For adopting a
twelve sunth year of 354 days would put Lunans out of synch with Earth. IF they decide that this is not
important, they have three basic options. A) they can simply let their ‘years’ (or ‘calendars’) advance
over Earth years without any attempt to make an adjustment, as does Islam, giving it 33 years to our
32, or B) they can add an intercalary thirteenth sunth every second or third years, as does Judaism, or C)
let the differences accumulate and add 7 extra sunths at the end of every 19th year (conveniently, there
are precisely 235 new moons every 228 calendar months). If this last option seems far out, it does pre-
sent a neat opportunity for a once-a-generation built-in period for institutional and cultural review.
Those extra seven sunths could be collectively be called “renaissance” or “renewal”.

IF keeping in sync with the year as reckoned on Earth is to be desired, sunths could be num-
bered 1 to 235, rather than named, in a cycle repeated every 19 years, while the year began and ended
in lock step with the familiar Earthside cadence.

However the solar year/sunth incongruity is handled, using the sunth to mark the timing of
events and activities within the lunar settlement will mean abandoning synchronization with the Sunday
through Saturday rhythm so ingrained in us that we assume the day of the week must be a primeval
cosmic framework valid in the most distant corner of the universe, even predating it, as some funda-
mentalists would insist. In fact, not only is the length of the day a purely Earth-local matter of no cos-
mic significance whatsoever, but the pegging of names to days in a certain suite with a once and for all
calibration, is, however traditional, 100% arbitrary. Nonetheless the week, as it has been handed down
to us, is the most stubbornly ingrained piece of our “cultural infrastructure”, and it has survived all at-
tempts to tamper with it.

Making the switch to sunthtime, if pursued in earnest, will mean pegging ‘weekends’ to this
beat, i.e. an integral 4 weeks per sunth, i.e. no leftover days, with each sunth starting the same day of
the week. But in every 59 day sunth-pair their are 3 days more than an even 8 weeks. An adjustment
can only be made by making 3 weeks out of every 8, 8 days long instead of 7. If each of these extra
days was placed to make a long weekend, and used for all holiday observances, this would provide 18
holidays a year, quite in line with American practice, but in a non-disruptive format. A “leap hour” every
six or seven ‘weeks’ would keep the 59 day rhythm from drifting, as the sunth is some 44 minutes
longer than 29 and a half days.

To avoid confusion (Monday on the Moon while it is Wednesday on Earth, at least this week etc.)
Lunans will most likely adopt a totally new set of 7(8) names. The previous MMM article alluded to
above, has some creative suggestions for the pioneers.

Another major question to be settled is whether all Lunan communities will observe the same
weekend schedule, no matter how many 12o0-wide ‘date-zones’ they lie apart from one another, or
whether local week-ends will fall with local sunrise and sunset. There are strong tradeoffs and they
must weigh and choose.

Such a culturally radical switch in timekeeping would neither be to the point on Earth, nor stand
as much chance as a snowball in a supernova. However, Lunans will be living in a workaday environ-
ment quite unlike anything ever experienced by any Earth bound community to date. For many settlers,
the need to declare cultural as well as economic independence from Earth may be strong. In some form
or another, Lunans will adopt conventions of time reckoning that pay only loose homage to our week
and month. The year will survive, however, not because the Moon shares the Earth’s orbital motion
around the Sun, but because the two worlds lie in each other’s backyard, assuring a high volume of
trade and real time communication*.

| think it will be culturally refreshing! - MMM

MMM #44 - April 1991
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Possible Unsuspected Cometary ICE Cold Crypts Below the Lunar Surface
ICE CAVES By David A. Dunlop and Peter Kokh

For centuries we've realized that the Moon’s surface was desert-dry. The first good telescopes
had shown the great dark areas hopefully called “Seas” to be really dry low-lying plains (filled with a dry
quick-sand of dust, many wrongfully supposed). We took it for granted that the Moon had formed wet,
as had Earth, and that it its low gravity was insufficient to hold on to its aboriginal atmosphere so that
its waters had been lost to evaporation and ultraviolet disassociation.

The findings of the Apollo missions and follow-up studies of their precious hoard of Lunar Sam-
ples told another story. The maria seas were really great sheets of frozen lava with the upper few me-
ters pulverized and gardened into a dust blanket (the regolith, a feature shared with highland areas).
Moreover, nowhere was there to be found any relics or clues of a past wetter epoch. There is no rusted
iron. In fact, even with a gross composition of 42-45% oxygen, the Moon seems under-oxidized. For
what iron there is, is either FeO, ferrous oxide (a less oxidized state than our common-place Fe203), or
pure iron fines. Nor are there any hydrated minerals or clays, so common on Earth. The Moon had ap-
parently formed hot and dry, quite unlike the Earth, perhaps from vaporized material cast off (but re-
tained in orbit) following a major collision between the forming proto-Earth and a smaller but rival body
forming at roughly the same distance from the Sun. Someday we may know the ‘rest of the story’ but
this is our current best solution to the puzzle.

What we have found instead, quite by surprise, is a non-negligible endowment of hydrogen at-
oms (1 ton in a football field sized area 1 yard deep - far less than in Earth’s driest desert sands) ad-
sorbed to the fine particles of the regolith ‘top soil’, apparently a gift of the Solar Wind which has been
softly buffeting the Moon’s surface for billions of years.

Some have suggested that volatile elements, otherwise so absent, could have been brought to
the Moon by comet impacts, and that some small fraction of the vaporized ices could have migrated to
permanently shadowed polar crater and fissure bottoms where they might have frozen out and been
preserved cold-trapped ever since. We have always been highly skeptical about the chances for any
portion of such ices to have come down to our day intact. Any early endowment from the age of heavy
bombardment in the Moon’s first half billion years, should have been mostly, if not wholly eroded by
cosmic rays and Moon-flanking wisps of Solar Wind, even if permanently shaded from direct sunlight.

And the fact that there is now an appreciable aggregate total area of “permashade” (estimates as
high as 250,000 sq mi), thanks to the Moon’s minimal axial tilt of 1.5°, does not guarantee that this has
always been the case. In fact there is some evidence that when the surface-shaping early bombardment
finally tapered off, the Moon was left with a tilt of perhaps 120 or more, tidal forces working inexorably
to upright it since. However the never-say-die hopes of some have been pinned on the recent Nemesis
Theory, according to which the Sun has an undetected distant “brown dwarf” substellar companion in an
eccentric orbit which has mischievously disturbed the Oort Cloud, sending waves of comets plummeting
into the inner solar system every 26 million years or so. This theory is now in disfavor, mainly because a
brown dwarf in such a remote orbit could not be a stable companion of the Sun over geologic time. And
we personally have lam-basted as incredulous the prevailing belief that episodic comet showers origi-
nate in our own Oort Cloud in the first place! [MMM #39 OCT 90 p6 “OORT FOAM™].

Yet we ardently support Lunar Prospector, an SSI lunar polar probe designed to settle the issue
by scanning polar permashade areas with a gamma ray spectrometer for three reasons. First we can’t
afford to be wrong, for such ices, if economically recover-able, would be an invaluable resource that
could well accelerate Lunar development by decades. Second, a number of lunar development advocates
are stuck on the advantages of a polar site for our first, if not our only base. Even if there are significant
icefields at the poles, a polar site would at best play an auxiliary role in lunar development, since the
poles offer access to highland type minerals only, whereas all the “coastal” sites offering access to both
highland and mare type soils are at some distance from the poles. The alleged around-the-sunth avail-
ability of sunlight at the poles is exaggerated. A negative finding by Lunar Prospector would discourage
such cull de sac planning. Third, most lunar development planners have been slow to take seriously the
nheed to design dry “Xero-" methods of processing and manufacturing, and the negative results we ex-
pect from Lunar Prospector may provide the rude awakening needed to spur work on a more realistic
track. But don’t get us wrong. We'd be delighted to have our expectations shattered by a positive find.



Yet it has occurred to the writers that there is some possibility, indeed an appreciable chance,
that vaporized cometary materials have been cold-trapped in places not exposed to the loss mecha-
nisms of cosmic radiation and solar wind gusts. The greatest wave of comet bombardment of the Moon
may have been in the formative era. But even in the past 3 plus billion years since the great impact ba-
sins were filled with runny lava, an appreciable number of comets (in episodic waves or not) may have
impacted the Moon.

The maria are not totally flat, but have a slow gradient, stepped by lava flow fronts, with highest
elevations near the source(s) of the magma upwellings. It is in these relatively higher regions of the
mare seas that we expect to find lava tubes. Very near-surface lava tubes would have collapsed, and it
is probably their relics we see in the many sinuous rilles (like Hadley, visited by Apollo 15). And we see
winding ‘rows’ of rimless sinkholes which would seem to indicate partially intact tubes a bit deeper be-
low the surface. Here and there, a stray comet might have hit the jackpot, crashing through the roof of
a lava tube and vaporizing. While perhaps most of the vaporized material would have escaped out of the
impact crater, it is possible some fraction fleetingly pressurized the adjacent segments of the lava tube
(too much pressure would only blow out the roof) long enough to freeze out as frost on its floor, ceil-
ing, and walls, at a distance where they wouldn’t have been heated by the thermal shock of the impact.
Down here, there is no exposure to cosmic rays or errant wisps of solar wind.

We may have won the Solar ‘Lottery’!
But we’ll have to wait to check it out.

If this seems far fetched, it is quantifiably less so than sustained lunar polar permashade cold-
trapping. While more total volatiles may have frozen out over the poles, they are likely to have formed
only temporary deposits. Frosts in some few ‘lucky’ lava tubes would remain at least until the end of the
Sun’s stable main sequence lifetime, several more billion years.

How could we detect such deposits? In the pre-Apollo orbital surveys of the Moon, a radar re-
flection that seemed to detect a buried layer of water or water-ice was detected over western Mare
Crisium (Sea of Crises, the conspicuous isolated round ‘eye’ of the waxing crescent moon). In the wake
of the confirmation of the Moon’s generally dehydrated state, this anomalous reading has been ex-
plained away as a probable reflection off the ancient basin bottom below the lava sheet, in an area
where it should be shallow. Yet similar shallow bottom echoes have not been noticed in other mare ar-
eas, even those known to be shallow throughout! At any rate, without ‘ground truth’ confirmation, such
a reading is but a romantic teaser, given our present state of superficial exploration.

The technical feasibility of deep-looking radar is, however, quite real. Improvements on the ra-
dar that have revealed ancient river bottoms beneath dry Sahara sands, may someday reveal the exis-
tence and whereabouts of many near surface lava tubes in the lunar basalt seas. In our earlier article
“Lava Tubes” in MMM # 25 APR 88 p4 [SASE plus 15¢ to our PO Box], we stated our belief that deeper
lava tubes may lie in subsequently buried early lava sheets. Many of these may have been later filled
and plugged, but some few could remain void. But whatever the case, only near surface tubes could
have been entrusted with this gift of the comets. Will such improved deep-looking radar find a few un-
mistakably ice-walled lava tubes as well as the more common bone-dry ones?

If so, will the frost layers be so diffused and thinned out on the inner surfaces of these volumi-
nous hollow sanctuaries that, scientific treasure trove or not, they won’t be economically recoverable?
That’s a possibility. The history of space development scenarios and speculations has been heavy on
overly romantic expectations. Despite the dashing of many naive hopes, from hydrated minerals on the
Moon, to lichen covered fields on Mars, the promise of a human-settled inner solar system rooted in
the use of extraterrestrial materials, spring-boarding from Earth’s ever growing energy thirst, is still
concrete enough to keep us planning and scheming ways to work with the grain of nature off planet. Ice
encrusted cavernous tubes on the Moon may or may not be found. But if we don’t find any, it will be a
matter of bad breaks only. Until we’ve checked our ticket stub, we can’t dismiss the not-so-unfavorable
odds that we’ve won this Solar Lottery! MMM

EARTH-BASED SEARCHES FOR LUNAR LAVATUBES

Writing in Starseed, the newsletter of Oregon L5 Society, Oregon Moonbase researcher Thomas
L. Billings discusses ways to search out lunar lavatubes. Tube openings are hard to spot by camera un-



less you are right on top of them. While intelligent lunar base siting will require better orbital mapping
than provided for the Apollo landings, the best method may be to look through the rock. The severe
dryness of the lunar surface should make this possible for orbiting radar. (Airborne radar has been used
successfully to find lava tubes on the big island of Hawaii.)

To provide deep radar imaging, the antenna diameter must be four times the radar wavelength
being used. To penetrate deeply enough we’d a wavelength of 5-20 meters, meaning an antenna 20-80
meters across! That’s a lot of mass to put into orbit along with the ancillary equipment.

Billings suggests a way out. Readings from a number of smaller antennas in an interferometer
array can substitute, synthesizing an image. It will be tricky to do this in orbit, and an intercontinental
interferometer is an option Using a 7 meter wavelength, you’d have a 250 meter resolution and a pene-
tration of 70 meters, good enough to detect a convincing sample, given that many tubes are likely to be
larger than this.

However, a considerable amount of power will be needed if the signal returning to Earth is to be
detectable. Computer algorithms needed to sift signal from noise are getting better. Nor need the
search extend beyond a few months, so maybe the expense wouldn’t be out of line with the rewards.
[Ed.: 1) Would it be practical to intercept that signal in lunar orbit where it’d be stronger? 2) Would
Earth-based searches be limited to central nearside?] 00 00 00
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“Atilla”, a 2nd generation buglike robot
Someday little but bug-smart robots like Attila and its predecessor, Genghis, may roam the sto-
ried ocher plains and canyonlands of Mars and other worlds, providing still-Earthbound humans with a
lot more exploration data per buck. How far can we take these cute-ugly critters? The limits of
“bottom-up” artificial intelligence may be well beyond current forecasts.

ROBO-ANTS

Helpmates on the Space Frontier:
A Constructive Look at the “Bottom-Up” Approach to Artificial Intelligence,
Taking it to its Logical Conclusion.
ROBO-ANTS By Peter Kokh

Several MMM readers have asked if we've been paying attention to work being done on ‘robot
insects’ and the exciting possibilities for their use in prehuman exploration of Mars. Well we have, and
frankly, we find the promise greatly underestimated. Here is our report.

At Massachusetts Institute of Technology, MIT, researchers pursuing robotic artificial intelli-
gence have abandoned the conventional forbiddingly centralized, computer- and software-heavy, “top-
down” approach to artificial intelligence patterned after the human nervous system and various prob-
lematic theories of how we perceive, think, and decide. Instead, led by Australian-born Rodney Brooks,
they are taking their cues and clues from the very different architecture of insect intelligence. Insects
are highly successful at tackling complex feats on a routine basis despite their minimalist nervous sys-
tems and tiny brains. This is because, in bottom-up fashion, they operate by pyramiding more complex



behaviors on simpler ones starting with simplest autonomous reflexes in individual legs and sense re-
ceptors. At each stage, there is no more coordination from above than there has to be to achieve a cer-
tain purpose such as walking or climbing or burrowing; and the animal’s brain is called into play only
when stimuli and the need for appropriate reaction spill over certain threshold levels. By terracing sim-
ple steps, activities that would otherwise seem dauntingly complex, are easily handled.

So far, Brooks and his team have built Genghis and a successor, Attila, contrivances which both
look suggestively insect-like, and behave in like fashion. They have multiple legs, each with its own
autonomous microprocessor, segmented bodies, and stereo eyes. As each leg learns to coordinate with
adjacent legs, the ‘insect’ gains skill in negotiating all sorts of terrain.

The robot-insect is meant to be an ‘idiot savant’, quite stupid in general, but extremely capable
in a narrowly defined field of operation, in a caricature of contemporary human horse-blindered occu-
pational specialization. Unlike today’s industrial robots which are designed to perform totally routine
operations under identical circumstances over and over again, robo-ants should be able to perform a
related suite of operations under widely changing circumstances, be mobile over unprepared terrain,
and self-contained.

What’s more, these robo-ants can be built relatively small. Given limited payload and cargo ca-
pacity, we can land more of the little varmints on Mars (or wherever) and get back a lot more explora-
tion data per buck, sampling more sites. Yet the excitement these prototypes are causing in the space
community seems too restrained, conservative, and unimaginative.

Four main points, which we’ll explore one by one.

e FIRST, the insect is not the only, nor necessarily the ideal, model of bottom-up intelligence.

o SECOND, we must give correlative attention to sensory apparatus.

e THIRD, there is no need to stop the behavioral pyramiding when we have perfected a functional indi-
vidual roboant.

o FOURTH, there are even more helpful chores these little beasties might be able to tackle eventually
beyond just exploring and collecting samples, and they can be tailored to toil in settings other than
the ocher plains and canyonlands of Mars.

(1) Another Model of Bottom-up Intelligence:

Our first advice for those researchers who want to explore the full range of possibilities that the
bottom-up approach offers, and to become fluent in this ‘language’ and its idioms, is to consider the
supreme culmination of individual intelligence in the invertebrate world, the octopus.

This curious creature carries some unfortunate and factitious evolutionary baggage that has
kept it trapped at a level far below what its ‘alien’ architecture should have allowed. To give just two ‘for
instances’,

(a) The octopus has green copper-based blood (hemocyanin has only 1/20th the oxygen carrying
capacity of iron-based hemoglobin, limiting its endurance),

(b) The female octopus lays swarms of minute eggs, wherefore, lest it eat its own young while they
are too small for it to relate to, the female has been naturally selected to die shortly after the
eggs are laid.

Despite such handicaps, the octopus is far more capable of intelligently “manipulating” its
natural benthic world than the more pelagic dolphin, the usual darling of popular esteem (the sea
bottom being a more structured and intelligence-challenging setting than the open sea). In some still
future time, it may be possible to correct some of the octopus’s evolutionary missteps by genetic
engineering (perhaps splicing in bits of genetic material from other mollusks with more desirable
traits), and thereby set an altered cephalopod strain back on an upwards course with destiny
(sophopods, the wisefeet?). But that’s the subject for a Sci-Fi novel -- someday.

In the octopus, each tentacle explores rather autonomously, curiously picking up and examining
by touch any food-sized object. The tentacle is good at sensing texture, but not shape, and can smell.
Only when certain thresholds of stimulation are reached, does a signal go to the animal’s brain. Simi-
larly, each tentacle laterally signals appropriate motions in those adjacent, so that the animal moves in
a convincingly coordinated fashion. The central brain is like a foreman, giving attention to general di-
rection and objectives (the animal is extremely cunning and ingenious, dedicated and patient, in ob-
taining food, escaping traps, and preparing sheltered nests) but leaving the details of examination,
handling, and locomotion to its tentacles.



Whereas, like ‘intelligent’ mammals in general, we have a “body image” by which we know where
(orientation, direction, posture) our various body parts are (those subject to our discretionary control),
the skeletonless octopus seems to have no “body image” at all. And, perhaps as a consequence, it has
no ‘hand’-eye coordination at all. (This somewhat ‘protean’ shapelessness gives it the advantage of
being able to squeeze its great head through almost any hole or crack big enough to accommodate the
thickest parts of its individual tentacles - an enormous strategic advantage.) While the octopus is quite
different from the insect, A.l. researchers might do well to study its highly adaptable bottom-up
terracing of behaviors and its much greater capacity to learn.

(2) Refining Sensory Apparatus:

Attention has to be given not only to analogs of nervous systems, muscles, and bones, but to
the sensory apparatus. Touch, for example, is a catch-all for separate but collocated abilities to sense
shape, texture, hardness, wetness, temperature, and weight. If we can design robo-insect foot pads (or
individual ‘toes’?) with a set of receptors to do all of these, we will be getting off ‘on a good foot’ (pun
intended). A sense of chemical taste should be included, designed to ignore the expected, and notice
trace elements in unexpected concentrations. Rather than complex mass spectrometers, this might in-
volve some suite of self-resetting litmus spots. On the other hand, a robo-ant need not have more sen-
sory discrimination capacity than necessary to do the task for which it is designed.

Sight might be offered not only in a front-top-center stereo scanner on a stalk, but perhaps in a
task-appropriate ‘eyespot’ on each foot, or forefoot, with the information not being called to the atten-
tion of the central processor and thus merit the gaze of the stereo-scanner, unless its content calls for
organized response. In the octopus, the two eyes can cooperate or work separately when the situation
allows divided attention. We tend to think two eyes are needed for range-finding (depth-perception) but
one bobbing eye does just as well. We are currently at a juvenile level of playful fascination with a digi-
tal feast of irrelevant data completely overwhelming efforts at analysis.

Researchers have to find a way to install data-filters that will ignore the non-significant and pick
out the reaction-cuing patterns. Perhaps a good way to do this would be to give the eye “zoom” capac-
ity, not just in magnification but in wealth of detail. In other words, a good eye for A.l. purposes, would
sense only crude detail, but can “zoom in” in resolution, in spectral coverage (from black and white to
special color filters, full colors, infrared, etc. as appropriate), and other vectors (polarization, shading
contrasts, brightness, etc. etc.) when something “catches its eye”, much like the comic strip hero Su-
perman could “turn on” or “of” his X-ray vision. Thus we need an eye that provides a basic rough view,
yet capable of considerable real-time on the spot image enhancement, triggered by the cues. What |
would suggest is an underlying wide field of view with low resolution with a scanning focus/zoom de-
vice triggered through a series of data filters to ‘notice’ the unusual and unexpected, stop scanning and
fix its gaze, focus, and zoom in for an enhanced view as per above.

A properly designed robo-ant would have specialized legs, perhaps all capable of supporting
locomotion, but with some able to concentrate on examination of objects encountered, and others on
transporting collectibles to a top-mounted bin or trailing wagon (which could empty its load when full,
making piles for later pickup by a more capacious haywagon) or casting small ‘obstacles’ to the side.
(3) Co-operative Robo-Ants:

At least two dozen separate times in the history of insect evolution, the pyramiding of behavioral
functions has spilled over from the individual insect into inherited cooperative social behavior totally
beyond the capacities of the isolated creature. The prime examples, and those where the process has
gone the farthest, are the social termites, ants, wasps, and bees.

In each of these cases, there is physical polymorphism within the species, that has gone beyond
mere sexual differences and given rise to separate “castes” of workers, soldiers, drones, males, females,
Queens etc. each of which have specialized built-in equipment and instincts, but together work coop-
eratively to achieve communal goals. Here there is no personal chain of downward command but rather
a collective pyramid of upward input. Given these ample precedents, there is no reason why, once we’ve
really mastered the business of terracing behaviors bottom-up style, that we cannot design our robo-
ants in castes such that their specialized behaviors are pyramided to achieve really complex cooperative
mission objectives.

We’d first build a Scout class, that explores, reconnoiters, classifies and marks the terrain it
moves over. This is what researchers are aiming at now. Sargents could direct deployment, ensuring full
coverage of a work area and act like sheepdogs, keeping units from straying. We can also have Harvest-
ers whose job it is collect objects of interest noticed and tagged by the scouts or perhaps already



placed in convenient ‘hay bale’ piles for later collection. Refuellers or Rechargers could be on the look-
out for stalled ants with an activated out-of-fuel or low-charge blinker. Retrievers could pick up dis-
abled scouts and return them to the main staging area. Mechanics could affect simple repairs of dis-
abled units, refresh their programming, or cannibalize them for parts. Stragglers from other robo-
insect collectives could be adopted and reprogrammed. Inspectors could accept or reject (undo?) work
not up to their built-in standards. Finally, there could be a queen or mother unit possibly atop a mobile
hive-shelter to which individual ants could return at nightfall to conserve heat, to be recharged, to re-
ceive updated instructions etc. The mother unit need only recognize progress towards the realization of
the collective mission, that is, able to send out a deactivation signal when the job seemed finished, spur
on lagging castes, etc.

