EXPANDTNG THE HUMAN ECONOMY THROUGH OFF-FPLANET RESOURCES

MOON i
M A

MMM Classics Year 4: MW #s 31-40
The First Ten Years Decenber 1989 - Novenber 1990

Concl usi on of Prinzton
Rlle Settlenent Series

In this volunme we finish up
e the serialization in MW of our
== design study paper presented at
| SDC 1991 in San Antonio.

At left: a “Ranmada”

Ramada (RasMAHeda): Spanish, a
free-standing canopy providing . -
shade from the sun, common in “&==
U S. sout hwest. (cf. Ranmada | nn)

Illustration © 1990, M | waukee
artist Dan Mynahan, an (MLRS
menber in those days.

Vacuum is one thing; the gk
nui sances of cosm c weat her are &
anot her: intense dayspan heat, ::
cosmc rays, solar flares, and H-
mcroneteorites. If we provided =
shelter fromthe “elements” but g
Wi t hout pressurization-for nost
routine-access storage areas, i
and for access to the exterior g™
areas of pressurized nodul es for &k
routine servicing, would those
involved in activities “shel- %
tered” in this way be able to?#
wear |ighter-weight, nmore com ®
fortable pressure suits? If so,
woul d this reduce exertion and »
enhance productivity? See p. 42

Envi ronnment al Topi cs

1990 saw Earth Day #20, and
as a comitted environnentali st
(hone pl anet |over) and resolute
space anthusiast, we published
a suite of articles this year
touching on sone environmental
aspects of opening up the space
and lunar frontiers:

e Space Debris, p. 3

Green Earth, Clean Mon p. 4

e Port N MBY, pp. 15-17

e The Many Space Benefits for
Mot her Earth pp. 21-22

e Recycling pp. 23-26

e The Fourth “R' p. 26-28

e Biospherics pp. 35-36

e Moon M ning & Conmon Eco-
Sense p. 60

e Cloacal vs. Tritrene Pl unbing

pp. 65-66

REERIE

mRREEETITIE

By 5

The MW O assics Effort :
We have enbarked on an ™
effort to re-edit, re-illustrate .
and republish the major articles
from Moon Mi ner s’ Manifest og
issues #s 1-100 - the first ten
years. Each volume includes the
articles fromthe ten issues of
one year.

St ar * bound

In this volume, we also
~ begin our Star*bound series of
.+: articles, looking not at the
“how’ of interstellar travel,
T " but at the “where to.”

Volume 4 concludes the S ; W start by taking a | ook
hardest part of the effort, as] = .5 from the outside, at where we
the articles from the first 74§ % - .. are starting from Earth and
four years did not previously i REetnt L TmE <22 o “hone star,” the Sun.

exi st in usable computer files. ’
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(M\/I\/I#Sl - Decenber 1989)
Capital "M for Mon

by Peter Kokh

A recent letter in Ad Astra [ Cctober
1989] taking exception to this witer's
i nsistence that "Moon" be capitalized,
rested on several all too common niscon-
ceptions. Perhaps it would be helpful to
di scuss the salient facts.

Li ke the Moon, Julius Caesar
is an original.

First, fromtime imenorial up unti

when Galileo first trained a teles-
upon Jupiter and discovered it had
four "moons", only one nmoon was known to
mankind. Simlarly, until even nore recent
times when it becanme apparent that the Sun
and the stars were menbers of the sane
class of celestial objects, we knew of
only one "Sun". Until these recent discov-
eries, Mon and Sun had perhaps never been
used in the plural.In one |anguage version

1610
cope

or another, since the dawn of |anguage
these were their nanes. Wen we suddenly
needed "class" names we borrowed these

names from the sole objects we had ever
known of each class. Ganynede, Tit an, Phobos
and conpany are thus "moons" only and
sinply by analogy or by extension. The
Moon renmmins the original, the satellite
of Earth.

Certainly,
i nner nbst noon

in such a phrase as "the
of Mars", "noon" is a
comon noun.But it is transparent nonsense
to say that even when referring to the
original and privileged bearer of that
appel l ation, "Mon" is a common noun. |t
would be just as silly to insist that
since there have been dozens of caesars
(and kaisers and czars, all the sane word)
besides Julius, we should decapitalize
Julius' surnane. Like the Mon, Julius
Caesar is an original.

Nor, as some are tenpted to think,
does the presence of the definite article
"the" mean that "Moon" nust be a common
noun. If so we had best use the bahamas,
t he philippines, and the hague.

~ "Luna" is sinply "Mon"
i n anot her | anguage (Latin)
It has been an unfortunate common

gripe among science-fiction authors
(spread thereby to wuncritical readers)
that "the Moon" is at best an informal and

col l oquial name, and that it should be
replaced by "Luna". While overdue inter-
nati onal standardization of its nanme is
certainly a worthy goal, "Luna" is sinply
"Moon" in another |anguage (Latin).

Most i mportantly, contrary to
popul ar belief, there is no such thing
(and never has been) as "correct English.”
There are only judgnment calls as to what
is nost widely "accepted" and thus "stan-
dard" usage, sonething subject to change
All reputable dictionaries contain a dis-
claimer to that effect. Living |anguages

are continually changing because they are
alive and ever regenerated by their
speakers.

We are already seeing a strong nove-

ment from "the earth" to "the Earth" and
indeed to sinply "Earth" i.e. no "the".
This evolution reflects the grow ng
popul ar awareness of our planet as a
pl anet. Simlarly, there is increased,
t hough | ess pervasive, awareness that the
contenptibly famliar apparition in the

ni ght sky (the moon) is in truth another
worl d-to-be (the Mbon) wupon which to
continue the human drama. Newspaper editors
and those English teachers w stful of the
prerogatives of ancient priestly classes
notwi t hstanding, the growi ng frequency
with which "Mon" is capitalized expresses
this new appreciation of the dawning
"worl d" potential of the old queen of
night. We might go so far as to predict
that in time, just as "Earth" is now
doi ng, "Moon" will shed the archaic "the"
While some may shrink in abject
horror at the idea of such linguistic
activism there 1is certainly nothing
reprehensi ble about trying to guide
i nevitable linguistic change to suit the
pur poses of those seeking to better
express thensel ves. Language is a tool,
and we, not it, nust be master. If we, as
space advocates, want the public to becomne
truly conscious of the Moon as a new world
for realizing the human potential, we
ought to take the lead in capitalizing its

nane, even daring to drop the "the."

Utimtely, this question wll be
decided once and for all by the first
[ unar settlenment government to arise. Just
as nmost of us have learned to say Sri
Lanka instead of Ceylon, if such a govern-
ment decides our neighbor world should
henceforth be known as Luna, Selene,
Artemis, Diana, or [good grief!] Kennedy,
we'll all fall into line. <MVW>
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Space Debris
SPACE * - L PR L P Yy " "', DEBR S
Cl eanup & Prevention

Editorial by Peter Kokh
Di vide, and ye shall conquer!

The long awaited second part of the
report <empThe Nature of Space Debris &
How to clean it up</en> by Dr. Larry P.
Lehman and Dr. Gay E. Canough of ExtraTer-
restrial Materials Inc. has at |ast been
published in the Septenber/October issue
of <enpSSlI Update</enr H gh Frontier News-
letter sent binonthly to those donating
$25/year to Space Studies Institute, P.O
Box 82, Princeton NJ 08542.

The authors argue for concentrating

our approach on those larger derelicts
(the eventual source bodies of the nore
troubl esome smaller fragnents) that orbit

at altitudes below 700 km (430 mi) where
they are subject to enough drag from the
tenuous w sps of the upper atnosphere that
their orbits decay within a few years. The
best approach would be to greatly increase

their crosssection, and hence suscepti bi-
lity to drag, by sending up "Small Dunb
Debris Collectors" to rendezvous with

them These SDDCs would be sinple sail-
Ii ke devices that would open to engulf the
derelict body. Orbital decay would then be
greatly accelerated, and with it, the
opportunity to generate further swarns of
debris fragnments would be proportionately
reduced.

While such a plan would certainly
work to aneliorate the situation if
nothing else were ever to be |aunched
(except debris collectors), we should be
aware that a potentially even nore troubl e-
some class of objects could be addressed
still more sinply i.e. space-craft and
payl oads yet to be designed, built, and
| aunched. Just to renove X percent of OLD
debris per year while continuing to allow
X+ percent of NEW debris-siring objects to
accumul ate in orbit yearly, would be a
| ost cause.Accelerating the orbital decay
of potential debris parent bodies nust be
acconpanied first by a well-thought out
plan to nmake this happen automatically,
second by a plan to make | aunched objects
easier to retrieve.

We propose that the National Space Society
refinemand strongly advocate the foll ow
ing international conventions to govern
future objects bound for low Earth orbits.

1 Farings and payl oad shrouds mnust be so
designed to remain attached to the host
booster and nust incorporate sail-Ilike
devices that will automatically deploy to
accelerate atmospheric drag on such
boosters so that their orbits decay in six
nonths to a year.

2 Al payload satellites bound for drag-
governed low Earth orbits (below 700 km
and not intended for intact recovery, mnust
be equipped with a "dead-man's drag"
folded sail device that will automatically
deploy if power is lost, and which can be

tel e-depl oyed by ground controllers in
ot her kinds of craft failure.
3 Al orbit-bound payloads of a certain

must i ncor-
st andar di zed

threshold size and weight
porate an internationally
grappling coupling.

4 (Any orbiting payload or

decl ared derelict by an International
Board (after admi ssion by its [|aunch
agency or after failure of sane to regain
effective ground control within a two
month's period) and if not retrieved or
decay-accel erated by its owner or agent
within a six nonth period, will be open to
sal vage of opportunity by any agent.

Space debris, already orders of
magni tude nore threatening than the
natural mcroneteorite population [SSI/ETM
paper referred to above], if shunted to
t he background of concern by apathy, has
the potential to quarantine our species on

craft wll be

our hone planet. If we fail to rise to the
chall enge, we will deserve that fate.
Agai nst any disease, and that's what
space debris is, prevention is the first

li ne of defense. <PK>

SPACE DEBRI S i n NEAR EARTH ENVI RONMENT:
May 1988.- Courtesy N chol as Johnson
Tel edyne, Engi neeri ng.
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" GREEN EARTH, CLEAN MOON’
PHI LOSOPHY TO BREAK OQUT OF

CRADLES BY
Pet er Kokh
It is hardly possibly to turn on a

TV or radio these days with out hearing
about sonme needl ess environnental disaster
or another instance of crimnal toxic

waste dunping. As if the devil-take-the-
hi ndnmost side of Anmerican business were
not enough, we are all becoming painfully

aware of our own unintentional guilt in
passing on to our children an Earth |ess
green, atmosphere less fresh, water |ess
pure, forests less vast, and wildlife |ess

abundant than those we had inherited.

It is understandabl e that many of us
are beginning to think of humanity as a
cancer upon the good Earth. G eenpeace, an
extrenely active international environ-
mental group, is lobbying to set aside all
Antarctica as a Wrld Natural Preserve,
banning even scientific bases as an
infringenent. G ve Greenpeace a tinme-
machine and its warriors would go back ten
t housand years to prevent the first
Si berian Indians-to-be from crossing the
Bering Strait (or isthrmus back then) so the
Anericas could remain unspoil ed wi | derness.
Perhaps if they could go back further,
they would have stood guard in the Sinai
to limt mankind's ravages to Africa.

Both the trouble with this attitude,
and the very real trouble that hunankind
poses for the environnent, are grounded in
the sanme 2000-year-ol d unquesti oned accep-
tance of the prem se that nmankind and
nature are opposed. Rather we are part of
nature, a new part, a part that appears as
Earth-life enters puberty. Indeed, Earth-
life as a whole, or Gaia as it is now
coming to be called, cannot reproduce
itself, scatter its seed to worlds beyond
its cocoon of space, w thout humanity. To
reproduce, Gaia must undergo the anxious
pubescent changes and adol escent tribul a-
tions that being-wi th-humanity brings with
it. By the sane token, it is not humanity
that will go to the Mon, Mars, and beyond,
it is Earth-life-including-humanity.

Quite frequently one hears the
obj ec-tion, why should we go back to the
Moon? Isn't polluting one world enough?
The legitimte disgust the speaker feels
for what is going on here on Earth is
being transferred to the speaker's expec-
tation of what nust supposedly follow in
space.

Manki nd wi || not change. As our reputed
ancestors cannot be housebroken, it seens
that we cannot be pl anetbroken. W are

fated to go on fouling out nest forever.'

It is inpossible to argue with pessi-
m sm because pessimsm like optimsm is
grounded in tenperanent rather than reason.
To those who wish to take the neliorist
alternative, - acceptance of the given as
bad as it is with the determnation to
take it upwards from here - there is not
only hope that we will change and are
changing our act here on Earth - wth
pai nful and halting steps, yes - but it is
al so clear that the “oppottunity” to foul
our own nest will not follow us beyond our
hone pl anet!

Whet her our stripes change or not,
there are no forests on the Mhon to cut,no
air to poison, no groundwater or streans
to pollute,no wildlife to drive to extinc-
tion. W are a danger to biospheres, yes.
But there is no biosphere on the Mon, nor
Mar s, nor anywhere else in the Solar System
wi thin our reach.

To live on the Mon, we nust on the
contrary bring mni-biospheres of Earth-
life with us. But whereas on Earth we can
do our mschief and not worry about the
consequences till nmuch later, the tiny
islands of life we bring to the Mon and
Mars will be far less forgiving. W sin
agai nst them we pay the price pronto.

It becomes obvious that Lunar and
Martian pioneers will have had to change
their act under sentence of death. Not
only will they have to live clean, work
clean, and play clean, but they wll,
especially on the Mon, have to recycle
totally (read 100% all the things we are
used to throwing away on Earth. It isn't
that they will lack places to throw things.
Rat her, the hydrogen, carbon, and nitrogen
that |argely make up wood, paper, plastics,
and synthetics are not easy to cone by on
the Moon and nmy have to be inported at
very high expense. Everything thrown away
must be subtracted from the standard of
living. Indeed, pioneers will use precious
little of such materials to begin wth.

In learning to thrive on the Moon,
hopefully before we go, we will |earn nany
| essons and sone val uable know how that
will help us inprove things here on Earth.
While the motivation to clean up our act
on Earth is weak but growi ng, on the space
frontier, it will be do-or-die.
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What about nmining? Wn't we scar the
"magni fi cent desol ation' of the Lunar |and-
scape? In truth, all the resources on the
Moon are already lying | oose in the rego-
lith, the pre-pulverized and ready-to-
scoop- up-and- process upper few yards of
its surface. There is no need to either
strip mne or deep mne or otherw se
change the appearance of the surface. The
eon-1 ong processes that worked on Earth to
concentrate ores in isolated veins and
strata did not operate on the Mbon. Yes,
we can be sloppy, littering whatever does
happen to be cheap. Only public care can
prevent that.

To sum up,we nust reject the offered
dilemma of a Virgin World versus a Raped
World. Qur true choice is a world, once
sterile, now brought to fulfillnment of
not her hood by Earth-1life-w th-humanity. MMM

For a PDF file of the article
above in flyer form go to:

http:// nsschapt ers. or g/ hub/
pdf / green_cl ean. pdf

For nore suggestions of how space
activists can engage the nore
envrionnental |y consci ous persons
in a constructive di scussion
( not in a debate! ) go to:

http://nsschapters. org/
hub/ event s. ht m#enviro

Below is the | ast cartoon of series
contributed by Andy Wber. Thanks, Andy!

RIGIGE {’:FEE" r Hﬁﬁﬁ by Andy Weber

) 1

Moon Miners’ Manifesto Classics - Pear 4 - Republshed FJanuarp, 2005

\ el el DNARCR A )

by Peter Kokh
[Based in part on a Tel ephone Interview
"T.L.P." Transi ent Lunar Phenonena

- could include any visible phenonmenon on
the Moon that has a fleeting existence,
e.g. markings not previously seen and soon
gone. in practice, however, the termis
used to pigeonhole the hundreds of sight-
i ngs of short-lived unusual glows, flashes,
and (pink or red) colorings that have been
observed by many. These happeni ngs, however,
have been seen to occur at only about two
dozen sites on the Mon, a short [ist
i ndeed when you consider the thousands of
craters and other features covering the
nearsi de alone. The conspicuous crater
Aristarchus (brightest spot on the near-
side) heads the list in the nunber of TLP
events recorded. A distant second is
Al phonsus near the center of the |unar
nearsi de. Copernicus, Tycho, and Proclus
are some of the other well known craters
on this short list.

In this country there is a small but
dedi cated band of TLP watchful kept ener-
gi zed by David O Darling, a nenber of the
American Lunar Society and the Madison
Astronom cal Society. He lives in Sun
Prairie, Wsconsin about ten nmles NE of
Madi son. He becane interested in TLP
vigilance while observing the Mon during
an "Earthshine" event in May of 1979, nore

than ten years ago. "Earthshine" or "ashen
[ight" happens near the 'New Mon' 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 Mon's night surface
fromthe nearly '"Full Earth' in its sky.

(The Full Earth observed from the Mon is
about 60 tinmes as bright as the Full Moon
appears to us!) During Dave's My '79
observation, Aristarchus began to glow so
bright, you could pick the crater out with
the naked eye. The phenonenon, with ups
and downs, |lasted about a half hour, a
typical lifetine for such events. Dave has
wat ched 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 himthough sone need 'encourage-
ment'. He is |ooking for additional coll a-
borators. OF greatest help are the strong
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ties he has established with a group that
really has its act together in Great
Britain, headed by Peter Foley of the
British Astronom cal 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
for these

pay to be on the watch
tantalizing and mysterious
events just anytime the Moon is visible,
says Dave. Under full illum nation by the
Sun, any such col or and bright ness changes
woul d sinmply 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
Al phonsus), TLP events might well occur at
other times without being visually

observabl e.

In fact, however, sightings seen to
be nore frequent during Earthshine (with
favorabl e phase angles) when the Mon is
al so hal fway between apogee and perigee
(hinting that tidal stress trigger).Events
al so cluster at peak Sun activity (causing
aut gassi ngs to glow or fluoresce).

TLP watchers gear wup for |unar
eclipses too. Sudden flashes sonetinmes
occur during eclipses and may be due to

el ectrostatic discharges from the sudden

fall in tenperature during the event.
As exciting as it is to experience
one of these events, the real gratifica-

tion cones when one's sighting is indepen-
dently corroborated by others in the TLP

network. Recently, Dave saw a darkening in
the promnent bright ray crater Proclus
(just west of Mare Crisium) and this was
corroborated by several others. In the
Apol l o days, NASA worked closely with
L.I.O N, the Lunar International Obser-

ving Network, and a nunber of Earthbound
TLP observations were also w tnessed by
Apoll o astronauts in orbit on the command

modul es. The astronauts also reported
occasional fleeting flashes as they
orbited over darkened portions of the

| unar farside

The Soviet spectrographic observa-
tion is not the only instrument reading
corroborating these visual sightings. The
British obtained photometric (light Ievel)
verification of the ups and downs in the
glow of Aristarchus during the '89 [|unar
total eclipse. One of the three cancel ed

Apoll o missions had been targeted to put

down in Aristarchus. It would have been
equi pped to chenically analyze any out-
gassings that took place during its stay
and after, for the life of the instru-
ments. O the three coul d-have-beens, this
was surely the nost tragic |oss.

It is rather interesting to specu-
| ate whether besides radon, other nore
econom cally useful gasses m ght be
i nvol ved, possibly bottled up in |arge
reserves. The Moon itself is extrenmely
poor in easily gasified volatile elements,
and finds of gas reserves that had
collected out of the nolten magna bel ow,
and had worked their way up through
crustal cracks towards the surface, could
make a big difference in the pace of |unar
devel opment. Radon itself is not an
original endowrent, but cones from the
slow radioactive decay of thorium and
urani um both of which are well repre-
sented in the lunar crust.

Even though the rocks and soil are
40- 45% oxygen | ocked in chenical conbina-
tion in various mnerals, the Mon is
still underoxidized. The telltale clue
here is that there is nuch unoxidized pure

iron (not ore) in the formof fine parti-
cles 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 atons of oxygen to two of

iron - the usual case here). Thus carbon
di oxi de, a mmjor conponent of terrestria
vol cani ¢ gasses, is far less likely on the

Moon than carbon npnoxide. But econom -
cally tapable pockets of CO would be very

inportant as a source of carbon which
m ght otherwise have to be inported at
greater expense.

Pros leave the patient and time-

consum ng TLP watch to amateurs, but this
is not because they are disinterested.
Darling keeps in touch with Dr. Caneron at
U. of Colorado's Astronomy Dept. But the
UC telescopes are wusually booked up
unavail able for sighting confirnmation

[* Darling edits and distributes his news-
letter <enrMOONGLOW/en> free to a short
list of persons (16-17) truly dedicated to
vi gi |l ant observation. Anyone interested in
participating in this work can link up by
contacting David O Darling.at:

416 West W/lson St.,Sun Prairie, W 53590]
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[ Continui ng our Report on PRI NZTON

- atwo-tier three-village 3,000 person
lunar settlenent in a rille just north

of the crater Prinz, NE of Aristarchus.]

VENTURE &

Part V. MJLTI PLE ENERGY SOURCES

P. Kokh, M Kaehny, M Millikin
L. Rachel, & J. Suszynski (CSSS)
A. Super Redundancy
On Earth, rare power outages serve

to relieve newsfare boredom result in
some work stoppages and conmuting del ays,
occasionally spoil frozen foods, and
soneti mes produce a tenporary glitch in
the birth rate. While electricity has |ong
since insinuated itself into every aspect
of our daily lives to the point that it
can hardly be called a luxury, tenporary
|l oss is sonething | ess than catacl ysnic.

On the Moon where the anbient
conditions are far nore severe, no nmatter
how much attention is paid to self-
adjusting thermal flywheels and bi ospheric
ecosystenms, loss of all power could
qui ckly introduce conditions from which
recovery would be difficult. Any one power
system is fallible: nuclear, on site-
solar, renote solar, chemnmical fuel cells.

Redundancy is critical
At the same time, power needs differ
between the alternating periods of [|unar

dayl i ght and darkness, each 14.75 days
Il ong. Some industrial operations can be
pol ari zed into energy-intensive (diurnal)

and | abor-intensive (nocturnal) processes.
On the other hand, agriculture can thrive

on the uninterrupted two-weeks of |unar
sunshine, but nmust also have enough
artificial Ilight not to just sinmply

survive the equally long night periods but
to go on to produce an eventual harvest.
It would seemthat for a settlenent of the
size of Prinzton (3,000 plus), these

m ni mal nocturnal food production needs
for electricity will be easily much
greater than the denmands of industry and
all other systenms. In planning Prinzton
therefore, we set as a design goal that
each of the available power systens be
sized so that in energency, i.e. all the
ot her systems down, it could alone neet
these mnimal nighttinme agricultural need.
At present, to our know edge this m ninmm
need has never been quantified. Nuclear
wi nter scenarios have shown that a | oss of
95% of normal sunshine would end in the
cessation of photosynthesis. This is not
quite to the point as we are tal ki ng about

m ni nrum hours of normal |ighting, and not
m ni nrum sustained lighting. Therefore, we
did not quantify the power needs for our
proposed settlenent, but |left that open

[ M I waukee Space Studies Team (M SST), the
chapter and SSI affiliate, wll soon
rel ease guidelines for home basement/

garage gardeners wanting to help find such
m ni mum |ighting needs for food plants of
their choice. MSST will coordinate the
results as they come in. W hope this wll
be a nulti-year international effort.]

NUCLEAR PLANT (FISSION): CQur rille sited
just north of the large mare-inundated
crater Prinz, contains an wuncoll apsed
section of the original lava-tube. It is
likely that the cavity it contains is sone
hundreds of neters in all dinensions and
has a roof on the order of 40 nmeters
thick. W believe this is a doubly handy
feature. Not only does it provide a
natural bridge across the rille but it is
about the best conceivable spot to place a
| arge nuclear pile. Even in the event of a
runaway neltdown, there could be no danger
to the nearby settlenent - the hot pile
need sinply be | eft undisturbed.

Not only would such a plant be an
everyday nminstay for those power needs
that did not vary with the local tinme of
the "sunth" (sunrise to sunrise, 29.5
earth days) but it would be an ideal feed
for a Laser Power Tower (see below). W
did not also specify a nuclear fusion
plant, as it is problenmatic whether or not
we will ever surnount the engineering
obstacles to such an elusive |ong-prophe-
si ed power source.

ON- SITE SOLAR POWNER: The site plan [ MW
#28] shows three large solar array areas,
feeding both the city and the mass driver
export device. W left open whether these
arrays woul d consi st of advanced photovol -
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taic cells made fromlunar materials or of
solar turbines, mrrored dish/Stirling
cycle systens. The latter would seem the
l'i kelier choice, barring developnents
unforeseen. W made no attenpt to deter-
m ne the anmount of area needed for these
solar arrays and what is shown on the site
plan is no nore than artistic license. The
actual collector extent needed would be
determned by the efficiencies of the
ni ghtti nme storage system chosen to supply
farm ng needs. The |likeliest candidate
woul d seem to be advanced fuel cells power
by oxygen and hydrogen heat-cracked or
el ectrolyzed from water reserves during
the long lunar daytine by excess solar
power, but also see B. below for a
possi bly conpl enentary opti on.

[The reader is also referred to the nulti-
contributor discussion "Electric Options”
in MW #14 and the earlier "Powerco" in
MW #7 - See MWC #1]

REMOTE SI TE SOLAR ARRAYS: G ven current
| ong-di stance power transm ssion techno-
| ogy and acceptable line losses, simlar
surface-based solar arrays could be
enpl aced some 600 km (370 m) to the east,
near the crater Lanbert, which could
provide a handy predawn boost in power
same two days before the Prinzton sunrise.
I f superconducting |ines nmanufactured from

lunar materials are possible (current
pessimsmto the contrary), a globe-circ-
ling chain of solar power arrays, half of

which would always be in the sunshine,
woul d keep the grid powered to the brim
regardl ess of local sun tine.

Short of that, it might be feasible
to place a suitably sized array 70-sone
degrees away just over the north pole of
the Moon, say 2000 km or 1250 m due
north-then-south of Prinzton (27°N). Using

non- superconducting |ines such a distance
would involve larger line |osses then
currently deemed acceptable. However, as

such a site would be 180<sup>o</sup> out
of phase with Prinzton, it would enjoy
sunlight for the entire Prinzton night
stretch.

SOLAR POWER SATELLI TES: Earth-feeding
Sol ar Power Satellites, providing raw and
processed materials for which is likely to
be the economc¢c mainstay for Prinzton,
will be concentrated in geosynchronous
Earth orbit, now the denizen of
conmuni cations satellites. Oten called
the Clarke orbit after the science and
science-fiction witer who first realized

its strategic advantage, "GEO' allows
objects to orbit in lockstep with the
Earth's rotation so that they seem to be

per manent|y parked above set points on the
equator 37,000 kmor 23,000 ni bel ow.

In contrast, owing both to the
Moon's |low mass (1/81 Earth's) and to the
slow rate of its rotation, once every 27.5
days reckoned by the stars rather than by
the Sun, what would be its "Clarke Obit"
if the Earth were not present is sonme
120,00 km or 75,000 m out [B.OE]. In
fact all points this far out fromthe Mon
in its orbital plane are within Earth's
gravity well, not its own. Instead, any
Sol ar Power Satellites intended to beam
power down to the Mon will have to be
pl aced at one of the Lagrange points where
the Earth-Mon tug of war lies in precar-
i ous balance. O these, so-called L4 and
L5, sonme 60<sup>o</sup> ahead and to the
rear of the Mon respectively in its orbit
about Earth, are the best bets, requiring
little or no station keeping effort. L5
woul d serve the eastern flank of the Moon,
L4 the western, wherein lies Prinzton. Now
this L4/L5-Mon distance is some ten tines
the Earth-CGEO distance. It is the feeling
of J. Suszynski that power beanmed in the 1
mnm wavel ength would be best suited given
the much greater distance, and that the
greater attenuation of the beam (100 tines
the footprint for sane wi dth bean) could
be managed. The rectenna net could either
be slung directly over the rille or over a
nearby crater if preferred. This is as far
as we carried the discussion.

B. A Hydroel ectric Storage Systen®
M Mullikin and P. Kokh

Surely, one of the npbst innovative
i deas proposed for the Prinzton Project
was Myles A. Mullikin's suggestion that we
use the elevation differences within
M DVALE, the central village (whose town
pl an he had designed to serve as downt own
for Prinzton and all this area of the
Moon) to circulate water through a nodest
hydroel ectric plant. During the day weeks
when abundant solar power will be avail-
abl e, water reserves would be punped from
a valley bottom reservoir to one just
bel ow the |l ower vault, and allowed to fall
t hrough a bank of generator turbines
during the two night weeks. Wil e appreci-
ative of the much greater power advantage
to be had from electrolyzing these
reserves by day to run through fuel cells
by night, he was leery of the idea of
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storing these volatiles (hydrogen and
oxygen) within the village.
Once on the table, this idea, rather

than bei ng di sm ssed, was qui ckly enhanced.
The upper reservoir could be placed full-
square on top of the rille shoulder. It
woul d be no problem to punp the water up
that high, and the greater head, sone 400
meters, even in 1/6th gravity, would stil
be effectively half again as high as
Ni agara Falls! Furthernore, out on the
rille-top, the water punped up from bel ow
could <circulate wunder quartz panels
transparent to the Sun's ultraviolet fury.
This would serve as both germcide and

bactericide. And if still desired, water
in the upper reservoir could still be
el ectrolyzed to be reconbined in fuel cells

with the onset of night before beginning
its fall down the conduits to the genera-
ting station below. There would be no
appreci abl e safety risks invol ved.

A second set of tubes up the rille
sl ope would carry air rushing counterfl ow

as it is displaced by the water being
punped up or falling dowmn as the case may
be. Air pressure in the rille-top reser-

voir would have to be the same as in the
village below. A heat-exchange system
could cool hot upper reservoir air before

it flowed into the village during the day

time, giving up heat to the water. The
whol e system would act as a thermal fly
wheel to give Mdvale the npbst equable
climte of the three villages.

Meanwhi | e, the generating station
could be placed with little sacrifice in
power at the top of the Town terraces, the

spent water then free to work its way down

a series of ponds and cascades to a
central lagoon for all to enjoy. The
shal l ow seven acre |agoon with canoes,
fishermen, and pink flam ngos would be
cantilevered over the final reservoir wth
depth nmintaining overflow tubes |eading
fromone to the other. Sone of the water
from the Hydro station could also be
shunted to pressure-fed fountains, further

adding to the Metro-class character of
this village. Wiile the extra power to be
gained by the hydroelectric schene as
opposed to the straightforward fuel cell
system is probably very npdest given the
limted volune of water probably avail-

able, it mght well be proportionate to
the extra lighting and energy |oad the
twenty-four hour character of Mdvale's

Metro District would have, serving not

only its own village popul ation, but those
in the other two villages whose work and
living schedules are to be eight hours
advanced or retarded. [See "Rille People"
Part 111 B. The Three Village System MwM
# 28.- republished in MWC #3, pp.41-43.]

HYDROELECTRIC SYSTEM: For the
Central Village of Prinzton (M DVALE)

HYDROELECTRIC SYSTEM
SECTION FLAM

TRARNETTE TUMMNED  —

LS

CUTT &% AT 13
OF RILLE
SHOULDER

[ A] Upper Reservoir includes quartz pane
covered purification pond (Solar Utra-
violet in). Option would include tanks to
hold I'iquid oxygen and |iquid hydrogen

el ectol yzed fromwater, and fuel cel

power plant for reconbining them

[B] Slope of rille. [€] Tubes or conduits
carrying water and counterflow di spl ace-
ment air. Day dates: water up, air down.
Ni ght dates: water down, air up

[D] (Heliostats gather and bring sunshine
into) [E] The upper Farnfield |evel.
[ F] Hydroelectric station at uppernost
terrace of |ower Townfield area
[ G] Decorative cascades. The spent water
is put to | andscapi ng use on way to |over
reservoir. [H] Pressure-fed fountains.
[1] Shallow 7 acre | agoon cantil evered
over [J] Lower reservoir fed by overflow
pi pes from | agoon above. Reservoir fills
during the lunar night, is punped enpty
during | unar day.

Such a hydroelectric schene uses

solar power priming in a way surprisingly
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not so different fromthat we are faniliar

Wi th

on Earth. Here, sunshine evaporates

ocean water to fall as rain and work its
way down the drai nage system The Mon may
be the last place you would expect to find

a ni
will

che for hydroelectric power, but it
work, for what it's worth. Not jist

rille slopes, but lava-tubes and | arger
crater slopes are potential "dan' sites.

C. The Laser Power Tower
Power Tower Concept - M MilliKkin,

Power Tower illustration - D. Crener
Princeton = In the Moon's light gravity,
Beacon & seismic quiet, and windless
Fadio

conditions, such a power tower,
without quy wires, could stand
thousands of reters high, to
cover the entire =ite, rille
bottorn and shoulder areas.
Slawved vehicles would only
need rinirnal backup fuel cell
ermnergency power . Only thoze
intended to range a good deal
from Prinzton require fully
autonornous power.

Guide Bearns
Couter ring)
If broken,

_ powet beamn
shuts down

Guide Beam \ - Fower Beamn
! !

by

L,

work vehicles with laser power
up to zeveral kilometers away.
VYehicles need back-up battery.

L]
1

Wem——rES - cam - - ..

Work Vehicle =——ine

i
1_
|

W | 3zer Fower Tower

FPower Tower can support rultiple ™ " 1"":".\&

Buil ding Prinzton will require a con-
siderable fleet of construction vehicles.
To power these with petrochemcal fuels is
out of the question. Far |ess expensive
and quite clean would be fuel cells using
liquid oxygen processed from the |unar
soil and hydrogen inported from Earth or,
better, Phobos and Deinpbs. The emission is
water which can flow into Prinzton's
reservoirs or be resplit into hydrogen and
oxygen to be used again. However, the
banks of fuel cells needed would be quiet
heavy, though they could be put on the
vehicles' roofs to double as shielding
agai nst cosmic radiation.

An ingenious alternative would be to
use the auxiliary nuclear power plant to
broadcast power to the construction fleet
via a tall |aser power tower equipped with
the needed dozens of laser transnmitters.
These would | ock on and swivel to follow
the slaved vehicles. A circle of guide
beanms woul d keep the power beam on target
acting as a fail-safe device. If anything
interrupted a guard beam the power beam
woul d shut off before the eclipsing object
could be damaged. [ MAGE]

In the Moon's light gravity, seisnic
qui et, and wi ndless conditions, such a
tower, without guy wres, could stand
t housands of neters high, to cover the

entire site, rille bottom and all. Slaved
vehicles would only need mniml backup
fuel cell emergency power. Only those

intended to range a good distance from
Prinzton, require fully autononous power.
(Vehicles built exclusively for use within
the pressurized areas of the settlenent
will be fully electric.)

NEXT: THE | MPORT/ EXPORT EQUATI ON.
PORT NI MBY. >>> MW #32

(Mehicles built exclusively
for use within the inter-
connected pressurized areas
of the three-wvillage
settlernent will be fully
electric.)

<« Work ¥Yehicle
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(I\/I\/M#32 - February 1990)

Conti nui ng our Report on PRI NZTON
atw-tier, three-village rille-bottom
settlenent for 3,000 - 5,000 persons

VENTURE &

EXPORT/ | MPORT EQUATI ON

kA
IMPORT / EXPORT
EQUATION

TO SURVI VE, PRI NCETON MJST

EARN MORE | N EXPORTS

THAN | T PAYS FOR | MPCRTS
Pet er Kokh

A. Settlenent Inport Categories And
Strategies to Cut and/ or Avoid Them

Part WI:

1. CAPI TOL EQUI PMENT: “MJS/ cl e” co-nmanufac-
ture is easily the nost promn sing approach

A mnimal sintered iron and gl ass conposite
manuf act uri ng capacity nust be inported
FIRST. Thereafter, conmplex 1ightweight

el ectronics-rich ("cle") "works packages”
from Earth are mated to Massive Unitary
Simple ("MJS") parts made on the Moon of

Lunar materials and assenbled on the site
to make additional equiprment for Energy
Generation, Mning & Processing, Mnufac-

turing, Construction, Fabrication & Repair,
and for Food Production.[cf."MU S./C L.E"
in MM # 18 Septenber '88.]

2- SETTLERS: "Bantamwei ghts" will do. For
Prinzton will be run with brains rather
than brawn. Wi ght savings on settlers can
be applied el sewhere.

3- FARM PLANTS AND ANI MALS: Seeds only, and
worms and bee col onies; Seeds packed in
hot pure N<sub>2</sub> to kill hitchhiking
pests; Unpatented non-hybrid

only; and pregnant fenal e aninmals only.

4- VOLATI LES: Hydrogen, Carbon, Nitrogen
The inport burden can be softened by sone
careful measures faithfully pursued:

(a) Harvesting, by heating, of the signi-
ficant quantities of H C, N, and other
gases adsorbed to the fine regolith parti -
cles, thanks to eons of bonbardnent by the
Solar Wnd, during all those construction

processes invol ving soil noving;

(b) OQut-sourcing to gravity wells shal-
lower than Earth's e.g. Phobos and Dei nos,
Eart h- approachi ng asteroi ds and conets;

(c) Conservation of volatile-rich organic
materials by religiously thorough recyc-
ling efforts. In support of this goal
Prinzton will need "kosher" (organics not
bonded to inorganics) knock-down- friendly
("KD") assenbly nethods; systematically
t horough and f ool proof sorting clues and
handy routing nanagenents; and above all
the help of ingrained second-nature good
habi ts and expected chore assignnments.

(d) 'Pre-codesigning' of all single-use
contai ners for volume-mtched secondary
nore durable uses. (An exanple already
attenpted was the elusive "World Bottle"
design i.e. a bottle that could be reused
as a brick; Effort not yet successful.)

(e) Buttoning up pressurized areas for
Ni trogen conservation by use of novel
airlock systens: Matchlock “intergates”
to allow suitless shirtsleeve transfer
bet ween vehi cl es and habitat areas; Liquid
airlocks for sone freight categories such
as goods manufactured inside for use in
vacuum and vice versa; and Turtle-back

spacesuits that back into special nmated
airlocks for direct entry from suit to
habi tat and vi ce verse.

5- RARE METALS: An elegant way to pain-
lessly "co-inport" rare nmetals, and even
sone synthetics is by nmking all needed

shi ppi ng containers end packagi ng out of
such materials i.e. the easily forgotten
category of "Tare". [Gross - Net = Tare]

Making this standard practice could
provide a tidy "cheap" endownent of badly
needed materials hard to process from the
Lunar soil such as copper, brass, other
precious metals, other needed alloying
i ngredients, and even sone volatiles in
the form of lightly polynerized synthe-

tics. Crates, Boxes, Barrels, Tanks, Cans,

Bottles, and packing stuffing and dividers
could all be made of such strategic

cultivars materials.
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6- HABI TATS: To nmke the Prinzton construc-

tion canp, an original mninmm nunber of
tight-packed space station nodule type
sardine cans can be followed by locally

manuf actured and constructed Big Dumb
Vol ume Structures in which are placed
"Works Core Mddul es" made on Earth. Such

cores would contain Kitchen/Bath facility,

el ectrical service, comunications-enter-
tai nment center, air conditioning-heating-
cleaning unit, etcetera. The total core

package would be lighter (no nassive hull)
and cheaper to upport from Earth and the
host habitat would be much nobre spacious
and cabin-fever resistant. Such Wrks Core
Modul es, but with an ever greater Made-on-
Luna "MJS/cle" content, also serves in
Prinzton's Village Hones.

7- NON SELF- MANUFACTURED GOODS: For those
needed and desired itenms Prinztonians need
but are not yet capable of providing for
thensel ves, the "MJS/cle" fornula is again
part of the answer.But substituting netal,
gl ass, G ax* [conposites], and ceramcs
wher ever possible for wood and plastics,
and doi ng without wherever this is inprac-
tical nmust be Plan A. Mil order catal ogs
fromEarth will be taboo and instead itens
fromthe hands of |ocal artists and crafts-
men will be treasured. A paperless all-
el ectronic society will be a top priority
goal. [cf: "Paper Chase", MW # 4 April
1987, republished in MWLC #1.]

B-Strategies to Lower Inport Costs
and/ or Increase Inport Quantities

1- ALTERNATE SOURCES: Prinzton will need to
i mport considerable quantities of hydrogen,
carbon and nitrogen, nost easily handl ed
in the form of methane CH<sub>4</sub> and
ammoni a NH<sub>3</sub>. Discounting the
anortizable capital costs of enplacing the
needed equi pment, these volatiles can be
shipped at a fraction of the total fuel
cost, from Phobos or Deinops, moons of
Mars, at regular 26 nonth intervals. Such
shal l ower gravity well sources also
include occasional catch-as-catch-can
Eart h- approachi ng asteroids, conets, and
wi | dcat-worthy inactive conet-hul ks. The
Moon's deficiency is the Solar Systenis
gain. For settlers will have a do-or-die
urgency in pioneering such nmarkets.

2- LOWERI NG COST- OFF- EARTH will be above
all a matter of developing (at last!) nore
econom cal surface-to-orbit |launch systens.
But our crafty settlers will also attenpt
to lower prices FOB Earth by buying goods

on favorable terns Solar Power Satellite

custoner nations.

3- LOWERI NG COST- ONTO- MOON. Unli ke both
Earth and Mars, the Mon has no handy
at nrosphere to all ow aerobrake assistance.
But there are other nore inventive alter-
natives to full retrobraking. These may
i nclude skid-landing on prepared regolith
snoot hways. [ Lunar Bases and Space Activi-
ties of the 21st Century, WW Mendell
Ed.r, Lunar & Planetary Institute, Houston
1985 pp. 848-50 "The Lunar Slide Lander”
by Kraft A. Ehricke] and the "Edportation”
scheme of Chicago inventor Ed Marwi ck.
Passengers may not line up for such wld
rides, but drone "sliders" could bring in
needed bulk materials and other hardy
car goes.

C LUNAR EXPORT CATEGOR ES

1- BULK MATERI ALS: Liquid Oxygen;
for shielding; Enriched ores
processi ng.

2- OXYGEN CONTAI NI NG PRODUCTS such as \Water
and Foodstuffs cheaper than from Earth
even if they contain terrestrial Hydrogen
and Car bon.

3-BUI LDI NG MATERI ALS AND COVPONENTS: |ron
and Steel; Aluminum Titanium Magnesium
alloy; dass and d ass-d ass Conposites;

Cerami cs & Concrete.

4-1 TEMS MANUFACTUREDE ON THE MOON to cut

imports are also marketable to LEOQ, GEO

Regolith
for space

L5, Mars Ph/D (Phobos, Deinos): Furniture
and furnishings; Tanks, Holds, Appliance
Cases, other itens.

D- EXPORT DESTI NATI ONS
Low Earth orbit Space Stations and

other manned facilities, Space Colony
Oases at L4/L5 or in other orbits, and
Mar s- bound expeditions are all Markets for
Lunar Lox, Food, Water, building materials
products, and sundry finished goods all
Lunar or MJS/cle assenbly). Geosynchronous
orbit is a destination for large nulti-

satellite capacity platforns and Sol ar
Power Satellites.

E- STRATEA ES TO | NCREASE EXPORTS

1- LOAERI NG EXPORT LAUNCH & DELI VERY COSTS:
Mass Drivers, Bucket, and Pods should be
upgraded to |launch nore profitable val ue-

added goods.. 1st Upgrade: enriched bene-
ficiated ores: Fe, FeO TiO Al203, CaO
MgO, Si G Batch-loads of glass matrix,

gl ass fiber, and cemnent.
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Second Upgrade: right-sized ingots:
Fe, Al, Ti, My. 3rd Upgrade: shock-proofed
pods of small nanufactured parts. In addi-
tion, goods bound for Earth's surface
could be shipped in no-transfer self-con-
tai ned Earth-aerobrake-and-Land "dynasoar"
capsul es.

2- | NCREASI NG MARKET DEMAND:

Li quid Oxygen: Wbul d-be-Prinztoni ans
shoul d push devel op-nent of "Stage Plus"
Earth Deep-Space Launchers designed for
on-orbit LOX refueling. Food deliveries to
LEO stations and other space locales, wll
depend on selection, delivery, marketing.

Building Materials: Lunar Owned
Space Architecture and Space Construction
Firme will channel a greater share of
space construction profits back to the
Settlenent. Promotion of the 1/6th G | unar
Gravity as a Standard for rotating space
structures will nean quicker nore frequent
sal es because the rotation rate |inked
m ni mum size and mass of such structures
will be an order of nagnitude snaller, a
nore attainabl e threshol d.

Prinzton made Consumer Goods can be
promoted along with Lunar-type materi al
culture in general as the appropriate norm
for near Earth facilities in the era of
still expensive volatiles. Such goods
involve material substitutions and a high
profile for Art/Craft made wares

Pronmotion of the Mwon as the "Hub"
of the ETM (extra-terrestrial nmaterials)
econony will be an essential settler

policy. Their do-or-die nmotivation and
proven knowhow will drive Lunar-initiated

mar ket devel opnent of Mars and its nopons,

and of the Asteroids. Key here may be the
devel opnent of M ninal Mobile Bi ospheres.

The | arger deep-space | ong-cruising
vessels have to be to hold self-contained
m ni - bi ospheres, the greater the obstacle
to opening the asteroids.

3- MARKET TARGETI NG

Logi cal Earth Trading Partners for
Prinzton are those nations which are at
once

e Energy Inporting Countries (Solar Power
Satellite sales, Helium3 sales) and

e Sources of elenments not economcally
Lunar - sourceabl e yet strategic to
Prinzton devel opnent.

Many of these countries are in the “Urban
Tropi cs.”

4- MNAXI M ZI NG TOURI ST | NCOVE

The lure to well-heeled sightseers
can be intensified in several ways.
A "Seven Wonders" list, carefully

drawn up and publicized, and a variety of
enticing itineraries will encourage repeat
trips or at |east |onger stays.
Special ways to taste the settler
way of life can be offered to visitors.
e Stays in lunar homnes
e working tours
*« Art & Craft cl asses
e special tours e.g. of factories and
recycling systens, and
e the opportunity to actually participate
i n uni que Lunan sports.

Custons regul ati ons can entice

tourists to trade all their Earth garb
(for Lunar Stage/ Theater Use) in exchange
for souvenir Made-on-Luna appar el

Shoppi ng Spree Tours for unique
arts, craft, and clothing pieces at the
Settlenments cottage industry flea nmarkets
shoul d be narket ed.

5- TELEVI SI ON & FI LM MEDI A SALES:

Adverti si ng Revenues coul d be appre-
ci abl e enough to wholly finance:

e Devel opnent of Uni que Lunan Spect at or
Sports, which in turn could be
tel evised to Earth audi ences hungry for
sonet hi ng new and exotic.

e Construction of any facilities such
sports may require

e« The sanme goes for the "ethereal"
Prinzton Ball et Conpany, probably
awai ting the com ng of age of the first
native-born generation

 Docunentaries about Prinzton and Lunar
activities at large will vie with space
adventure filns for the use of the Qut
O This Wrld filmstudio in Prinzton

6- EXPORTI NG KNOW HOW

Technol ogy transfer is a potential
noney- maker for Prinzton. Hopefully nuch
of the technol ogy needed to nake Prinzton
a thriving reality will have been pre-

devel oped for profitable terrestrial
applications and thus served to keep
Prinzton's up front costs far |ower than

t hey ot herw se could be.

But enterprising young Prinztonians
will develop new products and processes
sal eabl e Greenside. <NMV\P
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o VERSI FI CATI O\I
B$ $I Dl Esss

Pet er Kokh
+ EXPORTS We have outlined a very anbi -

- I MPORTS tious picture of what amature
BOTTOM LI NE Prinzton econonmy mght |ook
like. But what is the logical order in

whi ch such a well-rounded econony m ght be
best achieved? Diversification will in
part depend on a nunber of things that we
cannot accurately forecast at his tine:

e Size of the LEO narket for LOX, buil -
ding materials, other nmanufactured and
processed goods

« Progress in opening up space narkets
el sewhere, e.g. Phobos/Dei nos etc.

Different scenarios can be plotted assum ng
various val ues for these unknowns.

We can list sone very pertinent ques-
tions, however. Their nswers will greatly
affect the strategy and gane plan chosen.

For each industry proposed

for Prinzton, we will want
to know the foll owsing:

(1) What is the industry's capacity to
generate export tonnage?

() Magjor - () Medium- () Mnor
(2) What is the industry’'s capacity to
defray inport tonnage?

() Magjor - () Medium- () Mnor
(3) What is the export val ue-added per
tonne?

() Magjor - () Medium- () Mnor

(4) To what degree is the industry | abor-
i ntensive?

() Magjor - () Medium- ( ) Mnor
(5) To what degree is the industry energy-
i ntensive?

() Magjor - () Medium- ( ) Mnor
(6) What is the industry's pressurized
acr eage need?

() Magjor - () Medium- () Mnor
(7) How well can the industry’s operations
be separated into successive diurnal (day-
span) energy-intensive vs.nocurnal (night-

span)
() Major -

| abor-intensive portions?
() Medium- () Mnor

(8) How much heat is needed for operation?

() Low- () Medium- ( ) High
(9) How much heat is generated by opera-
tion?

() Low- () Medium- ( ) High
(10) What is the industry’'s need for
vaccun?

() Magjor - () Medium- ( ) Mnor
(11) What percentage of chemical reagents
used can be recycl ed?

() Magjor - () Medium- ( ) Mnor

(12 a) To what extant can the industry be
set up in nodular units so that production
capacity can be easily increased as
needed?
() Magjor - () Medium- ( ) Mnor
(12 b) How high is the inport tonnage of
each nodule in terns of econom c gains?
() Magjor - () Medium- ( ) Mnor
(12 ¢c) To what extent can MJS/cle* co-
manuf acturi ng savings be applied to

addi ti onal nodul es needed? [* see the
article from MM #18 in MWC 2, pp. 34-35]
() Magjor - () Medium- ( ) Mnor
(13) What prior industrial material
byproducts are presupposed?
() Magjor - () Medium- ( ) Mnor
(14) What prior processing capacities are
pr esupposed?
() Magjor - () Medium- ( ) Mnor

(15) What subsequent industries are
enabl ed by new byproducts generat ed?

() Many - () Few - () None
(16) What subsequent industries are
enabl ed by processing capcities offered?
() Many - () Few - () None
(17) How “ready-to-go” is the technol ogy
for operation in Lunar Conditions?

() Little - () Partly - () Go!

//7Chce we' ve done our honemork<\\
on these and simlarly
rel evant questi ons,
we will be ready to begin
a serious discussion
of long-term
\\Lunar | ndustrialization Plansj/

< MMM >
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" Not

In My Back Yard"
FH[HETI‘JH

"N .

“WBY

| MPORT/ EXPORT SLEEPER
G oss Inports that
Coul d Count as Net Exports

Pet er Kokh and David A. Dunl op
I MPORTI NG FOR DI RECT PRCFI TS

This may seem like a Cinderella idea.
Prinzton already works toward overall net
profits by putting major enphasis on
inporting capital equipnment to help both
|l essen the need of further inports and
i ncrease exports by enabling ever nore
| ocal processing and manufacturing MJS/cle
(see the article from MW #18 in MWLC2,

MB.Y."

pp. 34-35) andco-inmportation by clever
choice of tare materials. (see previous
article in this volume of MW Cl assics,

Di versification/Subsidies, A5.)

Every Trade Czar's fairy tale dream
however, is to be paid for the inports
one's people need, rather than paying for
them Sinply put, this means agreeing to
take something unwanted-w th-desperation
off the hands (and m nds) of sone other
bailiw ck. Hi ghly Toxic Chemnical Wstes,
Virul ent Biological Wstes, Radioactive
Wastes - might all fit this description.

“Not In My Back Yard" "N.1.MB.Y."
- is the classic universal reaction to
these |eprous by-products of today's
advanced technology. In recent years, the
unwel cone reality that every where on
Earth is sonmeone's back yard, is slowy
sinking into the public consciousness.
Governnments continue to search for cost-
effective-yet-safe ways to store or neu-
tralize such techno-feces but it seems to
be a hopel essly intractable problem Prom
ising solutions enmerge only to be found
fraught with fatal flaws.

Per haps we need only be patient and
el egantly "safe-yet-cheap" solutions will
present thenselves. But perhaps not. Mean-

whil e, problemwastes will keep on accumnu-
lating at an alarnming rate so long as we
do not wish to face the fact that those
desirable materials that involve such
byproducts may not be worth the ultimte
cost.
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Space to the Rescue?

Ahah! You say."Space to the rescue!"
Several space-involving solutions to this
run-away problem have been proposed.

(a) Let's mve the offensive Chem cal
Processing and Biological Engineering
Plants to LEO, low Earth orbit, where

wastes can be dunped harm essly in space.
Alas, we are now learning, LEO is a very
temporary place and everything parked
there will eventually find a way back into
t he at nosphere. W nmust go well out, beyond
the Van Alien Belts, to a realmruled by

the Solar Wnd rather than by tenuous
tentacles of our atnmosphere. GEO, the
Eart h- synchronous orbit that is home to

nost conmuni cati ons and weat her satellites,
will do, as wll the L4/L5 Earth-Moon
libration points, or high-perigee Earth-
Moon resonant orbits. The Solar Wnd woul d
carry offensive exhausts well beyond the
out ernmost pl anets. (Heliopause snog?)

(b) "Dunp the stuff into the Sun" seens
the ultimte solution to those blissfully
unm ndful of common orbital mechanics
facts-of-1ife. Of all space solutions
proposed this is surely the nmopst outra-
geously expensive in "Delta V' i.e. fuel
expenditure requirenents. First our skull-
and- crossbones payl oad nust be accel erated
to some 25,000 nph just to reach the
shoul der of Earth's gravity well. Then it
nmust shed Al of Earth's forward orbital
speed, another 66,000 nmph worth of velo-
city change. A short burn, short by any
anount, would result in a highly ellipti-
cal orbit, bringing our "Flying Dutchman"
alternately in towards the Sun and back

out to Earth's orbit. In contrast, it
woul d be far cheaper, in terns of fuel
cost, to catapult this dreaded stuff in
the other direction, out of the Solar
System al t oget her. Anot her cheaper possi -
bility would be to shoot for the all-
engul fing depths of nighty Jupiter, as we

hope to do with part of the Galileo probe

in Decenber, 1995.

(c) Expel it from the Solar System An
even |ess expensive option than feeding
the Sun, Jupiter, or the interstellar dust

and gas clouds,is available to some future
Dreaded Wastes Authority. We could rocket
our nasty stuff into sinple Solar Obit,
tel e-open the canisters, and let the Sol ar
W nd provide the Delta V, gently but
i nexorably blowing the stuff out of the
System

- Page 15



"one person's trash
i s anot her person's treasure"

Back to the draw ng board

But all of the above suggestions
choose to ignore the bit of w sdom that
"one person's trash is another person's
treasure".

Al'l three of the problemwaste
categories we are discussing,
are probl ens because of the over-
context of Earth's Active Ceol ogy
and Enconpassi ng Bi osphere.

This given geo-context renders inherently
dangerous any and all nethods of value
recovery by incineration, distillation,
el ectrolysis, precipitation, or whatever.
Take the stuff out of this context and the
entire situation has changed.
Toxicity = toxicity to sonething.
Absent one of the two terms (bio-
sphere) and it beconmes totally illegiti-
mate to continue to call the substances in
question "toxic".Now, in this changed situ-
ation, we can talk possibilities fruit-
fully!

The next step is to deternine where
these troubl esone wastes might have sal -
vage value. You guessed it! - to settlers

on our volatiles-inpoverished Mon! To
illustrate the potential of this Lunar
Solution, we included Port Ninby on the

peri phery of the Prinzton Settlenment Site.
[see map hint in title art above.]

However, our settlers could afford
to pay to inport such tainted volatile-
rich (hydrogen, carbon, nitrogen plus

extras) shipnents only if they were subsi -
di zed by desperate terrestrial authorities
to the point that they would be markedly

cheaper than the alternative Phobos-Mon
"pipeline”, with the nuch greater cost and
difficulty of <clean processing of the
NI MBY hot stuff. O course, if the ship-
ments were free, F.O B. Port N nby, that
woul d be ideal. That is unlikely, however,
as one could expect custodial authorities
on Earth to foot the bill to toss the
stuff out of Earth's gravity-well but not

the additional cost of soft-landing it on
the Moon. Free "F.OB. L1", on the crest
between the Earth's and the Moon's gravity
wells, is about all our settlers can real-
istically expect.

The biosphere discontinuity (the

extrenely hard vacuum and the total absence
of ground water) between Prinzton and Port

Ni mby is what nakes such an option many
orders of nmagnitude safer than the npst
i deal of storage-on-Earth schenes.

Storage in |l ava tube sections, which
have to date survived intact for nearly
four billion years, |eaves no rational
basis for qualnms of informed conscience
This is not case of disrespect for the
Moon, anynore than it would be for the
Sun. Again, toxics are not disrespectful
to the Earth geo-logically considered, but
only bio-logically considered. That is,
they disrespect Gaia (the new name for
Earth's biosphere) not Earth itself. In

contrast the Moon has no biosphere what -
soever, and the totally encapsul ated nini -
bi ospheres that we will establish there
can be easily kept rigorously isolated.

What's in it for the Settlenment?

Much of the salvage processing of
these "profitable inports" could be done
robotically and/or by teleoperation from
the safety of isolated bunkers.

The prizes to be gained are
recovered water and carbon di oxi de,
and possi bly organi c feedstocks
for production of those synthetics
for which the settlers are not able
to make i norganic substitutes,
or reasonably do w thout,

They m ght also "mne" the ash
for heavy and precious netals.

Speci al "designer" bacteria night be of
help in the process, though the sheer
vari ety and probabl e carel ess prem xi ng of
wast es Earthside would tend to nake this
i mpractical as a general approach

It is possible, of course, that we
wi || devel op safe nethods of detoxifying
such wastes on Earth and/or quit producing
themin the first place.