Communications between units and castes can range from plug-in electronic and/or radio de-
briefing or reporting to visual clues like variously colored lights flashing in repetitive coded patterns. On
Mars communication by sound might also be possible.

(4) Complex Missions for Robo-Ant Collectives:

Now for the rewarding payoff. Once we have mastered the ‘language’ and idiom of bottom-up
artificial smarts, extending it to intercommunicating polymorphic crews, to what use can we put this
fluency? Exploration and sample retrieval are only openers, and unimaginative ones at that. Here are
some more ambitious missions for our robo-ant teams:

Site preparation and pre-deployment tasks:

« Remove boulders from an area, grading and raking, for roads, skidways for craft landing hori-
zontally, and pads for spacecraft landing on their retros.

o Excavate spaces for habitat modules, fuel tanks, etc.

o Collect regolith, load conveyors, and relay it as a shielding blanket over pre-deployed habitats
etc.

o Identify desirable mineral and rock samples and pile them up for convenient later retrieval.

o Do pre-mining sortation, depositing richer concentrations of sought-after elements as ‘leav-
ings’.

« Sinter or gravelize ‘porch’ areas and approaches to minimize dust transport into habitat interi-
ors.

« Set out tritium marker lights for roads, landing pads, and in lava tubes and other permashade
areas etc.

« “Primage” lunar regolith for use as agricultural soil, sifting out ultra fine particles, and trans-
forming glass spherules into zeolites to promote mineral ionization.

o Spin web mesh receiver antennas over suitably sized craters for radio astronomy and satellite
solar power

e Survey/map lava tube complexes on the Moon/Mars.

o Harvest thin patchy water-ice deposits in lunar polar permashade not otherwise economically re-
coverable.

e Replace damaged panels in extensive solar arrays.

« Plug outguessing pores on comets in preparation for their shepherding to the Earth-Moon vicin-
ity.

o Locate and map fissure escape routes for episodes of outgassing on the Moon that we notice as
‘TLP’ glows (Transient Lunar Phenomena) and mark those where the volume of flow may
provide an economic resource

Within habitat-biosphere areas:
e Tend farms, trimming dead leaves and stems,.tilling, spot-watering, spot-fertilizing, detecting
early signs of infestation, picking ripe produce, etc.
e Sort consumer and industrial recyclables
e Clean streets and other pressurized passageways
o Change failed or failing light bulbs and tubes
o Detect and repair minor slow air and water leaks
e In service of a future Mars terraforming effort:
o Locate and pre-tap areas where water-ice permafrost rises closest to the surface.



o Physically, and even chemically (where possible with non-consumed catalysts), condition raw
soils, sands, and gravels for the introduction of microbial cultures

« Channelize potential canalways (identified by orbital altimetry mapping) from polar to equatorial
areas; and channelize the ‘saddles’ between neighboring unlinked basins to accelerate devel-
opment of a mature drainage system in expectation of future rains.

Out Among the Asteroids and Comets

o Locate, map and presort and/or pretreat surface-available mineral resources

¢ Pre-mine desired resources on small astrobergs so that only resource-poor tailings need be
used as mass driver pellets in coaxing it into a handier orbit

« Locate intact remnants of impacting bodies

o Look for ‘parent-body’ tell-tale signatures

o Excavate pressurizable galleries for outposts

e Produce fuels from otherwise unpromising fields of volatile-rich materials

« Make and cache ‘bricks’ and other simple building materials in advance of crew arrival

« Locate outgasing pores or vents on comets during their dormant phase

o Tunnel to the core of comets, analyzing the material all along the route

All of the above complex activities can be analyzed into a pyramid of simple tasks building on
one another, and we should be able to design and program robo-ant teams to handle any of them with
a minimum of human supervision or monitoring. In each case, given the higher cost of alternatives, the
lower degree of accuracy, consistency, and coverage, and generally wider specification tolerances that
bottom-up tasking can achieve may be acceptable. You may think of more applications. Please do send
MMM your suggestions!

There are a number of reasonably analogous sites on Earth where such robo-ant teams could be
field-tested and given prior experience. The lava tubes of the Oregon Moon Base outside Bend, Craters
of the Moon National Monument in Idaho, Antarctica’s Dry Valleys all come to mind. But for many appli-
cations a scattering of less unique places including abandoned mines and quarries should serve as well.

“Social” robo-ant co-ops promise to become our indispensable helpmates in opening up the
space frontier on the Moon and Mars, on asteroids and dormant comets, and even in free space con-
struction sites, concentrating on tasks of limited complexity in life-hostile surroundings to relieve ex-
ploring pioneers and settlers of high-risk drudgery. As such, they could be the Army [Ant] Corps of En-
gineers of the future.

The work begun at MIT and now catching on elsewhere, is clearly still in its infancy. With a little
imagination, there should be Earthside applications aplenty for profits here and now. So perhaps some
of you will be motivated to get in on the ground floor. We hope so!

MMM
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“Plymouth” Movie storyline highlights key question
In the Zlatoff/Disney/ABC film premiered 5/26, a number of subplots made the movie interest-
ing and kept the action moving. But the central plot was the non-postponable need to decide if the
settlement would/could allow the first birth of a human child off Earth. It won’t be real until that hap-
pens! In this MMM, we look at Birth & Death, on the Space Frontier.



“PLYMOUTH” TV MOVIE

Focuses on the Community Life of the first Mining Settlement on the Moon.
AIRED by ABC Sunday, May 26,1991
SYNOPSIS from Columbia Pictures Entertainment Inc.

A space shuttle sweeps across the stark lunar horizon, preparing for its descent to the desolate
surface below. Once its passengers have safely disembarked, the people of Plymouth, Oregon will have
completed the final phase of a five-year relocation plan to a new town - on the Moon.

Plymouth’s grizzled mayor, Wendell MacKenzies (Richard Hamilton) is among the last emigrants.
On the final leg of their journey, he recalls the events that transformed his family and friends into the
first Lunans: the toxic accident that rendered their small logging town uninhabitable; prolonged nego-
tiations with UNIDAC, the global conglomerate responsible for the tragedy; and the unique reparation
agreement that was struck.

Besieged with labor and financial troubles at its fledgling Helium-3 lunar mining base, UNIDAC
accepts Wendell’s proposal: they will construct a permanent, controlled-environment community and
relocate some 250 displaced Plymouth residents to run the mining operation that provides Earth with
Helium-3, a pollution free energy source.

The arrival of this final shuttle re-unites this tightly-knit community, but could signal the depar-
ture of Plymouth’s beloved town doctor, Addy Mathewson (Cindy Pickett). A widow with four children,
Addy has been living for the past few weeks with the secret knowledge that she is pregnant. If she re-
turns to Earth with the shuttle, the impact of re-entry into the Earth’s atmosphere could place the fetus
in jeopardy. If she remains, Addy risks the unknown and potentially dangerous consequences of preg-
nhancy in the Moon’s one-sixth gravity. Even if her baby is born without complications, the child might
never develop the lung capacity or muscle strength it would need to leave the Moon.

Word of Addy’s pregnancy spreads through the small lunar town. Plymouth’s town council con-
venes to discuss the problems and choices Addy and the community now face, but the meeting is inter-
rupted by a solar flare alert. All activity is suspended for mass evacuation to sub-lunar radiation shel-
ters.

The first burst of the solar flare has cut off communication with the mining and engineering
crew working on the lunar surface. Addy’s sixteen-year old son, Jed (Matthew Brown) is one of the
stranded crew members -- and there is no way of warning them.

Remembering that an old search module is buried near the crew’s location and could provide
shelter Gill (Dale Mitkiff) [the UNIDAC employee responsible for Addy’s pregnancy and blamed by the
townspeople for the crisis this has caused] tears off to commandeer a lunar rover [actually, the first
lunar hot rod put together by one of the settlers in his spare time - this is its maiden spin] and race to
the work site. As the second stage alert begins, Gil fires up the buggy’s rockets and shoots out across
the lunar surface.

Meanwhile, Addy’s precocious son Eugene (John Thornton) and his newly-arrived friend Simon
(Joseph G. Levitt) have gone exploring in the Construction Zone, and are trapped behind a passageway
sealed shut in response to the solar flare alarm.

With three minutes left 'til impact, a distraught Addy realizes it will be hours before she knows
what has happened to her loved ones.

EDITOR’S COMMENT: How does it all turn out? You’ll have to watch if and when it is aired again, or get
a homemade videotape. This is the first Sci-Fi movie (made for TV or not) which adopts the premise
that space is a place to get resources to help solve problems on Earth.

All the right buttons are pushed and the artistic and scientific license is minimal, especially in
contrast to everything put on screen prior to Plymouth At a special screening for a large portion of the
750 attending the International Space Development Conference in San Antonio, the wave of applause
and cheering that swept through the audience at the conclusion was verdict enough. This was a crowd
weary of Star Wars special effects and monster of the week series, a skeptical crowd which Writer/
Director Lee David Zlatoff won over with few reservations.

A movie like this does a lot to correct the unrealistic expectations and gross misconceptions of a
public used to Star Wars, Star Trek, Space 1999, and Dr. Who. Chapters might want to get hold of a



videotape of “Plymouth” to show to appropriate audiences. Why not throw a Plymouth Party for a video
showing and invite your escapist Sci-Fi friends?

“Plymouth”, originally conceived as a series pilot [ABC won’t buy the series idea] was finished a
year ago and has sat on the shelves all this time, because ABC didn’t think people were ready for reality.
Space advocates should write ABC and thank them for the airing, comment profusely on how good and
useful a picture it is, that it had drama, adventure, personal interest and yet was realistic and educa-
tional. Ask them to do a reshowing with much more advance publicity, tell them how much you’d like to
see a series based on Plymouth, and ask when you can expect a video release. AND suggest a followup
series!

ABC TELEVISION

Attn.: President ABC Entertainment

2040 Avenue of the Stars, 5th floor

Century City, CA 90067
[As of 2005, this film has never been re-aired, nor has it been released on either VHS or DVD. Only
bootleg copies home-taped of the TV set exist, in both VHS and DVD formats.]
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LOWERING THE THRESHOLD TO LUNAR OCCUPANCY

[Hostels]
[A paper presented at the International Space Development Conference in San Antonio,
Texas, May 26, 1991 - here serialized in three parts for MMM]
Online: http://www.moonsociety.org/publications/mmm_papers/hostel _paperl.htm
http://www.moonsociety.org/pubications/mmm_papers/hostel_paper2.htm

L)L / | ] "-.‘\—__._/"

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 co-signifies 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 du-
plicating 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 establish-
ing 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 para-
digms.

Our objectives are four:
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1. Define the logical division of functions between visiting vehicle and shelter,and how these dif-
fer 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 poten-
tial 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 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 trouble-
some 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 opera-
tional 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 reason-
able 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 equip-
ment 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 state-
ment, 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 con-
cept. 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 to-
gether 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 sur-
face 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 ex-
tended
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
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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 struc-
ture 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 deacti-
vate 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 logi-
cally (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 ex-
haust bells). By hook or by crook, there has to be a way! - PK]
Outfitting constraints

To play its part, the coupling vehicle is outfitted so that the capabilities it offers are complemen-
tary to those offered by the hostel shelter. 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 de-
livering 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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The Magic of Symbiosis
Life clings to rocks in the frigid wastes of the arctic Tundra in the form of lichens, a symbiotic partner-
ship 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 ex-
amine the magic of this symbiotic relationship in depth in Part Il of “HOSTELS” below.




LOWERING THE THRESHOLD TO LUNAR OCCUPANCY

0 = [e|[ 2] /=,
|

/ J | | ‘
" d== L 3 - )
L “-_‘ foN '-.‘-____/'" L’—l | ?—-" /

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 sepa-
rated 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
nhecessity 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 ba-
sis: 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 en-
deavored 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 suffi-
cient to take care of its own needs in transit, probably via fuel cells with a couple of weeks of emer-
gency 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 under-neath 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 re-
serve 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 genera-ted in the frog’s fuel cells en route to the hostel, so that its hy-
drogen 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 visi-
tation. 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, ex-
tensive 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 con-
cept 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 al-
ternative 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 des-
tined to become a full-fledged base or settlement, its stored freeze-stabilized wastes could be col-
lected 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 hos-
tel’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.

(¢) 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 suffi-
ciently 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 com-
mon 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 gen-
erous 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 sup-
plies needed to handle the full range of more plausible eventualities is something that may not be pro-
vided 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 op-
eration 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 vehi-
cle, 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 re-
solved 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 passage-
way 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 in-
corporate a banked peripheral jogging track, or even a “sixthweight” caricature of a bowling lane. A bil-
liards 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, ex-
tensive 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, con-
tinually 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 viewscreens 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 sun-
shine 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, LHZ2, 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

I1l. 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 ex-
pansion modules or, preferably, by additions constructed of on-site materials as soon as such a capa-
bility 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 facili-
ties 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 ac-
ceptably 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 re-
mote 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 far-
side operation. Following this scenario, the hostel should be designed from the outset with planned ex-
pansion 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 ma-
jor 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 astronomi-
cal 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, espe-
cially 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 men-
tioned, the next crew to visit need bring only new and replacement parts for the astronomical installa-
tion, 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 maxi-
mize 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 traf-
ficways 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 mo-
bile 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 facil-
ity, 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 souvenier-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 ex-



pansion 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>
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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

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 at-
tempted 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 and then interconnected,
are a more reasonable possibility. But their deployment would call for an unwelcome load of high-risk
crew EVA hours. It seems 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. Qutrigger skid-dollies attached to




the smaller ends and the outer flanges of the widest diameter middle sleeve, riding freely on a pre-
levelled 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 bidi-
rectionally expanding units could turn this to advantage to conjoin “H” style.

Figure 3B: Bi-telescopic Module: [4] connector tube. [5] docked frog, perhaps under a shielded
canopy..
In fact, any number of such units could polymerize in like fashion. For this reason, we have

dubbed the basiclunit 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 draw-
back of the strongly linear floor plan (and required special attention to site preparation) becomes a po-
tential plus through H-H hookup possibilities. We think this telescopic approach to hard-hull modular-
ity 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 awk-

ward 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 pre-
fab ceiling section with built-in lighting and pull-down features, the two slab units connected by a pe-
ripheral 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 de-
signed 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 cy-
lindrical 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.”

SLINKY -compacted
for-shiprment-in-
payload-bay

R R SR shielding =

Figure 5: The Slinky: [1] Pair of rig
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]Hinged 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.
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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, an-
tenna, 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 oppor-
tunity. 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” ex-
pansion 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 shel-
tered 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 great-
est 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 outgasing
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 us-
able 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 inflat-
able 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 re-



searched. 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 “per-
mashade” 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 in-
dustry 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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=pxx> The Role of the Campfire

Many things have worked to humanize and civilize our ascending species over the ages. Surely
one of the earliest, and one which to this day continues to act as a social catalyst, is the campfire, the
fireside, the hearth. Around the fire stories are told, songs sung, and myths and legends passed on.
Many a science fiction yarn has its characters plotting by the warmth of a fire on some star-sunned
planet - one with breathable air, of course. But elsewhere in our own Solar System, fire’s mystic magic
may be denied us, unless (see FIRESIDE, below)

On the Space Frontier, can there be any
b g Wl b kg i, awht

FIRESIDE

around which to gather?
FIRESIDE 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 en-
joyed, 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 nitrogen 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 com-
bustion 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.

MMM #54 - April 1992

INVENTORS WANTED

Serious would-be explorers of The Moon have been busy developing a variety of wheeled and
walking vehicles and robots to cover the boulder-strewn expanses of this barren world.

The trouble with wheels, is that they are too easily defeated by a host of obstacles.The Moon has
no roads. Yet walkers can negotiate easy terrain at only a snails pace. So why not combine the virtues of
both? Tinker a walking vehicle that can let down a set of wheels when the way gets easy, or a wheeler
that can switch to legs, or whose tires can sprout feet?

MMM #55 - May 1992
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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 occa-
sional 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.

Sk VS ERARERS
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SKYSCRAPERS By Peter Kokh

Perhaps you’ve seen artistic visions of future Lunar and Martian cities replete with modern sky-
scrapers 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 megastruc-
tures 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 elon-
gated 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, in-
stead 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 av-
eraged 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 ik : -Cap Shielding

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

What appears to be balconles in thls sketch, are reaIIy continuous cantllevered 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.
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The inner and outer walls of the stretched torus would have to be constramed to shape by floor-
incorporated cables under tension.

Another possibility may be to stack (co-axially, or perhaps stylishly off-center) story-thick sec-
tions 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”.
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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 valu-
able 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 build-
ing: 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 cer-
tain 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 “foot-
print”.

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 over-
looks 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!

MOON ROOFS By Peter Kokh

Roofs on the Moon? - where it never rains or snows? Ah, but it does rain - a gentle slow micro-
meteorite 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 ter-
restrial roofs would not be called for, the sheltering function of the 2-4 meters (6+ -13 feet) of shield-
ing 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 danger-
ous 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, ex-
pansion 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 Ox-
ide, CaO, 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 pro-
tective 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 be-
ing “at home” in their adopted raw new world.

Economic opportunities

Indeed, outside of the occasional observation cupola, for most surface settlement habitat archi-
tects, 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 min-
ing 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 en-
trances 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 modi-
cum 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 “roof-
ing” styles. And all it will really take is a wee bit of imagination! Erarara]
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An Alternative Moon Buggy

Internal Combustion Engines for Lunar Surface Transport
with powdered metal serving as fuel.



By Michael Thomas, Seattle L5 Society

Eccentric automobile designers have through the years built cars that run on a wide variety of
fuels, from alcohol to manure. One designer has built a car that is fuels by left-over grease from the
deep frying vats of fast food restaurants. But the design that most startled me when | learned of it, is an
automobile engine that is fueled by powdered coal. | never before imagined than an internal combus-
tion engine could burn a solid fuel.

| do not advocate coal-cars, as they would be polluting, but solid fuel opens a whole new world
of possibilities. It is not so surprising really if you think about it. How many times have you heard of a
grain silo exploding because wheat dust reached explosive concentration and was ignited by some-
thing. And while :flour power” may not be the answer to dependence on oil, there are many powders
that will burn.

The Moon is very rich in certain elements, most abundant of which are oxygen and silicon. Sili-
con combines with oxygen (burns) to form silicon dioxide, glass. Many lunar materials are silicates, and
silicon could with effort be separated out and processed into a fine powder. Once powdered it could be
injected into an engine’s combustion chamber along with some liquid oxygen, then ignited with a
spark.

Other elements abundant enough on the Moon to consider are aluminum, magnesium, titanium,
and potassium, in that order. Separating aluminum from ore requires vast amounts of electricity, so it
may not be the best choice, even though it burns well.

On Earth, titanium is far too rare and expensive to use as a fuel, but on the Moon, in some ar-
eas, it is more abundant. It also requires somewhat less energy to separate from ores than does alumi-
num. Export potential might make titanium valuable on the Moon, something one would not waste, be-
cause it can be sold for money or traded for other elements, like carbon and nitrogen, which are scarce
on the Moon. But burning titanium as a fuel on the Moon would not really waste it.

Because the Moon has no atmosphere, burning fuel there could not cause air pollution: there is
simply no air to pollute. So where would the exhaust ash from such an engine go? It would simply fall to
the ground, where it would remain indefinitely. And while this titanium dioxide (or other metal oxide --
there is a significant amount of unoxidized iron fine particles in the regolith) dust on the road surface
and vicinity reaches some predetermined concentration or depth, it could easily be recovered by a sur-
face skimmer of the sort used in regolith mining and processing. The metal and oxygen could then be
separated and once again burned as fuel. Because of the ease of recovery, this would be a renewable,
reusable fuel. Very little would be lost or wasted in the long term. Fuel use would increase only with in-
creases in population and economic activity. Because of the renewability of powdered metals as fuels on
the Moon, mining operations would not have to support a constant demand for fuel. Only a small frac-
tion of their powder would be diverted for use as fuel. Most of it would remain for use in domestic in-
dustries and for export to Earth or elsewhere.

Another potential fuel, potassium, has the unique property of self-igniting on contact with wa-
ter. But it is also easy to ignite in the presence of pure oxygen. Since metals burn at high temperatures,
igniting a metal dust fuel may not be as easy as igniting a flammable liquid. Of the metals available on
the Moon, potassium will ignite most easily and at the lowest temperature, which may make it ideal for
a metal dust engine. Magnesium also burns well, once ignited, and it’s abundance in lunar highland
rocks is around eight percent.

One drawback to a metal dust engine is that metal dust burns at very high temperatures com-
pared with more traditional (liquid or gas) fuels. And in the Moon’s airless environment, cooling such an
engine would be difficult. Some of the engine’s heat could be used to heat and vaporize the oxygen just
before it is injected into the chamber. And if the vehicle were to carry more LOX tan it needed to oxidize
all of it’s fuel, some could be rou

ted through the engine block, where it would be heated and vaporized, then released, carrying the heat
into the lunar vacuum. Even so, the engine would likely run very hot. Possible solutions to this problem
include the use of a titanium engine, possibly with ceramic coatings.

Unlike electric vehicles, they would not be dependent on solar energy for refueling that is avail-
able only 50% of the time. (While electric vehicles could operate during the long nightspan, they would
likely limit their activity to the use of a single charge of their batteries, due to power limitations when
the solar grid is down.)



Metal dust engines have other possible uses, such as driving generators for emergency or sup-
plemental power during the nightspan when solar energy is not available. They could also be used to
drive heavy equipment and industrial machinery where large amounts of electric energy are not yet
available. <MT>

On Windows in Lunar Xity Skyscrapers.

| have a question for you. How can you have windows in Moon structures with all the debris zip-
ping through space? | see that your illustration [SKYSCRAPERS on the Moon, MMM # 55 pp 5-6 MAY ‘92]
that the openings are to horizon views only, but even so there are tangential paths that could be tough
on windows. And direct sunlight also would be something to be avoided, probably by choosing the lati-
tude of the site.

Dick Linkletter
Bremerton, WA

EDITOR’S REPLY: Assuming a non-polar site, only horizon-hugging windows to the East and West
would get direct sunshine. This can be handled either by not having windows in these very directions or
by suitable automatic shuttering at the appropriate times (sunrise and sunset dates).

As you can see from the illustration in the SKYSCRAPER article, the windows are set well back
several feet in horse-blinder openings through the shielding so that the field of view is quite restricted.
This not only would allow openings to the ESE, ENE, WSW, and WNW but also restricts exposure to in-
coming surface tangential meteorites to just that portion coming nearly head on.

Nonetheless a significant if diminished danger does exist and this vulnerability must be ad-
dressed. | would suggest that in addition to multi-paning with graduated pressurization between the
panes to handle the full inside pressure to vacuum differential, that a free-standing removable and re-
placeable (“sacrificial”) fore-pane of shatter-resistant optical quality glass-glass composite be used.
This bumper-pane, physically separate from the sealed window unit proper, would absorb almost all
micrometeorites and could be replaced when pitting begins to interfere with vision.