The point nmay never be reached
where the | unar solution
beconmes econonmically attractive.

A | ot depends on when and if
transport costs cone down
substantial ly.

Radi acti ve \Wastes

VWhat about Hi ghly Radi oactive Wastes?
This is a considerably nore stubborn
problem No storage site on the geol ogi-
cally active Earth can be safe for the
full length of time needed, excepting
possi bly the deep-injection of such "hot"
wastes into active subduction zones, for
exanpl e where the Pacific plate is slowy
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di ving under the advancing North and South
American continental plates. By the tineg,
if ever, such dunpings reenerged up sone
vol canic throat after tens or hundreds of
mllions of years of mxing with nolten
magma deep below the crust, no problem
would remain. If that solution remains an
i npractical dream then the intractability
of the problem could nake the [unar option
very attractive.

M ni ng Radi oactives for power and water

But how would settlers put such
shi pnrents to use? Perhaps they could be
densified by distillation into signifi-
cantly hotter concentrations, useful for
generating Nighttime Power. They would be
reclassified from "fuel" to "waste" when
the power density they support falla bel ow
a certain level economcally useful for
the conpetitive generating stations on
Earth. Yet they might still yield economi -

cal power in the quite different |unar
econom ¢ envi ronnment .

Any water in which these hot ship-
ments are stored for shipnent, once repur-
ified, would be a very welcone free addi-

tion to the settlenment reserves. Further,
radi oactive wastes mght also cone in very
handy for nmintaining thermal equilibrium
for the settlenment. And the tenperatures
generated nmight allow continued nighttine
operations of sonme industries using con-
centrated solar heat by day such as gl ass

and ceram cs production and other "life-
bl ood" enterprises.

There are a lot of ifs that we can
not honestly resolve here in 1990. The

realistic cost of disposing highly radio-
active wastes safely beyond a reasonable
dowbt nmay be so great that a lunar sol u-
tion will become attractive.

But then, even if “the econonics”
became "right", there will be a host of
public msconceptions to overcone - inclu-
ding the absurd pseudo-physics behind the
openi ng “catastrophe” of the first episode

of the nmutch-watched science-fiction TV
series, “Space 1999” in which a runaway
reaction in just such a lunar repository
of Earth's radioactive wastes dislodges
the Moon fromits orbit around Earth, to
wander through space endlessly, neeting a
host of aliens along the way, of course..

But possibly such "wastes" wll be
the first "treasures" inmported by sone
future Port "N.I.MB.Y." on the Mon.

< MW >

( MVM#33 - Mar ch 1990 )

Concl udi ng our Report on PRI NZTON
a two-tier, three-village rille-bottom
settlenent for 3,000 - 5,000 persons

VENLURES

Part VII: CONCLUSI ON.
A. Prinzton in a
Mul ti-Site Lunar Econony

by Peter Kokh

PRI NZTON CONTRACTORS:. By virtue of the
manuf acturing capacity and experience,
Prinzton must possess to develop and build

itself, it will have contractors able to
assist in construction elsewhere on the
Moon. On this list will be know how and

equi pnent to build simlar rille-vault and
crater-vault structures, including sky-
panes and heliostats,funiculars (rille-
and crater-slope elevators),regolith-
novi ng draglines, people novers, and
general biosphere set-up and maintenance
capacities.

CO- MANUFACTURERS:

have built up facilities for

Prinzton will also
“MUDS/ cl e”

assenmbly of works packages nade on Earth
with casings made locally: appliances,
vehi cl es, equipnment, etc. After it nmeets

its own needs, such co-manufacturing and
assenmbly production will be available for
transshi pnent to other lunar sites.

MANUFACTURED GOODS: As Prinzton neets
its own needs, its factories can continue

to turn out furniture, furnishings, and
ot her household goods for other |lunar
settlenents. OQther itens it can supply to
smal l er communities (mning towns, etc.)
will be nodular parts for utility systens,
service harnesses, etc.; light vehicles,
bi cycles, and carts; containers and pack-
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agi ng; processed foods, cosnetics, and dyes;
clothing; arts & crafts materials and
tools; recovered volatiles and feed-stocks

from Port NI MBY operations; field-tested
pl ant seed and seedlings; agriculture and
bi ospher e equi pnent.

EDUCATI ON: In addition to having schools
nmore conplete than snaller settlenents can
provide, plus a small university, Prinzton
will be a source of Moon-appropriate text
books & manual s and traveling instructors.

ENTERTAI NVENT AND CULTURE: Not
woul d Prinzton be an entertai nnent Mecca,
its singers, dancers, actors, and story-
tellers could go on periodic tours to the
various out-settlenents. Prinzton would be
a natural nedia center.

B. RILLE-SI TE VARI ATl ONS:
NATURE PRESERVES AND
GET- AWAY RESORT COWVPLEXES

by David E. Crener and Peter Kokh

The Prinzton design study ainmed at
outlining the general features of as
conprehensive and full-featured a facility
as a comunity of 3,000 plus souls could
expect by nmid-21st Century. But we also
sketched some variations rille-site
structures.

NATURE PRESERVES: One of these was a
hundred-ni |l es-1ong Nature Preserve in a

only

of

sinuous rille, conplete with a recycling
river, ponds and waterfalls, pockets of
forest, meadow and, and marsh, herds of
deer and other wild life, and a sightseer
monorail for mnimzed interference and
i npact. This would be an inviting, soul-
restoring extravagance further in the
future, a dreamto work towards.

RESORT COVMPLEXES. More easily realized
and sooner needed would be a Resort
Conpl ex offering safety-valve and escape
features to make Iife on the Mon a little
|l ess harsh. Starting with the assunption
that as individuals will spend only smal

fractions of their lifetinmes in such a
facility, we suggest that nmuch | ess shiel-
ding mass be used. A nmuch stronger single

vault to hold the atnobsphere with greatly
reduced conpensating overburden weight
would be an attractive possibility if
that overlayer were in translucent form
“Cracked” color-free or bluish glass above
an air-tight sky-pane:? Layered thick
panels of glass with zero coefficient or
t hermal expansi on? Deci sions for R&D

Such a vault woul d offer
span sky without heliostats.
with cottages set into the rille slopes
and having added shielding on their
i ndi vidual roofs, the shield mass above
the vault could be kept to the mninmm
necessary to allow the desired degree of
transl ucency. For not only woul d vacationers
spend only a week or two a year in such a
spot, call it “Lost Valley.” they would
spend perhaps a third or nore of that tine
within the further-shielded cottages.

a bl ue day-
I f combined

Vacat i oner barbecuing on cottage patio
[I'lustration by David E. Crener

Pl us, scattered hardened shelters
could be provided for refuge in case the
thi nner vault was penetrated by a neteor-
oid,a rather rempte possibility, but stil
one much nore likely than in Prinzton. The
sky-pane could be electrically heated to
33 F during the nightspan and with natura
drip-point texturing to allow the dayspan
bui | dup of atnospheric water vapor to con-
dense and fall as a gentle rain, spreading
westward after the sunset. Earth’s many
“rain songs” woul d become popul ar

Facilities for Staff

All staff housing, grocery stores
ot her shops, restaurants and nightclubs,
mai nt enance facilities, etc., would be
placed on the rille-shoulder so that
within “Lost Valley” itself, there would
be only cottages, playing fields, greasy
nmeadows, forest groves, floral gardens,
| agoons and trout streanms, and an extra
conpl enent of people-hardy wildlife, etc.
Not the seaside, nor the nountains (holi-

day beacons on Earth) but a pastoral set-
ting rem niscent of the green hills of the
f orsaken home world

Casi nos and Bazaars

One optional lure that might have
nmerit is a rille-top casino with and and
all winnings in the form of vouchers
cashable only at a luxury inport enporium
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This necca would provide an invaluable
safety-valve for the lunar pioneers who
otherwise freely but wistfully accept
maj or sacrifice of luxury terrestrial
consuner paradi se goods.

Location coul d be everything

Such a resort conplex night be situ-
ated in any convenient rille. But one
possibility, heightening the psychol ogi cal
getaway effect and offering extra out-vac

excursion activities would be a just-
beyond-the-linb site. For lunar farside
nights offer eye-filling, mndboggling

Eart hl ess skies, domnated by the M ky
Way shining with a brilliance and wealth
of star cloud detail such as we Earth-
i mpri soned soul s can scarcely inagine.

To give an instance, there are sone
SWNE running rilles in SWMare Orientalis
or Eastern Sea (the great “bullseye”
i npact basin near 95 °W and 20°S about
1400 space-crow nmles from the Prinzton
site, some 40% of the route traversing
hi ghland terrain. Being just over the linb
(by 5°) such a “Bullseye” site would offer
the added drama of the Earth clinbing just
over the horizon and then settling back
below it. This would occur every 27.5 days
the Moon wobbles or librates fromside to
side slightly in its Earth-locked orienta-
tion. As this period is sonet two days
shorter than the dayspan-ni ghtspan cycle,
the timng of such events will drift. The
sunl i ght phase of “the peek-a-boo Earth”
woul d al so vary. Quite possibly honeynoon-
caliber stuff for future |unar pioneers.

It will take a thriving Lunar fron-
tier econony to support such a resort. As
the space-faring econony builds up, such a

day will cone.

C. QUESTI ONS FROM THE READRS
Replies by Peter Kokh

; Ed Marwi ck, Chicago Space Frontier:

| have doubts about fusing the |unar
rille slopes and bottons to form an ade-
quat e pressure/ noi sture nmenbrane. This
woul d produce a vitreous (glassy) surface
that is susceptible to attack by water
vapor in the air within the habitat.

REPLY: This may be so. But if some other,
presunmabl y organi ¢ nmenbrane such as an
epoxy seal ant were to be used, it would
still work much better over a solidified
substrate. The point you bring up is one
of the areas in nost dire need of research
and is pointed out in our article, “Lunar

Architecture.” in MM #5, May ‘87 [article
i ncluded in MW C assics Vol . #1.]

The price of lunar settlenment will
remai n stubbornly high if we have to use
i beral quantities of Earth-sourced org-
ani ¢ seal ants. Anything we can do to sub-
stantially reduce this need will help.
Fusing and glazing are certainly a first
step because they reduce the general poro-
sity at least to nere hairline cracks.
Then, instead of an overall painted or
sprayed coating, we can hot-pressurize the
habitats with a sodiumsalt that wll
vapori ze and seek out all the cracks,
sealing them Sodiumwill eventually be
extractable fromthe regolith KREEP frac-
tion. How we m ght keep such a menbrane in
good repair is another question, one which
to date has received little attention by
t hose better equipped to find an answer.
Wt hout an answer, no type of architec-
ture based on lunar materials will give us
t he econoni ¢ break-through we need to go
beyond token outposts. It isn't only
Prinzton that hangs in the bal ance.

; Bi || Bogen, Ann Arbor (M) Space
Society: | don’t believe that using |unar
regolith as a heat-sink would work very
well. If the tenperature is constant a few
neters below the surface, it is because
the regolith or rock is a good insul ator
and as such, will not carry away excess
heat fromthe settlenent.

REPLY: Qur point on the tenperature of the
soil is that it is significantly | ower
than the tenperature confort range a base
will wish to maintain. So it is in that
sense a heat sink, even if an inefficient
one. W also carefully segregated fromthe
main village habitat structures all those
i ndustries that would produce a | ot of
heat. These industries would be placed on
the rille-top and would have to have their
own heat-rejection systenms. Wiile we did
not do heat flow studies for the village
habi tats, we thought that the conbination
of the cold soil and choice of |owthermal
out put activities would put us in the ball-
park towards overall thermal equilibrium

#F0% g Bogen: | presume that each of
the three villages will have safety
features in case an adjacent village is
ruptured and | oses pressure. | also
presume that the walls/ceiling of each
village will have a generous safety nargin
and could tol erate hi gher than average
pressure. On that basis, have you consi-

Moon Miners” Manifesto Clagsics - Pear 4 - Republshed Fanuarp, 2005 - Page 19



dered using differential air pressure
between the villages to store energy
during the 14 day | unar nightspan? One
advantage of this systemis that little
extra mass woul d have to be inporte for
energy storage. A very rough cal culation
seens to indicate that one village using a
10% pressure change coul d store about 7200
kil owatt hours, an anount ny househol d
uses in about 20 nonths. If this is so, it
woul d not be near enough to be the prine
energy storage nmeans, but could act as a
suppl enent .

REPLY: Safety in case of rupture was one

of the reasons for choosing a segnented
mul ti-village plan. (O her reasons include

the ideal opportunity to stagger the work-
time clocks of the three villages, so that
everyone gets to work their day shift

while the settlenent’s industries and
services function on a 24 hour basis;
the opportunity to encourage different
architectural styles, village plans, even
flora and fauna.) W' d expect air pressure
to fluctuate sonewhat both with tenperature
and with the not-quite matched cycl es of
car bon-di oxi de and oxygen production. But
we'd hate to deliberately stress the system
further than that.

However, as passive thermal and power
systens are the ideal place to start, we'd
be happy to have soneone figure out if the
natural pressure cycle just outlined has
power storage, and rel ease, potential. W
never thought of pressure fluctuation as a
an energy storage “flywheel.” Rather, we
| ooked on the water reserves both as means
of thermal equilibrium (active, by the use
of heat punps,if need be) and energy stor-
age (electrolysis-fuel cell cycle; hydro-
electric cycle.)

and

; Bi || Bogen: What about a polar site
for arille-type settlenent?

REPLY: There are no maria “seas” within
600-some niles of either pole, and rilles
(as opposed to fault grabens) are exclu-
sively a feature of the lava-flooded maria
aareas. But the general concept of a two-
tier,differential pressure, habitat struc-
ture should be adaptable to appropriately
sized craters. If you could find three
such in the sane vicinity, you would be in

business. CGetting sunlight into such polar
craters will be a “tall’ order, but not
i mpossi bl e. Tower-nounted heliostats a

m ni rum of 2,000 ft. above the crater rins
(at the pole, other-wi se higher since the

poles are inclined by 1.5°) with fiber
optic | eads woul d be necessary, or else
refl ection off some high-hovering soletta
such as the Dr. Forward idea you nention
More inportantly, a polar settle-

nent, while it nay be needed to ‘m ne”
water-ice, will be poorly located for
| unar processing and nanufacturing, sinmly

because both poles are in highland areas,
far frombasaltic maria. Any settlenent
not on or near a highland/ nare coast”

will be at a disadvantage for resource
utilization. The highlands are rich in

al um num and calcium the maria in iron
and titanium Even if water ice is found,
the poles will probably play a “supporting

role only.” Any lunar devel opnment limted
to polar areas will be linted i ndeed. The
polar ganbit is a “hare strategy.” W

prefer the “tortoise strategy.”

; Charlie More: How will suddenly
appeari ng pl ant di seases be kept from

wi ping out all the crops? WIIl farm ng be
hydr oponi ¢ and sterile?

REPLY: This is a problemwi th which any
settl enent design nust cope, not just
Prinzton. Admittedly, Prinzton's use of
nmegastructures enclosing | arge areas, as
opposed to |inked but separabl e nodul ar
pressurized units, nmakes one of the remne-
dies available to a nodul ar settl enent
unappl i cabl e: open the infected area to
vacuum |If the upper farnfield area was
enptied of air, the upper vault would be
i n danger of collapse fromits own now
unsupported wei ght. However, Prinzton's
use of a two-tier structure mght allow
the farnfield to be sterilized by baking.
Sone way of relieving excess air pressure
fromthe heating would be needed. It may
be possible to maintain high biologica
i solation between the farnfields of the
three villages until the infected one was
br ought under control

We specified “raised bed” farm ng
over hydroponics as the latter has nany
st ubborn problens. There was no di scussi on
of keeping a sterile environment. A bal -
| anced m crobial ecosystemthat keeps
i ndi vi dual mrcobes in check, would be
preferable if we have | earned by then how
to set one up and maintain it. Nonethel ess
m crobes will be the real danger. Larger
i nsect and rodent pests should not be a
probl em as careful neasures (packi ng seed
in heated nitrogen) should prevent their
importation fromEarth in the first place.
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; Charlie Moore: How will you handl e
popul ati on growt h beyond design limts?

REPLY: Many foresee only a restricted
future for lunar sur-face operations,
consi sting or robotic and tel eoperated
ni ni ng operations coupled with a nass
driver. W see a significant role for
I unar surface manufacturing to support
growi ng space nmarkets. In time this indus-

one

trial base should diversify to enploy a
much | arger popul ati on. Nei ghboring
village habitats can’ be built in this or

other nearby rilles or in rilles in other
areas of the Moon. As to birth control, we
nm ght expect fam -lies to size thenselves
according to |l ong-range prospects for
continued econonmic growth. < MVM >

Glass/Class Composites
Ongoi ng SSI - Supported Research

Brandt Col dsworthy, the President of
Al coa Col dsworthy, reports that testing of
the feasibility of producing glass compo-
sites from | oose lunar regolith soils by
solar heating will begin sometime this
year (1990). MDonnell Douglas has a spare
parabolic solar concentrator able to pro-
duce tenperatures above 3000 °F (1650 °C)
needed to nelt the raw material, and has
agreed to lend the unit to Gol dswort hy.

Crude gl ass-glass conposites on the
anal ogy of fiberglass reinforced plastics
(RFP) would be the easiest way to build
structures needed for a lunar settlenment
using on site mterials. Some further
refinements could provide export-quality
building materials for inconme-yielding
export to space construction sites.

Shown below is an illustration of
what such a highly automated early | unar
i ndustrial installation mght |look Iike -
Mechani cs

from Popul ar
Moon Factory Will Make Building Materials

e
F =i cmer e
=
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MVM#34 - April 1990
CELEBRATI NG EARTH DAY #20

The Many Space Benefits
for Mother Earth

Essay by Peter Kokh

The sense of Earth as a fragile
Casis in Space has been greatly enforced
by the view from space. The snapshot of
the “Full Earth” taken by the Apollo 17
crew during their return fromthe Mon is
qui ckly becom ng the nmost popul ar photo of
all time. Earth-love is in. Oasis-smarts
are in.

The contri butions of Space Technol ogy
to the cause of preserving what we can of
t he biol ogical and environmental heritage
of the Living Earth as we inherited it
from previ ous generations of stewards, are
al ready considerable - even fundanmental to
our present attentiveness. Meteorol ogy and
communi cations satellites have played

supporting roles to the various national
Landsats. In their starring roles, these
latter nulti-spectral thematic mappers

have not only afforded us an ever-updated
real -tinme census of Earth's forests, agri-
cultural lands, deserts, and the snow
cover. They have also revealed |and use
patterns, and sown blight, drought, silt-
content of waterways, red tides, and many
ot her aspects relevant to understanding
and realizing the true state of the envi-
ronment and the rate at which it is
changing, usually for the worse. To act
appropriately,we need know edge, and Eart h-
nonitoring satellites have provided us an
“authority to consult.

“You ain’'t seen nothin vyet!” goes
the saying. The nine giant Earth Observa-
tion Satellites (EOS) that will form the
keystone of NASA's “Mssion to Planet

Earth” in the com ng decade, are necessary
both to give us accurate know edge of all
the key environnmental “hot spots” and the
means of timely assessnent of the effec-
ti veness of whatever well-intentioned rene-
di al measures we have taken.

But the future role of Space Techno-
logy in the battle to preserve - and then
restore - the Earth goes will beyond its
di stingui shed service as a vantage point
fromwhich to detect, observe, and nonitor
In a sonewhat belated, but extrenely wel -
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come admission, NASA, in its report to the
Presi dent on Moon-Mars options, notes that
by one or nore of three options, “the Moon
has a role to play in the long-term supply
of clean electricity o fill Earth's needs.”
Those three options are:

* Sol ar Power Satellites
e Fusi on power plants fuel ed by Lunar
Hel i um 3, and

* Relay transm ssion of power forma ring
of solar arrays on the Moon itself.

Clean electric power generation will
not solve all of our planet’s environnental
problens. As we learn how to design the
val uabl e m ni-bi ospheres needed to re-
encradl e our settlements of unearthly hor-
izons, we will learn lessons invaluable to
our efforts to preserve and restore bal-
ances within Earth's surviving fragnented
ecosystens. And as we learn to operate
uttra-efficient and through recycling
systenms in these frontier conmunities,
sonme of that technology will apply to situ-
ations below. This “Biosphere Benefit”
will be major.

A “Healthy Earth” nust also include
a Healthy Cultural Environment with real
opportunities to burst out of dream squel -
ching spiritual limts and horizons. It
must express itself in a reinvigoration of
education and of youthful dreams and oppor-

tunities. It can do this only through
continuing interaction with and endless
frontier. The renaissance of arts and
crafts stimulated by frontier forms wll
be a part of this phenonenon.

Earth and the human soul will share

a common fate. If , in msplaced concern,
we act contraceptively to “keep Earth-life
on Earth” in search of sone |ost pastoral
Eden, we will have plunged ourselves into
a Hell of o escape instead.

Earth Day 2070, the 100th Anniversary

What envi ronment al achi evements
m ght we have realized Earthside eighty
years from today as a benefit of space
technol ogy? Exploiting one or a conbination
of the three Space- Resource-Based options
for eco-safe electrical power generation
listed above, we coul d expect:

e a stabilization of the trend to gl obal
war m ng

e an end to acid rain

e sone relief on the pressure to cut
forest growth for fuel and for farm ands

e a spread of intensive greenhouse
veget abl e gar deni ng

e a slowing of the pace in plant/aninal
extinctions

e a greatly reduced disparity in the
general living standards between the
devel oped and under devel oped worl ds.

No- hol ds- barred econonics m ght give
way to an alternate gane based on Eco-
custodi al Econonics. Wile nations may yet
cling to their illusions of “sovereignty”,
various international institutions wll
channel a significant portion of their
real inter-dependency. Mddeling its acro-
nym after an anci ent Roman goddess of the
Earth, T.E.L.L.U S. or Terrestrial Eco-
custodi al Liaison and Logistics Uiliza-
tion Service, or something of the sort,
may work to guarantee that previously
slippery nulti-national congl omer at es
operate responsibly.

UNES COrather than the old U N
CGeneral Assenbly nmay be the one body with
representation from all Earth and off-
pl anet nations alike. For while nuch of
the U N agenda would be irrelevant and
i nappl i cabl e of f-pl anet, shared educati onal,

social, and cultural concerns wll always
bi nd nankind's far-flung conmunities.
A 1.D.S. may no longer refer to the

once dread and now long forgotten fatal
STD, but rather to the Asteroid | npact
Defl ection Service, the current anal og of
mlitary preparedness, only now aimnmed at
i nani mate obj ects capable of snuffing out
life on Earth, rather than against fellow
humans. And, whether we will have |istened
to “intelligent” radio signals from other
star systems or not,

we W |l have detected
t he oxygen-sweet *“signatures”
of other “Earths”
around somne nearby star-suns

“Earth Day” as celebrated beyond

Mot her Earth might naturally be trans-
formed into a corresponding “Children of
Earth Day” festival held throughout off-
planet civilization. The matriotric toast
“To Gaia and the Gaiacul es” suns up
the spirit of celebration of our Human-

Gai an origins. Observed on a rhythm set by
the adopted calendar-variant in use in
each case, this holiday will becone the
occasion for rededication to the continued

eco-custodialism and further bio-enrich-

ment of all the offspring Oases of Earth-
life that we have established throughout
the I nner Solar System - PK
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\RAERCAYACAL AT NG

RECYCLI NG by Peter Kokh

[This outline of naterials-mnagenent
systens appropriate for Space Frontier
settlenents ALSO addresses sone persis-

tent Earth-side problens.]
Recycling is an integral and essen-tial
aspect of our "tenancy" of whatever corner

of the universe we occupy. It is custodial
common sense. And if it is becom ng sound
econom cs here on Earth, it wll be an
absolutely vital cornerstone of econom cs
on the Space Frontier

ORGANI C & SYNTHETI C MATERI ALS

First we’'ll need to recycle organic
and synthetic materials derived from such
vol atile elements as hydrogen, nitrogen,
and carbon which will not exist in the
al | -surroundi ng abundance we are accus-
tomed to on Earth, even after we are able
to supplement the vani shingly meager |unar
sources with supplies from volatile-rich
asteroids and conets. This self-discipline

wi Il be indispensable for Lunar Settlement,
and highly advised for Space Colonies in
near - Earth space.

Keeping the ratio of native |unar
vs. exotic inported content as |low as

possible will alone allow any chance for a
favorabl e trade bal ance and economic self-
reliance. Thus priority nust be given to
our food and clothing needs in using these
preci ous elenments. The purpose of such an

effort is to provide the |owest Cost of
living, by stretching the service life of
any volatiles inported at great expense
and by reserving them for uses for which

there are no substitutes.

| NORGANI C MATERI ALS

Contrary to intuitive expectations,
it will also be salutary to recycle
processed inorganic materials since they
enbody consi derabl e energy expense already
invested in extracting and processing them
fromraw regolith soils. The nore energy-
intensive a refined material is, the nore
to be gained from recycling it. Proper
pricing of virgin naterials will guarantee
t hi s out cone.

Tailings also enmbody the energy
i nvestnent of their by-production, and
using them to make secondary buil ding
products would capitalize on this invest-
nent. [See "TAILINGS" MW # 25 p. 5. My
'89 - republished in MW C assics #3] Even

glass cullet and ceram c shards can be
used e.g. enbedded in glass matrix decora-
tive panels covers, fronts, handles and
knobs. In the case of inorganic materials
the purpose of all this effort will first
be to reduce total energy-generation
requi renents, a strongly econom c notive.
Secondly, it will help settlers to mni-
m ze the Acreage of surroundi ng noonscape

that will need to be disturbed to maintain
there a population of a given size, an
aesthetic goal. This "discipline" wll

allow us to tread softly and caringly on
the nmagnificent desolation of an adopted
virgin world

OQur strategy for realizing this
authentic way of life will have many sub-
targets. Appropriate product design, easy

sortability, conveni ence, collection nodes,
routing and route servicing, division of

responsibility, supply versus demand
vol une- mat chi ng, entrepreneurial opportu-

nities, youth and school invol venent, con-

tests, public discipline, tax incentives,

and backup systens nust all be given
special attention

RECYCLI NG - FOUR BASI C PATHWAYS.

(1) REUSING of all refillable bottles and

containers is the npst obvious and nost
economi c.
(2) RECASTING by crushing, shredding,

nmelting, and then recasting fresh itens is
another. We do this with paper, alum num
and plastics for exanple. This nethod is
greatly hanmpered by unnecessary cross-
contam nation w th durably-bonded unlike
materials. As for markets for recycled
tenporary-use items, building products/
furni shings best match supply.

(3) RETASKING or use-reassignment is a
greatly underutilized third avenue. Timd
exanples are jelly jars designed for |ong

reuse as drinking glasses and butter
di shes designed to be reused as refriger-
ator ware. There have been at |east three
abortive efforts to design what has been
termed a "world bottle", a glass beverage
bottle ingeniously shaped to serve anew as

a brick or building block. That is one
task worth taking up afresh! Designing
smal |l er high-fashion glass bottles for

infrequently sold itenms, such as nedi cines,
fragrances spices, etc., with a fenmnle-
t hreaded punt on the bottom to match the
mal e-t hreaded neck would all ow combi ning
these into stylish decorator spindles for
any nunber of inmaginative uses. Fornul a-
ting packaging and packing materials to

Moon Miners” Manifesto Clagsics - Pear 4 - Republshed Fanuarp, 2005 - Page 23



serve as craftstuffs for artists or even
as fertilizer for gardeners is a promsing

possibility. In any such dual purpose
design effort, it wll be critically
inmportant to find reassignnent uses wth
adequat e demand-potential to match, and
use up, the full volume of supply.
Ot herwi se any such efforts will be but

futile and distracting gestures.

(4) REPAIRING is one avenue increasingly
bei ng abandoned because of high | abor costs.

Repai r costs, however
could be greatly reduced
by nore careful product design
with greatly increased attention
to assenbly sequences and net hods
that are take-apart-friendly.

The present quest for seam ess sophi -
stication in appearance is one of severa
sirens luring manufactures in just opposite
direction.

To repairing, we night add refini-
shing and totally fresh makeover. Even
where repair or refurbishing is inprac-
tical, if the item in question cannot be
econom cal |l y disassenbl ed, then the sundry
parts that woul d need separately recycling
will end up being irretrievably trashed

Only the adoption of design and nanu-
facturing nethods not now in favor wll
make all this viable. Lunar manufacturers
will need to sing this new tune. And

frontier settlenents cannot
in the long run afford

to inport Earth-nmade itens
not knock-down friendly.

The extra cost of neeting these new
requirenents will be mnor in conparison
with Earth to Moon up-the-deep-gravity-
wel | freight charges

I NSTI TUTE FOR MOON- APPROPRI ATE
| NDUSTRI AL DESI GN
No anount of recycling discipline on

the part of our hardy pioneers wll work
wi t hout such a wholesale redesign of
consuner goods. For this reason, we really

do need to start now by establishing an
Institute for Mbon-appropirate |Industria
Design.. Wile aimed at neeting denmandi ng
frontier requirenents, the very constric-
tiveness of this challenge should make
such an Institute the prestige Al na Mater
of choice for industrial design students
the world over, regardless of whether they
had any intentions of ever |eaving their
comparatively soft Earth |ives behind.

| NDUSTRI AL ENTERPRI SES

The significant up-front role of
i ndustrial enterprises in creating a nate-
rial culture in which nuch nore extensive
and thorough recycling is possible than in
our current Anerican experience, is not
l[imted to proper product design.lt should
be the highest priority of Frontier Govern-
ments, to provide encouragenent and incen-
tives sufficient to ensure that the prin-
ci pal avenue of industrial diversification
i nvol ve new enterprises wi ns the by-product
materials of those already in place.Again,
this conmpounds the productivity of energy
al ready spent.