Space debris is confined, fortunately, to low Earth orbit. Anything near the Moon is quickly
purged from the environment by the significant lunar gravity. The chances of something getting by the
bumper pane and penetrating all the window panes proper are not significant within the expected life-
time of the building. Sooner or later a window-invited meteorite decompression will occur, but it will be
properly seen as a freak. If one or more panes are fiberglass reinforced, as suggested, the leak rate
should be slow enough to allow escape and/or hasty repair and/or automatic pressure-drop-triggered

plugging.

A 3
KEY: a) restricted field of view enforced by shielding set-back = restricted vulnerability both to cos-
mic radiation and micrometeorites; b) shielding retainer structure; c) regolith fill for shielding; d) vis-
ual quality shatter-resistant easy-in/ easy-out micrometeorite bumper pane; e) sealed multipane
unit; f) detail of window unit blown up, next illustration.
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KEY: 1) = 1/3 interior pressure; 2) = 2/3 interior pressure. This stepped pressure system relieves
stress. The gas between the panes could be something other than air such as argon harvested from
the lunar regolith. The sealed multipane unit is fastened in place simply by the graduated air pres-
sure increases on the continuous perimeter gaskets.

| would be much more worried about exposure to cosmic radiation even from the very restricted
portion of the sky accessed by such windows. | certainly would not design a direct-path window (as op-
posed to a broken path or periscopic one) in a residence. | included them in the design of possible lunar
skyscrapers only in the intention that the pattern of use of such buildings, or of the rooms endowed
with “windows”, be such that the accumulated exposure of any given individual be within tolerable lim-
its. Lunar pioneers may all have wrist or necklace accumulative “rad monitors” that will tell them when
to tighten up their exposure patterns. PK
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"Railroading on the Moon"

A Design & Design Exercise

© 1993 By Peter Kokh, Doug Armstrong (both Copernicus Construction Co., Milwaukee), Michael
Thomas (Seattle), Bill Bogen (Ann Arbor), Charlie Moore (Mokena, IL), and Andy Reynolds (Rochelle, IL)
Foreword

In a one column front page piece in Moon Miners' Review # 12, January '93, "RAILROADS on the

Moon?", we wondered out loud if someday the degree of development on the Moon would reach a level
of population and multi-site dispersal wherein, "in one or more specific surface traffic corridors the vol-
ume or raw materials, manufactured goods, or passengers might most efficiently move by rail or some
such analogous path-slaved system." We pointed out some of the engineering hurdles that conditions
unique to the Moon would place in the way of realizing any such system, specifically the extreme
dayspan-nightspan thermal range to which exposed rails would be subjected, and the need to design
out any possibility of catastrophic derailment.

We mentioned we had some initial ideas on how we might address such challenges and invited
readers to send in their ideas. Several people responded, as you can see from the shared byline above.
The exchange between Kokh and Armstrong, meeting in Milwaukee, and MMM Contributing Editor Mi-
chael Thomas in Seattle was especially frequent and voluminous. To all those who shared their thoughts
with us, many thanks.

Our goal was not to "define" how lunar railroading might someday evolve. That would be pre-
sumptuous there are too many ifs both with respect to the pace of lunar development and with re-
spect to unforeseen technology developments which will almost certainly bear upon the question.
Rather, we have attempted to flush out the options that we can see from this point in time. If and when
the day comes where something of the sort is realized, some of our suggestions are bound to appear
quaint and naive in retrospect. That's an occupational hazard of futurecasting! But we do this for fun.

As we proceed, keep in mind the limited alternative options there are to lunar railroading: travel
by surface coach or truck rig over improved graded-paved 'roads' or unimproved trails; travel by subor-
bital hoppers or rocket shuttles. Period. No atmosphere means no aviation. It is both air travel and the
development of a first class network of fast express interstate highways which have brought about the
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decline of King Rail from the unquestioned ascendancy it had prior to the end of WWII. On the Moon, it
could be a whole new story.

CONVENTIONAL OR MAG-LEV?

One of the forward looking solutions that presented itself to several of us is Mag-lev rail in
which the rail car hovers over a track, levitated by magnetic forces. This is an especially attractive op-
tion for long-distance passenger travel on the Moon. With no right-of-way problems and no atmos-
pheric drag, pressurized cabins as large and wide as or larger than those of 747s could whisk travelers
between far-flung settlements in vibrationless comfort at speeds comparable to today's terrestrial air-
liners. For non-urgent freight, 'conventional’ traction railroading solutions might be more cost-
effective. But first let us look at Mag-lev.

Two basic approaches are available. In the Japanese System, the superconducting 'ski' of the ve-
hicle is levitated just above the rail by electromagnetic repulsion. In the German system, the supercon-
ducting guide plate of the vehicle is suspended just below the rail, held by electromagnetic attraction.
[FIGURE 1]

FIGURE 1 COMPETING MAGLEY SCHEMES

Levitation Suspension
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Bill Bogen contributed a sketch of a Maglev car whizzing along across the moonscape. His pro-
posed LunaRail system boasts a number of innovative features. "Bulldozers, graders, and rollers prepare
a smooth path over the regolith. Roughly a megaton of Luna-derived aluminum is formed into thin,
wide, 'V'-shaped rails for a Maglev train system [below]. * Image awaiting scanner

Besides carrying vehicles, the rails also carry the electricity needed to power the system. This
electricity is generated by amorphous silicon solar cells that are integral with the rails, using the alumi-
num as substrate. Which side of the rail carries the cells depends on the orientation of that rail segment
to the sun. The Maglev vehicles pass right over the solar cells, their magnetic fields penetrating through
to the aluminum rail below. Given the large day/night temperature differences, we'd need about a 1
inch gap per 10 feet of rail (nightspan) to allow for thermal expansion (the segments almost touching
during the dayspan). Flexible accordion connectors join the segments, allowing uninterrupted power
flow. [below] Since the 'wheel' of a Maglev is more like a wide ski 'contacting' the rail over a significant
area, such gaps would have little effect, assuming proper alignment."

"The rails circle the Moon roughly parallel to, but not necessarily near, the equator, though there
may be other lines running to the poles or other regions of interest. Half of the system is in sunlight at
all times so LunaRail also acts as a grid that provides power to communities during the 14 day lunar
night. Supplying 1 million Lunans with 1 Kw each requires a minimum capacity of 1000 Mw. Since the
rails provide power and each vehicle carries its own set of Maglev lift/drive components, there is no
need for a separate engine car, eliminating the need for a 'train' [of cars] or the need to connect them.
... The LunaRail track could also serve as a launch-assist system, using 70 Mw to accelerate a payload at
3 g for 81 seconds to an escape velocity of 5,355 mph in a distance of about 60 miles."

Several comments: a) If iron or steel rails are needed as part of a Maglev setup, there is plenty of
free iron available in the regolith and a V-shaped iron rail could be loosely sandwiched to the power-
carrying aluminum layer (which has a different rate of thermal expansion). b) While aluminum is a good
carrier of electricity, line losses over any real distance (hundreds of miles) would be unacceptably great,
so that (without superconductivity - see MMM # 66 JUL '93 "SUPERCONDUCTIVITY ON THE MOON, Uses
and Obstacles" pp. 5-6) it would be quite impractical to use sunlight over the section currently in days-
pan to power the section currently in nightspan. Nuclear or other assist would be needed. c) Power as-
sured by whatever means of generation and transmission, if the superconductor needed for levitation is
aboard the vehicle, not squandered along the entire length of track, such a system might still be feasi-
ble in the likelihood that an all-lunar formula for superconducting cable or rail is never found.
'CONVENTIONAL' SYSTEMS

PROBLEM ONE: THE CHALLENGE OF THERMAL EXPANSION



While Maglev speed will be most desirable, ‘conventional' systems not involving superconductiv-
ity may be easier and cheaper to implement, certainly in the earlier period, and may do an adequate job,
not only for freight but for high speed passenger traffic. On Earth, system planners are abandoning Ma-
glev dreams for high speed rail almost everywhere, trading a little extra speed for lots of upfront sav-
ings cost. Much of the expense in implementing Maglev systems, to be honest, comes with the need to

acquire all new Rights-of-Way. On the Moon, this is not a problem and the choice will be made on other
grounds.

The first challenge to be met with conventional rail is the need to either permanently shade the

rails or to provide thermal expansion joints (gaps) that are either undesirably large, undesirably fre-
quent, or both. Michael Thomas has contributed three rail expansion joint designs.

FIGURE 4  POSSIBLE RAIL JOINT DESIGNS

MT

The problem with this approach is that rail gaps, just as rail joint misalignments, translates to
the annoying and typical "klickety-klack". Even on the airless, soundless Moon where such sounds
would not be 'heard’, the accompanying vibrations would be felt. Today's designers of high speed rail

are welding together ever longer lengths of rail - an approach not feasible for exposed rails on the
lunar barrenscapes.

For this reason, Kokh and Armstrong propose shading the rails from the sun at all times so that
expansion is not a problem and continuous unbroken rails for smooth, very high speed travel are feasi-
ble. In this system conventional flange wheel trucks would ride in a boxed sun-shielded road bed with

an as-narrow-as-possible median slit for the axle to car suspension system. No moving parts would be
required for this shading system.
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An earlier effort to design a system in which the two rails were individually trenched and shaded by a
system of movable 'scales' was rejected as too vulnerable to mechanical failure from dust, for example
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flanga whaal
trucks ride in Slﬂ:,ded
are—ahialded Rall
road bed Bed
1 ARl
s 5
:

KEY: (1) Passenger a) or Freight Car b); (2) Lunar concrete in steel alloy frame dual shaded rail bed, with
welded rails for high speed; (3) Minimal sun-exposed slit for car suspension; (4) well-graded right of



way; (5) right of way fencing. are a more expensive option, to be used, as on Earth, to shorten routes
through mountain ridges and crater ramparts.

Two other alternatives were looked at. A Lunar "Safege" Type Monorail in which the cars are sus-
pended below a shading track (as at Wuppertal, Germany) rather than supported above it in the familiar
Alweg Type systems used in Seattle and Disneyland, etc. [below] While such a system would involve sig-
nificant overhead construction, it would not directly require any surface grading (except to provide the
materials for the overhead superstructure), and it would provide no obstacles for surface cross-traffic
by maintaining continuous grade separation. We might see such a monorail favored for short distance
passenger traffic, especially in built-up areas where maintaining grade separation between rail and sur-
face traffic is a prime consideration.

FIGURE 7
Lunar
Safege Type
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KEY: (1) Passing Passenger Cars; (2) Support Pylons every 50 m or yds; (3) lunar steel alloy framework;
(4) lunar concrete for thermal mass; (5) loose regolith fill for thermal insulation; (6) shaded welded rails;
(7) minimally graded terrain; (8) grade separation clearance for surface cross traffic.

A simpler and less expensive system, a 'monopipe' rather than 'monorail’ would suspend the ve-
hicle car from unshaded cables or pipes free to expand and contract at dawn and sunset. The up and
down valleys and peaks of such a flexible cableway would be greatly minimized by using a suspension
system tied to an overhead supporting cable. [below]. Systems of this sort would do fine at more lei-
surely speeds and be a cheap option in sightseeing areas for example.
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KEY: (1) Suspension Cable; (2) Pipeway Support Cables; (3) Plpe Support Brackets; (4) flexible piperail;
with 42 cm (16.5") expansion between Pylons for 0.35 cm (1/7th") vertical droop differential; (5) Piperail
floats free at (6) Pylons spaced every 50 m or yds; (7) minimally graded right of way; (8) Surface vehicle
cross traffic clearance; (9) Passenger Cars (passing).

PROBLEM TWO: THE NEED FOR DERAILMENT PROOF SYSTEMS

On Earth, derailments are expensive in property damage and, in the case of passenger trains,
potentially dangerous to human life. On the Moon you can delete the words "potentially dangerous” and
replace them with "almost certainly fatal". A derailed car would almost certainly have its pressure hull
compromised, quickly losing life-sustaining air to the external lunar vacuum. In short, the possibility of
derailment must be designed out of the system. Both Michael Thomas and Charlie Moore pointed out
that amusement park roller coasters use systems in which wheels are paired or even clustered around a
tubular track so that the car CANNOT leave the tracks.



FIGURE 9@ ROLLER COASTER PIPE RAILS
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The unquestioned safety aspects of such schemes aside, there is a major engineering drawback
to them. It is difficult, if not impossible, to design affordable easy-to-operate routine track switching
and crossing for such pipe rail hugging systems because the wheel clearance gaps they would require
would be too large for the small wheels used to negotiate. As for non-conventional systems mentioned
above, a negative center of gravity (i.e. below the rail) is built into the monorail and suspensionway op-
tion. The monorail is inherently derailment-proof. The suspensionway is inherently derailment-
resistant.

To meet both switching and safety needs, Kokh and Armstrong then proposed a "Center Box
Rail" system in which a restraining bar, plate, flange, or pair of small wheels would ordinarily float free
of contact. If the car 'started' to lift off one rail and threaten to leave the track, the center restraining bar

would come into contact with the slit top of the center box rail.
FIGURE 10
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NOTE: In this illustration, the design is maximized for minimum center of gravity and anti-derailment
strength. It does not take into consideration the need to shade rails. This third rail would lie in the same
plane as the other two and its median slit need be no wider than the clearance needed for the side

wheel flanges, making even grade RR crossings a simple matter.
FIGURE 11 RRCROSSING WITH BOX RAIL
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NOTE: In this illustration, the minimal gaps needed for conventional flange wheels and for the restrain-

ing device in the center box rail are shown.

An alternative proposal of ours was to suspend the rail car from the waist in a concave trough so
that its center of gravity was actually lower than the side rails. The car's suspension would include flota-
tion rings that would allow it to bank freely. The trouble with this idea is that it would again make

switching difficult.




FIGURE 12
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In another attempt to design a low center of gravity derailment-resistant system, we borrowed
the Spanish idea of putting the wheel trucks between the cars, not under them, so that the cars could
maintain minimal clearance with the rails. Again, this system would not combine well with our shaded
rail bed idea, but would work in tunnel applications or under continuous shade sheds or ramadas.
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In the back and forth exchange of ideas that made this effort a lot of fun, Michael Thomas took
pains to elaborate the possible applications of all these ideas and came up with a number of interesting
sketches of which three which show the breadth of his design search are given below. In FIGURE 14,
Mike has combined the advantages of the shaded rail concept with those of the center box rail restraint
system and come up with a "Flat Bed Quad-Rail". It introduces the idea that rails 'above' the wheels can
be used to constrain the train's motion. A second upper set of wheels is desirable because wheels com-
ing into contact with the upper rail need to turn or free-wheel in a direction opposite those riding the
lower rail.

* FIGURE 14: A FLAT BED QUAD-RAIL (to be scanned)

NOTE: The size of the wheels is greatly exaggerated to show the arrangement in more detail.
KEY:

1) Concrete or Ceramic overhang and rail support.
2) Upper rails for inside-flanged wheels
3) Upper wheel with inside flange
4) Lower wheel with outside flange
5) Inter-carriage wheel truck
6) Pressurized car
7) Pivot attachment point to wheel truck.
8) Lower rails for outside flanged wheels)

In FIGURE 15, he uses the same "quad rail" restraining concept together with a concave road bed and
overhead shading.

FIGURE 15: A CONCAVE BED QUAD-RAIL (to be scanned)

KEY: Same as for Figure 14 above.

FIGURE 16: (to be scanned)

In FIGURE 16, Thomas depicts an extra wide road bed with a center box rail support together with low-
ering the ratio of the center of gravity to the track width by supporting two cars side by side on a single
double width chassis. Shading is provided by a lightweight arch shed built of lunar concrete blocks.



In last analysis, the simplest, most elegant, most cost effective designs will win out. Some solu-
tions that we have not foreseen are sure to surface in the future with the introduction of new technol-
ogy.

CONCEPT OF THE "TRAIN", SEVERAL CARS LINKED TOGETHER

In terrestrial passenger trains, we are accustomed to being able to walk the length of the train,
from one car into the next, without being exposed to the elements, thanks to flexible accordion like
"vestibules" linking the cars. In lunar conditions, not only shelter but pressurization against the external
vacuum must be maintained, and this would be difficult to manage with a flexible system constantly
bending up, down, left, right - difficult, but not impossible. After all, the spacesuit joint manages the
same task fairly well. Yet no spacesuit has undergone the 'mileage’ of constant use to which rail equip-
ment must be subjected.

"Vestibulated trains" may be an unlikely denizen of future lunar travelways. Instead, given both
the economic possibility of much wider Rights of Way, and consequently of much wider track gauges,
and the lack of the need for streamlining against air resistance, plus the lower gravity on the lunar sur-
face, single double and triple width, double and triple decker, and double and triple length rail cars are
feasible - more on a par with today's Boeing 747 cabin than what we are now used to riding on the
rails. This will hold of both conventional rail systems, overhead monorails, and Maglevs alike - as the
traffic volume warrants.

On the other hand, as we attempted to illustrate in FIGURE 13, we might see instead a "train" of
more conventionally sized cars, all equipped with vestibules which, however, would be undocked with
one another while the train is in motion, but "dock” together when the train is standing motionless in
the depot on straight and level track. This would allow boarding and unboarding through the end car
(trains backing into the depot) instead of requiring a series of docking ports, one for each car's side
port.

LOCOMOTIVE POWER OPTIONS

We were unquestionably more preoccupied with the design challenges tackled above than with
the question of motive power for lunar trains. After all, the options here seemed to be more clear, less
in need of brainstorming. Rails could be electrified, the power coming from a combination of trackside
solar arrays and solar power satellite in the L4 and L5 Lunar co-orbital fields and/or from nuclear( or
thermonuclear i.e. He-3 fusion) plants. An all-lunar formula for superconducting cable would certainly
help but seems at this juncture unlikely. An alternative would be to use satellite-laser-beamed power
directly to individual rail cars and trains.

In the honeymoon days of nuclear power (yes, youngsters, there was such an era us oldsters
dimly recall), the coal-dependent Norfolk and Western seriously considered a nuclear powered locomo-
tive. After all, weren't nuclear reactors being put aboard submarines? If the shielding problems can be
solved to everyone's satisfaction, this could be a sleeper option. A more remote sleeper is onboard fu-
sion power. At this time we don't have a high degree of confidence nuclear fusion can be engineered at
all. It is quite premature, then, to speculate how compactly He-3 fueled locomotive power packs could
be built. The advantage would be that, in contrast to conventional nukes, they would need little or no
shielding, a very attractive prospect.

To many, our nation's space program being industriously disassembled before our very eyes by
a Congress and Administration preoccupied with other priorities, the idea of railroading on the Moon
must seem sheer folly, unrestrained fantasy. But the government could never open the Moon anyhow,
so these setbacks are irrelevant. If the Lunar Resources Data Purchases Act is passed, and our expecta-
tions about exploitable lunar resources are borne out, and as Earth's energy options dwindle and envi-
ronmental constraints tighten, we WILL return to the Moon with or without government help or ap-
proval, out of sheer economic necessity. That is the only motive worth considering and boosting - yet
the one most neglected by space advocates.

Once we clearly HAVE TO go back, and do so, the pace of economic development on the Moon,
and in space in general will explode far beyond what almost anyone dares dream today. Someday there
WILL be thousands of people on the Moon, not a mere token elite handful, THEN hundreds of thou-
sands. It will be in such an era that LunaRail lays its first stretch of track, bound for a future with much
less competition than rail has had here on Earth.



Thanks again to all who took part in this first round of brainstorming on this question. Those of
you who didn't participate but now have something to add to the discussion, are certainly welcome to
do so. Just write to MMM/MMR c/o the LRS P.O. Box 2102, Milwaukee, Wl 53201-2102.

Subsequent Brainstorming by Peter Kokh and Dave Dietzler has concentrated on these issues:

1. Finding the right lunar-producible alloy for the rails, with minimal coefficient of expansion and
contraction with heating and cooling; One option we began looking into in 2012 was the possiblity of
making rails from basalt-fiber composites, now used to make “rockbar” which is rapidly replacing
steel rebar as a reinforcement for concrete structures. This could remove the previously perceived
need to shade the rails, for which we had come up with a number of options, all of them costly.

2.“Right of way” and track gauge: As right of way and land acquisition is not a cost-consideration on
the currently empty Moon, there seems no reason not to go with a very wide track guage, which
would lower the center of gravity, and allow single very large passenger and freight cars. If we did
have “trains” that is a number of inter-connected cars, vestibulation would be tricky, if pressurization
is to be achieved. We could simply allow passege between cars only when the train is in a station, on
a straight track segment. That also means that overhead clearance for trains could be set quite high
to allow for two or more deck units. The cheapest option for crossings would have roadways for
automobiles and trucks, dip under the rails.

3. The large guage and clearance would allow rail cars to ship large modular housing and other units.

4.Railroads could be the main means of spreading out the population to new settlements and outposts
along the route.

5.Railroads on the Moon would be ideal for shipping industrial goods and components as well as ores.

6. With aviation out of the question, lunar railroads, including hi-speed MagLev trains,would become
the glue that holds this new world together.

7.There is no need for “streamlining”

MMM #62 - February 1993

[Inventors Wanted: “Wheeled Walker” vehicles for The Moon]

O EEELS vs. LEES

for Extraterrestrial Transport
WHEELS VS. LEGS By P. Douglas Reeder, Oregon L5
(also submitted to StarSeed )

Comparison of existing models leads one to the conclusion that mechanical legged vehicles are
not worth serious consideration for land transport on other worlds. However, consideration of the fun-
damental mechanics and energetics of locomotion and the capabilities of legged animals leads to a dif-
ferent conclusion.

Although existing legged robots are slow, it should be noted that horses can carry a human at
dozens of kilometers per hour for long periods, using one horsepower. Automobile engines generate
hundreds of horsepower, plenty for a car sized vehicle if it has adequate energy efficiency, about which
see below. As to control at high speed, cheetahs travel up to 120 km/hr over broken terrain. Mechanical
legged vehicles with electronic control should be able to do at least as well.

All vehicles expend energy to raise the weight of the vehicle against gravity when ascending
large terrain features. Properly designed vehicles can recover some of this energy when they descend.
However, regenerative braking systems are still experimental for wheeled vehicles and research has
barely begun on downhill walking.
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Both wheeled and legged vehicles expend energy to accelerate the vehicle body. A rough ride,
aside from being hard on passengers and cargo, wastes the energy that is used to accelerate the body
in directions other than the direction of travel. Legged vehicles have the potential for a smoother ride at
all velocities, but it is not clear whether this produces a significant energy saving. A wheeled vehicle
must climb over an obstacle all at once, requiring high peak power. Legged vehicles can move one leg
at a time, if necessary, using a smaller, lighter power plant.

Wheeled vehicles use energy to angularly accelerate their drive train and wheels, which uses lit-
tle energy for usual designs. (The rover designs that are mostly wheel use much more.) Legged vehicles
must accelerate their legs. On level ground, the legs oscillate in regular patterns and a properly de-
signed mobile (such as most mammals) expends little energy to keep the oscillations going, but much
more than comparable wheeled vehicles. Current mechanical walkers dissipate the leg kinetic energy at
each stroke, and much more research needs to be done in this area. On rough ground, the irregular
patterns of leg motion increase the energy loss significantly at high speeds, so picking one’s way across
a boulder field is not just safer, it is more efficient as well. Energy dissipated in leg/wheel motion is the
area where wheeled vehicles do significantly better.