Properly integrated industria
will involve suites of industries
ecosystem of traded by-products. In one
hi ghly successful entrepreneurial effort
in Texas a few years ago, an enterprising
computer buff went from plant to plant,
asking for data an any unwanted supplies,
scrap, and by-products to put in his data
bank. Wthin the first year, he was able
to generate enough networking between
sources of previously unadvertised supply
and potential custoners to take in a coo
$5 million for hinself.

"Wth a good system even those
who do not care, will do the right
thing. Wthout a good system even
t hose who do care, can't do the
right thing."

G ven goods that are separable, sort-
able, and econonmically recyclable, the
consuming citizen will at l|ast have an
honest chance to do his/her part. But it
is not enough to know what shoul d be done.
Both citizens and government nust also
realize that without proper organization,
on several levels, it won't happen.

SCORTI NG
"A place for

par ks
in an

everything and every-
thing inits place" is not only an unbeat-
abl e phil osophy for nmanagi ng one's base-
ment, attic, and closets. It also applies
to the honme and busi ness recycling corners.
Instantly identifiable bins or baskets
nmust be conveniently arranged for every
category to be sorted separately. There is
no reason that home recycling centers have
to look untidy, a hodgepodge of Rubber
Mai d baskets and paper bags.A top priority
househol d product should be sone sort of
bi n-susan or bin-rack setup. Wiy entrepre-
neurs aren't turning such things out here
and now i s beyond ny conprehensi on.
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On the Space Frontier we'll need a
greater nunber of different bins than we
do here, where the econony is only organ-
ized to take in paper, glass, alum num and
some plastics. [MIlwaukee's Pollyanna
Plastics is now negotiating with area
recyclers to take all the vinyl bottles

and (!) polystyrene foam packagi ng they
can buy back fromthe public, in addition
to PET and HDPE plastics.] G ass and
gl ax*, ceranm c shards, and the various
metals; refillables and tradables, used
cotton cloth, fiberglass fabrics, therno-
pl astics, paper stuffs, dye stuffs, plus
vari ous conpost categories all need sepa-
rate bins.

A collection system with conveni ent
nodes to see that all these itens find
their way back to the industries that can
use them is the next equally critical and
i ndi spensable elenent in the recycling
triangle. Perhaps the electric delivery
vans of the settlenent could belong not to

i ndividual mer chant s but to

materials circulation enterprises.

They would pick wup appropriate

cat egori es of di sowned goods even as

they deliver, a prerequisite for a

l'i cense.
ALTERNATI VES AND OPTI ONS

But there nust be many alter-native
routings to make a system work. |

contai ners and packages in which shoppers
bring things hone are designed to coll apse

or nest conpactly,they could be reused
conveniently. It mght even be bad taste
to leave hone enpty handed! Drop-off

Centers could be conveniently central to
each shopping area. Properly arranged and
managed (a pl ace for every-thing
remenber?) they needn’'t be wunsightly.
Featuring lockers, public toilets, cafes,
they could include floral gardens, stalls
for artists and craftsmen, repair and nake-
over shops etc. And why not arts & crafts
cl asses, street nusic, dress-up fashion
and baubl e shows, and even a "soap box"
for those eager to share their concerns?

COTTAGE | NDUSTRI ES

"Scavenge and Trade" licenses could
be given preferentially to those with
cottage industries based an giving new
life to cast-off materials and itens. Art
du Jour, serendipitous tenporary scul p-
tures made from collected itenms, could be
a maj or draw. Such creations might feature
those itens and sort categories for which

the supply exceeds denmand in the hope of
stimul ating woul d-be entrepreneurs and
artisans to discover fresh unsuspected pos-
sibilities in such over-avail abl e stuffs.
Denmonstration classes in artcrafts using

recycled and discarded itenms would be in
or der.
I n Space Frontier pioneer towns,
"recycling" may finally
"come out of the Alley"
Farm Mart Centers, wherever grocery

shopping is done, should not only take in
the appropriate refillable containers but
al so buy/sell sundry categories of conpost
and conposting accessories such as paper
stuffs (e.g. corn husks) and garden and
kitchen scrap dye stuffs, bone, and fat
could be handled separately from any
conpost that exceeds hone garden needs.

Jailed inmates could do the heavy
duty labor intensive disassenbly work;
pardons might be in order for those denon-
strating their capacity to function as
useful citizens by entrepreneurial devel op-
nment of markets for orphaned and high sur-
plus sort categories clogging the network

Primary and Secondary School invol ve-

ment will be crucial in naking the system
work. This is the subject of the next
article. [see "The 4th R' just bel oy

ROLE OF THE UNI VERSI TY

Finally, the frontier University has
arole to play as orchestra | eader.

The University, not governnent

bur eaucracy, nust assess how wel |
the systemis working, and devel op
needed i nprovenents.

A University office would maintain the
conputerized current inventory of various
depositories with a disciplined materials
accounting system nmonitoring supply/demand

i mhal ances, and circulation efficiency,
assign identifying sortation |ogos and
routings for new classes, and mintain
updated guidelines on a utility cable

channel (or website).

The University should supervise and
assi st entrepreneurial experinentation in
its labs and shops to devel op new nmter-
ials and products that will take advantage
of various kinds of discard stuffs that
are in excess supply. As such it will be a
principal incubator of new businesses and
econom ¢ diversification

The University’'s Institute of |ndus-

trial Design would work to find new ways

Moon Miners” Manifesto Clagsics - Pear 4 - Republshed Fanuarp, 2005 - Page 25



to inplement such philosophies as "whole
sheet" scrapl ess design of product/acces-
sory conbos, "kosher" assenbly of wunlike
materials for |later ease of separate recy-
cling, "honest surfacing" that wutilizes
the design advantage and character of
mat erial s undi sguised by surface treat-
ments that make proper sorting identifica-
tion anything but easy.

VOLUVE REDUCTI ON STRATEQ ES

Not only rust we provide for proper
sorting and routing of itenms to be recy-
cled, we nust take care that the systemis
not overwhel med. Vol unme reduction strate-
gies are in order

In the USA, 40% of trash
I s packagi ng nmateri al s.

In MW #4 April '87 "PAPER CHASE"
[republished in MW O assics #1] we pointed
out that wood, paper, and plastics will be
prohi bitively expensive. This whole fasci-
nating topic of how to service the diverse
packagi ng, | abeling, and even the adverti -
sing needs of the settlenent with m ni num
reliance on precious volatile-rich mater-
ials, that should be reserved to increase
the mass of the biosphere "flywheel", wll
be the subject of a separate article in a

| ater issue of MM
SUW NG UP:
We nust not allow either Lunar or

Space Settlenents to be "born addicted" to
a technol ogy and culture of abundance and
waste. All those elenents needed to nake
this ambitious program work nmust be
devel oped beforehand, pretested and pre-
debugged before lunar settlement begins.

It would be best if as much of this
as is appropriate could even be ready to
go for the first NASA/International Mon
Base. Those of us interested in off-planet
settlement nust begin the cooperative
addi ction-treatnment program that wil
enabl e such a propitious fresh start, as
well as create spinoffs that will aid in
Earth's own environnmental struggles.

Beating this addiction, from which
we all suffer, will require a "wartime"
dedi cation and inventiveness. Only to the
degree we succeed will we prove ourselves
worthy citizens of Earth's con-solar
hinterland. < MW >

“The Environnent” -
whet her on Earth or on the Mon
it’s a question of pay now,
or pay nuch nore |later.

THE FOURTH *R
THE FOURTH 'R by Peter Kokh
Here on Earth, we inmagine we can

afford the luxury of continued general
i gnorance of the way our Biosphere works
and what nmay be necessary to maintain its
health. W allow our young people to drop
out of school, and allow those who do
complete their courses to graduate with
enpty heads. We assume Modther Earth will
go on taking care of itself as it has from
time imenorial. Those that want to worry
- that's fine, let them do their thing
The rest of us - let's party!

In the miniature oases of life that

Ecotects design, build, and seed with life
on the Space Frontier,we will have no such
[ uxury of al oofness or ignorance. Whether
we prefer to live in space colonies, in
lunar settlenments,in pioneer Martian towns
or elsewhere,the carefully set-up enve-
| opes of Earth-life, water, and atnosphere
we'll need to coddl e our existence beyond
our native wonb-world, wll have mnninum
tol erances for healthy functioning. The
ecol ogical facts of-life in the fragile
exclaves of Gaia-Humanity will be imre-
diate in their critical inportance.

A Space Frontier Biosphere or
Qasi s mght be described as a
cl osed mni-world where everyone

"l'i ves downwi nd and downstream
fromthensel ves".

This means relentless vigilance in keeping
the water and air clean beyond any stan-
dards set on Earth. Food chains will be
short or telescoped. And waste bi omass and
organic materials nust be efficiently and
qui ckly recycl ed.

To keep low both energy consunption
and the need to radiate excess heat, we'l
need to get the nost product per energy-
i nput/ heat - out put as possible. Recycling
whi ch recycles the energy of original pro-
cessing as well as goods thenselves, wll
be essential for all classes of materials.

Back on Earth, environnental cons-
ciousness is rising and is now the highest
we' ve ever known. Yet, polls show people
only care enough to want "soneone else" to
take care of the problem and to do so
wi t hout causi ng any personal inconvenience
or forcing unwel come changes in lifestyle.

It should be clear that if any such
attitudes were conmon within a Space
Frontier Bi osphere, an environnental cata-
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strophe nost likely wthout hope of reco-
very, would follow all too swiftly. Nor
will it be enough to have "a high level™
of individual responsibility. Everyone
within such frontier conmunities has to be
"oasis-wise". It nust be Second Nature to
the Pioneers to live as if the dawn of the
next day depended upon their rigorous
respect for the Bi osphere-Facts-O-Life. For

i ndeed, we'll survive one day at a tine.

The only way to guarantee an oasis-
wise citizenry, is to teach "Eco-Sense" to
the children, not as an elective, nor as a
mere requisite for graduation that can be
put off to the last mnute, but as one
backbone of their education. Recycling -
of the air, water, and bionmass; of organic,
synthetic, and inorganic materials - nust
be as inportant as Reading, (wRiting, and
(a)Rithmatic. Children nust be taught
Recycling as the Fourth "R'! Eco-responsi -
bility has to become second nature. For if
it is something we have to "renenber" to
do, we'll only do it when it's convenient
or when soneone el se is | ooking.

Space Frontier Schools will have
then a major role to play in guaranteeing
the survival of the settlenents they serve
The pioneer youth nust learn not nerely
how to sort discarded itens properly, but
have a good understandi ng of how used air,
wat er, biomass, and the various sorts of
consuner materials are each routed back
into the system upon which their shared
lives depend. They should understand the
raw materials and by-products interdepen-
dence of industries and the interrel ated-
ness of all those kinds of life that nake
up their mni ecosystem

Students coul d be assigned recycling

chores appropriate to their grade level to
give then hands-on appreciation of how
things work. The goal is not nerely to

produce good consuners and insure oasis-

wi se hone-econonics, nor nerely to produce
good entrepreneurs, industrial nmanagers
and workers, but to ensure that each

citizen has sufficient appreciation of the
Bi osphere-Facts-O-Life on which conmunity

survival depends, to vote intelligently
and support only responsible politica
efforts. For while "lunacy" can be toler-

ated on Earth, on

the Mon itself,
PRI MARY SCHOOL

In Primary School, rote |earning of
the types of things to be sorted and recy-
cled separately, of their names, identi-

there's no place for it
or el sewhere in space

and routes by which they are
cycled back into the system and of the
current market uses of recycled itens can
all be gradually introduced.In art classes
the students would use only oasis-wise

fying clues,

nmedi a and craftstuffs, coloring agents, and
fini shes.
In frontier honmes children could

gradually be entrusted with the responsi -
bility to nonitor and manage the recycling
chores within their households. They
shoul d be introduced to kitchen and garden
conposting, learning which food or garden
scraps need to be treated separately. They
can be encouraged to nake things of pride
frommaterials and di scarded itemns.

No small part of early education
woul d be to equip youthful vocabulary with
sets of keywords and phrases having strong

positive connotations."Trash" and "Wastes",
words of ill-repute, could be replaced
with "Freed" used as a noun i.e. stuff

relieved of previous service and ready for
reassi gnnment. ("Tonmy, please drop off the
freed on your way to school.") The rehabi-

litation of "alley econom cs" nust start
wi th the young.
H GH SCHOOL

At the High School Ievel the entire

curriculum shoul d refl ect Bi osphere-Facts-
O-Life.ln the teaching of Biology, atten-
tion should be given to natural air and
water cycles and the steps at which these
processes my need assistance within the
m ni - bi osphere. The time it takes to bio-
degrade bi omass waste and various types of
organic materials should be covered. Not
only should the Chenistry of atnospheric
gasses be taught but also the nature of
t oxi ns, how t hey are produced both-in nature

ad industry, and they can be neutralized
or prevented.

In teaching Inport/Export Econonics,
the very critical role of recycling vol a-

tiles and al ready enbodi ed energy nust be
stressed. An honest "Materials Accounting
Systent ought to be taught with its cor-
rective affect on Financial Depreciation
and Expense Accounting. And as an ongoing
cl ass chore/project, the econom cs class
could maintain a Conputer Database on sone

subset of recycl abl es under supervision of
t he University.
In industrial arts the concept of

VWol e- Sheet Scrapl ess Desi gn can-be-br ought
hone with school contests ad conpetitions.
Entrepreneurialismin the service of recy-
cling can be encouraged by the J.C s and
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in Junior Achievenent
the use of

proj ects, stressing
recycl ables for which the
mar ket is slow. Industry could provide
school art classes with access to slag
type sources of "accidental art" to be
nmount ed or set for sale.

A very useful Extracurricular Acti-

vity, with supervision, would be to take
in worn, broken, parts-m ssing, and cast-
off small durable itens, especially inclu-
ding toys. These could then be repaired
and rehabilitated. And where this is
i npractical, the items could be disas-
senbled so all materials needing to be
recycled separately, can be. Time can be
allotted for "Serendipity" epheneral
scul ptures from such parts
UNI VERSAL C VI C SERVI CE

Nor should this "imrersion" in the

spirit and process of oasis-w se recycling
stop with graduation from high school. In
space frontier communities, where there

will always be nore to do than people to
do-it, a Universal Civic Service after
hi gh school nmight not be a bad idea.
Manni ng and maintenance of streetside
recycling nodes, with care for their
attractiveness and efficiency, operating
other nodes in the recycling system and
ot her "schl eping" chores such as accident
cl eanups and nmaintenance of Parks and

all eys are one way a “Citizen-Candi date”
nmi ght pay his/er dues to frontier society.

Bi osphere Maintenance is another
appropriate dues-paying activity: i.e.
manni ng the water-treatnment and air-fresh-
ening facilities, various yeoman farm ng
duties such as sorting spoiled produce and
ot her biomass "freed" into nmushroom matri X,
ani mal fodder, and general conpost.

Apprenticeships in the trades using
recycled materials mght also be consi-
dered for citizen-candidates if there are
not enough of the above-listed job slots
avail able. Cleaning refillables and other
| abor-intensive duties in the various
recycling chains may al so be in order

The grand result of this thorough
three step education process (primry and
secondary schools followed by a stint of
uni versal civic service) would produce
Space Frontier Citizens who fully appreci-
ated the fragility of their particular
oasis of life and who forever renained
deeply predisposed to live and act in a
oasi s-wi se manner. W night even put somne
of these education ideas to use right here
on our home planet. < MW >

MVW#35 - May 1990
Asteroid Thene | ssue

P@RTS OF PARDON

PORTS OF PARDON - by Peter Kokh

Bring up the idea of using convicts
to open up the less attractive and nore
renote reaches of the space frontier, and
you are likely to get immediate and m xed

reactions. Some will shrink in horror at
the "cruel and unusual punishment" seem
ingly inplied. Ohers will be nore open,

invariably citing the origins of New South
Wales in Australia, back in 1788.

In that instance, the "Sirius" was
the flagship of a fleet that included an
armed trader, three store-ships and six
transports. Aboard were 202 marines of
various ranks, five doctors and a few
mechani cs, 40 wonen, and 756 convicts.
They | anded at Botany Bay at first, then
noved to Port Jackson,the heart of nodern

Sydney. Later
The first
years later in 1793

However, that is not exactly the
sort of situation whose applicability to
the space frontier we wi sh to examne. It
woul d be prohibitively expensive to use

ot her convict ships arrived.
"free settlers" arrived five

space destinations of whatever kind as
"prison sites" far Earth's unwanted crim -
nals. The ultimte Alcatraz or Devil's

Island is not our topic here.

Quite the contrary!First, we propose
to send there, not crinmnals from Earth,
but those from Space and Lunar Settlenents
who prove to be resistant to reform Second,

we are |ooking at "Quarantine Sites" not
prison sites. Unlike the situation at
Bot any Bay, these "convicts" would have
nei t her wardens nor guards. Once on their

way, unable to return or to change course

they would no |onger be convicts, but
freed nen (and wonen in nmore nearly equal

proportions - another difference from New
South Wales) in collective charge of their
own destinies. Those readers who have
read the essay by Louise Rachel [in Moon
M ners' REVIEW# 4, January 1989] entitled
"Rum nations On The Uses of a Frontier"
will recall one of her well-taken points
that many persons who inevitably becone
msfits in a settled and highly structured
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society are able to function quite health- footing with everyone else. For this
fully and productively in a w de open settlement would be started from scratch
frontier. socially as well as physically. The stub-
A hypothetical Gallup Poll mght show born would quickly find thensel ves exam
nost people to be of the inpres- pl es of harsh frontier justice.
sion that "the guards" keep the Yes, the society that would
order in any prison.But that is emerge woul d be rough and crude at
no more than a superficiality. first. What mmy pass for justice
From time immenorial, in prisons m ght seem a parody of what we hold

throughout the world, it is the : dear. But that would all change.
prisoners thenmselves who bothfFcgy Contrary to the doctrines of sone,
structure and nmi ntain what-ever crimnal behavior is not "in the
in such places. Like chickens or wolves, gych behavior is necessarily inherited.

any group of felons will quickly find its

Revisit such a "Port of Pardon”

a generation or two |ater, and

no guards or wardens need stand by, you will find a society with
so long as escape is unlikely i ncreasi ngly genuine |egitinmacy,

For exanmple - and for sake of argu- with deserved civic pri de,
i 9 and real achievenents,

ment - a one-way settlenment expedition : .

could proceed for Ceres or sone other bot h\&)??ﬁs'{)glaglti ﬁgdagglut ural,

potential Regional Belt Center, wholly : ’ o

crewed by convicts "pardoned" for freely Convict settlement opportunities

accepting the option. They would have on neeq not be restricted to those al r eady in

board all the equipment and the know edge Serious repeated trouble with the law in
[ unar or space colonies. Those still oper-

stores needed to set up a self-sufficient ' - 2F . :
settlement that will not need resupply 2ating within the law - just, and chaffing

other than by drone freighters for the at the bit, could apply to join such
near term \When it comes to opening up endeavors. They'd need to sign releases
boondock areas of the space frontier hol di ng harm ess established authorities

for wuntoward personal consequences of

own system or "pecking order". No,

having all the popular appeal of some '°

latter-day Siberia, such a scheme night 10ining such groups.

not be an unacceptable way to get the job Such a proposal achieves these three
done. goals in the nost econom cal fashion:

In such a situation, not only would 1. Establishment of badly needed settl e-
the "convicts” be legally pardoned, they ments in unattractive |ocal es without
would tend to cease acting "like crim- the lure of very expensive inducenents.
nals". Up against a hostile and barren 2 An alternative to building and main-
environnent, their survival woul d depend tai ni ng expensive traditional prisons
on nutual cooperation, a |lesson that would in space or on the Mon.
sink in at the earliest inevitable oppor- 3. A sure-fire way of rehabilitating those
tunity. Nor need they be pre-trained for who just don't fit in, while protecting
the mx of jobs and tasks needed to mai nstream society in the process.

guarantee the settlenent's survival. So
long as the necessary know edge
was stored in libraries on board,
i ndi viduals would quickly self-
select their niches in the do-or-
di e community-to-be, hi ghl
motivated to learn all they could
to make thensel ves valuable if not
i ndi spensabl e (the one sure neans
of individual self-protection)

during the long nonths of the , )
out bound passage. The bottomline is that there nay be

Never again, would they have a |ike NO Way to attract volunteers to the solar
opportunity to enter a society on an equal boondocks in numbers enough. < MWM >

The alternatives of traditional inprison-
ment are not only considerably nore
expensive but also rather unpro-
ductive in conparison. Nor are
customary ooptions nore just by any
standards that will bear scrutiny.
It’d be a costly mistake for all
concerned to dism ss such kill-
t hree-birds-wi th-one-stone options
wi t hout an honest trial.
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COMET
CRUDE

WE. [dcattin

W LDCATTI NG COVET CRUDE g
SEARCHI NG FOR | MPOSTOR ASTERO DS

by Peter Kokh
THE STAGE | S SET
The Moon, whaving been fornmed “hot”

is relatively depleted in the volatiles
necessary to support Ilife: hydrogen,
carbon, and nitrogen. W do not know yet
whet her the permanently shaded areas of
the Lunar Poles harbor conet-derived ice,
or whether, if so, how feasible it will be
to tap. It could be that Lunar Settlenments
can make do. If not?

The Thirst For Volatiles,
elements in short supply on bodies |ike
the Moon that may have fornmed "hot" and
have been able to hold on only to those
elements with high nelting and boiling
points, will be the organizing driver for
opening and settling the space frontier.
Included are water/ice (or at |least the
hydrogen needed to nmake water from scratch
wi t h abundant |unar oxygen), carbon, and
nitrogen, and other elements needed in
consi derably | ess quantities.

Thanks to our harvest of the neteor-
ites that have fallen to Earth (i.e. the
ground), we have found that a considerable
proportion of their parent source bodies
contain economcally recoverable anmounts
of such elements. Matching the |aboratory
spectra of these meteorites to those
obtained at the end of a tel escope trained
on various asteroids, we are able to clas-
sify many of the latter, according to
m neral content, with a fair degree of
confi dence.

Car bonaceous Chondrites offer us the
prize we seek, a volatile content in the
20% range "soaked" in comparison to the
Moon! Among the best known of such bodies
are Ceres (far and away the |argest aste-
roid), Pallas, and possibly the Martian
noonl ets: Phobos and Dei nos.

Some of their volatile content may
be in ice form but sone is also chem -
cally loosely bound, nolecule(s) to nole-
cule as "water of hydration". Exanples of
hydrates (which feel dry, not wet despite
their content) are gypsum soapstone, con-
crete, and blue vitriol (copper sulfate).

t hose

One al ready popul arized schene for
recovering such volatiles would begin with
identifying nmountain-sized carbonaceous
chondrite astrobits. A mass driver would
be attached, using the wunwanted "dirt
cheap" silicates for nass to be ejected at
velocity. This neans would kill two birds
with one stone: bring the asteroid chunk
into handier proximty to the Earth-Mon
systent and begin the process of volatile
extraction.

While many are excited about such
prospects, we wonder if there are not nuch
richer caches of ice in simlarly near-
Earth orbits, pronmsing nuch nmore of a
reward. The unexani ned common viewpoint is

that asteroids are asteroids and conets
are conets, the latter being principally
volatile in content so that if they

approach the Sun nmuch cl oser than Jupiter,
they begin to outgass producing the fam -
liar comae and tails. Harvesting active
comets may seem a very tricky business

we'll leave that for a future article.

The one salient conet-fact al nost
uni versally overlooked is that as conmets
| ose nore and nore of their mass with each
orbital swing in towards the Sun, sone of
the less volatile, and possibly nore

vi scous stuff,
as gas and dust
lates in an ever thicker
on the surface.

The amazing photographs

does not get carried away
in the tail, but accunu-
bl anket of "sl ag"

taken of

Comet Halley - no thanks to Congress! -
revol utioni zed our picture of what conets
are like. Yes, we still see them as great

dirty snowbal I's, but now we know that they

accurmul ate slag crusts, and that all the
great outrushing of vaporized materials
comes not fromthe surface in general, but
only from the few open pores that the
slowly growing slag layer has not yet
succeeded in pluggi ng!

Prior to this discovery it was the
common belief (and still is for those who

have yet to nake the paradi gm switch these

photos call for) that conmets continue to
outgas, getting ever smaller, until they
just waste away, to nothing. That is prob-

ably not their common fate. Instead it now

seens far likelier that conmets eventually
suffocate thenselves, plug their flash-
pores and "turn off", retiring into a
cocoon of slag that they have gradually

spun for thenselves. They await a netanor-
phosis, a butterfly transformation into
rich water reservoirs for thirsty "hono
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circumsolaris". For the vast bulk of the
original endowment of dusty icel/snow
remains "dormant" inside. Comets, in
general then, do not die. They fall into a
deep comm, awaiting some future "resur-
rection" and final justice.

The only article coming to our atten-
tion that hints at such a pregnant end to
active conmet life was witten by Sheboygan
(W) NSS nenber Harald Schenk and appeared
early last year in Shores beyond the inde-
pendent newsletter (now part of MVM) he
edits for the Sheboygan Space Society. W
reprinted the article in the August '89
Moon Mners REVIEWIn "Transition Conets',
Schenk reviews work done by Brian Mrsden
and others which indicates that sonme
bodi es classified now as asteroids may be
i ndeed "inpostors", dormant conmet hul ks.
The evidence that gets behind their incog-
nito masks does not cone from ground-truth
penetrators, nor from tele-spectral

studies, but fromorbital analysis.
Most comets have characteristically
wilder orbits than asteroids, not clus-

tered within 10° to 30° of the common
pl ane of the Solar System (the Earth-
orbit-defined ecliptic continues to be the
i nappropriate standard in use), indeed as
often as not orbiting in a direction oppo-
site to the otherw se systemw de conmpn
one (anti-clockw se viewed from the north
by arbitrary convention). Thus asteroids
in highly inclined or retrograde orbits,
and those in extrenely eccentric orbits,
shoul d be under suspicion as pretenders.
The next step (with the highest pri-
ority and urgency!) will be to do thorough
spectrographic, photonetric, and radar
studi es of such non-conform st asteroids

and see if they have a comon tell-tale
signature. We suspect this will be the
case. Once so arned, we can then turn our

attention back to the vast mgjority of
asteroids with nmore conmonpl ace orbits and
exam ne them one by one for the sane give-

away quirks in the light they reflect
t owards us.
For luckily not all conets have

orbits wildly askew from asteroi dal norns.
Conet orbits are statistically random and
a definite percentage of them will have
the "delta-V reachable" orbits of Earth-
approachi ng asteroids. And these too nust
eventually grow comatose. It will be this
cluster of Sleeping Beauties that becone
targets for the adventurers wldcatting
for comet crude. < MVWM >

FEHBRLISIN

FEUDALI SM I N THE ASTERO D BELT
By Peter Kokh.

A life prospecting and mning "off
the beaten track" out in the Asteroid Belt
is an appealing future for many. Qut there
in all that vast enpty space, is escape
fromthe sonetines suffocating and choking
pressures of life in those highly struc-
tured and nore densely popul ated regions
of the fam liar human range.

Such a romantic vision,
as it has been in inspiring the research
necessary to make it possible, bears
cl oser exanination. Qur purpose here, is
not to rain on anyone's parade, but to
make sure we take an unbrella al ong.

Yes, all that vast enpty space! It's
far far enptier than mst of us would
expect, given the Science-Fiction imge of
Asteroid Belt crossings as fraught with
the peril of immnent collision with
cl osely spaced astrochunks. So we continue
to be amazed that none of the two Pioneer
craft, or of the two Voyager probes even
"noticed" that they were passing through
t hi s infanous zone.

Astronomers have identified, nunbered,
and cal cul ated orbits for 3000-sone aster-
oids, “mnor planets”, as they are nore
accurately called. W have caught fleeting
gl i npses of another 2000 or so, and now
suspect that there may be as many as
50,000 nmountain-size or |arger bodies
orbiting the Sun between the orbits of
Mars and Jupiter.

Seem like a lot? Let's roughly cal cu-
|ate typical random spacing in the belt
bet ween asteroid neighbors orbiting in
formation or passing by in various criss-
crossing orbits.

For sake of argunent, |lets stake out
the region from 180 to 380 nmillion niles

as effective

out from the Sun and with a thickness
above and below their nmean orbital plane
of a conmbined 100 mllion mles. That

gi ves us about 3,500,000 million mllion
mllion cubic miles or 700 million mllion
mllion cubic mles for each. Take the
cube root of that and you have an average
close pass of 9 nmillion mles. Limt the
survey to larger asteroids, and their real
nmut ual isol ati on becones even nore apparent.