Soil interaction is where legs do much better. On soft ground, wheels compact the soil ahead of
the wheel, expending energy to dig a rut in the ground. Wheeled vehicles are continually climbing out
of their own rut (on soft soil), reducing their traction. As a leg pushes back, the soil behind the foot is
compacted, increasing traction. Hard ground reduces the penalty to wheels, but this usually requires
prior paving or rail-laying, at great expense, and is only economic for high traffic corridors - common
on Earth and nonexistent elsewhere.

In summary, properly designed legged vehicles can offer efficiencies within an order of magni-
tude of wheeled vehicles on smooth, paved surfaces and do better than wheels on rough terrain.

Where are these properly designed legged vehicles? They don’t exist (yet). Serious research on
mechanical legged vehicles is less than two decades old, while the automobile has been in development
for almost a century, and wheeled vehicles for millennia. Animals demonstrate excellent mobility and
good efficiency for their materials. With higher-strength material, higher energy densities, and the
speed of electronics, we should be able to do at least as well, if not better, than protoplasm technology.
In addition, mechanical walkers do not need to be fed when not working, can run all day and all night,
and do not have desires of their own.

The most efficient and practical legged vehicle so far is the Ohio State Adaptive Suspension Ve-
hicle (ASV) massing 1700 kg and carries a 220 kg payload at up to 13 km/hr. It is powered by a modi-
fied motorcycle engine.

Outlook for Legged Vehicles

On Earth, legged vehicles will find a niche, but will not replace wheels and roads and rails. We
have a great investment in wheel technology and our society is set up around it. In addition, population
is high and transportation routes are heavily used.

On the Moon, Mars, and other bodies, the reverse is true: we have no infrastructure of roads and
rails, and travel densities will be low for a long time. If suitable legged vehicles are available by the time
colonization is starting, colonies can be designed around the use of legs instead of wheels.What would
be different? Primarily, you don’t need to pave anything. No unsightly and expensive roads and parking
lots. Trails need only be cleared of the largest boulders and can ascend steeper slopes than are practical
for roads.

Wheeled off-road vehicles and rovers also eliminate the need for roads, but offer a much
rougher ride which is hard on people (reducing the amount of work they can do) and on delicate scien-
tific gear. Legged machines still need bridges for gaps larger than a few meters. (Ohio State’s ASV can
cross trenches up to 2.7 meters and climb cliffs up to 2.1 meters, capabilities far beyond that of any
wheeled vehicle.)

A legged vehicles can carry heavy equipment right up to its final location whether that is in a
canyon or on top of a mountain, and hold it level! You don’t need to drive a road to a site before you
develop it. Boulders falling on a trail for legged vehicles don’t block the trail, but merely it to the side.

Legged vehicles are mechanically more complex, and probably will require more maintenance
than wheeled vehicles. You won’t have two lanes of traffic going opposite directions within a meter of
each other, almost eliminating vehicle collisions. An interesting visual effect is that a large expedition



would resemble a stampede with diesel engine sounds. A good thing there isn’t any local fauna to ter-
rify!

Legged vehicle travel will follow natural routes across mountains (valleys, ridges, passes) but on
the plains travelers will head straight for their destination, instead of along the road grid we use on
Earth. Putting up a fence and saying NO TRESPASSING might be considered downright hostile.

You could drive your legged truck right into the middle of the greenhouse to load it, with it
carefully stepping on the walkways, Feet do far less damage to soft ground and vegetation than wheels,
reducing erosion, and kick up less dust in dry soils. Legged vehicles offer the potential to significantly
impact the way other planets are explored and developed.

DR
REFERENCES:

D. J. TODD, Walking Machines: an Introduction to Legged Robotics, Chapman & Hall, New York.

Shin-Min Song & Kenneth J. Waldron, Machines that Walk: The Adaptive Suspension Vehicle,
The MIT Press, Cambridge, MA

DI.

“Must See” Sights for Tourists on the Moon

Anyone coming to the Moon will see and experience quite a bit, enough to acquire a lifetime of memo-
ries, just in the landing and departure process and in the short taxi from the pad to the settlement air-
locks — without having to go out on special expensive surface excursions. All the same, it would be a
shame to make a half million mile round trip without getting to see up close a typical range of Moon-

scape terrain, and if possible, at least some of the best this world has to offer. See “7 Wonders of the
Moon” below.

7 IRMNPERT of the Moon An Armchair Pick

7 WONDERS OF THE MOON




By Peter Kokh

From orbit, as through any modest telescope, it will be quickly apparent that the Moon offers an
unexpectedly diverse landscape. Eye-catching paintings of over-imaginative artists aside (there are no
craggy peaks untouched by erosion and few if any rough edges — all terrain features having been in-
exorably softened by the eons-long rain of micro-meteorites) this world does have some striking fea-
tures all the same.

On Earth the rugged awesomeness of crustal rock outcrops and other features forged by a con-
test between brute geological forces and the relentless onslaughts of an ever active weather system are
set in contrast to the beauty of vegetation in wild strobe-like stasis of species competing for niche
space. On the sterile and barren Moon there is no such counter-play between geological awe and bo-
tanical beauty. Moonscapes, however otherwise dramatic or boring in feature, are all of one canvas in
being displays of “magnificent desolation” (Buzz Aldrin, Apollo 11 landing crew, 7/20/°69).

Many humans are quite insensitive to natural beauty (e.g. “when you’ve seen one waterfall,
mountain etc., you’ve seen them all.”) and will react to the Moon in character: “when you’ve seen one
crater, you’'ve seen them all”. To those of us with an eye for differences and especially to those of us
with an appreciation of untamed geological drama, the Moon, which bores only the boring, can boast a
wealth of spectacular vistas.

As on Earth, the most spectacular views of the terrain itself will be had from the unobstructed
vantage points of high ground — from crater and ridge tops, mountain peaks, rille edges, and promon-
tory points. These overlook craters and walled plains, the frozen lava seas of the maria, straight and
sinuous valleys, rolling, cratered, and chaotic terrain etc. As on Earth, there will be sights that merit
only local or regional fame, and those that deserve a place on the global honors list.

Here is an armchair selection of nominees for a place on the “Seven Wonders of the Moon” list,
the pick of one Earth-bound, telescope-, moonglobe-, and lunar photographic atlas-equipped student
of the surface of “Earth’s significant other”. Only five of the Wonders on the list are surface features.
Two spots are saved for extra special treats in the lunar heavens.

Five Nearside Wonders of the Moon

1. Earth itself, an apparition in lunar nearside heavens with 3 1/2 times the breadth, blocking out 13
times as much of the starry skies, and shining with 60 times as much glaring brilliance as does the
Moon as seen from Earth — all in a spinning ever changing marbleized riot of blues, greens, browns,
and whites. It goes through the same series of sunlit, night-darkened phases as does the Moon in our
skies — with spectacular differences. “New Earth” when eclipsing the Sun during what we interpret as a
Lunar Eclipse is a dark circle in the heavens crowned with the fiery ring of the sunset-sunrise line as
sunlight scatters in the dust of the atmosphere. The night-darkened portion of the globe is in the last
century increasingly “star-studded” with the city lights of burgeoning urban areas and oil and gas field
burnoffs of “waste” natural gas and hydrogen. Meanwhile the frequent reflection of the Sun off ocean
and ice accentuates the sunlit portions.

Full Earth illuminates moonscapes with sixty-some times as much brilliance as Full Moon
brightens Earthscapes. This will be handy for getting about during the long lunar nights. But without a
dust and water vapor laden atmosphere on the Moon, Earthshine shadows are inky black and impene-
trable, and starlight is not drowned out. However, for the eye’s pupils to open enough to appreciate the
starry vistas, the brilliance of Earth must be baffled out of one’s field of vision.

While Earthbound students can patiently study a seemingly eternally changeless Moon, lunar
settlers and visitors who turn their gaze upon the Earth will have an unending drama of spectacular ka-
leidoscopic change to admire and study. It will be a treat without the distraction of flora and fauna and
weather in the foreground, a Van Goghish canvas of color understatingly matted by black sky and gray
regolith.

Astronomical painters such as Bonestel have tried to help us envision what it will be like to look
upon Mars and the various other planets from the surfaces of their natural satellites. But the view from
the Moon need take second place to none. Yet not all lunar settlers and visitors will be able to appreci-
ate it with equal ease.

To paraphrase the opening sentence in Caesar’s report on the Gallic Wars, “Omnis Luna in quat-
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tuor partibus divisa est”: “All the Moon can be divided into four parts”.



In the central part of the Nearside hemisphere, Earth is either directly overhead or at a very un-
comfortably high angle above the horizon. Settlers might aptly nickname these central regions “The
Crooknecks,” Included is most of Mare Imbrium, Mare Nectaris, Mare Serenitatis, Mare Tranquilitatis,
Mare Nectaris, Mare Vaporum, etc.

“The Postcardlands” are the peripheral portions of nearside, regions in which the Earth hovers
perpetually a comfortable 5-40° above the horizon.

Adjacent to these, straddling the “limb” of the lunar globe which forever keeps the same side
turned towards Earth are “The Peek-a-boos”. Because the Moon’s axis is not perpendicular to its orbit
around the Earth and because that orbit is somewhat eccentric and the Moon travels faster when nearer
Earth and slower when further away, all the while rotating at a fixed rate, about 7° to either side of the
90° East and 90° West lines are alternately turned towards Earth and away from Earth. Together the
above three regions cover nearly 60% of the lunar surface.

The remaining 40+% is in “The Obliviside”, the Farside heartland from which Earth is never
visible. This fact sets the scene for the last two Wonders on our list.

2. Copernicus. Nearside has many striking large craters. Any amateur astronomer who studies the
Moon through a backyard telescope will recognize a couple dozen by location, appearance, and name.
And each will have his/her favorites.

Even to the naked eye a few craters stand out a quarter million miles away. During Full Moon,
Tycho in the mid-south is the radiant point of bright streaks of lighter regolith splash-out that stretch
for thousands of miles. Smaller Aristarchus catches one’s attention with the superimposed brilliance of
Venus. Plato’s dark floor (Academy Plain?) can be picked out just north of Mare Imbrium, the Sea of
Rains.

Through the binoculars even more can be recognized. But even though there are sixty-some
other nearside craters as large or larger, easily the most striking of all, from Earth, is Copernicus. With
its extensive debris slopes, it sits alone in southern Oceanus Procellarum, the Ocean of Storms, without
neighboring rivals. Mount Nicolaus* at its center reveals a glory of detail. [* The author has published
his suggestion that crater central peaks be known by the first name of the famous person after whom
the host crater is named. They are otherwise known only as “central peak of ...”] A stunning low angle
photomosaic of Copernicus taken by Lunar Orbiter 2 in late ‘66 was billed by the media as the “Photo of
the Century”. Indeed its psychological impact was without precedent.

Early settlers will have as favorites prominent craters that lie in easy excursion reach of their
settlement site. And it will be these that are first offered on itineraries of tourists from Earth. As tourist
support infrastructure grows, however, those sights with world-class splendor will be offered. If Coper-
hicus is not handy to the initial settlement site(s), it will soon be reached “by beaten path” nonetheless.
In low gravity “sixth-weight” it should be easy enough to build an elevator-equipped observation room-
capped tourist tower 2 miles (10,000 ft., 3 km) high atop Copernicus north rim to showcase the scene.
3. The Straight Wall. In southern Mare Nubium, the Sea of Clouds, lies a 90 mile long escarpment or
cliff known as “The Straight Wall”. Because it runs north and south, it is cast into high relief by the rising
Sun and is very prominent in even a low-power scope a day after first quarter (first or waxing Half
Moon). While the “wall” is not really that high, this sunrise shadow play can be appreciated from surface
viewpoints as well, especially those above the average elevation of the plain to the east [a mischievous
use canonized by astronomers. The thought never crossed their ivory tower minds that the orientation
of people on the surface might someday matter. What is the “eastern” hemisphere of the Moon as seen
from Earth is really the “western” hemisphere from a lunar point of view as determined by the progress
of sunrise and sunset.]. This feature probably does not deserve a thousand mile detour, but it is unique
and special enough to be on the itinerary if established trade and travel routes pass nearby.

4. The Alpine Valley. Running like a canal through the mountainous terrain between Mare Imbrium and
Mare Frigoris a couple of hundred miles east of Plato is an arrow-straight cut or trench, probably made
by a massive piece of ejecta from the impact explosion that carved out the Imbrium basin. About a
hundred miles long, it is sure to be a mainline route for traffic and utility lines between these two mare
areas. All along the route there are high points to either side which must offer quite a vista. Some of
these may one day host tourist lookouts, rest stops, and hotels.

5. The lavatubes. While we have strong evidence such features exist and in what kind of lunar terrain
we are likely to find them, we have yet to actually map, much less explore, even one. These cavernous
wormholes made by subterranean rivers in the still cooling lava floods that, layer upon layer filled most



of the Moon’s larger impact basins over three and a half billion years ago. Some near surface tubes have
partially or wholly collapsed to form broken or continuous sinuous rille valleys. But many others must
lie intact, invaluable geological preserves as well as handy shelter for the more volume-hungry needs of
lunar settlement and industry. Lavatube exploration is sure to be an honored lunar “outlocks” activity.

Two Farside Wonders of the Moon

6. The Milky Way. One of the lesser recognized ways in which we are allowing our terrestrial environ-
ment to continue to degrade is urban nocturnal light pollution. Today there are millions of youth who
have never seen the Milky Way. For those of us fortunate to live in or visit at least occasionally country-
side areas well outside built-up populated areas, the sight of the Milky Way in dark star-bedazzled
skies is unforgettable. But we glimpse it at the bottom of an wet and dusty atmospheric ocean. Even in
mid-desert where on cold crisp nights the seeing is best, we are somewhat handicapped.

On the lunar surface, atmosphere is absent. But anywhere in the Nearside Crooknecks or Post-
cardlands, and part of the time in the Peekaboos, there is the distracting brilliance of Earthlight which
must be baffled not only from view, but from reflection on one’s helmet visor.

It is in Farside during nightspan, both Earth and Sun below the horizon, that the Milky Way
shines in full undampened, unchallenged glory. To look up from such a vantage point and scan this
river of star clouds as it arches across the heavens from horizon to horizon is a treat no human has yet
experienced. For those with soul enough to appreciate it, this awesome sight will be a, for some the,
reason to visit, or settle in, Farside. Many will choose the peripheral Peekaboos along the limb, for in
these areas one can enjoy both the Milky Way, and Earthrise/Earthset, alternately.

7. Tsiolkovsky. The standard approach and landing trajectory that ships bearing settlers, tourists, and
visitors will take to surface settlements will bring them in on a descent swing around Farside. Mare Ori-
entalis, the dramatic bullseye-shaped Eastern Sea (misnamed because it is in the western Peekaboos)
will be the feature most watched for, if, of course, it be sunlit at the moment. But deep in Farside, again
depending on the time of sunth, another spectacle awaits them, to this writer’s eye the most dramatic
crater on the Moon — Tsiolkovsky, aptly named after he who taught us that Earth is but our cradle, and
that it was our destiny to move up, out, and beyond.

Like Plato and Grimaldi on Nearside, Tsiolkovsky’s basin is flooded with mare-like deposits — in
its case some of the darkest mare regolith to be found anywhere on the Moon. This only serves to set
off even more strikingly the Mount Konstantin massif that dominates Tsiolkovsky’s interior. What a
perch for a monastery or latter day shangri-la!

If the day comes when human settlements in the solar system organize in some politically coop-
erative way, what better site for a capital or headquarters than on Tsiolkovsky’s dark flat floor south of
the Konstantin massif. It is handy enough to Earth where most of humanity will continue to live for a
long time to come. Yet its horizons face away from the hidden cradle world out upon a Milky Way
crowned universe of unlimited opportunity. And who could pick a better name? It’s frosting on the cake
that those approaching from space could pick it out instantly by naked eye a half million miles out

National Parks and other Preserves

Any discussion of great natural wonders would be incomplete without considering what we
might to do preserve such heritage. Scenic Preserves would establish regulations restricting buildings,
road placement, and other developments in the foreground or background visible from scenic overlook
sites. Geological Preserves would go further, protecting not only specific viewpoints but the physical
feature itself from development, some types of mining, etc. Designation as a National Park would sig-
nify the intention to develop tourist and other recreational use facilities nearby so that the feature could
be popularly enjoyed in a controlled fashion, as well as preserved from other types of development.

There is the added question of preservation of scenic orbital perspectives, i.e. of preventing de-
velopments that might be defacing on a large scale. Given the impotency of efforts to control forest
clear-cutting in the Pacific Northwest where ugly scars that seem to grow cancerously insult anyone
peering out an airplane window, lunar authorities will have to insulate themselves from the palm grease
of developers if they are to have any luck. But solving the future’s problems is the chore of those alive
at the time. We can but warn. rMrr
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TOURIST EARNINGS By Peter Kokh

Profits from space tourism to be plowed back into the Lunar economy, can be earned for the
Moon only to the extent that the tourist operations involved are owned, operated, and equipped by set-
tlers. If at first this seems an unlikely scenario, consider the cost of building tourist resorts in LEO [Low
Earth Orbit] from materials brought up from Earth in comparison to cruder yet comparable facilities
built of materials processed from lunar regolith - the twenty-fold savings in freight charges will tip the
edge to companies able to supply the latter, once the necessary upfront capital investments have been
made.

Initial LEO resorts prefabricated on Earth will be small, however luxurious. Ample and spacious
complexes able to accommodate a much wider range of activities (read zero-G sports and recreation)
will have to await the breakthrough in construction costs promised by NTMs — Non-Terrestrial Materi-
als. Compare 50s era Las Vegas resorts with those of today and multiply the difference by a hefty factor!

That said, earnings from the use of lunar materials to support expanded tourist opportunities in
space will only flow into lunar accounts to the extent that the building materials manufacturers and
construction companies involved are settler-owned and/or settlement-taxed. Unfortunately, there are
ample past models for exploitative colonialist rape-theft of foreign resources to give us ample warning
that without the proper legal-political-economic regime in place, space frontier settlers could well end
up not seeing a penny of the profits. Indeed, some of these unsavory practices have been at least im-
plicitly advocated in development schemes put forward by some space advocates emotionally opposed
to surface settlement by “planetary chauvinists”.

Assuming that we set things up right however, the construction, outfitting, and servicing of
tourist facilities in LEO should provide a major market for the lunar economy. After all, tourists are the
one thing it is far more profitable to source from Earth than from off-planet! And LEQ is their handiest,
least expensive “off shore” destination.

“Build it and they will come” — for the rocket-thrust experience of liftoff, for the sensation of
weightlessness, and for the angelic, olympian views. Those not plagued by space-sickness will get “the
experience of a lifetime” promised by the hype ads. As ticket prices moderate and demand increases it
will become profitable to offer “enhanced” orbital vacations.

Exercise, sport, and even dance classes and events will exploit the opportunities of weightless-
ness. To make the most of the unparalleled views, there will be both “heads-up” view-plate display aids
and experienced human guides to help sightseers identify and understand the geographical, geological,
ecological and environmental, geoeconomic, and meteorological clues in the brilliantly sunlit pano-
ramas below.

Picking out major and minor cities by their night lights will be a popular pastime. For astronomy
buffs, the twinkle-free brilliance of the quickly shifting starscapes will bring a foretaste of heaven.

The leap from Earth Orbit tours to deep space excursions such as lunar swingbys is relatively
easy. [MMM # 21 Dec. ‘88 pp 2-5 “Lunar Overflight Tours” available by SASE plus $1 to “LRS”] If part of
the vehicles (and their outfitting) involved is “Made on Luna”, some of the revenues from this extension
business will help boost the lunar economy. Better yet if the companies serving this trade are settler-
owned.

Tours to the L4 and L5 Earth-Moon co-orbital fields, which may be the site of considerable con-
struction and manufacturing activity and boast settlements of their own, will also become popular early
extensions of LEO tour stays. From these twin vantage points, Earth and Moon can be seen together,
60° apart, and in similar phases (new, half, full, etc.). Excursions still further out may also be available.

As to “land excursions” on the Moon, in the early days when the preoccupation will be with
building and establishing the first settlements and coaxing them toward some degree of self-
sufficiency, it may not be possible to “visit” the Moon except on “working tours” as part of construction
or prospecting crews, much as people now pay to go on archeological “digs”. Eventually, traditional
“pampered tourist” type vacations will be introduced.



Such offerings will probably await the day when any and all new pressurized habitable space on
the Moon is constructed of materials processed from the local regolith soils. Until then, the per square
foot cost of habitat prefabricated on Earth will be much too high to squander on tourist activity for any-
one other than the obscenely well-to-do.

For sightseeing surface excursions, pressurized cabins retired from Earth-Moon ferries and fit-
ted with wheeled chassies and suitable motor units [“toads”, cf. MMM # 48 SEP ‘91 pp. 4-6 “Lunar
Hostels: Part I: Amphibious Vehicles] should be available as sleep-on go-anywhere coaches. They might
be brightly colored (“Tangerine Toads”?) for safe visibility in the overly gray setting, operated by a
commercial distant cousin of Greyhound (Grayspan?).

As for touring Mars, that is an altogether different set of ifs. It is unlikely there will be any sort
of tourist activity out that far until tested and proven second generation nuclear rockets are available
that can significantly reduce travel times and total cosmic and solar radiation exposures. First to be-
come available will be tours to Phobos and Deimos, Mars’ two close-in moonlets. These tours will
feature extended observation of Mars from relatively high orbit (3,700 and 12,500 miles over the Mar-
tian surface, respectively).

However, much closer fleeting glimpses of the daylit side approaching and coming out of the
aerobraking maneuver that ends the “cruise” out from Earth and puts the craft on a trajectory for either
of the moons. Excursions to Mars surface itself may follow the lunar pattern, working tours first.

Is there a Lunar part in all this? Yes, to the extent that some of the vehicles, equipment, and
provisions are lunar built, modifications of items first designed to bootstrap the unfolding of lunar
settlement itself along with Earth-Moon trade. One thing builds upon the other — if we play our cards
right, leveraging the most from every advantage. Mrr

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 fore-
ground 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” busi-
ness and specializes in custom home interior remodeling and redecoration. His hands-on experi-
ence working with all sorts of building and construction materials and in getting the most out of
them under often times difficult conditions has filled him with enthusiasm for this “ultimate chal-
lenge” to home-crafting resourcefulness.]

MMM #79 - October 1994

MMM begins a New Series




On the face of it, the expression “Rural Luna” sounds a bit tautological (like the hot Sun, or
wet water). But once there is a permanent outpost or settlement, a very sharp contrast will assert itself
between the relatively civilized human enclave and the rest of the Moon’s barrenscapes. Using the initial
outpost as a Base Camp, secondary visited, camped, tended, and staffed sites will find there way onto
the map here and there. Mining operations, science outposts engaged in geology and astronomy, tour-
ist stops, and eventually secondary settlements will come as the humble human beachhead slowly
phases into a genuine global presence.

RURAL LUNA Part I: Beatmg a Path

For the utmost part, the Moon remains a pristine, undisturbed, trackless barrenscape presenting
varying degrees of difficulty and obstacle to those who would traverse it. There are the wheel ruts of
three Apollo Lunar Rovers and two Soviet Lunakhods — but that’s it. This presents would-be developers
and settlers with two complementary options: bring or build “off-road” vehicles and be content with the
speed and terrain limits they impose, and/or improve logical easy-traverse routes into roadways pass-
able for general vehicles at more desirable speeds.