Now remenber that for the foreseeable
future, the percentage of this "horde"
that will bask in the newfound warnth of
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snmal | . Now
that activity is
be no possible
law and order to
Whet her we are
honest aki ng

human attention will be rather
IF the driving force of
"Econom c", there can
effective source of
police such a vast beat!
dealing with |one prospectors,
famlies, large roving rival conpanies, or
a scattered few settlements engaged in
service,repairs,and supplies, this "legal"
void will be inescapable. Even with a
horrendously expensive thousand unit
asteroidal police force, average response
time to even the nost dire energencies
woul d be hopel essly sl ow.

It would be naive to imagine that in

such raw frontier conditions there would
be no claimjunping, no piracy, no extor-
tion, or no rape and plunder. Hi gh reward

has al ways been associated with high risk.
Opportunities for hermt-like freedom to

do one's own thing will cone hand in hand
wi th uni magi nable material hardshi ps (the
nearest K-mart nay be a year's journey
away!)

Crinmes of opportunity may well be a
problem But, even allowing for sone
magi cal angellification of the human
speci es between now and then, other life

and death energencies are sure to arise -
and dialing 9-1-1 won't hel p nuch.

"Belters" will need to face un-
flinchingly and w thout regret whatever
unpredi ctabl e and not-personally intended
dangers and disasters cone with the terri-
tory of great opportunity. Those who can't
do this cheerfully are best advised to
"stay in Baltinore" or wherever life is
more genteel. "Belting" won't be for
everyonel!

What can happen? Medical energen-
cies, such as a disease or trauma that
can't be handl ed | ocally; equipnent break-
downs after one has used the | ast sal vage-
able spare parts; a pressurization fail-
ure; an immnent failure of the Ilife-
support systenm contam nation of food
supplies; a irreversible crop failure; not
to mention mschievous interference from
"visitors".

Most such crines will have have to
be borne without recourse to rescue or
outsi de assistance even from the willing.
There will be rare times, however, when
aid is just barely possible from a
"nei ghbor" or froma ship cruising within
range. But nore than likely, such aid wll
i nvol ve extreme inconvenience for the
woul d- be rescuer: <changing course and

possi bl e forced cancellation or pernmanent
interruption of one's travel course or
ot herwi se expendi ng precious fuel reserves;

dropping one's own inmportant duties and
projects for a |l engthy rescue m ssion;etc.

In truth, Belters wll prudently
mninmze the risks by choosing from suit-
able asteroids within tolerable range of
full service centers (like Ceres, Vesta,
etc.) or those within fair range at | east
tenporarily. To do otherwise would be to
tenpt fate rashly.

HELP, AT A PRI CE
Prudence will also give rise to co-
operative mutual assistance pacts. These
will have to spell out terns for compensa-
tion for econonic consequences of going to
another's rescue. Even such pacts cannot
be expected to offer anything approaching
full coverage of one's exposed butt.
Suppose some disastrous equipment
failure in your mning canp threatens not
only operations but the lives and safety
of your enpl oyees and possibly the famlies
they may have been allowed to bring al ong.
There is no one within range or who can
conme to your rescue without accepting
critical financial harm to himself. Mercy
and conpassion aside, what gain could
possi bly drive anyone to jeopardize his
own probably precarious financial position
by acting like a knight in shining arnor?
Suppose there is nothing that can be done
to save your operation and habitats and
that all you can hope for is a lifeline?
It would seem that you are dooned unless
you and your charges agree to work as
i ndentured servants of your rescuers for a

negoti abl e nunber of nonths or years. Sone
may choose to perish.
Certainly some sort of generally

accepted code for crisis situations wll

need careful consideration. It wll be
advi sable to have tentative protocols
adopted BEFORE Belt devel opment begins in

earnest. These could be gradually adapted
and supplenmented as real-life experience
warrants.

In the face of the possibility of
real-life situations which, through sone
debt of rescue or by outright piracy,
could result in the loss of freedom and
i nfluence over one's destiny, would-be
belters will further |essen the contrary
odds by carrying survival pods and Ilife-
boats and by conducting periodic disaster
drills. They might also carry with them
courtesy drone rescue lift-rafts to toss
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one another. The likelihood of concluding
a binding Mutual Aid pact with other par-
ties may depend upon both being so equi pped.

There should al so be Special Courts
in the full service center settlenments to
adj udi cate any debts incurred in rescue
efforts and to arbitrate the length of
agreed upon indenture service. There would
be courts in such centers anyway to take
care of claimconflicts, paynent disputes,
and all other ordinary judicial fare.

To get a better grasp and apprecia-
tion of the challenging situations Belters
could find thenselves in and of the soci al
consequences which would tend to foll ow,
we would do well to study sone of the
| oose parallels from other tinmes in hunman
hi story. Popul ation sizes are likely to be
i ndividually very snall: what aspects of
Hunter-Gatherer |life would translate to
Bel ter experiences to cone? A Belt-wide
| aw enforcenment fleet is quite inpractical.
A simlar vacuum of authority existed
t hroughout the M ddle Ages: what aspects
of nmedieval feudalism are we likely to
find reappearing in the Belt?

It is not only law, order, and
crises managenent that we need to get a
handl e on. The severely isolated situa-
tions in which Belter mning parties and
small conmunities will find thensel ves has
little real precedent in human history.
Even the earliest Polynesians in their
far-flung island chains were effectively
much closer together, the incidence of
their interactions being higher. What
effect will such an extrene scattering
have on cultural continuity and or educa-
tional opportunities?

W1l inbreeding be the norn? O will
chance encounters be taken advantage of

for hastily arranged nmarriages and liai-
sons with little time left for such rel a-
tively recent luxuries as 'first falling
in love'?

In Australia, serving the scattered
little railroad hamets strung in a well-

starched line across the Nullarbor (neans
"treeless") plain, there is a regular
train affectionately called "THE TEA AND
SUGAR" which stops at each of these
pl aces. This train serves as the sole
life-line for those living along this
desol ate route. One could imgine Belter

operations preferentially so arranged that
some sort of Catering Caravan or at | east
single Trader Ships could service them by
sonme reasonable route. Working against

the asteroids
differing in
speed. As a
array of mning

this idea is the fact that
each have their own orbits,
period and thus in orbital
result, any route-Iogical
operations and hanmlets will will only be a
fleeting one. The premium will be on
suitable asteroids with an orbital period

and velocity as close as possible to one

of the various service centers so as to
mai ntain formation with it over a period
of some decades. [See MW # 24 April '89,

"CERES" - republished in MMM d assics #3].
Talk of wanting "to Pioneer the
Ast eroi ds" is perhaps sonewhat dishonest
in the light of these realities. O it may
be better to say that it betrays a dual
i gnorance, first of the bitter 'geograph-
ical' facts of life in the Asteroid Belt,

second of the depth of one's own readiness

to cope with the full intensity of the
isolation that such a life may entail. A
bitter fruit!

Saw will question this assessnent,

| eaping forward to the prospects of great
new propul sion systens that wll offer
"easy and swift" casual travel to shrink
the great distances into irrelevancy. O
perhaps the reader wll insist that the
m neral wealth to be gained is so great
that the expense of nmaintaining whatever
police force nay be necessary will seem

m nor. They may be right, and optinmistic
Sci ence-Fiction scenarios may turn out to
be accurate forecasts after all.

Perhaps the truth lies in between.

The early decades for Asteroid Pioneers
will be ones of harsh privation and sone-
times tragic hardship. But in time, any
tentative colonization of the Asteroids

will whither and die out if the conditions
and quality of Iife do not vastly inprove.

If you still want to be on of the
earliest trailblazers, all the sane, you
have ny respect. "May the Force Be Wth
You." You are going to need it! And WE
WLL DOITI < MW >

TEA & SUGAR - by Peter Kokh

In the preceeding article, we made

mention of the fampus traveling "G ocery

Store Train” that crosses the hundreds of
barren mles through the states of South
Australia and Western Australia.[An illus-
trated article on the "Tea and Sugar" is
featured in NATI ONAL GEOGRAPHI C, Vol. 169,
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NO. 6, June 1986, pp. 737-57].Perhaps such
ensenbles will one day service the far
flung outposts of hunanity on these |esser
wor |l ds ' swarnming' beyond the orbit of Mars.

Whet her they will be mni-fleets,
single larger ships, or perhaps variable
“consists” nmore on the analogy of river
barge trains, they would ply ever changing
"routes of opportunity" between nining
out posts as the host asteroids continually
shift co-location patterns in their endl ess
orbit-jockeying.

What facilities,tradesmen, and anen-
ities could such Tea & Sugars offer to the
i sol ated pockets of humanity they'd serve?
Bear in mind that to sone extent everyone
in an outpost will need to be a jack of
many trades. Yet in such snmall and iso-
| ated sanplings of humanity, there cannot
possi bly be represented the full range of
abilities, talents, trades, arts and pro-
fessions needed to stave off an inevitable
cultural and social decline through sheer
mal nouri shrent .

VWil e each outpost will al nost cer-
tainly have a general practice physician
the Tea & Sugar could have a clinic with a
pedi atrician, a geriatrician, a neurosurg-

eon, an orthodontist, and other special-
ists. A magistrate to take care of mnor
| egal | oose ends; troubleshooters in elec-
tronics and nechanics to handle stubborn
probl ems; experts in agriculture, waste
recycling, air and water quality, and
general small biosphere nmaintenance; diet-
itians; a habitat architect - all of these
woul d be welcome visitors at what is

likely to be irregular long intervals.

This visiting caravan coul d include
a stable of craftsman and artists who
woul d nmake things during the long in-
bet ween journeys for sale at each stop. O
conversely, the T&S could take on arts and
crafts on a consignnent basis at each stop
to trade at the stops to follow

Young lads and | asses in such out-
posts mght soon learn the little their
el ders could teach them probably far |ess
than their capacities and aptitudes woul d
take them if they could have access to a
| arger popul ation. So when the T&S calls,
their parents mght send them off on this
traveling boarding school to learn from
the tradesnen, artisans, and specialists
aboard and to benefit socially from the
conpani onship of youngsters from other
out posts before the T&S brought them back
hone the next trip around.

Thus the T&S could sever well as a
travel ing school also,even offering certi-

ficates, validating diploms, etc. For
this purpose, several teachers and tutors
m ght be aboard, perhaps having signed up
for a tour of "public service" duty out of

sone hone port popul ation center on one of
the major asteroids |ike Ceres or Vesta.

Such a chance to get away and see
the worlds would provide an essential ele-
ment of education that could not possibly
be offered within a | one outpost,no natter
how wel | -stocked its library and data banks.
The young people would have a chance to
visit other outposts at each port of call
to see and experience other ways of doing
and living. A spirit of kinship would grow
that woul d stay with them throughout their
lives and generate a sense of Asteroid Co-
nationality.

Fri endshi ps nade on the T&S m ght
well be the seeds of future marriages,
partnershi ps,and joint ventures of various
ki nds. The Tea & Sugar type caravan plying
these shifting Belt-lanes, would clearly
be nore than just a nice |uxury making

Belt life bearable. It would provide the
glue holding all of Belt Civilization
together. These caravans would swiftly

become the "Mbile" Infrastructure w thout
whi ch any opening of the Asteroid Belt

woul d not | ong succeed.

How would an outpost pay for T&S
services? Surely not by public taxes! A
Belt-wi de government is just as nuch a
wild-end inpracticality as the police

forces needed to maintain it.

Qutposts will of necessity produce
their own fuel to run generators, nachi-
nery, and vehicles. They could refuel the

T&S caravans for free, and perhaps reple-
nish some pantry supplies. Further they
could trade some of the mneral wealth
t hey have mined. The probl em does not seem
to be that outposts cannot afford such a
servi ce.

Rat her the problem is that
cannot survive without
whose operators will

out post's
the T&S caravans
have the mners at

their mercy, able to extort nore in pay-
ment than is fair, reasonable profit
i ncluded. Nor wll conpetition keep the

costs of outpost visits down. There may not
be enough of a traffic pie to divvy up

The pragmatic solution may lie in
cooperative ownership of the T&S conpanies
by the mining operators thenselves. Tine
will tell. < MW >
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( MW #36 - June 1990 )

[ BI OSPPHEREES]

DESI GN AND STRATEGY | SSUES
FOR LARGE LUNAR BI OSPHERES

The devel opnment of a 3000 to 5000
person comunity will only be cost feasible
within a 25 to 50 year tine-frame, if it

feeds itself and dependent Cislunar and
Low Earth Obit (LEO) populations. Doing
this will |everage the econonic advantage

of abundant |unar oxygen whi ch can provide

half the mass of all plant and ani nal
tissues and 8/9ths of the mass of the
associ ated water. Foreseeable cost per

pound, Earth surface to LEO and to ci sl unar

and lunar surface |ocations, require such
a "grow your own" strategy to save the
unnecessary inmport cost of this oxygen

content. I nporting such high-oxygen content
items as food and water to the Mon woul d
be like bringing "Coals to Newcastle".

The substantial savings (circa 95%
in fuel costs of similar payloads |aunched
fromthe Moon over those |aunched fromthe
surface of the nmuch nore massive Earth,
will give lunar-grown food, and water
constituted with lunar oxygen, a 48% and
73% price advantage respectively,delivered
to LEO and ot her cislunar space facilities.
While this estimte discounts the high
capital costs of accessing |unar resources,
such costs can be anortized at a rate |ow

enough to maintain nost of
potenti al .

Prinzton facility design criteria
should favor the "low tech" approach of
requiring the use of anple plant biomass
to recycle carbon dioxide to fresh breath-
abl e oxygen and to otherw se "condition"
the atnosphere inside the settlenent.
I ndoor pollution, already a concern in
contenporary terrestrial buildings using
synthetic construction materials, will be
a critical issue in a permanently encl osed
bi osphere which is essentially a closed
system or at |east one which has highly
limted output |eakage and input nake-up
in conmparison to facilities of any size
within Earth's bi osphere.

Vegetation will also likely provide
the "l ow tech" water filtration and purifi-
cation for the closed-cycle hydrosphere
envi sioned, with pure water recovered by
de-hum difiers from plant transpiration
suppl ying drinking water at the "start" of
t he | oop.

The evol ution of |unar habitat design
will require a transition fromthe initial
"carry out and bring back" strategy of
Shuttl e m ssions, Space Stations like Mr
and Freedom and early lunar surface habi -
tats,to one which introduces a sustainable

this profit

| argely closed-system biotechnol ogy. The
ultimate significance of this transition
recogni zes that life itself will begin to

transform the man-habitable environment
just as life has transfornmed Earth.| ndeed,
the design nyopia nmost likely to prevail

in our "Prinzton" scenario is the contin-
uing focus on human requirements in the
narrow sense of air, water, and nutri-
ti onal needs.

The scale of Prinzton's ambitions
for a large human popul ation demands a
recognition that the "best" biosphere for
humans is al so the nost diversified;"best"
here defined as the npbst stable, self-
sustaining and diverse conmmunity of life
forns possible. The physical security of
any large colony will require food stocks
which are diversified and not subject to
catastrophic nono-crop failures. Wile the
Moon is close enough to quickly resupply
food stocks or to evacuate in the event of
a "potato fam ne" type of bio-catastrophy,
a Mars base would be highly vul nerable
given the 26-nmonth [ aunch w ndow spaci ng
and long transit tines.

Early high priorities for
| opment will be the creation of

base deve-
|l unar soils
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from the raw material of the regolith,
human wastes, and wastes from food produc-
tion and processing. The m cro-ecol ogy of
creating a growing soil bank for sustain-
able agricultural production will require
pl anned early storage of biological wastes

for their ultimte transformation into
viable soils. Frozen storage in the |unar
"shade" of lava tubes or high latitude

rille and crater walls should initially be
adequat e. This process of storage and accu-
mul ati on cannot continue indefinitely,how
ever. These wastes will necessarily becone
the organi ¢ stocks of the new bi osphere.
The capital equipnment investnment
needed for this transformation of waste
stock can be kept in bounds by enploying

the "M U S./C.L.E" strategy of Massive,
Unitary, and Sinple type elenents that can
be locally self-manufactured, nmarried to

Compl ex, Lightweight, and Electronic type
el enents that nust be inported from Earth.
Such a strategy mnimzes the inport
burden needed to sustain the growi ng
settlement, an incurred debt which has to
be paid for with incone-earning exports.

First, a seal ed-atnosphere, tenpera-
ture-controlled, humdity-controlled, and
light-controlled environment with consider-
able volunme will be needed. Prior experi-
mentation with the devel opnent of viable
lunar soils from lunar regolith simlant
and biowastes will have shown whether a

lunar soil nicro-ecology can devel op from
these waste sources and whether or what
addi tional seed stocks of specialized soil

bacteria will be needed.

A prototype trial of this sort night
be conducted in a near-sterile Antarctic
environnment, such as one of the "Dry
Val |l eys" near MMirdo Sound, to gain
engi neering experience in conditioning
cold soil-sheltered volunmes into air-tight
bi o-spaces; and to validate the expected
heating and |lighting requirenents,ingress/
egress provisions, etc.'Regolith' pulver-
ized from Antarctic rock and the accunu-
| ated bio-wastes from nearby Antarctic
bases would provide the basic ingredients
for creating viable soils.

Because many of the
participants in Antarctic research are
al so spacefaring nations, the creation of
a simulated lunar (or Martian) biosphere
in such a location could provide an inter-
esting coll aboration precedent. It would
al so supply econom c data on both construc-
tion costs and logistic requirenents as

i nternational

well as on the design requirenments for
storing and recycling the biological
wastes generated by such bases. Because
the "trashing" of the Antarctic environ-
nment is already apparent even with the
relatively limted human intrusion there,
this engineering prototype of a nore eco-
sensitive systemw |l serve not only |unar
habi tat goals but also provide a transition
to an environnental ethic requiring such
Arctic or Antarctic bases to |live downw nd
and downstream of thenselves, sonething
that settlers in the closed biospheres of
the space frontier nust do.

The difference between such polar
prototype research sites and such poten-
tial sites as lunar lava tubes or rille-
bottom enclosures is still considerable.
Possibly sone differences between Earth
rock soils and lunar regolith, and cer-
tainly the avail able water and atnosphere,
will make an Arctic or Antarctic experi-
ment much simpler and far |ess costly.
However, construction techniques at these
tenperatures, experience with equipment
design, and the logistic experience wth
wor ki ng bases and their crews in the
coll ection, storage and devel opment of
suitable soils for sustainable agriculture
woul d be exercises alone. The failures
experienced by such a prototype biosphere

could literally save the billions of
dollars that would be wasted if serious
design flaws are uncovered only after

lunar failures occur.
type installation wll
managenent .

The sel ection of the type of bione(s)
(eco-desert etc.) initially to be devel oped
will also require closed system prototypes
prior to any significant expansion of a
| unar base. The strategy of Biosphere 11
at Oracle, Arizona in devel oping several

An Antarctic proto-
thus be sound risk

di verse Biones in close proxinty, appears
to this author to be a 'high stakes'
gambl e that honeostasis can be achieved

and developed with a hybrid of existing
nat ur al bi omes. A nore conservative
approach setting up just a tenperate or
tropical climte agricultural biome wth
an already known ecosystem of plants,
animals, and insects, would seemto be a
nore sinple initial step with a higher
chance of stability.

The nuneric nodeling of each species'

consunption, excretion, and inpact on the
ot her species sharing the bionme, would
enabl e the devel opnent of whatever fall-
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back chem cal and/or
may be needed to insure full-cycle bal-
ances within lunar biospheres. A species
data bank, appropriate nonitoring techno-
| ogy, conputer software, and operations
experience, all need to be accunulated to

mechani cal conponent

devel op confidence and sophistication in
running a sustainable biosphere. This
systens engineering problem is highly

conplicated and will require greater compu-
ting power to track the conplex interac-
tions between what will inevitably becone
hundreds, then thousands of species. The
strategy of developing a replication of
exi sting natural biones and nodeling them
numerically should occur well before
i nvestnment can be risked in a lunar appli-
cation. Critical species serving as indi-
cators of biospheric function (a nmner's
canary) mnust be identified.

Because Biosphere Il in Arizona is
essentially a proprietary enterprise, an
i ndependent critique of its outputs, sys-
tems engi neering, and managenent techni que
is not likely to be generally avail able.
This know edge product nmay initially be
af fordable only to governments able to
purchase this technol ogy base. | am of the
opi nion that additional sealed biosphere
prototypes both significantly smaller in
scal e than Bi osphere Il, and also consi -
derably larger, wll be needed to give
confidence in the reliability of the
bi ot echnol ogy involved. This will need to
follow a devel opmental progression from
relatively sinple and small biospheres to
| arger and nore conpl ex ones.

The outfitting of small Shuttle
Ext ernal Tank bi osphere nmodules for initia
| unar basing might progress to intact |ava
tubes. Such a tube could be sectioned off
and sealed with needed environmental
controls on the much |arger scale of the
Prinzton arcology of villages, horticul-
tural and agricultural areas, and produc-
tion facilities.

Economics will not be the only pri-
mary rational for biosphere devel opnment.
Per haps nore inportantly in the long run,
the psychol ogi cal confort and stability of
the human popul ation will be critical. The
stark beauty of the lunar I|andscape is
unlikely to wear well on the human psyche.

The "softened" environment created by
plant and animal life will be an essenti al
el ement of human expansion onto the Mbon

and el sewhere off the Earth. The "Garden
of Eden" which mankind is rapidly destroy-

ing on Earth, wll
reconstructed on
this "garden" will
human efforts there.

The type of high tech environment so
famliar in space habitation scenarios
usual Iy have an an overwhel mi ng industrial
character to them enphasizing machinery,
rockets, mi ni ng equi pnent, and power gener-
ation equipment, etc. Prinzton's interior
should more probably evoke a "hanging
gardens" anbience than that of a(n) air-
craft) "hangar". The very propensity of
life to intrude into all areas of its
ecosphere will no doubt produce many
unforeseen and unforeseeabl e problens of
mai nt enance and equi prent failure. Vacuum
seals, for exanple, should be designed of
materials that do not serve well as dinner
for anaerobic bacteria or other denizens
of microbial reality.

The tenacious battles for species
dom nance in biosphere eco-niches are
dynanmi ¢ bal ances that nust be carefully
observed and nonitored. These tasks of
bi o- mai ntenance and nonitoring will initi-
ally be labor-intensive. The ratio of
settl ement popul ation devoted to biotech-
nol ogy including growi ng food, harvesti ng,
packi ng, storing, preparation, and genera
bi o- mai ntenance and nmonitoring will likely
conprise 25%to 50% of personnel responsi-
bilities.Thus the character of the settle-
nment will be as nuch doni nated by agricul -
ture as by the other industries such as
m ni ng, oxygen-, netal -, gl ass-, and ceram c-
production, transportation, and research
and devel oprment efforts, etc

The cost-per-pound
i mporting anything up out of the Earth's
gravity well dictate an inevitable reli-
ance on lunar-grown food stuffs just as
they do for lunar-sourced fuel and buil -
di ng products. The curve of off-planet
population growth will for the next
century be nore linmited by lunar agricul-
tural capacity than by other technol ogy
constraints. Neither Earth-based or Mars-
based agriculture are likely to have
econom ¢ significance outside their own
respective gravity wells. Large scale
sust ai nabl e bi osphere construction in the
asteroid belt will be possible only toward
the end of this hundred year tinme frane
given the probable stress on Mrtian and
| unar devel opnent during that interval.

< MW >

of necessity need to be
the Moon. And tending
be a major focus of

econom cs of
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Star:bound

ular talk of “travel” to the stars, abound.

I ndeed, the many hurdl es are daunting! The
enormous distances involved challenge
conprehension. Total energy expenditures
required conpare with centuries of world
energy consunption at current rates.

Yet the lure of the stars is
“Inprinted” on the very stuff
that we are nade of.

For, excepting hydrogen, which is
mostly prinordial, all the atoms of our

bodi es have been forged in the nuclear
fires or violent death throes of stars
that burned bright before our own Sun and

St ardust Thou Art
To the Stars, Thou Shall Return!

NEwW MMM EXCLUSIVE SERIES:
Not “HOW?” But “WHERE T0?”

Di sbeli evers, contenptuous of pop-

its System coal esced froma cloud enriched
with their collective ashes

faith that
venture to other
know nust
written about

Many a book and article teases our
we will

where to head, and npst of

that we wi sh to chall enge

and two articles,

and “Hydro Tectonic Planets” we seek to
define our own “hone world” - our point of

departure. “Planets Around O her Suns”
| ooks at three ongoing searches for con-

vincing proof that other solar systens do
exist, and are common. [This last article
is not included in this volume of MW

We start here on Earth, with a quiz

“Eart h=Terr a=Ga=Tel | us”

Classics:it has been superseded by events]

oA

WOULD- BE STARFARERS QUI Z

. 0.What is the Sun’s nearest stellar
nei ghbor ?

. 0. How nuch further are Proxi ma and Al pha
Centauri than the Mon? than Neptune?

. 0.Wat is the closest star easiy visible
to the naked eye fromnmpst of the United
St ates?

. 0.1s the Sun just an average star?

. 0.Wat is the nearest Sun-like star?

. 0.How far out nust you go before it
appears no brighter than other stars?

. 0.0 all the naked eye stars, which is
intrinsically the brightest?

one day find a way to
suns and the worlds we
circle them Little T has been

2.

3.

1.

. ATau Ceti,

. A About

Answers to Starfarers’ Quiz

A Proxi ma Centauri, a small red Mtype
star, is just a little closer than the
Al pha Centauri double sun of which it
a distant conpanion. This systemlies
60° bel ow the cel estial equator, well
bel ow the hori zon from nost of the USA.
A 106 mllion times as far as the Moon,
and 9,000 tinmes as far as Neptune.
ASirius is 8.7 light years distant,
Procyon 11.3, Altair 16.6, Fonal haut 23,
and Vega 26 Light Years distant. Wth a
smal | telescope, you can find Barnard's
Star which is only 5.9 LY from here

is

4. A Stars cone bigger, brighter, and
hotter; and they conme snaller, di mer,
and cooler. But there are far, far nore

stars smaller than the Sun, than I|arger
About 4% of stars are sol ar-type,

per haps anot her 4% bi gger and brighter
and 92% smaller. Qurs is well above
average, and that often heard put down
is not honestly deserved. However, nost
of the stars visible to the naked eye
are in fact bigger and brighter.

just a bit smaller than the
Sun is 12.8 LY away. Its spectrumis QO,
a bit cooler and | ess nassive than our
& Sun. Alpha Centauri is actually a
doubl e star orbiting around its comon
center of mass. While the brighter of
the pair is a GO just a little hotter
and nore nassive than the Sun, nost
astrononers consider binary stars to be
unlikely or unfitting hosts for planets.
14 |ight days or 2 |light weeks
out (80 times as far as Neptune) the Sun
woul d still be as bright as the Ful

Moon for us. At 1.84 |light years, the Sun
woul d be only as bright as Sirius the
brightest star to us. From 4.3 |ight
years, the distance as Proxi ma and Al pha
Centauri, the Sun would shine about as
bright as Procyon, the 8th brightest
star in our sky. The Sun would still be
just visible to the naked eye in ultra-
dark country skies 50 |light years out.
Al1f Deneb and Rigel were as close to us
as Al pha Centauri, they woul dd both be
about as bright as the Full Moon, or
sone 10,000 tines brighter than Sirius.
To receive only as nuch sunlight as
Earth does, a planet would have to orbit
Deneb or Rigel nore than 8 tinmes farther
out than Neptune fromthe Sun! |In our
corner of the Gal axy, F+Deneb, Rigel

and Canopus dominate all the space
within 2,000 LY from here.
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earIrH G
TERRA Tellus

SHOULD WE ADOPT A

WORLD-WIDE NAME FOR EARTH?
by Peter Kokh

To many people it would be an unim
portant point. But one night hope that as
manki nd noves out into the Solar System
we would do so with a common agreed- upon
name for our Hone Pl anet.

"The Earth" is the name we give it
in ALL I ndo- European | anguages. Wet her we
use the Germanic root ERD, the ronmance
TER, the Slavic ZEM., the Hellenic GE, or
Indic MAH, the reference to the solid
earth = land beneath our feet is the sane.
Around the globe, names for our hone
pl anet use different sounds to express the
same concept.lndeed, for other intelligent
speci es on other worlds, the choice would
be simlar: earth=soil, sea or |and+sea=
shore. "Earth" seens to be a fully trans-
| at abl e nanme, a vocational -relational term
like 'parent'.

Al the sane, ought we not to agree
on one internationally standard root-nane
to show pride in our ancestral hone? What
are the choices?

Many science-fiction witers dislike
"Earth" because it is so provincially
"English". This despite the fact that
English, or Unilang as one | anguage
scholar now calls it, wherever it is not
the first |language,is the second or third.

By far the npbst common suggestion
taken for granted as future-fact by sone
science-fiction witers and nany of their
readers is the Latin for earth=soil =l and,
i.e., Terra. Unfortunately, astrononers
have been anything but hel pful, and have
i ndeed been quite busy of |ate nami ng every
new y discovered continent-Ilike or high-
| and-1i ke region on other worlds mapped by
our probes, "Terra This" and "Terra That"
(Ishtar Terra and Aphrodite Terra are now
the officirl nanes of the two continent-
i ke highland areas on Venus).So the astro-
nom cal comunity has already unconscion-
ably turned "terra" into a commobn noun
even though other choices such as Creek
"chora" were available, and even though

versions of Terra are already in daily use
for "Earth" by 600+ mllion users of Latin-
sprung French (La Terre), Spanish (Tierra),
Italian, Portuguese, and Runmani an.

We coul d yet outsnmart the m schievous
astrononmers either by forming a new noun
wor ki ng back from the adjective terres-
trial, e.g, Terrestra, or by using Terra as
part of a conpound nane, as in Mariterra
for Sea-Earth. After all, nam ng a planet
whose surface is 3/4 ocean for the 1/4
that is |land, does betray a certain chau-
vinistic bias and | ack of appreciation for
preci sely what makes our planet so very
special! Littora,Latin for "shores", would
convey this same essential duality of our
world. O we might sinply call it QOceanus
and be done with it, although the diverse
ways in which the latter would be pro-
nounced around the world is a big drawback

Considering the problemthirty years

ago, my answer was to turn to the Roman
goddess of the Earth, Tellus. The genitive
of Tellus, from which the adjective is
derived is Telluris, thus Tellurian.
"Fellow Tellurians!" - it trips off the
tongue so lightly! This beats terrestria
(from terra) which is already being
commni zed, both as 'mundane', and as
referring to the solid-surfaced inner
pl anets in general

The Greek tribes used several vari-

ants of Ga, Gaia, Ce, Cea from whence our
own Geo- root. What about one of these?
First a phonetic observation: G foll owed
by E is pronounced hard in some | anguages
and soft in others. So GE, GEO, GEA, would
not be nutually recognizable to speakers
of diverse tongues. Further, the conbinant
geo- has lost its Earth-specificity via
prom scuous application to the study of
all solid-sufaced worlds by take-the-easy-
way- out NASA geol ogi sts who have bal ked at
using the nore correct selenology for the
Moon, areology for Mars, etc.

The ideal Creek-derived choice woul d
have been Gaia with Gaian as the adjective,
that is, until James Lovelock and Lynn
Margulis preenpted the word to signify
Earth-Life in general (which is certainly
a val uabl e achi everment in Earth-awareness

whet her or not one agrees with their "Gaia
Hypot hesi s" that Earth-Life or Gaia is an
entity inits ow right). The variant "G"

is available, but sounds I|ike baby-talk
cut short.
Terrestra, Mariterra, and Littora,

could be innovative solutions. But Tellus
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remai ns the one classic choice without |ia-
bilities. At the sane tinme it is scarcely
a household word. The plus side of that,

is that specialists wearing horse blinders
have yet to lazily and thoughtlessly
genericize it. But how could such a new
to-the-publ i ¢ nane be agreed upon the worl d-
around? It woul d probably take an interna-
tional canpaign and a near unaninous
United Nations resolution before Tellus
woul d start showing up in science fiction

novel s, newspapers, and textbooks.
Besi des picking a name for our
pl anet to be shared by all forevernore, we

m ght pick anot her nane for Earth-as-trans-
formed by the energing human planet-w de

civilization or technosphere, or for this
"planetization" itself, even as "Gaia" has
been pressed into service to refer to the

evol vi ng bi osphere of Earth. W could coin

"Ant hropa" from the Greek word anthropos
(= man, gender not specified) to serve
this purpose.

Havi ng a shared nanme for Earth, will

hel p foster the co-operative pride we need
to renew our planet and keep it "whole".
Still, Earth, by any name, wll ever be
THE nost beautiful world (and word!) known
to her far-scattering children. Your
conments are welcomre. < MVWM >

WHAT IS AN “EARTH-LIKE PLANET”?
Kokh
seen the phrase

by Peter

We've all "Eart h-
like Worlds" but just what does it nmean?
Different things to different people, of
course. And that's because it is intrinsi-
cally inprecise, since there are so many
varying definitions of just what the
"essence of Earth" is. Sone people use the
term in contra-distinction to the gas
giant planets like Jupiter and Saturn,
Uranus and Neptune (which actually should
be subdivided in two pairs, just as | have

done, and not |unped together!) In this
sense they use Earth-like to refer to
solid-surface rocky silicate planets such

as Mercury, Venus, Mars.

But for those who yearn for the
prom sed era when humanity wll venture
beyond the Solar System and reach for the

stars, "Earth-like" conjures up worlds of
continents and oceans, sweet oxygen rich
air, teenmng plant and animal life. In
contrast to the first exanple, this use of
the term goes much too far in the other
direction. For Earth itself would only
have met this test of "Earth-like" in the
last current fraction of its long history!
We nust get to the heart of the question
to find an altogether different, |ess
anbi guous, phrase.

Until the second half of the 20th
century,it was the comon belief that the
continents forned in their present posi-
tion. There was no attenpt to explain why
this continent had this shape, that one
anot her. These were taken as factitious
givens. True, nany of the nore inquisitive
had wondered about the teasing near match
of coastlines on both sides of the Atlantic.
In 1905 the German neteorologist Alfred
Wegner proposed a conprehensive picture of
how the continents nay have all been one
and slowy drifted to their present scat-
tered positions. But for |lack of evidence,
his theory was wi dely dism ssed.

In of the nost dramatic and exciting
of scientific paradigmshifts since Darwn,
a sudden flood of evidence from matching
m neral deposits, fossils, and traces of
pal eomagneti sm pouring in during the
sixties, confronted unprepared scientists
with the incontrovertible proof that
Wegner was right in general, though he had
many of the particulars wong. It was not
necessarily whole continents that drift,

but great plates of oceanic crust on which
the continents, or rather different sec-
tions of them rest. Wegner's suggestion
of continental drift gave way to nodern

"plate tectonics".

Evi dently, unimaginably slow cur-
rents of nolten rock deep bel ow the surface
nudge these plates this way and that,
hel ped by repeated volcanic outpourings
which rift continents asunder and push
apart the pieces and the plates they ride
upon. When sonething is pushed apart on a
surface of set size, obviously sonewhere
el se, sonet hing has to be squeezed together
or give way in sonme other manner. And so
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nost of the great nountain ranges on Earth
have been raised by continental and sub-
continental collisions taking nmllions of
years. Hard to grasp at first! But India,
once clearly part of the African |andnass,
crashing into the underside of Asia, has
rai sed the Hi nalayas. The Appal achian and
Atlas nmountains were thrust up in a prior
collision of North Arerica and North Africa.
Unt hi nkabl e? A few decades ago, but no nore.

Continental collisions are not the
only way pressure from spreading conti-

nents and plates is relieved. Oten in a
confrontation, one plate surrenders, so to
speak, diving below the other whose edge

rides up on top of it. The eastern Pacific
ocean bottom is being thrust beneath the
advanci ng west coasts of the two Anericas.
The coast-long deep ocean trench and
ranparts of active vol canoes are results.

It is understandabl e then that geol o-
gists still bursting with the enthusiasm
afforded by this new onrush of insights
into the shape of present-day Earth, are

alert for traces of plate-tectonics else-
where. We DO see great faults and rift
vall eys on other worlds. Mars' Valles

Marineris is an exanple - a gigantic 3000
mle long by 150 m .wi de equatorial canyon
complex too often unfairly and i nappropri-
ately conmpared with Arizona's G and Canyon
instead of with the equally vast, if not
nore vast, ocean trenches on Earth, or
better with Africa's great rift valley
systemincluding the Red Sea bottom

We see signs of incipient, quickly
stalled rifting el sewhere,even on the Moon.
And as to continent-resenbling features,
there is the great Tharsis Uplift on Mars
caused instead by eons-long continuous
vol canism And there are the two suspi-
ciously continental elevations on Venus,

Ishtar Terra near the north pole, and
Aphrodite Terra along the equator. W' ve
phot ogr aphed vol canoes caught in the act
of erupting on lo and Triton, and are
being teased by a growing nunmber of
i ndirect indicators of current volcanic
activity on Venus, such as |ightning.

Magel | an, the powerfully equipped
synthetic aperture radar probe now on its
way to Venus, will hopefully tell us the
story of our sister planet's (nearly same
size and mass as earth) past and present.
If there are "ocean-basin" trenches al ong

side "coastal" strings of vol canoes, that
will reveal very much. This is unlikely,
however. We already have enough | ower-

resolution radar imging of Venus to know
that there are fundanmental differences
between the structure of her "oceanic"
basins and those of Earth's. It is no
| onger clear that now bone-dry Venus once
had oceans that boiled away. |f indeed an
early ocean was present, it likely did not
survive long enough to be a major role-
pl ayer in the shaping of today's Venus.

Rol e-pl ayer? Yes, for it
water has acted as a lubricant in the
i ncredi bly slow nmovenment of crustal plates
and continents. The ocean bottom crust is
saturated with water, and when it is
t hrust below the advancing edge of a
continent, drags that conplinment of water
with it, down perhaps as far as 400 miles
bel ow the surface. Indeed we are likely to
find that on any world where there has not
been a significant hydrosphere (ocean),

seens that

i nci pient tectonic activity has been an
abortive self-snuffing episode. In con-
trast, Earth is a "HYDRO tectonic" world!

Is this the"new and i nproved" defi ni -
tion we have been looking for? It could
well be.lt is the oceans with the internal
heat of the planet that have shaped and
continue to shape our world.Is this plate-
tectonics necessary? Well without it, we
woul d not have the rich mneral deposits
that have fueled our technol ogical cres-
cendo. Nor might we BE in the first place.
For it is not only the slate-clearing by
peri odic asteroidal inpacts that has
al lowed stalled evolution to explore new
mani festations of |ife, but also the
continual separation and reconbi nation of
continental chunks. And wi thout on-going
renewal via nountain-building collisions,
any original continents would |ong since
have eroded away washing into the sea.
Only "HYDRO TECTONI C' worlds can be truly
"Earth-like", in both the geol ogical and
bi ol ogi cal senses of the term

So when you next day-dream of joining
some interstellar exploratory expedition,
searching for "Mclass planets" (to use a
Star Trek term, you'll know exactly what
it is you are |ooking for. Forget places
i ke Tatooine and Arrakis (Dune). W need
to look for worlds with enough ocean, but
not too much, and with active plate-tec-
tonics. Life will be nore than probable on
such worl ds and should develop in a catas-
trophe-punctuated way simlar to that
which "Gaia" (the new name for Earth-Life
as a living systenm) has experienced. The
state in which we find such worlds wll
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| argely depend upon their age which can be
estimated even from Earth via an in-depth
study of its sun's spectrum and circum
gal actic orbital characteristics

Some HTWs will be inpetuous raw
young worlds still awaiting the quickening
of Iife. Ghers will be dom nated by early
m crobial life and show signs of oxygen-
sweetening of the air. And there will be
those on which has appeared the netazoan
multi-cellular life that has dom nated our
own planet the past 600 nillion years (but
an eighth of our total history). And there
will be some on which the plate-tectonic
engi ne has slowy ground to a halt, bring-
ing any such world to the final eon-long
chapter of its history. Eventually its sun
would shine on a world gone the way of
Atlantis as the last continental remants,
no |onger being renewed, erode away and
wash into the thickening sea-brine

Can Hydro-Tectonic planets be
detected from Earth? Yes and no. The next
generation of space telescopes after
Hubbl e, mght be able to detect planets
the size of ours, and as close to their
parent suns as ours. Next we can | ook for
the characteristic signatures of oxygen
and nethane. These gases can only appear
on a hydro-tectonic world on which life
has already arisen and evolved to the
point where it can transform an original
carbon di oxi de atnosphere.

It would be interesting to equip a
deep space probe with instruments to
detect such a characteristic signature,
and see how far out from the Sun, we can
clearly detect Earth and tell what kind of
world it is. The proposed TAU m ssion
woul d go out one Thousand Astronom ca
Units, a thousand times as far from the
Sun as Earth's orbit, not quite six |ight-

days. (Neptune is only 30 AU, 4 It hrs
away.) It is the intention to use the
advantage of such distance to greatly

refine our parallax-based know edge of
star distances. An HT-signature device
(HTS) woul d nake a great bus-mate for TAU.

While it is unlikely that life can
arise in a fresh start except on a hydro-
tectonic world, it should be transplant-
able to other less friendly locales. And
good transplant |ocations nmay be nuch nore
nunerous. But that's another story! <MW

[ For an excellent,very readable, and well -
illustrated book on Plate Tectonics, m ght
we reconmend "The Restless Earth" by N ge
Cal der, Viking Press 1972, SBN 670-59530- 6]

( MWM#37 - Jul y 1990 )

REMADAS

“YARD’ AND WORKSI TE CANCPI ES

FOR LUNAR QUTPOSTS
[Artwork on Cover Page by Dan Mboyni han]
by Peter Kokh

Exanmine a picture of

an Antarctic

Base, and you will see a cluster of nmin
bui | di ngs awash in an unplanned, unkenpt
cluttering of fuel tanks, stockpiles of
supplies, new equi pnment not yet installed
and old equipnent already retired, trash
dunps and so on. Base architects have a

tradition of leaving to afterthought the
siting of necessary external paraphernalia,
the things that nmake base operations work.
Nor is such an unsightly hodgepodge of
| and use expediencies the only result.
Since the realities of base operations
were not taken into account, as only
i ndi vi dual structures rather than integra
functioning of the base as a whole - or
likely patterns of growth and evolution -
received attention, it is an inevitable
result that such sloppy installations
function rather less efficiently and |ess
safely than they m ght.

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 neglec-
ting patterns of likely land use in the
i mediate 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 inrediate vicinity
of the Base itself, and of its conponent

structures and facilities. There should be
a very thorough effort to identify and
categori ze the types of activities involved
and the intensity of use of these "yard"
spaces.

Current planning and design provi-
sions make no distinction between those
EVA activities on the base doorstep and
those spacesuits-required activities at
sonme di stance from canp. However, the rel a-
tively high intensity of usage of selected
close-in areas for storage,staging,repairs,
or other repetitive outdoors housekeeping
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tasks, offers us an opportunity to nake
such routine activities both safer and
easi er.

By designing |ightweight, nodular,

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 cosmc ray, ultraviolet, and
m crometeorite protection for these high
use activity areas. ["Ramada" is a Spanish
word conmon t hroughout our treel ess plains
and desert areas for the shade-providing
shelters at roadside rest stops.] Provi-
ding ramadas will allow those working in
such sheltered areas, while still exposed
to vacuumto wear |ightweight nore confor-
tabl e pressure suits. Under such inproved
conditions, those working outdoors could
put in more hours with significantly |ess
fatigue, with |essened vulnerability to
random miconmeteorites, and with reduced
curul ati ve radi ati on exposure

Such ramadas mght be attached to
various base structures thenselves, in an
anal ogy to awnings and |ean-to sheds, or
stand free but adjacent to them They
could cover an area continuously or make
use of overlapping panels to allow sone
reflected sunlight to ricochet between top
and bottom surfaces into the working
spaces bel ow.

Those whose assignnments take them
beyond such protected yard areas wll
still require the heavier nore cumbersone
hardsuits. For some such cases it may be
possible to design nobile or "redepl oy-
abl e" ramadas to use at tenporary sites of
heavy outdoor activity such as can be
expected in the field at prospecting sites
or with the time-consuning installation of
scientific equipnment, solar arrays etc.

Kevl ar fabric slung over franmes of
al um num poles, all brought from Earth,
could form the earliest ramadas. In the
l'ight "sixthweight" of the Moon, such
fabric would be nore than strong enough to
support an overburden-load of severa
i nches of loose regolith shielding. But as
Lunar manufacturing devel ops, gl ass-glass

conmposite panels covering glass-glass
conposite I|ightweight space-frames and
pylons, all manufactured on site, could

fairly early on becone the standard neans
of providing safe workspaces sheltered
from the avoidable "elements" that buffet
t he exposed Lunar surface.

We began this article by pointing to

a general unsightliness that has conme to
be characteristic of this country's
Antarctic bases. VWhile a strategy of
careful managenent of high-use yard space,

i ncluding the use of rammdas, would cl ean
up nuch of this clutter, on the Mon as
well as in Antarctica, that is certainly
not its principal merit. The unsightli-
ness, as nmuch as it grates, is but a
synpt om of the deeper ill of |ackadai sical
managenent of base operations. It betrays
an attitude which is of one piece wth

that sanme carel essness which breeds acci-
dents, both mechani cal and human.

Most will accept that we cannot
tolerate the expense of mi snmanagenment on
the Moon. Part of good base managenent
will consist in providing the safest
possi bl e routine working conditions. The

added cost of bringing along the materials
to erect rammdas over those highest-use
outdoor areas around the base will be well
justified.

Next tinme you see an artist's depic-
tion of a Moon Base, whether it cones from
NASA, the Lunar & Planetary Institute, SSI
or Eagl e Engi neering, ask yourself "what's
wrong with this picture?" If the grounds
| ook neat and wuncluttered all without
ramadas,the rendering will clearly be nore
akin to science fantasy than science fact.

If ramadas are essential facilities
for Lunar bases, no matter how absent from
base concepts currently in vogue, then a
national conpetition to cone up with sonme
good design options will be in order. Such
a conpetition should have three categories:
(1) for first generation bases, the npst
economi cal use of inported material; per
square nmeter sheltered; (2) for next
generation bases, early practical use of
buil di ng-materials nade on site; and (3)
nmobi | e and/ or redepl oyabl e ramadas for use
in the field. Prize nmney 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.

Al um num Kevlar, dass, and Steel, or
fromconstruction firnms. < MVM >

[This article is an expansion of an
abstract sent to AIAA in response to its
solicitation of ideas for Moon/ Mars
M ssions & Bases. Thanks to M chael J.

Mackowski of St. Louis Space Frontier Soc.

for alerting MMM to this opportunity.]
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BUTT- SAVERS I N THE OUT- VAC

by Peter Kokh

[For a related article, see "WEATHER', MW
# 6 JUN 87, republished in MW d assic #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 | ook black only
in conparison, slowy transit fromwest to
east over a two week period. Spots nearer
the equator are carried across the face
nore quickly than those near the poles
marking one rotation in about 25 days,
conpared to 28-some nearer the poles, and
as slow as 36 days at the pol es thensel ves.

Keep in mnd that sunspots, occur-
ring in pairs, mark places where intense
magnetic fields project fromthe surface,
and it becones clear that the Sun's over-
all magnetic field nust becone ever nore
tortuously twi sted and kinked with each
differential rotation until the pattern
finally can be maintained no nore. Such a
crescendo is eleven years a-building. At
the end of the cycle,the magnetic polarity
reverses, so that the overall pattern
repeats every 22 years

Solar flares mght be seen as the
bursting of solar-energy "dans" maintai ned
by great magnetic forces within these sun
spots. As the dam bursts, a flood-surge of
energetic particles heads out fromthe Sun
at an appreciable fraction of the speed of
light. Light takes 8 1/3 mnutes to span
the distance between the Sun and Earth
(= 93 mllion mles = 150 mllion km = 1
Astronomical Unit) so when a flare is
spotted (if anyone,anything, is watching!)
we have only a few nmonents before the
deadly storm hits. For the associated X-
rays advancing at I|ight-speed, the only
war ni ng possible is a nmeans of predicting
such eruptions.

On Earth we are sheltered from the

full fury of such lethal solar flares
first by the Van Allen radiation belts
mai ntained by the Earth's own nagnetic
field, and then by our atmospheric

bl anket. Nonet hel ess, enough energy sone
tinmes gets through to disrupt radio comu-
nications for hours, even cause nassive
power outages by inducing current surges
in transformers and transm ssion |ines.
Though the inconvenience for us is nld in
our protected cocoon, and while they cause
spectacul arly beautiful auroras, we can be

grateful that flare seasons cone 11 years
apart.

The nost intense portion of a flare
onsl aught can be over in just mnutes or
last a few hours. Beyond the Van Allen
Belts, the need for shelter is imediately
pressing. Flares can occur in clusters and
single flares can have the energy of
hundreds of mllions of hydrogen bonbs.

The direction the torrent takes is random
depending on the location of the source
spot on the solar surface

Unless we are to limt our activi-
ties on the Mon, and throughout space in
general, to quiet-Sun years, two things
nmust receive priority attention:

1. developing a Flare Early Warni ng system
2. devel oping a network of stormshelters
wi t hin reach.

The first need is touched on briefly
in the earlier MW article cited above
The second requires nultiple strategies.
On route to Mars, we can put all the fue
and cargo and equipnent sunward of the
passenger cabin (the "P.O S.H " strategy:
Passengers OQutfacing, Sunfacing Hold).
Com ng home with enpty holds and tanks
presents a nore stubborn problem But here

we want to highlight situations on the
| unar surface.
Lunar bases, habitats, factories,

and whol e settlenents will be sufficiently
protected by the same 3-4 meter thick
overburden of |oose or bagged regolith
shielding that shelters them from cosmc
rays and mcro-nmeteorites. Surface activi-
ties in the inredi ate nei ghborhood of such
sites should present no problem even in
high flare season. But in tine an outpost
or settlement will be joined by others as
the lunar beachhead transfornms into a nore
"world-like" SET of human places. How do
we protect those traveling between such
protected sites?

Surface vehi cl es can be desi gned top-
heavy with batteries, fuel cells, cargo
and ot her heavy equipnent on top - that's
sound practice anyway, and the center of
gravity problem can be handl ed by |onger
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wheel bases and wi der tracks - no problem
when the cost of real-estate and right-of-
ways is moot. Wiile these neasures will
reduce routine exposure to other hazards,
they may be less than adequate during
solar flares, especially when the Sun is
at a low angle over the horizon. Ports in
the stormw |l be wel cone.

Open ended nort h-southfaci ng quonset -
type shells covered with a couple neters
of soil, situated at intervals along
established routes, could harbor a nunber
of vehicle emergencies. How close will we
need to put then? Obviously that depends
on things we can't pin down as yet. First,
how nuch early warning tinme can we expect
(= how much time do we have to take cover)
and how much ground can vehicles traverse

while the clock is ticking. W'll want a
reassuring margin of safety.
The need to reach shelter with tine

to spare and the relative expense of
erecting such flare sheds could put a rea
prem um on vehicle sw ftness, well-graded

roadways, or both. Excursions off-the-
beaten track in "shedl ess areas" may be
limted to enmergencies, during flare
season. The alternative is to trave

during the 2-week-long lunar nightspan in

the "lee" of any storns. This may work to
confine lunar "rural" outposts along
established routes between nmmjor settle-
ments or to provide stormcellar-equipped
vehicles to service the less frequented
rout es.

Over time, if traffic increases
warrant it, some of these flare sheds

could grow into nmore full-featured facili -
ties: enmergency comrunications, automatic
self-replenishing liquid oxygen depots,
drop-off points for fuel cell water to be
automatically electolyzed by solar power
back into Iiquid oxygen, and hydrogen, for
fuel cells of other vehicles, hoist-
equi pped repair ports, unstaffed hostel-
type bedroom space and so on. Eventually,
some such oases mght even become the
first hunbl e begi nni ngs of whol e new t owns.

The way |unar devel opnent proceeds,
fromthe placenent of outposts, the design
of vehicles, and the preparation of road-
ways - nuch that wll shape the unique
character and feel of the Lunar Frontier -
will trace back to this need to cope with
the occasional deadly solar flare. Storns
do have their usefulness! - < MW >

FRI NGE BENEFI TS

OF | NTENSE LUNAR SUNSHI NE

by Peter Kokh

the pluses of cloud-free
access to the wundimnished strength of
sunlight on the Mwon are too obvious to
need listing.The key words: heat, electric
power, light, photosynthesis. On severa
occasions we've also nmentioned a solar

Most  of

benefit easily overl ooked:the considerable
endowrent of gases adsorbed to regolith
fines (pul verized upper soil blanket) from
four eons (billions of years) of bomnbard-
ment by the weak but incessant Sol ar W nd.
["Helium 3" & "Gas Scavenger"™ in MW # 23
Mar ' 89 - republished in MW O assi cs #3]

In this witer's phil osophy, anyt hi ng
what soever has only assets. Apparent liabili-

lities are just that, appearances things
have when one's outlook isn't right: when
our know edge is inconplete,our assessnent
i mature, our attitude is not quite "gane.

The usually cited liabilities of the
Sun's unbridled stellar fury as it |ashes
the Moon are these: intense raw ultraviol et
radiation and "fortunately rare" deadly
blizzards of ionized particles traveling
just below the speed of |ight, originating
in solar flares. Qur bias suspects both of
bei ng assets in disguise.

M ght we not quit broodi ng about the
dangers of UV exposure for naked flesh and
plant matter, |ong enough to investigate
whet her or not this area of the solar
spectrum has any potential as an industrial
tool? Surely there is incentive enough to
pursue the question

For there is a seemngly endless
litany of chemi cal and industrial processes
routinely used on Earth, often with unwel -
cone side-effects, that do not |lend them
selves at all to lunar application. Either
they involve materials that are too expen-
sive to make available on the Mon, or
they would soon be lethal in the unforgi-
ving, tightly closed, quickly cycling m ni
bi ospheres we'll need to cradle our exis-
tence on our barren neighbor. G ven these
strictures an our activities, discovery of
nore Moon-appropriate fornms of processing
woul d be rather wel cone.
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On Earth we're addicted to "i nproving"
and/ or "disguising" surfaces of various
materials with coatings and/or chem cal
treatments that would be taboo for one
reason or another on the Mon. Looking for
alternatives, we might ask what would be
the effect an various alloys, types of
gl ass and ceranics etc. of various |engths
of exposure to full-spectrum ultraviolet?
We have no idea, but shouldn't someone
endeavor to find out? (Full-spectrum WV is
not yet naturally available on Earth but
give the Ozone hole tine to grow)

By the use of suitable resists or
stencil overlays,could sone types of glass
and sone alloys be etched and/or textured?
If so, could this become an art and craft
met hod as well as a manufacturing process?
If satisfactory fiberglass papers or scrim
can be devel oped, could we print-inpreg-
nate this with oxides that would "devel op"
gi ven raw W exposure?

Per haps these ideas are farfetched
idle musings of an arnthair chem st. But
we would be sorely disillusioned if sone
happily serendipitous results didn't cone
out of an honestly far-ranging set of
experiments. WIIl the tests on the LDEF
(Long Duration Exposure Facility) finally

retrieved this past Decenber by the Space
shuttle Colunbia, carry useful clues?
Undoubtedly six years of raw UV exposure

has done its work on the LDEF trays, but
it my be difficult, if possible at all,
to sort out these various effects fromthe
snot heri ng and nmaski ng corrosi on expected
fromorbit-altitude atom c oxygen.

We have already suggested [ MW # 31
Dec '89 "Ventures of the Rille People"
Part V.B. Hydro-electric Storage Systen?]
that the well known germcidal and bacter-
icidal effects of raw UV be put to work in
waste water treatnent. (G ass filters out
W but quartz panes let it pass through.)
Raw ultraviolet nay also play a role in
food processing and preparation.lts tissue-
destroying ability m ght be harnessed as a
fine-honed tool in various other ways such

as "sun"-printing cotton, |eather, and
jewelry woods. Raw ultraviolet can be
reproduced in Earthside labs and, with
proper safety precautions, the fun of

expl oring such possibilities can begin now.
Wth so much of today's sophisticated

processing techniques unsuitable for use
in lunar conditions, the settler econony
will need all the help it can get.lnvesti-

gating the effects of raw full-spectrum

ultraviolet on the likely stable of Iunar
materials woul d be a good start.

The opportunity to put solar flares
to work will be quite sporadic. But there

will be ways to turn that
an asset also. < MW >

OWRI HeL10$ DAL
R COPERNICA

SHOULD “THE SUN' HAVE A NAME?
by Peter Kokh

Wi le many could perhaps care |ess,
it seenms appropriate to this witer at
| east, that all peoples of Earth share one
common nanme for their life-giving star.
This is hardly the case.

"The Sun" is one single word into
whi ch we put two quite distinct references.
First, "the Sun" is our nane for a parti-
cular star, the one we orbit. Second, "The
Sun" is a vocational relationship which
makes this star special: it centers a
pl anetary system which it bathes with
warnth and life-giving energy.

liability into

In the first sense, "the Sun" is
very unique, our very own star. In the
second sense, it is a relationship of

fostering paternity (and the origin of the
idea of "the Deniurge" with sem -divine
co-responsibility for our existence). And
this relationship is nost |ikely not
uni que. Any star with planets is, for
them "the Sun". 'Sun', then is a word a
lot like 'Father' and 'Mther', i.e. a
title rather than a nane.

So long as mankind's horizons and
its expectations of spreading domain do
not overflow the Solar-System of-our-
Origin, this dual function word serves
reasonably well. But as we consider the
eventual out-mgration forming a human
di aspora that could include any nunber of
"sol ar systems", the need to come up with
a non-generic name for our Sun becones
i ncreasingly rel evant.

Al nost al | science fiction witers
who have been faced with the problem have

taken to referring to our Sun as 'Sol'.
This choice has two burdensone liabili-
ties. First, "Sol" is, once nore, "the Sun"
in another |[|anguage, ancient Latin.
Second, the deri-vative, "solar", wll
very likely be used generically of all

pl anetary systems, and of all star-planet
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relationships. In this light, "Sol" nakes
a rat her poor and unhappy choi ce.