The former option must be addressed with more capable, more specialized vehicles, and is cov-

ered last. The later, choosing traffic routes and improving roadways is our opening topic.
AR

LUNAR ROADS By Peter Kokh

The question of roadways needs to be addressed on both a local and global level. The traffic in
local areas within a base or settlement perimeter will be the heaviest and most regular, calling for the
highest level of improvement. This means not only grading and removing of stones and boulders, but
also compacting and “fixing” or “paving” the surface. Such traffic ways need not only to be rut-resistant,
but also to be dust-free or dust-stabilized.

Some have called for paving with locally produced concrete slabs of “lunacrete.” But road sur-
faces can be self-paved by fusing or sintering the surface layers to a sufficient depth to support ex-
pected wheel weights, using microwave beams in a stereo array or focused solar beams in a controlled
pattern to produce a hard but not glassy surface, textured to improve traction of soft-tired vehicles.
Just how to do this is a matter that will require some amount of determined experimentation, first
Earthside with analog materials, then in-field/on-site confirmation tests with actual lunar produced
materials under real conditions. This will be priority “homework” for the initial outpost-base.

The most difficult challenge will be the high surface temperature range of over 400° F, over
200° C. This will constrain the way and extent to which potential dust-fixers like sulfur are used.
“Pavement” strengtheners such as locally produced fiberglass mats may be part of the solution.



As to “lunacrete,” bear in mind that this is a sixth-weight environment and the “pavement” need
not be as strong as that needed to bear up under terrestrial traffic. On Earth, a six to one mix of raw on
site soil with cement is enough to produce a serviceable walkway (we continue to use a 1:1 mix in over-
kill due to the resistance of vested interests). But such a mix might even sustain road traffic in the re-
duced gravity.

“Highways” beyond the Base/Settlement Perimeter

Away from the settled areas, dust control, while always helpful (reducing and simplifying vehicle
maintenance) will be less important. Depending upon traffic volume, simple clearing of boulders and
modest grading here and there may suffice over carefully surveyed routes. Rights of Way can be very
generous, all at no cost. Obviously surveying will be of the utmost importance if the amount of work
and expense required is to be kept to the most economical minimum. That will be a primary goal in the
early era of human occupation. Only as global lunar population growth and intersettlement traffic justi-
fies will “shortcuts” demanding extensive cut and fill work, perhaps even bridges and tunnels, be justifi-
able.

To aid in route surveying and “high route” corridor designation, we will need more accurate and
higher resolution lunar global altimetry maps than we now possess. But this is quite within the reach of
(a) satellite mission(s). Based on the maps yielded by such (a) TopoSat(s), potential corridors and routes
of varying breadth, both main and tributary branch routes, can be identified prior to decisions on where
to site additional settlements and outposts. Proximity to such routes linking potential sites to the initial
and main center(s) of lunar population will be a primary, if not overriding consideration in final site se-
lections. This map of potential traffic routes, color-coded for sections needing special improvement,
identifying and quantifying clear-grade (CG) and cut-fill (CF) hurdles according to difficulty and ex-
pensed options will provide one part of a crystal globe preview of the way the Moon, as a new human
world, will unfold and develop.

There are of course, other ways of getting around both on, over, and above the surface and to
the extent to which these prove to be economically competitive, they will tell a complementary story.
Here, actual site advantages, be they chemical-mineral endowments or scenic spots of tourist appeal
will mandate the development of sites irrespective of any convenient proximity to this Map of Potential
High routes But this map too, will be penciled in well in advance, again thanks to orbital satellite map-
pers, this time tracing the abundances of elements and even minerals. It will form the complementary
part of the lunar development blueprint map.

The “Circumlunar” Route L1

Open a photographic lunar atlas or get out a lunar globe, and it will be clear at once that some
areas, notably the mare plains, are suggestively more travel-worthy than the high-land jumble of crater
upon crater. This is deceptive, however. Lava flow fronts, escarpments, and rille valleys and trenches as
well as “reefs” of partially buried crater rims pose very real restrictions on choice of path in cross mare
and inter mare travel. Even here routes must be scouted with deliberate care.

o= Mearside

"I'I!L_ Marequator

The second thing that should emerge is that the distribution of the maria is far from random.
They cluster north of the equator on Nearside, and south of the equator on Farside. It is indeed some-
what justifiable, even practical, to speak of a “marequator”, a lunar great circle that traverses the geo-
graphical equator at the visible limbs and tangents 30° N at the central Nearside meridian, and 30° S at
the central Farside meridian. A future “Circumlunar” Highway might well follow this route, with branches
of opportunity off to either side.
Scenic Highroutes

On Earth, “scenic” roads often hug terrain features such as valleys, shorelines, ridges and moun-
tain crests. On the Moon, it will be no different. Routes chosen for the views they afford will wind along
rille tops or bottoms, crater rims, and mare coastal ramparts, lava flow fronts etc. As they may well be
more expensive to build, such roads will come later, multiplying step by step as the domestic and for-



eign terrestrial tourist traffic increases. For a long time, most tourists on the Moon will be settlers and
others already living on the Moon.
Finding one’s way, safely

In addition to the constraints on choice of materials and construction methods posed by the ex-
treme range between nightspan and dayspan temperatures, there is the challenge of the accompanying
differences in illumination. In dayspan, the glare from reflected sunlight is intense. This is so despite
the dark grays of the lunar regolith soils even in the highlands. Add to this the inky black shadows in an
environment free of a light diffusing atmosphere. At night there will be some relief on Nearside from
earthshine, phase for phase as bright as sixty moons on our own cloudless nights. But in Farside, the
pitch dark of nightspan will be relieved only by the brilliance of the Milky Way in the Earthless sky.

The problem these extremes of illumination pose is twofold: first there is the need to see one’s
way clearly. Second there is the defensive need of being visible to other vehicles.

Helping in the first instance is the lack of atmosphere and drag: we can put headlights on high
masts so they can peer over slight rises. By day, to save battery or fuel cell power, they can be
computer-toggled by the coming into view of dark shadow areas along the line of motion on the road.
At night, sidelights as well as headlights may be desired. Question: how practical would it be, on Earth-
less Farside, to drive solely by the light of ultraviolet headlamps? That is to ask, is there enough fluo-
rescent rock, glass, and dust to be excited by the UV? Some cheap experiments with a representative
sample of Apollo Moon rocks and dust could give a first read.

To be visible to others poses special problems both by day and by night. It will be very impor-
tant to determine exactly which colors and hues and shades stand out most clearly against the lunar
grayscapes. Will reflective bright green be the color of choice on the Moon as on Earth? Possibly not.
Vehicle nightlighting can likely follow familiar terrestrial code norms: red, orange, green, white, blue.

Allied to the above question is the choice of colors and auxiliary illumination for road markers
and signs. During dayspan illumination, signs could be designed to make use of sunlight for enhanced
visibility. Under shadow and nightspan conditions, battery-stored solar energy could use the same de-
sign for internal illumination. To save energy, these could be switched on, and off, by vehicle proximity
sensors.
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Alternately, night lighting of signs could be supplled by radioactive |sotopes and a careful choice
of fluorescent materials or. In both cases, translucent colored glass would be used, not plastic.
Not by sight alone ...

To paraphrase a proverb, visibility is not enough. On Earth, both to attract attention of dis-
tracted drivers and to provide warning, for example on blind curves, horns are all but indispensable.
Conventional horns do not work in vacuum. Radio-triggered horns would seem an option, but without
obstacle-top relays, their line of “sight” would be broken. We will need to address this problem, either
as suggested above or otherwise.

Radio communications will have to be satellite- or tower mediated. There is no ionosphere! We
could rely on relays at L1, and much more distant L4 and L5 and Earth itself, the latter three all with
their 2.5 second time delay. Or there could be a more expensive to maintain low orbit network satellite
array. Low lunar orbits are unstable and lots of maintenance fuel would be needed. A tower net might
be the simplest solution until the human presence starts to spread globally. At any rate, a satellite net
for global positioning information will be indispensable on the Moon where visible location clues will be
few and confusing.

For entertainment and news on route, lunar radio stations could reach travelers by the above
satellite relays. Antennas large enough to pick up signals from L4 or L5 could also bring in Earthside



stations. Conversely, terrestrial dishes big enough to pick up signals from L4 or 5, more than ten times
the distance of geostationary comsats now in use, would be needed to eavesdrop on lunar programing,
either direct or reboosted by relays in L4 and L5.

On farside, especially within relay line of sight of a radio telescope installation, communications
may have to be carried by roadside cable with intermittent low power short reach radio transmitters.
More conservatively, milestone road-side lights could flash to advise vehicles to park and do a cable
hookup to receive an important message. As a site for such an astronomy facility, probably indispensa-
ble to any successful S.E.T.l. search as well as to definitive cosmology, lunar Deep Farside is a piece of
real estate unique in all the solar system, of such scientific value that its radio silence must be protected
at all costs, despite all inconveniences. Our ingenuity and need will find a way to communicate there all
the same. M

Relevant Back Readings from MMM :[MMM Classics #2] #10 Nov ‘87 “Farside” part Il; #15 MAY ‘88 “Rural Luna”

The Basic Automated Unpressurized Convenience

WAYSIDES By Peter Kokh

For traveling off the beaten path, obviously we must use self-contained vehicles that need no
resupply other than that which they can obtain from the surroundings they traverse. A tall order, espe-
cially if range is not to be severely limited.

But along improved high routes opened to routine travel, wherever the distances between set-
tlements and outposts are substantial, safe travel will be promoted by the placement of basic auto-
mated unpressurized convenience waysides. These will be stations where vehicles can pull up and hook
up for refueling or recharging, access higher gain antennas for fuller communications options, and so
on. take on emergency rations when needed, etc. The station’s solar power units will recharge ex-
hausted batteries, electrolyze water from fuel cell operation to make hydrogen and oxygen for refueling
other fuel cells. And there will be on site solar power storage for limited nightspan operations. First aid
supplies will complement emergency food rations in a vending dispenser.

A computer in the main settlement could keep track of vended inventories and the quantities of
water, hydrogen, oxygen, stored power reserves etc. On that information, just-in-time resupply and
equipment maintenance can be scheduled.

Such automated stations can be designed as compact units with modular pullout/plug-in
changeable components. They could be trucked to the site overland, or delivered ahead of road-blazing
crews to areas about to be opened by suborbital hopper or lunar all-terrain vehicles.

While vended food rations and other items would need to be resupplied regularly, the fuel and
power services function could largely be self-maintained on an automated basis along with recycling
wastes from one vehicle into reserves for the next. Use of the station other than through vending ma-
chines could be on the honor system.

As a major improvement, an emergency solar flare shield in the form of a regolith-covered can-
opy or ramada could be provided at waysides separated by no more than a couple of hours drive. And a
self-service garage with a ramp, hoist, and vending machines dispensing commonly needed replace-
ment parts would be another useful improvement.

Even before truly rural pockets of habitation appear on the Moon, the presence of these little
automated stations will put the welcoming and reassuring stamp of “civilization” on the long desolate
inter-settlement and inter-outpost reaches. These stations could be manufactured for, and operated by
the Lunar Frontier Government. But they could just as well be built and operated commercially under
license with set mini-mum standards. The latter option, probably leading to rival competitive chains,
would promote welcome improvements, such as the two we’ve mentioned above, as well as more effi-
cient operation and maintenance. Commercial operation will also more quickly lead to the appearance
of staffed full service stations and centers. Erarara]



Service Centers & Inns

By Peter Kokh

Some of these basic and improved Automated Stations may continue to serve indefinitely in this
limited capacity. But where traffic growth, and hence entrepreneurial opportunity warrants, well-placed
stations (at junctions and crossroads, near scenic attractions, for example) may gradually evolve into
full time staffed service centers. The artwork above depicts just some of the service opportunities: cof-
fee shop and restaurant, motel with shower facilities, laundromat, excursion tours to scenic spots, lunar
railroad flag stop.

This list is hardly exhaustive. As this would be a pressurized station, matchlocks would be pro-
vided for vehicle docking, permitting shirtsleeves entry. For the vehicle, in addition to the standard
utility/service hookups, there could be a garage with mechanic on duty and a more complete inventory
of parts. There could also be a sanitary waste deposit facility. A first aid station would be tended by a
nurse or medic.

==

There could be a more complete line of telecommunications: postal pickup for snail mail; west-
ern union style pick up anywhere service for messages and money; ATM machine; telegraph/fax service;
computer/modem work stations; teleconferencing capacity. For the motel section there could be a well-
rounded audiovisual library

We mentioned available excursion tour side trips. Expanding on this theme, other possibilities
include rentals of open cab lunar dune buggies and dirt bikes; taxi service; and, of course, day care for
the little ones you don’t want to take along on that special outing.

A lounge for guests to mix socially could complete any dining facilities. It could be stocked with
an assortment of games. Besides a kitchen and meal service, there could be an in-room kitchenette,
even picnic supplies for an outing in an attached solarium-arboretum-garden under a glass dome (total
accumulative time spent under unshielded glass is likely to be minimal). A small gym, a ball court, or
pool would be nice.

Expanded tended vending service could include various food and sundry items, locally made or
other lunan art and craft souvenir and gift items, on the spot film developing and more. Each Service
Center & Inn might offer and carry certain basics. They would try to outdo one another in luxury options
and specialties.

In reality, the first such centers are likely to develop as truck and motor coach stops. It may be a
while before lunar roads are traveled by any lunan version of the family car. But any of the above would
be a start. franara]

[Lunar Roads, Part II: ]
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VEHICLE DESGN CONSTRAINTS By Peter Kokh




It might seem that designers and engineers of vehicles meant to roam the lunar surface have a
clean slate. First, there is no atmospheric drag to contend with, therefore a need neither for streamlin-
ing nor for a low, narrow cross-section profile. Second, there are no real estate expense reasons to
keep road rights of way and traffic lanes as narrow as those we are well accustomed to on Earth. Lanes,
and the vehicles that ply them, could be radically wider.— So it would seem. In reality, some relevant
considerations are important enough that real constraints on vehicle design emerge.

o \"*Dust Control ® “Dustlining”

The Apollo Astronauts found the powdery lunar dust to be quite troublesome. In short, they had
a “static cling” problem. We should be concerned with two things; first, dust working its way into mov-
ing vehicle parts, compromising their smooth operation and operating life. Second, we need to mini-
mize the migration of dust into habitat areas.

While electrostatic control may indeed be part of the solution, we’d do best to approach the
problem from redundant overlapping angles. In the latter case, we need to minimize or altogether pre-
vent foot traffic from the outvac into the habitat areas. Where some in and out space-suited traffic can-
not be avoided, paved or “fixed” porches and approaches will help for pedestrian and vehicular traffic
alike.

As for the vehicles themselves, the underside can have a dust-shield pan, that minimizes the
number of catch basins for vacuum born dust. On Earth, streamlining has affected most the frontal and
upper surfaces of a vehicle. On the Moon, a somewhat analogous dustlining will affect the frontal and
lower surfaces. We must learn a new, yet familiar, set of tricks.

Saving atmospheric gases = “Snuglocks”

There is a seemingly limitless supply of Oxygen on the Moon. But the point is that the high lunar
vacuum is an invaluable scientific and technological resource. It pays to do everything possible to mini-
mize any slow degradation this vacuum will undergo from repeated airlock cycling.

More importantly, however, at least in its immediate economic ramifications, is the principally
exotic, or Earth-sourced nature of the Nitrogen we will need as an atmospheric buffer gas, one with
biospheric importance as well. In short we need to conserve both oxygen and nitrogen. One way to do
this is to use matchlocks instead of airlocks for the delivery of goods and personnel between the exte-
rior vacuum and the pressurized interior. Direct docking allows shirtsleeve passage.

Those who must enter and leave, either the vehicle or habitat, on foot, can use turtleback suits,
backing into a form fitting lock. Once secured with a pressure seal, first the concave mini-door to the
habitat opens, then, into it, the conformal back of the turtle back space suit. The occupant reaches
backwards inside the habitat for a bar above the turtle lock and pulls him/herself through the turtle
back into the pressurized habitat. The dusty suit remains outvac. The back of the empty suit, then the
door lock is closed, and the empty suit moved by a roboarm to an exterior storage rack

More salient here is the periodic need to bring vehicles into pressurized garages through large
airlocks. The only way to minimize volatile loss in this case is to design vehicles so that all top and
side-mounted protruding equipment retract into hollows in the hull, even the wheels can tighten up for
the taxi in, so that the vehicle fits through a much smaller standard size garage airlock as snugly as
possible. This snug-lock would have a conformal antechamber exposed to vacuum, so that when the
airlock was opened, vehicle in antechamber, the outrush of air would be minimal. In other words, the
type of vehicle we need as a mainstay is a “Snugger.”

\'* Ease of Maintenance ™ “Modular Drive”

There will be times when repairs must be performed outvac, far from a friendly snuglock. Much
difficulty can be avoided if all repairable equipment was part of a modular pop-out/snap-in subassem-
bly. For example, an electric power unit in a removable tray could feed power to four independent
motor-wheel drive units that could in turn be switched with one of a pair of spares in a few minutes,
the particular item needing repair to be taken care of later in a pressurized garage.

Similarly, air/water/waste recycling systems should be in easy to exchange pop-out/snap-in
trays.

\"* Road worthiness *“wide, low, shielded”

The salient features of the lunar motoring environment in addition to its dustiness are the low
1/6th Earth-norm gravity or sixthweight, and vulnerability to occasional deadly solar flare storms. To
tackle the first, the wheel units, vehicle outside the snuglock, should extend well to the side, reptile



style, rather than below, mammal style. Road lanes can be as obligingly large and accommodating as
pragmatism demands.

In addition, given the equally reduced traction, the center of gravity must be kept as low as pos-
sible, even though ground clearance may need to be generous, especially for off-road vehicles. In this
latter case, a vehicle can ride low when the path is relatively level and boulder-free, then automatically
rise up to clear obstacles picked up by its proximity sensors. For vehicles that spend their lifetimes on
improved roadways, the problem is minimal. The wide track, a cabin slung between the wheels, and
common sense positioning of heavy equipment and fuel tanks will keep the center of gravity low
enough.

For unpredicted surprise solar flare emergencies, there could be a movable rack of empty tanks,
normally kept topside, but deployable over the aft end when the Sun was lower to the horizon. Fuels
like hydrogen and oxygen and fuel cell waste water could be pumped to these tanks as needed, the ve-
hicle parked, its butt to the Sun, covered. Having more heavy equipment over the rear axle, compen-
sated by cantilevering the control cab over the front axle, should help.

MMM #81 - December 1994

Lunar “surrey with the fringe on top”

Watched “American Gladiators” lately? Have you seen the “Atlasball” segment? Next time picture
space suited lunar thrill-seekers working their geodesic cages along a rally course of craterlets etc.
Might be fun if the sweat of exertion and the overheating inside one’s space suit could be handled!

Similar solar powered spheres could be equipped with a track riding buggy capable of generous
side-to-side move-ment or banking. Such an “off-road vehicle” - call it a unicycle, an auto-tracker, a
cyclotrack, or whatever - could open the vast lunar barrenscapes to the sports-minded “outlocks” types
and help avoid cabin fever. More on Lunar vehicles below.

[Series Continuation from MMM # 79, OCT ‘94]

Part Il. Surface Vehicles & Transportation

Travel on the Moon, or Mars, won’t be as causal as on Earth for a long, long time to come. Nor
will there ever be as many modes. On the Moon, air travel is not an option, and reliance on suborbital
rocket powered hoppers would increase the strain on the quality of the vacuum, a unique industrial and
scientific asset worth preserving at any cost and inconvenience. On Mars both of these options are open
and viable. In this article, however, we are concerned with ground transport.

Getting from here to there over the lunar surface, or over the Martian surface for that matter,
poses an interesting set of challenges. The most obvious of these, negotiating the trackless terrain, is
the one that has received most attention. Innovative wheel/tire designs and terrain-hugging suspen-
sions are what we have come to look for. In recent years with the exploration of the possibility of mi-



crorobotic rovers, walking contrivances and computer programs to operate them have been added to
the repertoire.

A few years back, OMNI Magazine offered a $500 prize for most innovative lunar rover design.
Here too, the process of negotiating the terrain received the most attention. There have been some dis-
tracting bugaboos. For example, the OMNI requirements included a provision that the vehicle be able to
handle crevasses. Sorry folks, but apart from the ice caps on Mars, “there ain’t any”’! At the same time,
some very real, very salient challenges have received very little attention.

There is more to a vehicle than its interface with the ground! Other considerations need to be
addressed:

/ the temperature range over which the vehicle must operate: on the Moon, from 200 some degrees
below to more than that above Zero Fahrenheit; on Mars, mostly in the colder part of this range. - Note
that the Apollo rovers were operated only during the dayspan. This means special heat and cold-
resistant lubricants must be formulated, perhaps that special bearings must be designed. It means that
batteries and/or fuel cells must either be thermally well insulated or be designed to operate in extreme
temperatures. Siliconized lubricants, super-conductive magnetic bearings, and thermally insulated
power plants would all seem to be a part of the picture.

v The distance range over which the vehicle can operate without returning to base. Where time is not a
consideration, a vehicle powered by solar arrays can operate continuously from shortly after sunrise to
shortly before sunset some fourteen days later, then sleep through the two-week long nightspan. It’s
range is not limited. But except for robotic exploratory and/or drone freight vehicles, time is a consid-
eration. Speeds must approach those the terrain will bear. And nightspan travel may well be required.

Solar arrays may be used as auxiliaries but stored electrical power such as fuel cells may be pri-
mary. Another option is chemical power using “fuels” derived from the surroundings on route, for ex-
ample powdered pure iron fines extracted from the soil, burned in oxygen. To our knowledge, no one
has as yet been thoughtful enough or inventive enough to attempt developing the engine required.
Once we have such an engine, a refueling depot infrastructure will be needed to allow indefinite rang-
ing.

Certainly, like it or not, for free ranging capability uncoupled to refueling depots or caches, nu-
clear electric motive power is a prime option, that is, if suitably sized lightweight yet full-shielded units
can be engineered. But that will be quite an engineering challenge.

Yet another range-expanding option is beamed power.

BACKGROUND: For fleet vehicles operating in the immediate vicinity of a main base or settlement,
power generated by whatever means can be beamed from a high tower to any non-occulted vehicle
within a local range of several miles. [See the suggestion of Myles A. Mullikin in MMM # 31 DEC ‘89 “The
Laser Power Tower” p. 5.] Such an arrangement could cover construction vehicles, delivery trucks,
spaceport coaches, etc. The rooftop rectenna would be much lighter in weight than the alternative bank
of fuel cells or batteries. While the beam could be adequately safeguarded by fail-safe feedback loops,
the capacity of the power tower to feed a growing fleet of vehicles at different vectors all at the same
time, is unknown.

Such a setup could terrace the way to the introduction of global beamed power from solar power
satellite relays. This would allow unlimited free ranging. The problem here is that solar power satellites
would have to be stationed in L4 or L5, the closest stable Moon-synchronous positions, some ten times
further from the lunar surface than similar satellites in geosynchronous orbit are from Earth. Given the
fall-off of power with the square of the distance, that’s a hundredfold handicap to overcome. SPSs in L1
or L2 only twice as far out as Earth’s geosynchronous orbit (only four times as handicapped) would re-
quire enormous resupplies of station-keeping fuel. And the problem of feeding many vehicles all at
once with individual tight beams is the same.

It would seem then that there are just three really practical systems: (1) free-ranging larger nu-
clear powered craft; (2) vehicles burning powdered metal in oxygen limited to routes for which intermit-
tent fuel resupply has been arranged; (3) fuel cell powered vehicles, also limited to serviced routes.