Ot her than Latin, we could borrow
from the other classic |anguage of anti-
quity. In Geek, the Sun is Helios. And
again, the derivative, "helio-", is also
already in use in a general sense (e.g.
heliostats) and is |likely to go with us to
the stars as yet another generic. One way
around this particular problemis to coin
slightly altered adjectives to refer to
out particular parent-star and its realm
For exanple, we could say Solaric System
when we are referring to our own, and use
solar systems in the generic. | can't
think of a plausible parallel for helio-
serving the same specific function, but
I'"m sure Greek-adepts could coin one. Then
it becones a matter of public education

What about the ancient G eco-Roman
god of the sun, Apollo? Alas, the word has
exi sting currency (manned |unar program of
the sixties) making it a confusing choice.

Al ready well known, sinple, and
easily internationalized, is "Ra", name of
the ancient Egyptian sun god once revered
in Heliopolis. But a case could be made
for "Bast", another Egyptian deity who
represented "the life-giving power of
sunlight". Also |ees known is the ancient
Sanskrit "Ravi" and H ndu "Surya".

Quite a different solution would be
to give our own Sun a proper nane adapted
fromthat of a figure in world history who
pl ayed sone especially significant role in
our understanding of the Sun's place in
the schene of things. My vote would go not
to any recent solar astronomer but to
Copernicus, the first of our species to
teach effectively that the Sun, not our
Earth, is the center of our system Now
his name is already given to a very
prom nent |unar nearside crater. One way
to avoid confusion would be to use a
variant form of his nanme. Instead of the
ori gi nal harsh soundi ng Polish "Kupernik",
we could use a feninine formof the comon
Latinization i.e. "Copernica". Admittedly
this flies in the face of the al nobst uni-
versal chauvinist convention of using only
mascul i ne nanes for the Sun, with feninine
ones reserved for Earth, i.e. the Earth-
Mot her/ Sky- Fat her thene of fol k nmyths.

Perhaps you would |ike to suggest
yet anot her choice? My own preference? |'d

say "Copernica" and "Ra", in that order,
over the other options |isted above. But
it's a wide open question! < MVWM >

QOCEANIDS
EURCPA- LI KE WORLDS NMAY ABOUND

by Peter Kokh

Ever since the ronmantic pre-space-
age vision of a planet-w de ocean on Venus
was so cruelly burst by the radar detection
of surface tenperatures there in the 900
°F range, and since our probes showed that
the atnosphere on Mars was too thin to
allow liquid water to subsist on its sur-

face, we have had a grow ng appreciation
of our water-laden home planet for the
very special oasis which it is. But the
revised popular notion that, in all the

Sol ar System Earth al one has appreciable
reserves of liquid water, is m staken

Anot her Water Wrl d?

On their fleeting passes through the
Jovian system the four Pioneer and
Voyager probes revealed an ice-crusted
Europa, with a surface that has been aptly
described as "snmooth as a billiard ball".
Absent are any crater relics of the
earlier epoch of whol esal e bombardnent by
debris left over from planet-formation, an
ordeal apparently experience in conmmon by
all the planets and their noons. Europa's
brilliant white crust is crisscrossed by
narrow browni sh streaks that show no topo-
graphic relief (height or depth). d oba
el evation differences do not nuch exceed a
t oken hundred neters or so

Apparently, the ice crust of
moon is thin enough to fracture
internal pressure from time to tine,
letting a water-brine of sone sort erupt
out onto the surface, quickly freezing the
fracture shut. Europa, it seems, has an
ocean! Water and vacuum do not socialize
But ice and vacuum get along quite well.
Thus a thick enough self-derived icy
"firmament" can contain an ocean just as
effectively as a thick atnosphere.

However, sone source of internal heat
is needed to keep the ice crust fromthick-
ening until that's all there is. Europa, a
little smaller than the Mon (1942 mles
versus 2160 mles in dianeter), is hardly
bi g enough either to have |ong-retained
any residual heat of formation, or to have
undergone sufficient internal heating from
radi oactive materials in the rocky silicate
crust that probably underlines its ocean -
we know Europa's mass, hence its density,
and can argue fromthat. O the four great
Jovi an noons, Europa is the second cl osest -

this
under
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in,and that's near enough to provide contin-
uous heating from the tidal stress that
characterizes its l|location deep down the
throat of Jupiter's nmssive gravity well.

Europa: nore water than Earth?

The guesstimates |'ve seen are that
the ice crust is no nore than 2-3 niles
thick and that the gl obe-envel opi ng ocean
bel ow could be 60 nmles deep. Even consi-
dering Europa's smaller size, 1/4 th the
diameter and 1/16 th the surface area of
Earth, that still anpbunts to 1.8 tines as
many cubic mles of water as in all Earth's
oceans (back-of-the-envel ope cal cul ation).
Any hypot heti cal Europans woul d be anused,
if not chagrined, to read of Earth's boast
to be the "water planet"!

A proper nanme for Europa' s Ccean?
In anci ent nythol ogy, Rhadamant hus
was the son of Europa by Jupiter.
So The Rhadamant hic woul d seem an
especially appropriate choice.

A M nd Probe of Europa s Ccean

Europa and its ocean supplied the
supporting theme of a nmajor notion picture:
Arthur C. Carke's "2010". What night the
conditions in this ocean be |ike? W woul d
expect it to be devoid of dissolved oxygen.
But any gases vented by submrarine vol canoes,
a plausible feature, once they reached a
certain saturation point in the water, nmay
keep collecting in gas pockets below the
i ce,eventual ly building up enough pressure
to fracture it in the manner our probes
have observed. There could also be some
di ssolved salts, not from any sedinments
washed down from eroding protrudi ng conti -
nents, of course, but from ash vented by
t hese sane conjectured submarine vol canoes.

Deep Ccean Life on Europa?

G ven the light Moon-like gravity,
even at sone sixty mles down, the water
pressure would be only half that in the

Mari anas Trench in our own Western Pacific.
Exciting? Conjure up story plots? Hold on!

Ent er another discovery 400 mllion mles
sunward, down hone in Earth's own ocean
depths. Scientists have found thriving

teem ng oases of ocean-bottomlife huddling
around deep sulfur-rich hot water vents on
the md-ocean ridges. Here in the absence
of appreciable dissolved oxygen, hitherto
totally unsuspected well-diversified col o-
nies of life-forms evidently descended
from famliar varieties - yet strangely,
grotesquely, and beautifully evolved -
live out secluded |ives feasting on their
exotic dietary bonanza, in a darkness

whose totality is sonmetines punctuated by
the orange glow of quickly cooling erup-
ting lava. We had once thought that al
food chai ns, nust begin wi th photosynt hesi s.
Evidently, hot sulfur-rich mneral-I|aden
water jets provide nourishnment and energy
enough upon which to base whol e indepen-
dent ecosystens.

[ For an anmply-illustrated early account,

see National Geographic. Novenber 1979]

It is the safer assunption that life
could not originate in Europa's ocean - or
that it could not have gotten nuch further
than sul fur eating bacteria. On Earth,
even if the sulfur-eating organisms at the
bottom of the hot-vent food chains are
native to such sites, the diverse nulti-
cellular nmetazoan creatures such as the
tube worms we now find there, are surely
cousins to long-famliar varieties and co-
descended from ancestors that had evol ved
i n oxygen-rich, photo-plankton fed ecosys-
tems in nuch shallower seas. Yet it seens
equally plausible that we m ght someday
successfully transplant some denizens of
our own ocean bottom vent colonies there,
at the bottom of the Rhadamanthic. We
could then hang around for some centuries
to watch their progress from stations on
the ice-crust-firmanment above, using tele-
nmetry and tel eoperated benthic probes.

W need to take a | ook-see
Where is the imgination of our
pl anetary scientists that they have not

yet brainstorned a mission to dispatch a
drill-equi pped probe to Europa? Well
drilling through sonme nmiles of ice is far

nore anbitious-as renpte robotic nissions
go - than anything we've attenpted to date,

even skin-pricking comet penetrators. This
is a mssion for the next century, one
that will generate a |ot of suspense and

Now t hat we have found relics
probably now extinct, native

expectation
of ancient,

mcrobial life on Mars, shall we soneday
find evidence of existing microbial life
in Europa's ocean? How far and how
diversely will it have evol ved?
Are there other water noons?

Sonme have suggested that Europa's

| arger siblings, Ganynede and Calli sto,
with 3.3 and 2.4 times as nmuch surface
area respectively, also may harbor vast
oceans under their dirty ice crusts. But
it is clear fromthe near saturation inci-
dence of slunped craters on their surfaces
that the ice crust on these noons nust be
substantially thicker, and that as a
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consequence, water from below is far |ess
likely to work its way up. Both npons are
too far renoved from Jupiter to benefit
fromtidally-induced heating. So it seens
nmore likely that any oceans there are |ong
since frozen through

Saturn’s close-in Enceladus also
sports a smooth bright icy surface appar-
ently regenerated in recent tines. Again,

tidal heating and water venting are suspect.
Whet her this nmuch snaller world, only 310
mles across, still has a mni-sea under
the visible surface is sonething el se.

Life-friendly "E-O ass" Pl anets
May Vastly Qut nunber "M C ass" Wrlds

What ever the case for Ganynede,
Callisto, and Enceladus, in general, the
conditions for the formation and mainten-
ance of Europa-like mon worlds seem
rather easy to neet in the vicinity of gas
gi ant planets. And gas giants should be
quite comonpl ace throughout the gal axy.

It will matter little if the Jove-like
primary of the candi date noon does not
orbit a sun-like star. Mght they not even

circle rogue gas giants and isol ated brown
dwarfs in the sunless interstellar reaches?
(Brown dwarfs are dud wanna-be stars with
not quite enough mass to trigger or sus-
tain nuclear ignition and thus becone true
"stars". The jury is still out on whether
they are relatively rare, or far nore
abundant than all other star types.)

[As of 4/'00, simlar sub-ice oceans are
strongly suspected on both Jupiter's noon
Callisto, and Pluto's noon Charon. - PK]

As Europa is one of a class of very
special worlds that we mght search for
el sewhere we'll need a generic nane for
them One possibility is "oceanids", pro-
nounced oh-SEE-a-nids. In nythol ogy, the
oceani ds were daughters of Oceanus and
Tet hys. But "europids" (yoo-ROH-pids )
would also work, taking their name from
the first of the class to be discovered.

VWhat really gets the juices flow ng
is the possibility that Europa-like worlds
are far nore conmon out there than Earth-
i ke ones, outnunbering them by perhaps a
t housandfol d, or nore. W ought to make it
a top priority in the next century of two
to see what we can do with Europa - exer-
cising all due environnental caution, of
course. Farmi ng the sub-glacial oceans of
such noons could be an alternate ticket to
the uni verse, one which many a star-faring
civilization has adopted for its main
thrust.

VWhat would a humanoid culture in a
Eur opa-type setting be like? How would it
devel op? Wul d they live like the fictiona
survivors of sonme sunken Atlantis -subject
of several science fiction film and TV
epi sodes - in pressure resistant glass and
netal "bubbl es" within which they breathe
air - and live, work, and play nuch as we
do? Hey, if you're looking for a fresh
twi st for your science fiction novel, why
not brainstorm such a "stranger in a
strange |and" type of culture? Wat vyou
come up with mght be a truer caricature
of the galactic "beyond-the-cradl e nain-
streant’ than is the world and civilization
into which we've all been born. < MVM >

(M\/I\/I#SB - Sept enber 199@

Conepts of Regolith Prinmage

A “Do or Die” Key to Lunar
I ndustrial -Agricultural Success
by Peter Kokh

The pre-tilling of the Mon
Through eons of neteorite bonbard-

ment, lunar soils have been extensively
"gardened” or turned over vertically, and
even m xed horizontally - up to half the

surface materials in any given area is the
i mport of splashout (inpact ejecta) from
areas nearby and distant alike. On Earth
m neral - based industries have been able to
t ake advant age of enriched and concentrat ed
deposits - a result of eons of geol ogical
processes peculiar to our planet. Wile
undoubt edl y sonmewhat nore favorabl e concen-
trations of a few mnerals do occur on the
Moon (honpbgeni zati on provided by bonbard-
ment not being 100% thorough), in genera
lunar settlers will have no choice but to
meke do with deposits we would shun as
"uneconomi c".

VWhile the Mon is richly endowed, in
a gross sense, the lunar economy wll have
the nuch nmore difficult job of separating
out or beneficiating the desirable nminerals
prior to processing. No one should inmagi ne
that just any system of |unar m ning-based
economnmy woul d guarant ee success.
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In "Gas Scavenger" [MW # 23 p.4
March 1989 - republished in MW Cl assics
#3] we pointed out that if we religiously
extracted the pure iron fines and all the
Solar Wnd deposited gases from any and
all regolith that we had to nove or handl e

anyway, we would then accunul ate potenti -
ally valuable reserves, at |ow cost, that
could be one principal neans of diversi-

fying the settlenment econony. W have to
move regolith in excavating for shelters,
in covering themw th shielding, in grading
roadways, and in providing raw materials
to ore processing facilities. Ilron fine
renoval (by nagnet) and gas extraction (by
heat) capabilities should be an integral
part of ALL regolith-noving equipnent, we
counsel ed.

Agricul tural Needs

Let’s carry the argunment further.
Apparently, some of the things that worry
lunar agriculture researchers nost, are
actually characteristics of 'gross' |unar
regolith easily changed in the handling
process. After all, settlers won't be erec-
ting domes over undisturbed lunar regolith,
then attenpt to farm this raw soil. W
will be building pressurized agricultural
nmodul es of whatever volume - and then,
moving regolith fromthe outside into the
prepared beds within.

Researchers worry that the 15-20%
fraction of regolith which is ultra-fine
powder of less than 0.25 nm grain size,
fine to mediumsilt, will clog soil pores
| eading to water-logged soil. In the Mon's
light 'sixthweight', water wll percolate
through the soil nore slowy; thus we wll
want somewhat coarser soil than is ideal
on Earth. In the course of bringing rego-
lith-soil in from the outside, this fine
silt can be rempved by vibration-sieving
or by 'wi nnowi ng'. As a bonus, this unwanted
fine silt may have a higher content of
adsorbed Solar Wnd gases; also it may be
easier to process in some ways (glass?,
ceram cs? etc,) than less refined 'as-is'
regolith.

The 75% ideal medi um sand-through-

coarse-silt 1.0-0.25 mm fraction is next.
A 3rd sieve renoves |arger agglutinate
gl ass nodul es which can then be trans-

formed-into zeolites by mId hydrothermal
processi ng [ 150<sup>o</sup> C, 0.3 MPa, 76
h]. Zeolites are hydrated silicates of
aluminum with alkali netals (K, Na) and
cavity-rich crystal lattice structure.
They can be used as catal ysts, adsorption

medi a for gas separation,
i nsul ati on, and nol ecul ar
sieves. And added back
into the “soil”, they wll
enhance mineral ion tran-
sport to plant roots, espe-
cially in early "immature' soils not yet
fully colo-nized by mcro-organi sns nor
| aden with organic matter. How to provide
for suffi-cient mneral ion transport in
regolith-derived soils is thus another
needl ess worry on the part of researchers.
[In view of these possibilities, | am
rather critical of the value of |unar
agriculture experinments that use any | unar
simulants fornulated on the unexam ned
presupposi -tion that we will be stuck with
using crude raw regolith.]

The remant after this last sieving
operation woul d be | arger rocks (aggregates
and breccias) that could serve well as
gravel fill, for lunar concrete. So, just
by including this nulti-step vibra-sieving
operation in our "Regolith-nover", we wll
have (1) enormously enhanced the chances
of success for lunar agriculture; (2-5)
started businesses in nolecular sieves,
gas- separation, catalysts, and insulation;
(6) supply the highly refined material
needed for processing; and (7) supply
coarser material for 'lunarcrete' mx.

A third worry of the Lun-Ag people
is potentially toxic levels of chrom um
and of nickel in regolith-derived soil.
Their concern is perhaps nore justified
with chromium as observed nickel concen-
trations are possibly tolerable. How we
could nake use of regolith pre-handling
opportunities To extract a significant
fraction of the Chrom um contai ning
m nerals (e.g.sone spinels) is a nice chal -

Il enge for the chem cal -engi neering types
anong our readers. How about it?
A Tool for Many Needs

Now that's quite a work |oad for our
everyday Lunar 'Lith-Mver! Ilron fines;
Sol ar Wnd gases; silt for processing; Ag-
grade soil; zeolite feed stocks (gl asses)
for agriculture filtration and insulation;

gravel for lunacrete; chromum ores. W
can obtain all these in the very handling
of regolith, prior to all other forms of

processing - including oxygen-extraction
and gl ass-gl ass conposites (G ax) produc-

tion. For these collective First Fruits, |
propose the term “Prinmage.” [Mst diction-

aries define this term solely as a safe-
handl i ng bribe paid by a shipper to ship's
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captain and crew. But as a suggestive
precedent, the O. E.D. also has: “the
anount of water carried off suspended in
the steamfroma boiler” (about 3%]
A Primaging 'Lith-Mver

Goi ng through all the bother of care-
ful regolith-primge, nuch |ike scraping

and sandi ng the | oose paint before repain-
ting, will seem to nobst a thankless and
unwel cone ritual. There will be a strong
tenptation to dismss the need. But the
settlement that adopts primging as a
transcendental inperative, wll have a
significant head start towards econonic
diversification and sel f-sufficiency.

Primaging could be the well-spring
both of prosperous lunar industry and of
productive lunar agriculture. Devel oping a
practical, sinple and rugged "Prinmaging
"Lith-Mover" should then be anpbng our very
hi ghest priorities. < MVWM >

L Unar
Nat i onal
Agricul tura

eXper i ment
corporation

Logo by Fred Fl ei schmann and Peter Kokh

Report by Peter Kokh

The Birth of LUNAX

There is a new kid on the block in
the effort to pre-develop the repertory of
technol ogies that will soneday enable us
to establish the sizable self-supporting
settlenments on the Mon that will at |ast
make mankind a nmulti-world species. Sone
people, it is true, still |abor under the
assunption that such a grand goal is nerely
a matter of noney, hardware, and nati onal
will. Leaving them to their conforting
illusions, some of us in the Lunar Recl a-
mation Society Inc.,,[ML.R S. incorporated
under this name July 30th] have quietly
started to peck away at the still grow ng
| oad of homework that will really be
necessary, in the hopes of finding ways to
contribute which will test the limts of
our collective talents.

In the process of working on our
entry in NSS Space Habitat Design Conpeti -
tion (1989) Lunar Base Category, alerted
by a"whoa!"from col | aborator Joe Suszynski
of Chicago, the new M| waukee Space Tech &
Rec team identified one serious potential

show- stopper. Unlike a smaller outpost
probably powered by a nuclear reactor, a
| arger settlement may be economically
strapped to use that energy available to
it in as efficient a way as possible - at

| east until prosperity from trade reached
a point where the settlers could burn up
the ergs in a nmore customary carefree

American style! To get the community's
vital food crops through the fourteen day
I ong lunar nightspan with the sane anmount
of light provided 'free' by the Sun during
dayspan, would take a power generation
capacity several tines as large at that
needed to take care of all the settlenent's
ot her needs such as construction,industry,
transportation, air/water circulation and
treatnent, etc.

A Need to Experinment

Realizing that any settlenment's
success mght in large part depend on
knowi ng how little and/or how infrequently
their plants needed a light-fix during the

ni ght span to coast until the next dayspan
growm h period-and still produce an accept -
abl e harvest - our SSI support group,

M | waukee Space Studies Team (M SST) put
together a small panphlet ained at enlis-
ti ng hone hobby gardeners. "Cuidelines for
Experiments in Lunar Agriculture" is
slowy getting nore exposure and sparKking
lots of interest. However, interest is
pai nl ess (i.e. cheap). Taking the trouble
to carefully performthese |ighting exper-
iments in one's basenment or garage on a
pl ant species of one's choice seens to be
another matter. Sinply put, the data from
our rag tag green thumb arny of enthused
participants is not flooding in. W wll
need |lots of data on |ots of different
pl ants. Even though it will not be poss-
ible to rigorously control experiment
conditions,a |lot of data m ght yet provide
a good enough signal to noise ratio to
enable us to pick out significant results
from spurious ones. But how do we get that
fl ood of data?

[Early Soviet experinents showed that if
the plants are sinply chilled to a few
degrees above freezing, they would
survive two weeks of darkness just fine,
springi ng back during the alternating
two weeks of light-feast to produce good
yield. Eric Drexler, while still in high
school, perforned a sinmlar closet vs.
refrigerator type experinent with corro-
borating results. But even though tenp-
eratures would fall off once the Sun had
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set, at a rate that depended on the

ef fectiveness of the insulation and the
anount of the thernmal nass within the
farmng unit, it might still take a
consi derabl e energy expenditure to

i nduce the proper chill level, all at
once, then maintain it - even if heat
punps were used to dunp the heat into a

eutectic salt or water reservoir from
which it could be recovered near the end
of ni ghtspan, when heat was nobst needed.
Chilling the crops may be one part of
the answer - but we still need to know
al |l our options!]
Getting Organized
To the rescue, MRS nenber-at-|arge
David A. Dunlop of Green Bay, Wsconsin; |

first met Dave at the '89 Neptune/Triton
Voyager Encounter party at the Fox Valley
Pl anetarium in Menasha a year ago. Dave
became quite enthused-about our Prinzton
Lunar Base design study. That fall, he
started making the long drive down to
M | waukee twice a month to take part in

our brainstornming sessions on a possible
book to expand upon our Prinzton study

These sessions would often last into the
wee a.m hours, after having adjourned
fromthe Central Library's Od Board Room
to the nearby |-Hop, or sone all other 24-
hour eatery.

When we took up the proposed chapter
on Agriculture and the Biosphere, Dave
became riveted on the challenge of the
quite linmted extent and rudi mentary | evel

of appropriate experience and know how
avail able. Not only do we need to know all
our lighting options, we need to know how

to transform sterile Soil that has never
known air or water into a medium that can
sustain its crop yield season after season
not just once. We needed to determ ne what
pl ants, and what m croorganisnms, would
work together in a very limted ecosystem
W needed to know a lot of things. And in
point of fact, all we really know now is
that we need to know one heck of a ot nore!
Late one evening, Dave's call inter-
rupted Star Trek TNG with a challenge. W
need lots of data and it sinply isn't com ng
in from individuals. Wy not organize the
"Lunar N ghtspan Hardi ness" Experinent and
perhaps some other suitable agricultural
experinments and then enlist High School
Sci ence Teachers, with the hope of getting
nore data, and data of better quality? Not
being one to cone up with an idea and then
go hide, Dave inmmediately started network-

beginning with fellow Green Bay NSS
menmber Neil Wal ker, high school science
teacher. Through Neil, Dave got in touch
with Ed Mieller in Neenah, Secretary of
the Wsconsin Society of High School
Sci ence Teachers. Further calls uncovered
consi derable interest, even enthusiasm
for the idea

Next Dave started calling
pr of essional researchers in the field,
with NASA connections, to solicit their
i deas and coments. This was 'rough work',
especially considering that NASA's efforts
have concentrated on the food supply and
bi osphere needs of very limted small
outposts - unrealistic nodels for what we
proposed to do. Mdst of the Pros seened to
take it for granted that we'd have all the
lighting energy we wanted on the Mon, and
that crops would be raised in isolated and
automated phone booth size pressure
chanbers. Once Dave backed up and expl ai ned
to them our nuch nore anbitious perspec-
tive, they showed a heightened interest,
curiosity, and willingness to give advice
and assi stance.

Now that we began to feel confident
that we had found a pronising approach,
the task became one of organizing. On June
23rd Dave and | drove up to Sturgeon Bay
in Wsconsin's beautiful Door County, to
neet his friend, attorney and Chicago
restaurateur, Albert H Beaver Jr. There
in his office we drew up papers for a new

i ng,

sel ect

non-profit corporation, with the three of
us as Directors, to pursue the effort to
i nvol ve schools in those areas of Lunar

Agricultural Research wherein the present

rudi nentary |evel of our know edge stil
| eaves room for nmeaningful school-Ievel
contributions.
A Magic Setting

Al owns a private resort, the
Chateau Hutter, along the Bay shore, nine
mles north of Sturgeon Bay, and we
decided to use this "ideal" facility to
host an “lInvitational Wrkshop” for a
short list of high school science teachers
and professional researchers (sone of
these by tele- conferencing) to carefully
define an initial set of experinments, and

establish an Advisory Board and Reporting
Systemto keep the process going.

The 1st LUNAX™ Wor kshop- Conf erence
was set for Tuesday thru Thursday, August
21st-23rd. Because it was necessary to

limt attendance to a dozen or so in order
to insure results, and because this brash
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initiative was not guaranteed success, we
deci ded not to publicize the event outside
the chapter. LUNAX | is now history.

Thanks to a truly magic mx of indi-
vidual s of varied tal ent,endl ess ent husi asm
and deep conviction, we succeeded in defi-
ning our goals and designing an initial 2-
track set of experinments. The Lunar Night-
span Hardi ness Experinent (here we are
|l ooking for the limts of crop failure)
will begin with a practice run using
W sconsin Fast Plants' Brassica rape, able
to go from seed to maturity in 28 days,
and used in thousands of schools across
the country. W will then seek to zero in
on the nightspan hardiness of a wde
variety of food and fiber plants that nay
make attractive candidates for the Lunar
Bi osphere.

We also prepared guidelines for an
open-ended multi-year Lunar Soil Evol ution
Experi ment using M NNESOTA LUNAR SI MULANT
(here we are looking to find strategies
for success). Three additional experinent
tracks are in process of devel opnent, each
of them ainmed at supplying know edge we do

not now have, but which we will need if a
“Return To The Moon to Stay” is to be
successf ul
Prospects

We are off to a propitious start and
it's tinme to let the cat out of the bag.
W will be field-testing our initial LUNAX

experi ment package in about a dozen school s
in Wsconsin. The next step is a major
presentation at the annual convention of
W sconsin Science Teachers in Manitowoc,
next April 19-20 h, before spreading parti -
ci pation throughout the country and abroad.

Qur purpose will not be just to
teach al ready known space science. Rather,
by reaching out through the hitherto

unt apped resource of H S. Biology and Ag-

sci ence Teachers, we offer kids a "unique
opportunity” to contribute brand new
sci ence of vital inportance.

Agreeing to serve on LUNAX Board of
Sci ence Advisors: Ml R O eson of Boeing
Aerospace, Seattle; Gary G Lake, Carke &
Associ ates, Technical Director W sconsin
Fast Plants, UW Madi son (an expatriate of
Bri sbane, Queensl and) ;C. W I1liam East erwood,

the U of Florida in Gainesville (and
formerly at the LAND, Epcot Center); and
Paul W Weiblen (of M nnesota Lunar

Si mul ants) U. of
Center, M nneapolis.
Iikely be based in Crew Bay,

M nnesota Space Science
LUNAX will nost
W sconsi n.

W sconsin high schools anxious to
prem er the LUNAX Experinment Package
i ncl ude Chippewa Falls (MDowell), Green

Bay (East, Preble) Madison (Menorial, Wst),
M | waukee (Bayview, Rufus King), Neenah
(Shattuck), Racine (Park), and Waukesha
We can expect to pick up nore schools as

word of this unique science opportunity
spr eads.

LUNAX'" imrediate task will be to
gain experience with the initial experi-

nment package worked out at Chateau Hutter,
and to guide the follow up research, while
continuing to define conplenentary experi -
ment directions. A nodest school registra-
tion fee systemwill allow results to be
gat hered and analyzed, new experinent
projects to be devel oped, and a newsl etter
(<enpHarvest Moon</enp) to be published.
I ndi vi dual hobby-gardeners and arncthair

fans outside the school system will be
able to participate in or follow LUNAX
progress. M SST's pioneer work wll be
conti nued by LUNAX

We also hope to tap talent at the

community college level. W have a fine
start here at Lac Court Oeilles Comunity
Col I ege i n Hayward.

The chall enge facing Lunar Nationa
Agricul tural Experinent Corporation is an
exciting one. While the work to be done is
frighteningly enornmous, the team gathered
at Chateau Hutter begins with the confi-
dence of being on the right track. MW
will keep readers infornmed with updates on
our progress. W welcone this first addi-
tion to Lunar Reclammtion Society Inc.'s
new famly of roll-up-the-sleeves part-

nerships. < MW >

4 Many Thanks
to
Hrthur P. Smith

for keying in the articles from
MW i ssues #21-40, which

previously exi sted on Commodore

64 fl oppies, no |onger readabl e.

~

Wt hout his assistance, these
two vol unes of MW d assi cs,
#s 3 & 4, woul d have been
post poned indefinitely.

N\ J

Moon Miners” Manifesto Claggics - Pear 4 - Republshed Fanuarp, 2005 - Page 53



[ Star *bound Series Cont. ]

by Peter Kokh
Qut Feelings
I am forever grateful for having
|l earned from the American philosopher
WIlliam James that our tenperanent influ-

ences reason nore than nost of us care to

adm t.