As has happened on Earth, there will be an evolving mix of vehicles of different types and those
that work most efficiently and conveniently and inexpensively and reliably will become the standard.
Again, as on Earth, there may be exceptions for local fleets where special support infrastructures might
make sense, offering economies of opportunity.



v/ consumable reserves also limit the effective range of crewed vehicles. Air and water must be recycled
and regenerated on board, probably without bioregenerative support except in larger craft. As to food,
reliance must be on compact rations unless caches or depots have been arranged along the route. This
limitation applies to otherwise unfettered nuclear craft as well.

The upshot is that travel over trackless areas, far from serviced routes, will be as non-casual as

in similar situations on Earth, e.g. early Antarctic expeditions. Could one possibly have expected other-
wise? ﬁmmm.

OVER THE ROAD LONG DISTANCE TRUCKING AND

-~

OVER THE ROAD “RIGS” By Peter Kokh

Other than the cowboy, few occupations have been so romanticized as that of the over-the-road
long-distance trucker. It is a calling definitely not for everyone, keeping one away from home and fam-
ily for long periods of time. Of course, one end run around this drawback is the husband and wife
trucking team which provides not only conjugal company but relief behind the wheel, even around-the-
clock driving.

There is a romance about the road. It differs, of course, depending upon whether one plies a
fixed route over and over on a week-in week-out schedule or ranges all over the map picking up car-
goes of opportunity. In the one case the litany of truck stops and other diversions becomes routine, in
the other it always keeps changing, though its poetry is the same. Inevitably one gets to know many
others in the trade and it truly becomes a way of life - in the blood, as they say.

Truckers drive by day. They drive by headlight. They drive by radio, and by CB, and now cellular.
They reckon by rote, by map, and now by Global Positioning Satellite systems. They acquire their han-
dles, name their rigs, and their lore is mythologized in many a melancholy tune.

Many a business is at their service: motels, garages, restaurants, and complete truck stops;
hookers on CB, radio stations, tractor customizing shops, custom apparel makers. Many a time myself
on the highway day or night between country cottage and city four hours apart, I'd spot the Moon in the
sky and wonder: “will it be the same up there?” Surely, not at first. But then the driving influences, the
incentives, the needs - they’ll be there unchanged. At first it will be lonely out vac, carrying a load the
interminably long empty miles from Port Heinlein to Clarke City through grayscape after grayscape
against black star-rich skies, and even lonelier by nightspan. But inevitably, eventually, it’ll be “ on the
road again .”

Distinctive features of Lunar Rigs

The Cab has to be/to do a lot of things. It must be pressurized, thermally well insulated, and
provide for routine activities: sleeping, eating, hygiene, first aid, entertainment, communications, and
more. Obviously we’ll need more than a pair of seats and a bunk. In contrast to the current luxury super
cabs of many modern long haul truck rigs, the cab of the lunar rig will have to be a camper-sized co-
coon, a traveling truck stop, to use an oxymoron. It will be “self-contained”, have walk around space, a
galley area, a lounge area, maybe even a spare berth or two so that the rig operators can offer “tramp
steamer” type accommodations to occasional passengers.

As to the cargo bed, this can be either pressurized or unpressurized, depending on the cargo
(cf. the distinction between refrigerated and non-refrigerated trucks). If pressurized, it is likely to be
separately so. The twists, turns, torsional stress and vibration that comes with movement over a surface
that is not straight, flat, and level would tax any connection critically. There would be match -lock pres-
surized access to the hold only when the truck was parked, straight and level.

The cargo area may have an accessible solar flare storm cellar at the bottom so that any cargo
carried could act as shielding. The cab-cocoon itself may have a storm cellar cubbyhole in the floor
area, beneath water reserve tanks, fuel cells, and other heavy equipment.



Rig class ratings will tell the type of routes the rig is able to handle: unimproved but scouted
routes, graded routes, routes with tended way stations or refueling stations, fully serviced routes with
staffed service centers, etc. in declining order. This will work to prevent both operator and customer
from undertaking foolish ventures.

Rigs will be largely self-servicing. They will be equipped to self-unload, with their own fork lift
or crane. Cargo will be containerized as much as possible to allow easy, fast, low-risk, low-exposure
loading and unloading. The rig would boast a strategically-stocked parts bin and tool crib.

Rigs will be designed and engineered for easy self repair. Pop-in/pop-out independently-
suspended wheel/drive-motor modules might be the rule, each getting electric power from a central
plant. Each rig might carry a spare module, with standardized replacements available at service centers.
The rig would carry a piggyback open rover dingy for emergency travel and capable of transporting re-
placement parts like wheel/ drive modules.

Communications: both audio (radio) and video services will be possible either via L1 relay, or
direct from Earth. A low orbit satellite network is not an easy answer. It would be prohibitively expen-
sive to maintain because the perilune or low point of low lunar orbits decays too quickly towards inevi-
table surface impact. Entertainment and news casts especially packaged for lunar truckers, if originating
in the main or other settlements via L1 relay, could conceivably be a favorite eavesdrop for their earth-
bound counterparts.

Trucking in “deep” Lunar Farside, the 60° orange slice over the horizon not only from Earth but
from relays in L4 and L5 as well, will require special communications arrangements. Perhaps a roadside
cable with intermittent very-short range transmitters would allow one-way or two-way radio exchange
say every few miles or every 15 minutes or so along the route.

Autopilots may be as popular and common on the Moon as cruise control on Earth. For there will
be much less traffic; the slightest road jam will be fare for prime time newscasts less obstacles. The
contingencies will be more routine. Autopilots may even be necessary for safety. For the very infre-
quency of situations requiring unprogrammable on-the-spot reflexes or reactions, along with the mo-
notony of the scenery, unbroken by human-made structures and artifacts could tend to be very sopo-
rific.

Once their are a number of real settlements, there will be carriers who make the rounds, plying
the circuit to pick up unordered specialty consignment goods in each community to make available in
all the others. These “Gypsy Traders” will have pressurized holds and back up to settlement match locks
in the “market “ area. Arrivals will be well publicized. The holds may contain their own display space, or
else goods to be merchandised may be prearranged on rollout display carts and cases. Items will run
the gamut from arts and crafts furniture, furnishings, giftware, souvenirs, and apparel, to home-canned
specialty food items not otherwise available.

Servicing smaller less self-sufficient outposts and stations will be traveling clinics equipped for
routine surgical procedures and other treatments. An ophthalmologist/optician will be along. But these
clinics will not be limited to medical practice. On the staff will likely be troubleshooting experts on agri-
culture and gardening, on recycling systems, and on biosphere maintenance. A dietitian will help plan
strategies to meet deficiencies and other problems in the local diet.

A social worker and psychologist will be in demand, for lunar frontier life will have its share of
stresses as well as rewards. An educational specialist will consult with outpost tutors. A writer/
journalist will gather material for a round-robin news feature magazine and may need a sketch artist/
photographer. A specialty barber/hair stylist may have plenty of customers for non-routine makeovers.
Etc. [See MMM # 35 MAY ‘90 “Tea & Sugar” pp. 6-7 for discussion of a similar traveling clinic/general
store making the rounds between asteroid outposts.]

There will be lots of interesting jobs and occupations on the space frontier. One of them, offer-
ing relief from cabin fever within the settlement will be overland truck driving. However, settlements
may nheed to train a large surplus of qualified drivers. Because of the occupational hazard of accumula-
tive radiation exposure, overland outgates driving will be only a part time occupation. Each driver will
wear a bracelet that indicates accumulated rad exposure. Hired drivers and independent rig-operators
alike may be scheduled to drive only a few months each year, alternating with another line of work, an
ideal regular shot-in-the-arm morale booster. Or they may be scheduled to make but one round trip
each lunar month. Such a situation will spur the rise of Coops of Independent Operators and co-owned
rigs. At any rate, there should be no shortage of candidates. M



[Designing “Amphibious” Spacecraft Cabins to be transformed into Lunar Surface Craft]

FTOADPMOBILE CONVERSEIORNS

By Peter Kokh

The problem is easily stated. Our first returning crews will need surface transport on the Moon
immediately. Further, as the base expands and undertakes more activities, its surface transport re-
quirements will grow and diversify rather quickly. Yet the day when such vehicles can be manufactured
on site is far off. How do we get these craft to the lunar outpost site in the most economically sensible
way? Consider that a lunar surface craft is still a spacecraft, in that it operates in near vacuum.

By Peter Kokh

Given that there is no atmosphere of consequence on the Moon, and precious little on Mars, the
idea of using “hovercraft” or Ground Effects Vehicles to traverse off-road routes on either of those
worlds is patently absurd. Or is it?

Yes, of course, we can’t just apply power to a downward ducted fan on a flexibly skirted vehicle
and expect it to go anywhere. But it is not the ducted fan but skirt-contained over-pressure that is the
essence of hovercraft. On both worlds, both because the gravity is less and the prevailing atmospheric
pressure is lower than on Earth, the amount of trapped pressure needed to produce adequate lift will be
much reduced. And conceivably at least, there may be a couple of ways to effect just such weight-
compensating overpressure. All that is lacking is inventiveness, simulation, and testing.

Skimmers could provide the key to the globalization of the human presence on the Moon; on Mars as
well

The market for a practical system could be rewarding in both locations. Skimmers could navi-
gate rugged trackless boulder-strewn terrain at greater speed and comfort than any wheeled or walking
vehicle. If practical and economically feasible to engineer and manufacture, the timely introduction of
such skimmers could provide the key to the globalization of the human presence on the Moon and
Mars, greatly reducing the need to grade/build extensive road networks, and helping preserve the lunar
terrain in a more natural, wild state.

Terrestrial applications sufficiently profitable to drive “spin-up” predevelopment of analogous
fanless craft on Earth in the near future are possible but admittedly not obvious to the writer. We wel-
come your suggestions in this regard.

Chemical propulsion for lunar skimmers

On the airless Moon, gas pressure retained under a ground-hugging flexible skirt can be pro-
duced by any rocket type thruster. Obviously we do not want either to be importing fuels for such pur-
pose or to be using a combination whose vital working exhaust remains volatile. The ideal solution is an
engine burning powdered lunar-mined metal in lunar processed oxygen. The exhaust, having done its
lifting work, will settle back to the ground as an iron or aluminum oxide powder. That may visibly mark
the path taken but hardly contaminate it any sense of the word. Such engines are yet to be engineered,
even though the chemical possibility has long been known. One big potential problem lies in the weight
of the fuels to be carried and/or the need for an infrastructure to provide for convenient en route refu-
eling. While the range of the fully fueled Fe/O or Al/O lunar skimmer will be limited, one must bear in
mind that since only a sixth the lifting power required for a similar craft on Earth will be needed on the
Moon, a full tank will go for a surprisingly long way.

Dust-Pressure Skimmer Systems

Very large lunar skimmer craft more like barges than trucks or busses might be able to handle
the lunar gravity reduced weight of a small submarine type nuclear propulsion plant. The power gener-
ated could feed a laser rake or sweep just to the rear of the front skirt, the effect being to stir up a lift-
ing cloud of regolith dust, possibly enhanced by released fine-adsorbed gasses when traveling over vir-
gin terrain. Would the lifting power so generated be sufficient for the job, marginal, or totally inade-
quate. We don’t know. Back of the envelope guesstimates from readers are most welcome.

If such regolith dust-cloud pressure is just marginally adequate given the weight of the nuke
plant necessary, one solution may be to substitute beamed power from a solar power relay satellite.
Beam driven skimmers could be a long time coming, waiting upon a space power infrastructure.



Skimmers could serve as personal transport, as trucks for priority shipments to isolated out-
posts, as go—-most-any-where platforms for selenologists (lunar geologists) on field trips, and for pros-
pectors. They could also serve as rescue craft and ambulances.

Skimmers will be limited in what they can carry, at least relative to their own mass, size, and
hovering thrust. But that constraint applies to most any vehicle, even on Earth.

Very large skimmers with broad beams could serve as “mare cruise ships”, leaving “wakes” but
no tracks on the long frozen lava seas of the Moon, leisurely making the rounds between ports of call.
They could import wholesale much of the romance, lore, and mystique of Earth’s high seas. Why not?

Mars skimmers: Different problem, different solution

On Mars, we do have an atmosphere, albeit a very tenuous one, and that offers us opportunities
unavailable on the Moon. It means we can use hydrogen-filled bags for buoyancy, reducing the effective
weight of the craft to be levitated off the terrain. It means we can compress the atmosphere itself to use
as a lifting gas, though this will be harder to do than on Earth. It means the staring role of the skimmer
on Mars is much less problematic than on the Moon.

R
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GO ANYWHERE SPIDERS By Peter Kokh

One model from nature of a creature that can go just about anywhere is the spider. | have in
mind particularly the mobility architecture of the “Daddy Longlegs”, in some places known as the “Har-
vestman”. Might not a lunar (or Martian) traveling conveyance of similar articulation and ability become
an indispensable asset in opening up the more difficult reaches of both frontier worlds?

The Spider’s “body” would consist of two separable components: the “trunk” would contain the
“hips” for the six legs and associated “musculature”, and the power, fuel, and motive plants. Underslung
by a “dead man’s winch” would be the crew cabin. This position gives it shielding protection from the
locomotive complex above as well as an unobstructed view of the terrain below. If power should fail, the
crew cabin would automatically winch to the surface in a controlled descent. This deployment could be
overridden, if there was any reason to remain aloft.

The scale of such a contraption could be rather large, in fact the larger the better within practi-
cal limits. The legs could be long enough to elevate the central pod complex some dozens of meters
above terrain obstacles below. This height would also be of great advantage in scouting a pathway
ahead.

The spider gait could bionically mimic that of real spiders and include a cautious grope as well
as a trot of sorts when the going permits. All it takes is a computer program.

The feet, the knees and hips as well, could be sensor laden, feeding back first to neighboring
and partner legs, then to the central nerve center. In this respect the model might rather be the loosely
decentralized manner of the octopus. [See MMM # 45 MAY ‘91 ROBO ANTS” pp. 2-5] [included in MMM
Classics #5]

Difficult Terrain Exploration

In the saturation bombardment craterland of the lunar “highlands”, it is in general possible to
make one’s way by sticking to “intercrater” plains, ridges, and shoulders, avoiding steep inclines. But
what if we want to visit the central peak of a debris- and boulder-strewn crater such as Tycho?

On the maria, the darkish solidified lava sheet “seas”, the going is generally easier, craters of
size being fewer and further in between. But even the flatish maria are laden with obstacles such as
sinuous rilles (relics of large collapsed near-surface lavatubes), lava sheet flow front escarpments,
“reefs” of incompletely buried pre-flood “ghost” craters, and of course the ramparts of “coastal”



impact-upthrust mountain ranges. Such obstacles could make circuitous detours the norm rather than
logical straight line routing - that is, if we are traveling by vehicle with limited ability to negotiate rough
terrain.

On Mars there are similar relatively smooth and relatively rough areas, and similar obstacles. To
be added in the mix are difficult landforms unknown on the Moon: crevasse-ridden layered polar ice
caps, eroded slopes of the great shield volcanoes, dendritic tributary and distributary channels of an-
cient river and flood courses, chaotic labyrinths and canyon-lands. Many of the geologically and/or
mineralogically (thus economically) more interesting spots on Mars lie smack in the midst of such
harder to reach places.

Cache Emplacement

A go-anywhere spider vehicle could do preliminary geochemical assessments along its route,
and emplace seismic monitor stations. Where such dust and rock samplings warrant, it could then put
in place handy base camp supply caches for follow-up field expeditions and prospecting efforts.
Construction Crane Workhorse, Webspinner

A heavy-duty version of such a straddle-anything pick-its-way-anywhere vehicle could serve as
a crane. As such it could do yeoman work in relatively urban settlement sites as well as in remote con-
struction locations, becoming in this version the workhorse of lunar development, as well as scout.

Specialized versions could spin arrays of cables across craters to make radio telescope
dishes and space-solar-power rectennas. They could also spin cables across rilles from shoulder to
shoulder for bridges or to support habitat meta-structure roofs. Indeed, it is hard to see how we could
long manage without them. “LALALA

[Shelterless travel]
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By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
hew outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.



Not quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side

for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking

spot.

— Top Bin { Saddlebags System:
Empty filled emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ERIEALT

Relevant Readings from MMM back issues:

[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”

[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.



By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
hew outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Not quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:

Empty emptying out
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easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the




lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ERIEALT

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
hew outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Not quite deep enough a molefriendly blanket

Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-



ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:
emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ERICACT

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in



an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Mot quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:
emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<to Sunward Shelter




Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ELACAGD

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.

------------------------------------------------

SR IR IR KN

- s 1T t 1
L Circle of inter-docked camp vehicles under Shelter <

Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Mot quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.




roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:
Empty filled emptying out

Actually, in latitudes some distance north or south of the lunar equator, the problem becomes
easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ERICACT

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.
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Not quite deep enough a molefriendly blanket

o
e e

Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

—— Top Bin { Saddlebags System:
Empty filled emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm



protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ELACAGD

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC
Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.
This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in

an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.

------------------------------------------------

SR IR IR KN

it 11 1 1
L Circle of inter-docked camp vehicles under Shelter <

Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Mot quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:
Empty filled emptying out

Actually, in latitudes some distance north or south of the lunar equator, the problem becomes
easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ERICACT

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

—— Top Bin { Saddlebags System:
Empty filled emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm



protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ELACAGD

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC
Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.
This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in

an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.

------------------------------------------------

SR IR IR KN

it 11 1 1
L Circle of inter-docked camp vehicles under Shelter <

Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Mot quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

— Top Bin { Saddlebags System:
Empty filled emptying out

Actually, in latitudes some distance north or south of the lunar equator, the problem becomes
easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.
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Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the
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tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.

This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.

roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

—— Top Bin { Saddlebags System:
Empty filled emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm



protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the

same protective purposes.  ELACAGD

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
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By Doug Armstrong and Peter Kokh, CCC
Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.
This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in

an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.

Mot quite deep enough a molefriendly blanket
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.
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easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
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“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.
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same protective purposes.  ERICACT

Relevant Readings from MMM back issues:
[Included in MMM Classics #1] - MMM # 5 MAY ‘87 “Weather”
[Included in MMM Classics #4] - MMM # 37 JUL ‘90 “Ramadas” p. 3; “Flare Sheds” pp. 4-5.
[Included in MMM Classics #8] - MMM # 74 APR ‘94 “Shielding & Shelter” pp. 5-6.
By Doug Armstrong and Peter Kokh, CCC

Off-road vehicles will not only ply trackless terrain but range far from convenient roadside flare
sheds or wayplexes [see the articles on these topics in the October issue]. Short round trips can be ven-
tured without provision for significant radiation shielding. But in times of Solar unrest especially, in
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This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in
an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.

—— Top Bin { Saddlebags System:
Empty filled emptying out

easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.

lean<o Sunward Shelter

Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm



protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the
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Flare Season so to speak, off road vehicles must be prepared to “dig in” one way or the other.
This need is critical for remote construction site camps as well, whether engaged in building
new outposts, mining operations, or road work. For the latter some sort of semi-permanent storm shel-
ter would seem to be an immediate priority of setting up camp. Camp vehicles would normally park in

an inter-docking array under the shelter. But here we are concerned rather with the situation for vehi-
cles en route.
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Copernicus Construction Company [CCC], the for-fun design and brainstorming activity group of
LRS, has given some thought to how sudden shelter can be provided. One idea, coming straight out of a
comic book read four or more decades ago, is to have a giant screw on one end of the vehicle so it can
literally bore its way forward or backward into the powdery regolith. The problem here is that the rego-
lith layer is in some places only a meter or two thick, not quite deep enough.
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Another possibility is to carry along a collapsed, easily erectable space frame shelter and unrol-
lable fiberglass canvas cover over which a scoop/conveyor system could blow regolith dust. Once de-
ployed, such a shelter could be left in place permanently, its site marked on official maps for the con-
venience of others in the future. That leaves the vehicle, however, without protection if another storm
should rise later at a point further along the route. Devising a way to “empty” the spaceframe/canvas
shelter of its regolith overburden so that it can be packed up and stored on the vehicle rooftop or side
for future use is an interesting engineering challenge.
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roll-out shelter

Another system we thought of is an emptiable rooftop bin system with emptiable side mounted
“saddlebags”. A scoop/ conveyor could fill the bins and bags as needed. The need past, the bins and
bags could be mechanically opened and the dust would pour out as the vehicle moved out of its parking
spot.
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Actually, in latitudes some distance north or south of the lunar equator, the problem becomes
easier. All that’s needed is a sloping shed facing Sunwards (recall that the Sun creeps slowly across the
lunar sky at only 1/28th the pace we are used to on Earth). A Solar Windbreak will be easier both to de-
ploy and fill and to empty and return to rooftop standby storage.
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Even small open rover type buggies, should they venture much beyond the point of easy swift
return will have to be equipped with some “KD” (easy erect, easy “knockdown”) system of flare storm
protection. All vehicles of any kind, when parking at a site along the route for a few days would be ad-
vised to deploy their shelter system as a matter of prudence. In the meantime, even under calm Sun
“weather”, the voyagers will be at reduced accumulative exposure to the weaker but incessant cosmic
rays coming from all sky vectors.

At the heart of the matter is the functional analogy between the protective high pressure atmos-
phere of Earth and the regolith blanket which can serve as a condensed solidified atmosphere for the
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MMM #82 - February 1995

[Series Continues]

RURAL LUNA Part lll: The Beaten Path: possible early development of multiple lunar sites
By Peter Kokh
If we find water ice at either pole, that just makes certain that we will need “more than one”
lunar outpost site and we’ll need them in the near term.




One technician’s early read of then still incoming data from the Air Force/NASA Clementine or-
bital mapping probe, teasingly left open the possibility of fields of water ice (of unspecified expanse
and depth) in a previously undetected deep lava-free impact basin at the south lunar pole. The eternal
frigid cold (-230°C, -382°F) of the permashade there would tend to cold trap any comet impact de-
rived volatiles successfully migrating to the area before the incessant Solar Wind buffeting the dayside
could sweep them into space. Such deposits would slowly build up over geological time only if the ac-
cumulation rate is great enough to swamp the several loss mechanisms that must work tirelessly to
erode them. That’s a tall order, and we personally have expected a negative finding. All the same we
have unwaveringly supported efforts to find out for sure. We cannot intelligently plan lunar develop-
ment without knowing where we stand on the hydrogen problem.

Many others, however, optimistically anticipating a positive find of economically significant vol-
umes of water-ice have declared that any such discover would settle the debate over outpost or
settlement location. That’s a curious conclusion! Is Los Angeles next to Nevada’s Hoover Dam? Is Pitts-
burgh in Minnesota’s Messabi Iron Range?

Water, or more specifically the hydrogen of which it makes up just 11% of the mass, is undenia-
bly quite essential to lunar development of any kind, of any extent. We can use it up obscenely and
squanderingly for rocket fuel if we are too lazy to explore more lunar-appropriate options (silane, SiH4,
a hydrogen “extender”; powdered metals, etc.). But we certainly need it for food and fiber production
and biosphere operation in general. Water and hydrogen both are hard to do without in “industry as we
know it”; and finding cheap, accessible sources would make unnecessary taking up the difficult and un-
welcome research challenge of finding anhydrous “xero-"processing and manufacturing methods.

Yet it is “not by water alone” that lunar pioneers shall live. If we are really going to use lunar re-
sources, the tonnage of hydrogen and/or water needed in comparison to the tonnage of other elements
will definitely be minor. For real industry, a “coastal” site at which both aluminum-rich highland and
iron/titanium-rich mare [MAH ray] regolith soils are accessible would make the most sense. There are
no mare areas near either pole!

Some of the other things we most want to do on the Moon ask for more equatorial sites as well:
a deep farside radio astronomy facility; lunar solar power arrays on the E and W limbs. Obviously, if we
find water ice at either pole, that just makes certain that we will need more than one lunar outpost site
and we will need them in the near term.

Implications of South Polar Ice for “Rural Luna”

Our topic in this series is “Rural Luna”. What impact would a confirmed find of economically re-
coverable deposits of water ice at either pole have on rural lunar development away from the main base,
or bases? That comes down to a question about transportation. How do we get resources from where
they are found, to where they will be used, i.e. to where they are in most demand?

Suppose we set up an ice-mining outpost at/near the lunar south pole. And, option A, we have
another settlement supporting He-3 recovery in one of the nearside maria [MAH rial. Or, option B, we
have two settlements one somewhere on each limb (between nearside and farside, from which Earth is
on the lunar horizon) to manufacture components for, and construct and operate vast lunar solar power
arrays. Or, option C, we have a mining settlement along the nearside equator which sends lunar mate-
rial via mass driver catapult into space for solar power satellite construction camps in the L4 and L5
lunar co-orbital fields. How do we get ice, water, or just hydrogen from the pole(s) to where its needed
- at any/or all of the above?

We can do so by suborbital hopper, and make quick history of the lunar vacuum in the process.
Or, much more interestingly, in a more environmentally friendly fashion, we can ship this polar elixir
overland - by road and truck, and/or by pipeline. Routes leading from either pole to industrial sites
elsewhere would engender “the beaten path”.

Pipelines would need intermittent pumping stations and maintenance crews with intermittent
shop/habitat facilities out of which to operate. Roads would need intermittent flare shelters and way-
side sources of fuel, communication, and repair facilities. [Cf. “Waysides” and “Service Centers & Inns”
MMM #79, Oct. ‘94, p. 15, republished in MMM Classics #8]. Some of these might in time evolve from
visited, to tended, to permanently occupied settlements in their own right.

Since the first suggestion, ice/hydrogen transport by suborbital hoppers, is so unpregnant, so
over and done with, let’s assume common sense and the bottom line unite to beat overland paths be-
tween the pole and other sites. Does a look at the lunar globe tell us anything interesting?



A lot depends on where ice is found, at both poles, or only at the lower lying, colder south pole.
As luck would have it, it is the north pole that is the handier to mare “coastal” sites. The north “shore”
of Mare Frigoris (the “Sea of Cold”), lies within 27° or 500 miles of the North Pole. The southernmost
“shore” of Mare Nubium (the “Sea of Clouds”), lies 60° or 1130 miles distant from the South Pole. From
either of these coastal access points, the going gets easier to points anywhere in the connecting and
clustering nearside maria.

The suspicion is that Helium-3 is more abundant in those mare areas that are ilmenite rich (il-
menite is an iron-titanium oxide ore). But such sites are to be found in many places. A South Pole only
find would give the location advantage to helium-fertile sites in southern hemisphere maria like Humo-
rum, Nubium, Nectaris, and Fecunditatis.

Another southern hemisphere mare, this one on the Deep Farside (over the radio horizon from
L4 and L5 as well as from Earth), Mare Ingenii (the “Sea of Ingenuity”) should be on the short list for
siting an extensive Farside Advanced Radio Astronomy Facility (FARAF) [cf. MMM #10 Nov. 1987 “FAR-
SIDE” Part Il, republished in MMM Classic #2.]. It may or may not be a good place to harvest Helium-3 as
well. It would be more accessible to ice reserves at the South Pole than any other site on the short list
(the flat mare-filled craters Tsiolkovsky and Aitken, and Mare Moscoviense, for example).

A mass-driver feeding construction in space (e.g. L5) would most efficiently be sited on the
equator, some say about 30° E in Mare Tranquilitatis (the “Sea of Tranquility”), not far from the Apollo
11 touchdown site as happen-stance would have it. The path from the pole might be via Mare Nectaris
(“Sea of Nectar”) and the Rheita Valley.

Dr. David Criswell, leading proponent of Lunar-based solar power arrays, proposes siting them
in Mare Orientalis (the “Eastern Sea”) on the West Limb and in Mare Smythii, (“Smyth’s Sea”) on the East
Limb. Now Mare Orientalis and associated Lakes (e.g. Lacus Verus) are the only choices in the West, and
as luck has it, they are centered 20° S of the equator. Mare Smythii, on the other hand, is right on the
equator and definitely not the only choice. Mare Australe (the “Southern Sea”) is also on the East Limb
but only a bit more than half as far away from the South Pole. If either we find no water ice anywhere, or
we find it at both poles, Criswell can have Mare Smythii. But a “South Pole only” find would make Mare
Australe clearly the prime choice.

If we go the route of Lunar Solar Power Arrays on the limbs, there is also likely to be an overland
route between the two. Nearside routing offers easier terrain, the bulk of it through mare areas. The
impact of a South Pole Only find would be principally on the easternmost quarter of the traverse: from
Orientalis through Tranquility, the logical “easy” route (Orientalis-Procellarum-Imbrium-Serenitatis-
Tranquilitatis) would not be affected. Giving the nod to Australe over Smythii, however, could lead to an
early pioneering of a ‘shortcut’ through the southern nearside highlands (Orientalis—-Humorum-
Nubium-Nectaris-S. Fecunditatis—Australe). Along either of these paths-in-the-beating, tertiary rural
outposts and someday settlements are sure to rise.

Land Grant Spheres and Corridors

Confirmation of significant water-ice fields at either pole would create a dynamic economic po-
larity of Sunlands and Permashade, heat and cold, fueling the lunar development engine. Along the field
lines of this polarity, “rural Luna” would arise first, thereafter spreading further afield, “off” the beaten
“hydro” track.

A lunar development authority ought to legislate two types of special Development Zones. (1)
Settlements should legally include hinterlands of some radius (to be determined, we would suggest at
least 200 km or 120 mi) within which they have reserved mining rights to outlying resources of impor-
tance to their economies.

(2) Road Construction Companies and/or Pipeline Companies might also get real estate conces-
sions in the form of corridors of a width to be determined - much as was granted to some of the U.S.
western railroads. They in turn, would have the right to sell or lease lands within those corridor limits to
mineral lode and tourist site developers and homesteaders. This would work to accelerate the estab-
lishment of Lunan civilization along these pathways.

Homework: surveying prospective routes

Thanks to Clementine and the vast amount of orbital mapping data it produced, we can start
now to narrow down the logical routes northward from the South Pole to Mare Orientalis, Mare Nubium,
Mare Nectaris, Mare Australe, and Mare Ingenii. At least the preliminary work in each instance could be
done by anyone with access to Clementine data. Perhaps here is a chance to get your name in the Lunar
History books. Other routes (East to West, etc.) also need surveying. Optional route locations need to be



rated in terms of construction difficulty and consequent expense. As on Earth, the easiest routes come
first, engineering miracle shortcuts later.

Actual traffic routes are not always determined by the path of easiest construction, however.
They can be distorted or attracted off the expected route by specific site-anchored assets. Especially
promising ore deposits, if identified before hand, can influence the final choice of route. So might out-
standing tourist attractions (e.g. The Straight Wall). While a number of non-topographical considera-
tions may influence final corridor selection, a short list of promising routes can be put together with the
information we already have.

The Beaten Path Nearside Routes Beaten Path Farside Routes
~
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RURAL LUNA Part lll: Off the Beaten Path

By Peter Kokh
What about Lunar communities outside the land-grant peripheries of the major settlements, and
outside the land grant corridors of pipeline and inter-settlement road-construction companies? Will
these unincluded, unincorporated reaches remain empty? If not, how will any pockets of humanity
therein survive and earn their keep? Our subtopic this month.
BACK READING: “Rural Luna” in MMM #15 MAY ‘88. [Republished in MMM Classics #2]
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Tarn: [tahrn] (ME terne < Scand; cf. Icelandic tjorn: pond, pool)
(1) A small mountain lake or pool, such as in a closed glacier-scooped basin, often with no outlet
and/or no specific inlet.



(2) By metaphor: a rural lunar outpost with no regular water or hydrogen resupply (not on a pipeline
or regularly serviced truck route), protective of an initial water/hydrogen endowment.

By Peter Kokh

We indulge in introducing a new term here, because the pockets of humanity we foresee under
this heading promise to be rather creatively unique as human cultural institutions go. Tarn type out-
posts will arise sooner or later primarily to meet a number of economic needs or scientific purposes.

But a significant secondary driver in their formation may be the unprecedented opportunity they
will offer for small “intentional communities” and charismatic leaders desirous of developing their own
forms of cultural, religious, economic, educational, philosophical, social, and familial expression —
relatively free from interference, whether intended or not, thanks to their isolation and remoteness —
“off the beaten track”.

Economic niches for tarns will be many. Unique mare, highland, volcanic, and central peak up-
thrust mineral deposits not common elsewhere on the Moon surely rate at the top of this list. Tarns of-
fering out of the way scenic sights and vacation experience treats for ambitious tourists in search of the
extraordinary and uncommon are another likely category.

Some tarn hideaways could specialize in conducting spiritual retreats, short or long. Boarding
school academy tarns could offer stricter discipline along with unexcelled education away form main
settlement peer pressure distractions.

Monastery tarns could earn their keep raising agricultural specialties not otherwise available
(chocolate? tea? silk? oranges?) A monastery might provide the resident everyday support staff for as-
tronomers visiting a deep farside radio astronomy and S.E.T.I. installation.

Tarns could earn spare income by taking in individual students (both problem and gifted) from
the urban settlements. Adult apprentices in Tarn specialty arts and crafts might also be welcomed. Oth-
ers from the “city” could come on volunteer working vacations just for “tarn-raising” construction duty.
For them, the change of scenery and life style, however temporary, could be a welcome shot in the arm.

It is likely that as the range of talents of tarn members increases and diversifies, so will their
economic underpinnings. Each may also produce unique tarn-specific arts and crafts with which their
names will become identified (much as do the various pueblo communities in our Southwest), all for ex-
port. Unique folk dances and costuming could appear. Tarn plants and animals and controlled climate
could all be picked to offer commodities for trade to the larger settlements of items not available there.
Add possibly tarn-specific architecture and interior design and furnishings. The clear upshot is that
when you have visited and seen one, you will not have seen them all.

Older tarn youngsters might do a year or two of exchange education in another tarn. That would
serve to cross-fertilize cultures and arts and crafts and, hopefully, lead to exogamy, and the avoidance
of inbreeding.

On that topic, very small communities are specially prone to sexual imbalance. Unusual familial
arrangements may be sanctioned in various tarns to redress this problem. [On this point, reread Hein-
lein’s “The Moon is a Harsh Mistress”.] Tarn children could be raised in common by all adults. Polygamy
or polyandry might be encouraged. Superfamily ties will be strong.

Unique as each tarn community may be, they will have many problems and needs in common.
This will surely give rise to some sort of mutual aid cooperative support association, with most business
carried on over the electronic nets. The Lunar Frontier Republic may well have a special Office or Bureau
of Tarn Affairs offering construction, educational, biospheric, agricultural, manufacturing, entrepreneu-
rial, and health assistance. Hopefully such an government support office would not be a copy of our
own patronizing BIA.

“Gypsy Traders” might ply the unimproved stretches between various tarns, picking up preserves
and wares and artcrafts and other items for sale on consignment to other tarns and to the major set-
tlements as well. They might offer “tramp steamer” type accommodations for tarnfolk and others seek-
ing to get about.

Tarn life will be hard, character-forming. On Earth, those who want to be closer to nature head
for the countryside. On the Moon it will be the larger settlements that will have the larger, lusher, more
diversified, more soul-coddling bio-spheres. Yet tarn life will have its promised rewards and draw
many. They will come direct from Earth, and second hand from the main settlements, too.



Our presence on the Moon will open with a single government or consortium-run outpost/
settlement-to-be on an otherwise unoccupied alien world. But with the rise and spread of tarns, the
Moon will become a second, adoptive home world for humanity. And the operative word here is “world”.

MMM #84 - April 1995

RURAL LUNA: This month we turn to the Economic Considerations that will affect the viability of
rural outposts. We begin with some speculation as to “appropriate” physical construction methods that
might make “tarn-raising” more feasible.

“TARN” ???  a Scandinavian word for a small, isolated mountain lake with no apparent inlet, but
actually fed by rain or glacial melt-water;

We have adopted the word as a metaphor for the isolated “rural lunar” outpost that must religiously
guard an initial water/hydrogen endowment, sources of loss make-up being costly.

Background Readings from past issues of MMM
[Republished in MMM Classics #1] - # 5 MAY ‘87 “LunARchitecture”
[Republished in MMM Classics #6] - # 50 NOV ‘91 pp. 6-8 “Hostel-Appropriate Architectures”
# 53 MAR ‘92 pp. 4-6 “Xity Plans” - # 54 APR ‘92 pp. 5-6 “Xity Plans, Pt. II”
# 55 MAY ‘92 p. 7 “Moon Roofs”; p. 8 “Shantytown”
[Republished in MMM Classics #8] - # 75 MAY ‘94 pp. 4-6 “Modular Architecture”
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Tarn Construction Materials and Methods

If there is to be a “rural Luna”, especially inexpensive methods for constructing suitable pressur-
ized volume from local resources must be developed. Equipment involved ought to be mobile, so that it
can, construction or expansion finished, be transported to the “next’ site on the waiting list.

Construction methods can be many and various. First,
modular building plans seem especially appropriate. But if it becomes feasible to erect a larger common
pressure shell which can be subdivided at leisure with individual structures that need only provide pri-
vacy and partition, that may prove a popular choice as well.

Fast & easy installation, cheap in both materials and equipment lease or rental, spacious with
room to grow into, low-maintenance and energy conserving — these are the desired features for tarn
structure and tarn-raising. Mobile casting units for hex-flanged upper and lower dome hemispheres is
one suggestion. Fiberglass-reinforced cast basalt might be a cheap enough option. Glax (fiberglass-
glass matrix composites) would be more expensive. Iron in the form of an inexpensive and easy to for-
mulate steel would be another option. A SLUGS (Seattle Lunar Group Studies) investigation showed that
in the regolith excavated from a lunar habitat construction site, there are enough free unoxidized ‘un-
ored’ iron fine particles from which to build the structure needed.



Leased or rented equipment should be mobile enough to be moved from site to site without
prohibitive expense. This can be done “overland” on truck beds, or by suborbital hopper, depending
upon where the next site is located, and how accessible it is.

Initially, of course, the dependence on xity- (main “urban” manufacturing settlements) produced
construction equipment and building products will be total. But that era should be short-lived. Quite
possibly, a tarn once built and occupied, may, in order to expand at less cost, and at its own schedul-
ing, develop modular building components of its own. This technology could then be exported to other
tarn sites, either by way of the necessary capital equipment, leased technology, or simply by shipping
manufactured building components ready to use. Either way, entrepreneurialism in improved tarn con-
struction methods, equipment, and materials, should provide one or more tarns with extra diversified
income.

Lego like (iron) tins to be filled with regolith (reminiscent of the “world bottle” plan which called
for the design and manufacture of beverage bottles so shaped that they could be used as structural
bricks), vibra-packed sinter-blocks, sulfur(-impregnated regolith) block (100 times less total energy of
manufacture than concrete block), are some lower technology products that suggest themselves. Mining
tarns could use tailings to make building material products. Tarn building “kits” are likely to include
equipment, molds, and forms for use with local materials, plus suggested plans.

We expect that in most tarns, the accent and emphasis will be on the communal commons, on
dormitories rather than traditional residences, and on the work place. This tilt would seem to favor the
megastructure approach, though all of the above features can be achieved by the modular method as
well. The African Kraal or Coral and the Southwest Indian Pueblo communities come to mind: translated,
that would indicate a common shield wall and large commons or community square. Community life will
be the strong suite of rural lunar outposts. Within the common structure, peripheral to communal
space, would be residential dorms and or family or super-family quarters, work places, agricultural/
horticultural areas, biosphere cycling equipment, and whatever else.

Tarns will be individually distinctive

When you will have visited one tarn, will you have seen them all? Predictably not! Tarns will differ
from one another, first because their economic raisin d’étre will differ and be reflected both in the
architecture and layout, and in the micro-culture of the place.

Second, the very brashness of their attempt to survive and find a niche out in the lunar
boondocks will assert itself by freely chosen arbitrary but highly visible architectural means.

Examples?
1. Some, cherishing their isolation, may choose to blend into the moonscape unnoticed.
But others may want to catch the attention of passersby!

How about distinctive, eye-catching, even gaudy entrance gates?
How about colored-fiberglass "thatching” over their regolith mounds,
Or simply a layer of colored powder?

Or some telltale horizon-breaking structure, preferably with a legitimate function, visible for miles
around?

Think of windmills, silos, and grain elevators in the American countryside.

7. A gleaming “hydroshield dome” putting the tarn water reserves to use as light-filtering shielding
over a park-like commons in a suitably sized craterlet? [ILLUSTRATION BELOW]
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FIRMAMENT™ hydroshield domed-crater tarn commons with up to 24 ‘lithshielded cylindrical modules
placed radially.

SOME PROBLEMS for hydroshield glass domes:

v Keeping water cool enough thru dayspan, warm enough thru nightspan: known infrared rejec-
tion coatings may be insufficient. An active dayspan heat rejection and nightspan heating system may
be needed. The hydroshield might possibly be used as a heat sink for industrial activities during
nightspan kicking in as temperature cools. This would reverse more conventional operations schedul-
ing.

v/ Vulnerability to failure thru micrometeorite puncture of outer and possibly inner glass: a
nightspan sphincter shutter system might be required. This shutter could be withdrawn over polar
facing sun-shaded portion during dayspan. It should be closable within minutes given radar warning
of incoming meteorites of dangerous size. This shutter could also close during scheduled 9 hour
“nights” during dayspan if a staggered shift system is not in use. (And a small tight-knit community is
likely to reject any staggered shift scheduling option.) These measures would both decrease the vul-
nerability to impact accidents and reduce the total heat rejection burden.

Diversity of Niche = Diversity in Appearance

Differences in appearance will flow not only from the choice of materials and construction meth-
ods. They will also flow from the tarn’s “vocation” and may be highly individual in character. There will
be “family resemblances” also that advertise a group or class of tarns:

o roadside service tarns belonging to some chain or franchise operation

o mining and processing tarns

o tarns that offer retreats for xity-folk

o tarns that conduct special tourist excursions to scenic attractions off the beaten path

o tarns that take in and educate students in boarding school academy settings free of urban
distractions

o tarns that support small science communities e.g. at some giant lunar accelerator, or at a far-
side radio astronomy/ S.E.T.I. installation, or at a major exploration site above a complex of
lavatubes, etc. e

o tarns belonging to a Lunan Farming Cooperative

o tarns belonging to some religious or social denomination or movement seeking to flower
more fully well apart from the mainstream of Lunan society.

Each category will by nature express its functional and psychological needs differently. And
these differences will often be quite visible sometimes from outside approaches, but sometimes only in
internal layout and decor. Form follows function. Transport magically to the tarn square and you should
have a pretty good idea right away what sort of tarn you suddenly find yourself in. That spicy variety will
make “Rural Luna” a “world” worth exploring. For those who cannot afford to visit them in person, there
will be the fascinating articles and pictures in National Selenographic.

[and speaking of exploring ...]



Relics of False Starts, of Boom & Bust
By Peter Kokh
When an outpost is built, won’t it be “forever”? One would think that those proposing to set up
an outpost would need a permit, the application for which required to give evidence of a sound busi-

ness plan and adequate initial capital and other resources - lest the new commune become a ward of
the state.

Oddly enough, the very first lunar outpost may not have to meet such a stringent test, especially
if it is a government installation, its economic justification compromised in some committee. Thus it is
the very mother of lunar outposts that is most likely to become a ruin, a place designed to “take steps”
towards economic self-sufficiency “when and if funds allow.” Hopefully, however, such a monstrosity
will not follow on the footsteps of S.S. Freedom or S.S. Alpha.

Yet, given a first genuine lunar settlement, soundly grounded in economic activity, with open-
ings emerging for peripheral encampments engaged in supporting roles, some of these smaller hamlets
will indeed fail. They will fail despite careful review, despite land grant subsidies, SBIR type grants, and
despite all other reasonable assistance.

The “market” may not pan out for the tarn’s proposed product or service mix. That economic
micro-niche may turn out to be temporary. A mining operation may prove to be too marginal. A cross-
roads location for a wayside service complex may never see the expected traffic. The crops planned for
an agricultural tarn may not produce a regular profitable harvest. Tarns dependent on recruiting fresh
pioneers may find their appeal too restrictive and never get the expected fresh blood.

Some tarns will be abandoned during construction, others soon after. Some will do well enough
for years, perhaps even thrive, but then see their product and service mix become outdated, unwanted,
behind-the-times, and be unable to adapt. A bad risk is taken in expansion. A new highway takes traf-
fic elsewhere. Communal strife breaks out, defying reconciliation.

What will happen to abandoned tarns? On the Moon, they will hardly fall into “ruins” through
mere neglect. There is no “weather” against which a “state of repair’ need be maintained. There is no
ecosystem that will reclaim the spot, to turn it back into forest or jungle. In Antarctica, where this is
also true, and outposts and camps tend to be preserved, they still slowly get buried in accumulating
snow pack. Not here.

The first risk is unauthorized plunder and cannibalization by others. Baring this, a tarn once
built, or even partially built, remains an investment that can sooner or later find new owners, hew pur-
pose, new life. Others can someday take over, giving the place sufficient reinvestment, and new direc-

tion. In the meantime, abandoned sites would revert to ownership by the Frontier Government.

MMM #85 - May 1995

RURAL LUNA By Peter Kokh
This month we continue our discussion of the various Economic Considerations that will affect
the viability of rural outposts. These will vary greatly according to type of outpost.

To those joining us this issue, we are borrowing the Scandinavian term tarn which designates a
small, isolated mountain lake with no apparent inlet, but actually fed by rain or glacial melt-water, as a



metaphor for the isolated “rural lunar” outpost that must religiously guard an initial water/hydrogen
endowment, sources of loss make-up being costly.

Background Readings from past issues of MMM

[Republished in MMM Classics #1]

MMM #10 NOV ‘87 “FARSIDE” Pt. Il. The ideal site for front-line astronomy in the 21st Century”
[Republished in MMM Classics #4] - # 32 FEB ‘90 pp. 5-6 “Port NIMBY: Import/Export Sleeper”
[Republished in MMM Classics #8] - # 79 OCT ‘94 p. 15 “WAYSIDE”; “Service Center & Inn”

WAYSIDE TARNS By Peter Kokh

In the above mentioned articles from MMM # 79, we outlined how the need to provide for peri-
odic roadside service could lead eventually to commercial inns catering first to truck traffic, then to
more casual traffic, as that arises. As on Earth, Lunan entrepreneurs, as well as some coming directly
from the home planet, will be eager to gamble on a “growing market” and build individual fields of
dreams, in the hope that the business will come.

On Earth, there is only the banker to act as a reality check on questionable dreams - and we all
know that bankers can be very lax in their examinations. On the Moon, where rural entrepreneurial suc-
cess is likely to be somewhat more difficult to realize, it may be wise to put in place a licensing screen
that will both act to screen out poorly based business plans and to challenge good planers to signifi-
cantly improve their proposals. Not to do so will mean a waste of resources, public and private both,
that might be more wisely used.

On the Moon, the chain and franchise operations will be especially attractive, if not to would be
operators, then to their financial backers and underwriters. Proven pathways to success are a better
gamble. Nonetheless, as here, individuals with a dream will manage to strike out on their own, and in
the process introduce new service “products”.

As a “tarn”, any rural operation will have to be much more than a Ma & Pop endeavor if it is to
succeed. There is a micro-biosphere to establish and maintain, not just a motel, restaurant, and gift
shop to run. The minimum critical mass population of such rural lunar hamlets is likely to be more than
a dozen - perhaps a lot more. The business plan will have to take the establishment and maintenance
of the micro-biosphere into account.

If a restaurant is involved, operators will want to produce locally, at least some of the food of-
fered. If a certain reputation for the special and the unique is one of the points of the business plan’s
“Mission Statement”, that suggests that the tarn gardener be planting herbs, spices, vegetables, fruit,
etc. that may not be common in lunar farms.

If a gift shop is involved, besides the usual tourist trap fare offered elsewhere, tarn residents
with an arts & craft aptitude will be encouraged to devote some of their leisure time into producing gift
and souvenir items unique to their tarn. These might be based on special agricultural byproducts, on
local mineralogical resources, or simply on unique talents.

Special rest period services for road-weary travelers are another way for a roadside service tarn
to distinguish itself and create a high profile public image. Such services need not be limited to the
fleshpot variety. Other pampering services can include whirlpools, spas, steam rooms, saunas, exercise
rooms, ball courts, dancing, grooming and makeup sessions and more. Tours of the surroundings or of
unique aspects of the local tarn operation can be offered. Social events in which tarnfolk and traveler
can mix may be welcome to both.

Vehicle service, repair, and maintenance will be the mainstay, of course. And, as on Earth, the
three most important assets of any business plan, no matter how well thought out in its other aspects,
will be “location, location, location.” A place of business will have to have quite a reputation to survive
“off the beaten path”, even if the detour inconvenience is minor. Special bread and butter services like
warehousing or operation of a special scenic concession may or may not provide the compensatory lure.

The best locations will be at crossroads and junctions and transportation nodes; places where
goods can be off-loaded from one vehicle carrier to another and transshipped; and motor coach hubs



for transfer from one vehicle or carrier to another. But the busiest stops are not always the most pleas-
ant, nor the most attractive. Some less advantaged sites are sure to thrive, as individual tarns work in-
dustriously to establish their place in the sun. Stopping en route will be as much risky fun on the Moon
as on Earth. Fracarad
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FARM TARNS By Peter Kokh

The incentives for a group to go off and farm by themselves can be many. The “climate” of the
settlement biosphere may not be suitable for the growth of the crops species one wishes to plant. One
may want a climate that is colder, or is subject to periodic frosts, or is more tropical, more moist, even
more dry. While special climates can be effected in semi-separate parts of a main settlement, it may be
simpler to have total separation. Quite likely, the practitioners of one type of farming will want them-
selves to experience the proper temperate, subtropical, tropical, or arid climate in their own habitat
area common spaces, not only just in the farms. After all, climate is interwoven with culture as well as
with agriculture. That is the total experience everywhere on Earth.

Perhaps also, it is zoning and land use tilts that do not favor the farming or horticultural meth-
ods one wishes to use. The settlement, for example, may have a decided tilt toward hydroponics, as it is
more stingy in its pressurized space demands. This may not sit well with those determined to try a
regolith-based analog of more traditional farming needs.

Plausibly there will be a need to quarantine some crop specialties from others, reducing risk of
transmitted blights, pestilence, and disease. That works both ways, of course, and the settlement may
put out the ‘not welcome’ sign at the same time as would-be rural farmers declare their own intent to
sequester their chosen crops.

But there may well be non-germane motives at work. Many brought up in agricultural settings
on Earth will cherish the rural experience and not want to be a “part” of the “Xity” experience, however
large an agricultural operation the larger settlement needs to have as an integral part of its biospheric
underpinning.

All this said, there remains (a) the need for any outpost to be an integral human community en-
gaged in a full spectrum of self-supporting activities, of which farming will be a significant part within a
range of limits; and (b) the fact that other activities seen as farming-compatible may have more specific
location requirements and constraints than the major or minor farming operation. Thus, there is no
reason not to combine farming with road service, or farming with science outpost support, or farming
and mining operations. Unless, of course, the tarn founders seek isolation as an end in itself; and pro-
vided too, that such founders are successful in recruiting enough compatible pioneers to follow them.

Serendipitously or by dedicated search, some locations will be found in which the “soil” as raw,
unevolved, and unweathered (by water and air) as it is, is so much more favorable to certain desirable
crops as to warrant the establishment of a farming tarn operation even when the site lends itself well to
none of the other suggested co-operations. Such out-of-the-way farm tarns will succeed only if the
bottom line domestic/lunar and/or export/space demand for the crop in question is sufficiently large
to underwrite all the bills. If despite this burden, a remote farm operation succeeds and thrives, it may
become a magnet in its own right, attracting trade and traffic and other differently oriented outposts.
The symbiosis and partnership of farm and village is age old. On the Moon too, they will thrive to-
gether.

As suggested, lunar farms need not justify their operations in the lunar market alone. Almost
any food grown on the Moon with lunar oxygen and many lunar-sourced macro- and micro-nutrients
will be cheaper to purchase in any space place, even Earth-hugging low orbit, than food raised on the
Earth’s surface, no matter how much more cheaply and efficiently, but brought up the steep gravity well
at high fuel expenditures. Only special delicacies or treats available from Earth alone will make it onto
space pantry shelves and into space eatery menus.



Special export and domestic crops overlooked in tightly planned and eco-balanced settlement
biosphere farming operations could include Coffee, Tea, Spices & Herbs; fruit and vegetable specialties;
supplementary meat producing animals and animal products; additional fiber producing plants; phar-
maceutical feedstock plants; dyestuff plants; and more.

Almost any farm operation will earn income from a visitors’ greengrocery as from a shop selling
recyclable wares made from agricultural byproducts. Almost any farm too could offer an in-farm picnic
and R&R spot for travelers.

Farm tarns will not only add to the total biospheric mass in place on the Moon, they may become
a key player in the Moon’s drive for economic autonomy and self-sufficiency. The “civilizing partner-
ship” will continue. Frarard
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MINING TARNS By Peter Kokh

The Moon is much more “homogeneous” mineralogically speaking, than is the Earth, not having
undergone the eons of hydrotectonic geological processing that resulted in most “ore” veins on the
human home planet. The percentages of the big seven (oxygen, silicon, aluminum, iron, magnesium,
calcium, and titanium) vary within general ranges that would allow an industrial settlement to locate in
most any “coastal” location from which both highland and mare type soils can be easily accessed. Tita-
nhium is the major exception to this rule.

Nonetheless, specialized mining operations that exploit relatively small abundance differences
are sure to arise once the market for their mono-products are sufficiently strong. Entrepreneurial ex-
ploitation of unique mineral resource endowments, however, will not be limited to the big seven. As the
industrial economy on the Moon slowly diversifies, the need to produce elements present in lesser
abundances will give rise to scattered operations in many places.

In general terms, some of these special sites can be predicted. Foremost will be polar per-
mashade water-ice fields if indeed such comet-derived deposits exist. Then there may quite atypical
Sudbury type asteroid-impact derived endowments of nickel and copper and other useful metals. They
await discovery and are conjectural at present.

Crater central peaks are likely to be composed of mantle upthrust material that may be enriched
in aluminum over common highland abundances. And here and there are fields of the so-called KREEP
deposits (“potassium, rare earth elements, and phosphorus”) such as those from the splashout of the
Mare Imbrium basin forming event.

Apollo Orbiting Command Modules 15 through 17 were equipped with gamma ray spectrome-
ters which scanned the equatorial regions. Among other things, they found scattered traces of Thorium
which might indicate the presence of lead and uranium as well. There will here and there be found other
atypical concentrations of economic value, including possible gas trap reservoirs of minor or major im-
portance.

Locally owned mining “tarns”, as distinct from non-family based “company” operations, will want
to preferentially ship value-added processed products and manufactures. So they should become criti-
cal nuclei of industrial villages or settlements. Of course, they will need to be into farming too! And
unique mineral-based arts and crafts are a certainty.

Mining tarns will be part of the rural triad that turns the Moon from “a one-town rock” into a
“world”. Erarara]
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The Lunar JYmp'ng Jeep
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How will the early lunar settlers get around, say from Armstrong Base, to Kennedytown, to Water
Mine #1? The only surface lunar transportation used thus far by the human species is walking or
wheeled cars. The lunar rovers used had a very slow speed and a very limited range. Further, they were
limited to reasonable flat terrain. Hence they are not suitable for traveling between sites a few hundred
miles apart.

Much later in the era of lunar settlement, when we are talking about routine travel between cit-
ies, we can either build highways or railroads to facilitate high speed travel. But in the pioneer days, we
need an intermediate solution, a "lunar jeep."

We need an off road vehicle that is suitable for traversing the very rugged lunar surface at a rea-
sonable speed. The low gravity and the vacuum conditions suggest an interesting possibility, a jump-
ing vehicle that leaps from place to place across the terrain. This will enable it to go over large boul-
ders in its path, climb into / out of giant craters, or bound over deep crevices. Further, it should be
quite economical on energy consumption, permitting substantial travel with one refueling.

This author proposed such a vehicle in the early 1960's, believing the idea to be original, for a
tiny lunar rover to be carried to the moon by Surveyor. As is often the case, it was later learned that the
same concept had been proposed previously; in this case by none other than Hermann Oberth. He
wrote a book in 1959 called "The Moon Car," which described a much larger manned vehicle that could
either roll along, or jump over obstacles. The principles described in that book are sound, but the ad-
vent of microelectronics has opened up control possibilities not foreseen by Oberth, making the con-
cept even more practical.

For a manned vehicle, the limit to the jumper's capabilities is limited by the amount of jump ac-
celeration the crew can withstand. Assuming that a human crew is willing to withstand repeated jumps
at three gee acceleration, then a vehicle with telescoping legs that can extend 18 meters (59 feet) with
that force, then we have a vehicle that can jump four tenths of a mile at a time. When leaping for maxi-
mum distance per jump, such a machine will spend about thirty seconds on each such jump, and will
soar over five hundred feet into the lunar sky at the peak of each leap. Tall buildings at a single bound,
indeed!

Moreover, the energy consumption of this machine will be small, assuming only that the lunar
soil will remain compacted after it has been jumped upon a few times. The energy used to make one
jump can be recovered by the tele-scoping legs upon landing. Then the only losses are the friction in
the leg extension and retraction. (There is, of course, no air drag.) If these losses are only 1% of the
energy needed for each jump, then an ordinary automobile battery (of 200 ampere-hour capacity)
would store enough energy to take a one metric tonne vehicle a few hundred miles. And of course,
aerospace batteries are even lighter than car batteries.

Assuming that a pioneer has already scouted the terrain, so that you have a "digital map" to ex-
actly plan each jump in advance, then at the rate of a jump every 30 seconds, you can travel at 48 miles
an hour. If the path has not been surveyed ahead, then you will need to go more slowly, so you can ex-
amine each landing site as you approach it, and manually determine the jumping commands to lead you
to a safe landing.

There may be a business opportunity here for a daring entrepreneur. The same principles will
work on Earth, although each jump will be six times shorter and lower. What a carnival ride such a ma-
chine might make! You will have a solid patent position when the time comes that we need jumping
machines for the serious business of lunar settlement. ]C
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RURAL LUNA



To those joining us this issue, we are borrowing the Scandinavian term tarn which designates a
small, isolated mountain lake with no apparent inlet, but actually fed by rain or glacial melt-water, as a
metaphor for the isolated “rural lunar” outpost that must religiously guard an initial water/hydrogen
endowment, sources of loss make-up being costly.

Science Tarns

Selenology/Prospecting Field Camps - Lavatube Exploration Camps - Physics Labs & Accelerators
- Optical & Radio Astronomy Observatories - Experimental Agriculture - Biochemistry Labs -
Toxic Waste Storage - Nuclear Waste Storage & Energy Recovery - Experimental Genetic Engi-
neering - Disease Control & Biological Agent Quarantine - Historical Preservation & Archiving.

There are several kinds of scientific activities that we will want to undertake on the Moon, and
many of them can be done better in isolation from (relatively speaking) major population centers. Oth-
ers of their very nature will demand an isolated “rural” location. There is plenty of room for physical
isolation on the Moon, and the virtual biological quarantine enforced by the Moon’s lack of an atmos-
phere or hydrosphere is an invaluable asset for experiments that would otherwise involve risks with se-
rious downside consequences.

Much field work remains if we are to understand the Moon well. Selenological Field Stations may
be temporary and movable. A camp at an entrance to a multi-tier maze of intact lavatubes on various
levels might be in use indefinitely. Deep shafts will core mare layers and sample mantle upthrust mate-
rial in crater central peaks. We’'ll search for Sudbury-like strikes of strategic ores of nickel, copper,
platinum, and the like. Some of such prospecting field camps will evolve into permanent resource de-
veloping settlements playing a major role in the diversifying interdependent lunar economy.

Extensive areas of flat unencumbered real estate will attract gargantuan accelerator projects
dwarfing the aborted SCSC. For maximum shielded cosmological labs monitoring neutrinos etc. the
cooler lunar interior will permit much deeper shafts before residual crustal heat becomes a problem.

Optical Observatories and truly giant interferometers can be sited most anywhere. Those at
higher northern and southern latitudes will be able to pursue unbroken dedicated around-the-clock
study of major circum polar objects, like the Magellanic Clouds. Radio Astronomy installations will need
to be located in Deep Farside (Mare Ingenii’s large flat-floored Thomson crater seems most ideal).
Those installations that require considerable support may work toward localizing such support giving
rise to small settlements engaged in food production, specialized fabrication shops, and maybe even
sporting small universities or institutes and conference centers.

In Rural Luna, experimental farms will operate with-out fear of blight or pest or pathogen ex-
change with settlement biosphere food production areas. Larger scale trial biospheres could evolve into
Lunar National Parks, becoming major tourist attractions for Lunans, if not for spoiled terrestrial visi-
tors. Such forested and meadowed rille-bottom oases could support wildlife observation, camping, hik-
ing, boating, riding, fishing, even simulated sport hunting.

This same hard quarantine will be ideal for otherwise potentially dangerous genetic engineering
experiments, that nonetheless will inevitably shed light on who and what we are. Perhaps the same iso-
lation may be advisable for riskier aspects of brave new world nanotechnology development.

Nuclear waste storage would benefit from the lack of ambient atmosphere and hydrosphere. In
rural Luna, we can experiment with harvesting both energy and useful materials from such wastes. The
same goes for biological and chemical toxin storage and experimental processing labs.

[See MMM #32 FEB ‘90 pp. 5-6, “Port Nimby: Export-Import Sleeper” - Republished in MMM
Classics #4]

Another less obvious but in the end incomparably more important kind of scientific activity ideal
for Rural Luna is the establishment of a disaster proof repository or Grand Archives of all humanity and
human history, and of Gaia: life on Earth. Despite our best efforts, we are continually losing irreplace-
able human treasures and natural history collections to war, criminally misguided fundamentalist
purges (Library of Alexandria, the Mayan Codex), floods (the Arno in Florence), fire, hurricanes, torna-
dos, acid rain and just plain rot.

Lavatubes on the Moon have already survived billions of years intact. They offer cold supervolu-
minous “lee” vacuum unexposed to the cosmic elements. Could anything be more ideal? Here we could



build the ultimate repository safe from mischief as well as accident; quarantined from biological attack;
safe from the glaciers that will sooner or later wipe clean the slates of Canada, Scandinavia, much of
Northern Russia and he Northern U.S.; safe from eventual demolition by geological and tectonic proc-
esses; relatively protected even from chance killer asteroid impacts. Such a vault should long outlive our
species and be available for the inspection of visitors from other surviving worlds millions, even billions
of years hence. If it’s ultimately immortality that we seek in space, such a lunar lavatube archival re-
pository ought to be rallying priority number one. Frararad
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In addition to those activities which need or might benefit from a certain amount of isolation and quar-
antine, there are likely to be rural population pockets which have sought and continue to rigorously
cherish isolation for purely social reasons. They pursue some “way of life” dream or vision.

These are the “Intentional Communities” driven by some religious (not always fundamentalist
nor cultist), philosophical, economical, or purely sociological need for “purity”. Founders and followers
seek relief from interference and distraction, from the need to compete with more tempting and easier
alternatives in undisciplined pluralist mainstream societies.

We should not assume all such efforts are misguided, though history has shown that most of
them end up in failure, and not always for reason of breached isolation. There do remain social and
economic and political and other institutional experiments arguably worth pursuing but which cannot
germinate or bloom, much less hope for harvest, in the midst of free form anything-goes society.

Many in the “movement”, especially fans of Space Colonies (Settlements), admit to having been
attracted to the space frontier precisely for the opportunities of intentional community so enabled. Ru-
ral Luna should beckon them.

Monasteries are undeniably out of fashion, if only because both celibacy and deliberate poverty
are out of vogue. But these days in the age of AIDS, contempt for celibacy is noticeably on the decline.
In this new climate, the reappearance of communities of monks choosing a life of quiet isolation is pos-
sible. Like those who have blazed this trail before, they would devote their sublimated sexual energies
to routine and other tedious labors of love seeking some form of communion with the transcendental.
Such a life offers few compensations of common appeal. Yet for monasticism to thrive anew, there is no
need to appeal to the many - only to a sustainable few.

Some activities in Rural Luna would seem ideal for future practitioners of the monastic way of
life. Operation of a Grand Archives of all Humanity and Gaia; or running experimental farms (and vine-
yards); or operating a Port Nimby (“Not In My Back Yard”) type facility; or supporting a Deep Farside
S.E.T.l. installation listening for whispers from possibly wiser fellow soul mates in the larger Cosmos.

Deep Farside locations with skies oriented toward the Universe-at-large and averted from Earth
and its electronic relay ‘noise’ will be especially conducive to this life choice. Here lie vast expanses of
endless peace, quiet, freedom from distraction.

Might the time might not be ripe for a precursor monastic operation in Antarctica? Here is a less
“threatening” way to establish pockets of humanity on that virgin continent-on-a-pedestal. A monas-
tery could explore environmentally benign, low-impact forms of site-rooted self-reliant economic
activity. In addition to Antarctic-appropriate agriculture and resource harvesting, monks could earn
credit for needed import resupplies by tedious tasks in danger of being abandoned in budget crunches
(e.g. Planetary Science Data Reduction.)

Or they might offer alternative resting spots for those seeking an option to burial or cremation.
In the cold dry air of Antarctica, open air burial under the stars is possible. Such a “desiccatorium” could



provide glass canopies to greatly retard blackening from ultraviolet and cosmic rays, with durable side
netting to thwart the sky-patrolling carrion-feeding skuas.

We do not stray. There are many less attractive backwaters on the space frontier that may go
wholly undeveloped except for special societies like monasteries. [Or prisons! See MMM # 35 MAY ‘90 p

3. “Ports of Pardon” - Rei ublished in MMM Classics #4] The Moon is big enough for options like these.
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Annexing 2/3 of Farside to Nearside: RELAYSIDE By Peter Kokh

We all learned when we were tikes that the Moon keeps one and the same face forever turned
toward Earth, that there is another hidden side forever hidden from view - until the Space Age, of
course. It is not a 50-50 split. The Moon’s orbit around Earth is eccentric, swinging between a monthly
close approach about 220,000 miles out and a monthly far point about 260,000 miles out. As it does
so, its axial rotation which is locked to its orbital period, first lags behind its orbital progress as it
speeds up approaching the near point (perilune) and then runs ahead as it slows down approaching the
far point. The result is an apparent wobble or libration that allows us alternately to peak 6° or 7°
around either side. So in fact, only 41% of the Moon is always visible from Earth, and 59% is at some
times observable. The remaining 41% is always averted. The 18% “limbland” areas might be dubbed The
Peek-a-boos.

This apportionment will change effectively if we put relay satellites in the gravitationally stable
Earth-Moon no man’s lands of the forward (L4) and/or following (L5) Lagrange points co-orbiting the
Earth in formation with the Moon 60° ahead and 60° behind the Moon, respectively. Such relays will
allow us to “see” or communicate with the pair of 60° orange slices of Farside flanking the visual limbs,
leaving the central 60° still out of touch. The same orbital libration will work to trim the always-out-of-
touch “Deep Farside” to about 45°, a mere but all-important 1/8th of the Moon’s surface.

While this area could be served by another relay in the L2 Lagrange position some 40,000 miles
behind the Moon, the considerable, unduplicatable, irreplaceable, and invaluable radio silence of this
Deep Farside area will make that choice unthinkable. We need that sheer undisturbed radio silence both
for advanced radio astronomy installations and for S.E.T.l. observatories [radio Search for ExtraTerres-
trial Intelligence].

Rural Luna outposts and towns in “Relayside” will be no more isolated from Earth than Nearside
communities. As to the absence of Earth in their visual sky, it is only fair to point out that Earth is also
somewhat “out-of-sight-out-of-mind” in central nearside where if is very high above the horizon.
(Thus the nickname of The Crooknecks for central Nearside.)

Outposts in Deep Farside, however, can only hope to remain in regular touch by cable to anten-
nae in  Relayside. The expense of laying cable (or a chain of laser-repeating towers?) will work to
confine such outposts to narrow corridors leading to installations that by nature can only be in Deep
Farside (the radio astronomy and S.E.T.l. installations just mentioned.

Relayside and Deep Farside pockets of humanity will have one psychologically binding glory in
common, however. The absence of Earth above the horizon gives this area the most spectacularly star-
spangled, Milky Way-blazen nightspan skies in the inner Solar System. Frararad




" The role of Rural Luna =~
in the Moon's coming of age
as-a new World" for-Man -
THE ROLE OF RURAL LUNA IN THE MOON’S COMING OF AGE AS A NEW “WORLD” FOR MAN
Look up “world” in any dictionary and you will find a dozen or more definitions for each of many
uses of the word. None of these goes to the essence of the concept, however. It is precisely that we find
ourselves “too close to the trees to see the forest”. If | could take a stab at it, | might define “World” as a
polycentric horizonal continuum, or perhaps as a functionally integral ecosystem of communities.
The point is that our sense of “world” is not that of a physical place centered in ourselves - or in
one local village - or in one settlement. Until there is a plurality of centers of activity on the Moon,

however humbly small each is taken by itself, the Moon will be a “world”, in the human sense, only po-
tentially. A “world” is a “world” because it is shared.

Will the Moon ever become another “world” for man? Or will it remain just a big rock with a to-
ken garrison? Not to wonder! The wellsprings of a plurality of settlements and rural outposts is clearly
present in the raw physical endowment. The nonuniform distribution of mineral resources, the diversity
of terrain, the special advantages conferred by grid location (e.g. polar, limb, equatorial, and deep far-
side sites) irrespective of mineralogical assets will all work towards the rise of multiple outposts and
towns.

In addition to this distributive logic imposed by the economic geography of the Moon itself,
t