When it conmes to the cosmc place
of mankind, it is tenperanent that
predi sposes sone to give nore weight
to considerations that suggest we
are unique,
and others to give credence to
consi derations that suggest just
the opposite.
Some peopl e have an inner need,
based neither on reason nor evidence,
to hold that we are alone in the
i mensity of space and tine.

Is a | arge noon necessary
for life to energe?

Often cited as argunent,is the unex-
pectedly large size of the Earth's natura
satellite, the Moon. By all indications, a
pl anet of Earth's size and proxinmty to
its star, ought to have no noon at all, or
a very snmall one at best.

What has this to do with the presence
of life on this planet? The Mon causes
tides, and thus creates and nmintains
tidal pools in near-shore depressions,
pl aces where the proto-life soup of am no
acids and other pre-organic nolecules
could stew and brew. In contrast, such
nmol ecul es woul d be so diluted in the ocean
at large that they m ght never interact
sufficiently to get sonething really inter-
esting going. And so, their argunment goes,
as nost Earth-like planets would not be as
fortunate in possessing such a |arge noon,
they would not formtidal pools needed as
i ncubat ors

This argunent,
respected people, is nonetheless

articulated by sone
"“in bad

faith". First of all, the Sun also raises
tides, and while it is true that solar
tides are nuch | ower and weaker than | unar
ones [the ratio is about 1 2 1/2], if
the height of the tide is great enough not
to be nmasked by commpbn wave action, just
how high it my be is quite irrelevant

The inportant thing is the availability of

near - shore depressions with an erosion-

resistant lip within reach of tide crest.

Even if tide height were inportant, solar

tides in up-flow cul-de-sacs |like the Bay
of Fundy are higher than the highest |unar

tides in nost other places. Continental

pl acement vis-a-vis ocean currents is the
maj or co-determ nant of actual tide
heights. All it need take is just one
tidal pool to successfully concentrate and
simrer a proto-organlc soup of the right

reci pe.

But |et us accept, for the sake of
argument that Earth nmay be unique in
possessing such a disproportionately |arge
noon (actually, Charon, in conparison wth
Pl uto, about which it orbits, is propor-
tionately much larger and closer). Let us
al so accept, for argunment's sake, that
tides relatively as weak as those raised
by the Sun are insufficient to do the job,
That still does not rigorously lead to the
conclusion that life is unlikely to arise
el sewhere in the universe even on planets

that are otherwise of the right size,
conposition, and proximty to their
central star.
Squel chi ng the ar gunent

Stars smaller and dimer than ours

will have eco-zones (in which the anount
of light and heat per square neter is
favorable to life) that are closer-in to
their central star. But since a star's
uminosity varies as the 4.5 power of its
mass, and as tidal force increases
inversely with the cube of the distance
(not the square!), stars only 'slightly

di nmer than ours will raise tide signifi-
cantly higher on any planets situated in

their eco-zones to receive the same anopunt
of Iight and heat as does Earth.

Tau Ceti, the nobst pronising plane-
tary host in the solar neighborhood (12.8

Lt yrs distant) has a 0.74 solar [|um no-
sity, and thus an eco-zone radius of 0.74
AU [1 AU = 1 Earth-Sun distance], but wth
0.935 solar nmass. It would hence raise
tides of 2.01 nean solar value at an
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earth-like light/heat distance. And this
approxi mates the present tides raised on
Earth by the Mon.

Epsilon Eridani, also near and sol ar
is smaller, dimrer. It nust raise still
hi gher tides on any earth-like world it
harbors. And so on. Stars less |um nous
still might tidally arrest the rotation of

any equi-lighted planets. See G aph:

TICEOF SUNONEARTH=1.0  [FR 1550
{ TIDE OF MOON OM EARTH = 2.5

MASS = 1.05 & LUMINGSITY = 1.24

FMASS =1.00 & LUMINGSITY = 1.00

MASS = 0.95 & LUMINGSITY = 0.73

MASS = 0.20 & LUMINGSITY = 0.62

55 =0.85 & LUMINDSITY = 0.49

& LUMINOSITY = 0.27

MASS = 0.75 & LUMINDSITY =

GRFA&PH OF SUMTIDE OM PLAMET AT THE
CISTAMCE TO GET SAME LIGHT AS EARTH

Even a star of

the sane |umnosity

as the Sun or not too nuch brighter, can
raise tides of lunar-like proportions
seasonally (and that's all that is neces-

sary) on a properly positioned moonl ess
planet, if that planet has a sufficiently
eccentric orbit. For example, if Earth had

no mgmjor satellite but had an orbital
eccentricity of 0.26 (e.g. swinging in as
close to the Sun as Venus, and out half
way to Mars), it would experience tides of
lunar intensity for a few weeks each year
near perihelion.

The upshot is this: even conceding
the rather crucial role of tidal pools in
the successful origination of Ilife on
Earth, and even conceding that Earth may
be uniquely blessed with a major satellite
| arge enough and close enough to raise
tides significantly higher than those
raised by the Sun, It does not at all
follow that the rise of Iife nmust be rare
|l et alone a once-in-a-universe, once-in-
all-time occurrence. Au contraire, the
strong plausibility of equally effective
and considerably nmore common "great tide"
scenari os becones a najor argunent for the
opposite hypothesis - that life nust he
conmon. |If ever we do reach the stars, we

will find life-laden worlds! < MVWM >

Polders, A Space Goloay Model
by Marcia W Buxton*

* a Cultural Anthropol ogi st & founder
of Northwest b Society Chapter
(now Seattle L5/1) in June 1996

Fromthe begi nning of human civiliza-
tion famlies have made sacrifices for
their children and for future generations.
In order for human civilization to continue
it seems self evident that families nust
eventually nove into space and becone a
spacefaring people.An interesting paralle
can be drawn between the familial novenent
into space colonies and the Renaissance
devel opment of the Polder System in the
low countries of Europe. Each is truly an
artificially created environment.

"A polder is a piece of land won
from the sea of inland water and is
constantly defended from it thereafter,”
explains Paul Wagret in Polderl ands.
Beginning in the 11th Century along the
Nort hern Coast of Europe fanilies |abored
to painstakingly force the sea to relin-
quish land in order to provide farm | and
for their progeny. These brave nmen and
wonen worked hard to provide future |and
not for thenselves but for their children
and their children's children. In the sane
way serious thought nust be given by al
famlies today to look to space colonies
to provide a better life for their future
gener ati ons.

The family structure as it had deve-
| oped by the 11th Century, in what is now
the Netherl ands, decreed that at a husband's
death his wi dow received half his wealth
excluding his land. Al his farmland went
to his eldest son and the remaining wealth
was divided anong the brothers. This
custom all owed for a large enough area of
farmland to be passed from one generation
to another to sustain at |east the el dest

son. Daughters were generally expected to
marry or enter convents to pray, teach,
copy manuscripts and care for the sick.

The remai ni ng sons frequently were prepared
to enter guilds to becone expert weavers
or other sorts of craftsmen. The center of
cloth production was the city of Antwerp
O her sons mght choose the nonastic life.

In France, wealthy Lords woul d often
grant nonks the right to the narsh |and on
the edges of their properties provided
that the nonks endeavored to successfully
drain the land for pastures and maintain
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them as polders. This "reclainmed" |and was
theirs henceforth. Here they constructed
their religious buildings including stone
towers which could be used as shelters in

tinmes of floods by the people living in the

|l ow | ands. Mont St. Mchel is an exanpl e.
In the areas of Friesland, Zeal and,
and Flanders mnmuch of the land was a

bracki sh peat bog bounded on the North by
the Sea (illustration below). As the popu-
| ation expanded, the digging of peat to be
dried and used as fuel becane necessary.
The word "polder" may derive from the
Fl em sh word poelen, neaning "to dig out".
Thi s digging was done in conjunction with
the digging of ditches for the drai nage of
the brackish water into the sea. This
|l owered the water table and the people
| earned that when these [newly] created
dry areas were planted in clover and
desalinated with natural rai nwater,
eventually this area becanme |and where
cattle could graze and nuch |ater hops,
hemp, flax, coleseed, rapeseed, cereals,
and finally flowers <could be grown
successfully. This often becane the | and
of second and | ater sons.

In order to aid the drainage of the
| ow | ands, canal s needed to be constructed.
Di kes using woven wllow twi gs and burnt
clay bricks were built systematically to
keep the brackish water fromreturning to
the hard earned low crop |lands. The area
is often six feet below sea level. Geat
care needed to be taken not to dig for
peat too near the dikes which mght be

weakened causi ng cat astrophe.

Mor

Sea’
+

sl P older " cuider
Rainfall M4
PYINA9® | Dike i Zee

7T
- el el o I”W
_]d*'-“lhm + _&(} .
Water

Peat water

Table

Hydrological Cross Section of Low Countries

Fresh wWater

By the 13th Century prinmtive w nd-
mlls and lifting dredger buckets were
established along these "highways" of
bracki sh wat er. Younger sons becane inheri -
tors of the early windmills. Bridges,| ocks,
and paths were built along the canals to
aid the famlies in fetching drinking
wat er which often could only be obtained
by going a considerable distance to an
area where rainwater collected suffici-
ently for fresh water wells.

At the end of the 15th Century due to

religious persecution in other countries
many inmgrants, particularly Anabaptists
and Mennonites who refused to bear arnms,
fled to the low countries. Here the ruling
cl ass, perhaps because sone of their ances-
tors had been anmobng the Crusaders in the
Holy Lands and had opened up early trade
routes and wel coned new i deas and foreign-

ers, respected these people who were
willing to work so very hard to drain
fields and naintain the polders. And they,

as other polder workers, were exenpted
fromnilitary service and paynment of |and
taxes. These immgrants were allowed to
organi ze their own schools and churches.

The devel opment of the canal and
pol der system was not without nany real
cat astrophes. There was often great destruc-

tion but always followed by rebuilding.

The canals also began to serve other
purposes and small barges were used to
devel op an efficient system of primtive
commerce, dispersing beer, wine and salt.

Wth the beginning of comerce cane
certain restrictions. Menmbers of the

ruling class, usually people owning |arge
amounts of land but who lived in the towns
and vill ages, began to demand tribute for
the use of the canals near the villages.

The continuing need to dig for peat
for fuel which enhanced the reclamation of
the low lands, the enmergence of the
windmlls, the building of |ocks, and the
slowy developing system of commerce
encouraged the establishment of "high
water authorities" and water boards.
Voting rights depended upon ownership of
farm | and. Anobng the peoples of Utrecht,
Net her |l and, Zeeland, and Flanders there
were to beconme in the 14th Century the
hoogheenraad schappen or high water
authorities and [they were] responsible
only to the governments. At the [ ocal
| evel these Waterschappen came to serve
the function as a court of |aw

Just as themarshlands were recl ai med
from the sea wth embanknments, wth
i ncreases in population attention needed
to be paid to reinforcing the coastal sand
dunes al ong the North Sea.WAgret describes
a polder dike as being perhaps 40 neters
in width, but a main sea dike may reach 80
to 100 neters in width. The ebb and flow
of the tidal currents along the sea coast
soneti nmes caused erosion.

Jan de Vries, in The Dutch Rural
Economy in the Golden Age, renmarks that
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from
ship

rural districts were
brewi ng, spinning,
buil ding but that skippers of barges
passing villages were required to dock,
unload their cargo and allow their goods
to be offered.In 1575 there were el aborate
pl ans made which are remniniscent of the
early plans and dreans in the 1970's of
the L5 Society for Gerard O Neill's High
Frontier. His "Bernal Spheres" concept,
housi ng 10,000 people, were to be nearly a
mle in circunference and rotate to provide
gravity conparable to that of Earth. The
L5 Soci ety proposed building such habitats
by the end of the twentieth century from
lunar materials to provide |iving space
for workers and their famlies in a space
manuf acturing conplex producing, anmong
other things,satellite solar power stations
to supply cheap, clean power to Earth.

Imm grants to Bernal Spheres were to
develop a better life for thenselves and
for future generations. It may not have
been by digging peat out of |ow |lying bogs
and creating drainage ditches, but by using
materials fromthe Mon, colonies would be
created and solar energy would be utilized
to grow food in a closed system and event -
ually there would be trees,streans,attrac-
tive housing, and a peaceful environnment
for future generations. One space col ony
would act as a stepping stone to the
bui |l di ng of others.

The Haarl emmer Meer Book of 1575, by
Jan Adriaanszoon, describes an elaborate
plan to build 160 windnmlls and to build
extensive canals to drain a mmjor |ake
area. Like the L5 Society's early dreamit
was not devel oped i mediately but finally
with the invention of the steam engine the
proj ect becane a reality in 1852

By 1607 the Leeghwater's Beenster
drai nage project wusing 43 windmlls
created 17,500 acres of usable acreage.
Sonme of the noney necessary to finance
this project came fromthe highly success-
ful Anmsterdam nmerchants of the East India
Company, trading primarily spices, sugar,
coffee and tea. Land owners were encour-

prohi bited
weavi ng, or

aged to grow livestock to provide I|arge
anmounts of butter, cheese, and livestock
that could be exported abroad. Near
Anmst erdam by 1649, six villages conbined
efforts to provide a dairy for the nearby
city, using their farm lands for that
pur pose.

Capitalists beginning in 1612 deve-

| oped anbitious large scale pear digging
organi zations. Plots were carefully laid
out as were canals and | ocks where settlers

dug the peat and later were able to claim
the soil as homesteads [illustration
bel ow] .

== Canals Ditehes Peat
= Channel m Villages gt
Cverhead Yiew of Possible Early Polder

According to de Vries, "dike main-
tenance was an obligation divided anong
the villages that benefited fromit." A
 and user was responsible for a specific
segment and the Waterschappen supervised
t he system

W ndm || operators took on grow ng
i mportance and were expected to keep the
pol ders dry throughout the winter. In 1574
an 8 sided windnll was worth 3,500 gul der
and the salary of a mll operator was 100
gul der plus a supply of candles in order
to work at night! Rapeseed became a
frequent polder crop and oil-pressing
windmlls in Northern areas often were
kept busy the entire year. Wndnills were
al so used for sawi ng wood [ harvesied] from

careful ly tended groves of trees.

de Vries wites that "the npnastic
| ands yearly vyielded several hundred
t housand gul der for the support of educa-
tion, health and welfare. Wnen played a
very inportant role in the life of the
religious community. Churches played a
maj or part in the communities providing
some education, but literacy in the
maj ority remained |low. Nevertheless five
uni versities were established.

Canal s becanme of increasing inpor-
tance and interconnected the major
villages and cities. Barging guilds were
formed and established regular service
between major cities. Frank E. Haggett
sites that by the nmd 1650's 80,000 acres
had been reclaimed form the sea. The
farmers taxed thenselves hundreds of
t housands of gulder yearly to inprove the
quality of their soil. Sea shells were
ground up and wused for fertilizer.
Everywhere farm structures and homes were
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enlarged or rebuilt.
canal s flourished.

Comrerce along the

In 1667 there was a proposal to
pol der an inland sea, the Zuider Zee (See
Figure 3). Hendrik Stevin devel oped the

i dea of closing off the incomng tide with
sluice gates but allow ng the ebbing tides
to flowinto the sea. Eventually the fresh
water would replace the salt water sea.
(The project was actually begun in 1927
and the first crops harvested in 1933 with
175, 000 acres eventually reclained.)

By 1798 there were over 3,000 [ ocal
Wat er schappen and a central Waterstaat was
created to fight against najor floods.
"The state set itself up as a protector
against floods, the hereditary eneny of
the country. The Witerstaat undertook
works too large for small groups, collec-
ted data, coordinated hydrol ogi cal obser-
vations and drew up maps. According to
Wagret, 577,905 acres, or fourteen percent
of what is now the Netherlands, had been
reclainmed from the sea. The cost of the
recla2mati on always exceeded the actual
value of the land first brought into
cultivation - only future generations were
to be the true beneficiaries.

A worthy cliche, "God made the Earth,

Hol | and, which the Dutchmen nade
" Mght that we, with God's
Earth and build the

< MW >

except
for thensel ves.
hel p, break free of
Uni verse for oursel ves.
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Note: It is in the above sense that the
word “Reclamation” is used in “LRS.”

(M\/I\/I#39 - Cct ober 1990)

SAVING MONEY ON FOOD IN SPACE
PRIOR AND FUTURE PROGRESS

by Peter Kokh
$400/ 0z or the price of gold these
days, works out to $6400/1b. The way we

have been meking anti-progress in slashing
the cost per pound of getting anything to
orbit, much less fromthere all the way to
a soft landing on the Mon, that would be
a very optimstic ball-park guesstimte of
just the 'freight-added cost of anything
upported from the Earth to early |unar
out posts.

Everyone recognizes the inportance
of finding ways for early settlers to
sel f-manufacture the nore massive itens
they will need, out of whatever materials
they can process from moondust. But often
| hear "Ch, we could afford to inport this
or that - it hardly weighs anything!" Hey,
just renenber, it will cost nore than gol d!

Thus it is not surprising that it
seens self-evident to nost people that it
will be an wurgent priority for |lunar
out post volunteers, and the settlers that
someday will follow, to grow their own
food - '"it would cost too nuch to haul it
up from Earth.' But this comobn w sdomis
a bit sinplistic, nonetheless. Let's take
a look at some very real virtual savings
in food costs already realized even though
we still do bring all food up fromEarth -
in one formor another.

Already we freeze-dry
nost foods destined for
space, saving all the
wei ght of the associ-
ated wat er. To rehydrate
" the food, we use water
manufactured in space
of the orbiter chem cal
fuel cell energy system which runs on
hydrogen and oxygen. Yes, we bring these
bottled gases up from Earth - but now, we
are not 'also' bringing up extra water
just for food and drink.

bottl ed f uel freeze
H + & HHH— HO + dried = to eat
gases cell itemns FOOD

Check the labels on freeze-dried
packed for canpers at the |ocal

as a by-product

r eady

f oods
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outfitters supply store and you will be
surprised to see that water accounts for
as much as 65-80% of the weight of ready-
to-eat neals. Now that's real savings!

VWhen the first returnees establish
our beachhead outpost on sone 'nmagnifi-
cently desolate' lunar plain, even before
their prototype food-growi ng unit brings
in its maiden harvest of vegetables, they
can realize another 89% breakthrough in
food and drink costs as soon as they start
usi ng oxygen 'squeezed' fromthe noon rocks
to make up that associated water of hydra-
tion. At this stage, we will be upporting
only hydrogen and freeze dried foods.

So, when our nifty little "agricule'
starts spitting out real fresh food we
save the total cost of upporting freeze
dried food, right? Not quite! All we save
by this loving garden-tending |abor of

rai sing our own up-home food supply is
anot her 53% of what we can get our rego-
lith-soil to supply.
Typical conposition of oven-dry
bi omass from wheat, for exanple, is:
48. 0% Oxygen

2.0% Cal ci um

0. 8% Magnesi um

0.01% I ron
all of which we can get from our nake-do
soil, plus sone

2. 7% Pot assi um
0. 8% Sul fur
0. 6% Phosphor ous

of which we can get perhaps half fromthe
regolith. The rest nust be upported from
Earth: 36% Carbon 6% Hydr ogen, 3% N trogen,
and perhaps half of the Potassium Sulfur,
and Phosphorous.

Settlers will strive to mtigate
this burden by vigorously recycling their
wast e bi omass and anything el se of organic
content, by withdrawi ng fromthe productive
bi osphere as little organic material as
possible (i.e. no wood for furniture or

other itenms, where substitution is poss-
ible), and by carefully engineering all
entry and exit systens to conserve
nitrogen-rich air supplies. [See "Liquid
Air-locks" in MW # 17 July '88 p3 -
republished in MW O assi cs #2]

How coul d we nmke inroads into this
stubborn balance? This still onerous

i mport burden will drive settlenent policy.
As much as 2/3 rds of the upport transpor-
tation fuel cost can be saved by bringing

in the needed
Hydr ogen as

Carbon, Nitrogen, and
liquid nethane and ammoni a
processed on Phobos and/or Deinps, the
conpani on mini nmoons of Mars. The capital
costs of installing such a production
capacity could easily be anortized as the
| unar popul ation grows. The profits real-
ized at Mars could defray the costs of
opening up the Martian frontier. A doubly
attractive strategy!

There is one way,
unar settlements mght become totally
self-sufficient in food. And that is by
supplying all their Carbon, N trogen, and
Hydrogen needs as byproducts of extensive
Heliium 3 mning operations to supply
Earth's voracious energy appetite. Of
these, in conparison to lunar demand, the
| east abundant by far is Nitrogen - which
will be the limting factor on settl enent
growt h, nostly because of the high vol unmes
needed as a buffer gas in air. Hopefully,
profits from Helium3 exports will allow
the settlers to pay the inport price of as
much extra Nitrogen as they'd like.

What we have said about food is
equally valid for wusually forgotten but
vitally inportant byproducts of prospec-
tive lunar agriculture: fiber (cotton,
linen, flax), oils, natural biodegradable
dye stuffs, cosnetics and soaps, and ot her
eco-friendly household products. O these,
fiber for clothing, toweling, bedding, and
furnishings will likely receive the earli-
est priority.

Saving money on the Moon by
defrayi ng avoi dable upports from Earth is
only one part of the Story. Lunar agricul -
ture even in the early era when all Carbon,
Ni trogen, and Hydrogen nust be inported,
has the potential to earn badly needed
export income for the settlenent. For
Luna-grown food, sinply for the Oxygen
savings it realizes, will be deliverable
to low Earth orbit and other space |oca-
tions at a decided price advantage over
fresh food brought up from Earth. Ditto
for fabrics and anything else incorpora-
ting lunar Oxygen. Early production of
oxygen is then the key to everything el se,
and all the fuss about Ilunar agriculture
presupposes this devel opnment.

The space frontier econony will be a
conmpl ex hierarchy of supplies and denands.

however, that

We hope you can appreciate the great
potential for diversification ahead - if
we do our honework now < MVM >
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MooN M NI NG
& CowoN Eco SENSE

by Peter Kokh

The multi-thousand-year-1ong record
of human mning activities on our hone
pl anet will surely be enough to convince
even the nost bribe-prone gal actic bureau-
crat to deny us required permts to extend
such esource extraction efforts off-planet.
In default of such red tape, it is left up
to us to judge and police oursel ves.

Wth mnes come huge ugly piles of
usel ess barren tailings and scarred | and-
scapes slow to heal, streans poisoned with
acid run-off, and | egions of workers with
dust-racked lungs. The record gives pause
to those considering opening up pristine
eco-vul nerable Antarctica for devel opnent
of its legendary mineral wealth. Should it
not al so give pause to those who look with
such high expectations to the plains and
rol ling highlands of our serene gray nei gh-
bor, the Mon?

The salient points to renenber are
t hese:

(1) The Moon's mneral endowrent has
been mnimally differentiated or locally
concentrated and is thus distributed rather
hombgeneously, by Earth conparisons, in
ores that are extrenely poor by our stan-
dards. There will be no reason to fight
over deposits or junp another's claim

(2) There is no reason to believe
that richer deposits lie buried deep
beneath the already pulverized regolith-
bl anket that covers the entire surface to
a depth of some 2-5 nmeters. In effect,
countl ess ancient meteorites by their
bombar dnent have already "pre-nmined" the
surface for us. There is no need for open
pit mning.

(3) As to what

does lie deeper, the

central peaks of the larger craters repre-
sent upthrusted material from several
kil ometers below - sample and source
enough should we need it. There will be no

need to deep tunnel the Moon.

(4) In the absence of atnosphere,
any and all dust 'kicked-up' by our various
activities, has nothing to suspend it

above the surface, and is quickly purged
fromthe near-surface vacuum by the Mon's
light but effective 1/6th gravity.

(5) Tailings, the unwanted residue

after resource extraction, will be visibly

i ndi stinguishable fromthe source nmaterial.
Tailing mounds will blend in with the
noonscape, and if preferable, can be raked
back over the surface. The only clue to an
area's having been mned will be a tell-
tale absence OF minor craterlets. Tailings
should usually be mniml, nonetheless,
since more than one resource will be
extracted leaving little more than the
proverbi al squeal of the pig.

[See "Tailings" in MW # 23 March '89 -
republ i shed in MW Cl assi cs #3]

(6) Fluids and gases wused in the
extraction process such as water, hydrogen,
hydrofluoric acid, chlorine etc. nust be
brought from Earth at great expense. So
resource extraction cannot possibly be
acconpl i shed econonically unless ways are
found to recover and recycle these reagents
alnost totally (read 99% . There wll be
no nmass | eachate drainage into the envi-
ronment .

(7) Even in the case of accidental
spills of reagent |eachings, there is no
[unar ground water to pollute or spread
the problem Spills will remain |ocalized
and it will be an economic inperative to
recover as much as possible.

(8 Mners, if you can call them
that, will not be breathing atnosphere in
contact with the regolith they are proces-
sing. Health concerns wll instead focus
on mnimzing accidents and exposure to
cosmic rays and rare solar flares.

(9) As to housekeeping activities of
m ners thenselves in their shielded habitat
warrens, they too must recycle and conserve
religiously [see "Saving Mney on food in
Space"-el sewhere in this issue]. They wll
assuredly be acutely aware that 1iving
i medi ately "downwi nd" and "downstrean of
t hemselves in cradling mni-biospheres
| eaves scant room for eco-carel essness.

As long as private enterprise -
carrying the baggage of the almghty
"bottom | i ne" is the agent in question,
you can rest assured that sheer econom c
necessity will work mghtily to prevent
' eco-nonsense' on the Moon. The real danger
woul d cone with governnment | eadership and
its deferrable accountability.

VWen you hear or read someone express
al arm at prospects for devel opi ng the Moon,

remenber these points. A good response
with this as with any challenge: "That's
just what | used to think - until 1 |ooked
into the matter further!" < MW >
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MooN M NI NG

& ENd NEERI NG REALI TI ES
by Peter Kokh

In an article in the June 1990 issue
of the Engineering and Mning Journal wth
the title "Mon"Mning: should we boldly
m ne where no one has ever mned before?"
Earl C. Herkenhoff, P.E. raises several
poi nts about the very logic of moon-nining.
H's tone is blatantly hostile.

The witer's principal point is that
(to his know edge) our survey of the Moon's

m neral wealth is so inconplete 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. Qur response is that while
admttedly our mneral ogical survey is far
from conplete, the wi de equatorial swath
‘read' by orbiting gamma ray spectroneters
on board Apollo Comand Mbdul es the |ast
three mssions, coupled with the six
widely scattered diverse surface sites
actual ly sanpl ed by our astronauts and the
three additional sites sanpled by the auto-
mat ed Sovi et sanple-retrieving mssions,
gives us high confidence that what we've
seen and sanpled is representative of the

Moon at | arge.
Her kenhoff insults NASA geol ogists
and their carefully supervised astronaut

proxi es when he speaks scornfully of
a few pounds of

Vv “grab sanpl es” “snatched” fromthe
surface of the Mon

v 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 mle in trying to
obj ectively understand what we were trying
to acconplish during Apollo.

The granted exception to this is the
absence of sanpling and orbital readings
near the lunar poles | eaves open the possi-
bility that perma-shade cold traps in deep
near-pole craters may contain volatile
resources which have been ruled out else-
where. On this very point, vis-a-vis the
possibility of finding water, the witer
betrays his shallow study of published

"only

lunar findings by speculating that nore
t horough prospecting mght find hydrates
as fixed water in igneous rocks. To the

contrary, we are now quite certain that

the Moon forned hot and dry and that none
of its volcanoes or fissures spouted any
steam and that its great |ava outpourings

were also quite dry.

The writer
in the foot

shoots his respectability
when on the one hand he com

pl ai ns that our exploration has not been
t hor ough enough, and on the other he states
correctly that the Mon is "unlikely to
contain mnerals that have been concen-
trated by magmatic segregation'. Wen he
states that 'it is a safe bet that nost
mnerals are conplex silicates' he isn't
telling us any thing that we don't already

know quite well.

He al so shows the shal |l owness of his
sci ence background when he doubts out |oud
how we can be so sure that Sol ar-W nd-
derived Helium3 is nore than a |ocal quirk
inthe fewtiny soil sanples studied.Surely
there is no mechanism by which the Sol ar
W nd could have deposited its largess in
anyt hi ng BUT an indiscrimnate way!

Her kenhof f conpl ai ns that established
m ni ng conpani es have not been consulted
about mning nethods -after he has al ready
slipped and told us that they wouldn't
dream of trying to extract anything useful
from such miserably | ow grade ores. "Even
on Earth, process hydronetal lurgists woul d
flinch at such an assignnent." In point of
fact, established conpani es have been too
busy getting wealthy off of Earth's much
richer ores to have bothered to accumul ate
any know how that m ght apply to the situ-
ation facing us on the Mon. \Wat would be
the point in listening to those whose pre-
di ct abl e broken-record nessage is "it can't
be done"? W have no choice but to seek

out rebels willing to try sonethi ng new.
He points to the difficulty mners
will face in working in vacuum and w t hout

abundant water - surely not news to us! W
have to pi oneer not only whol e new chenica
extracti on processes but engi neer new ways
of handling the raw materials involved.
You have to grant him a sharp touché', how
ever, when he asks how we can ever hope to
do anything so difficult, when NASA can't
seem to get even sinple things straight
t hese days.

Certainly no one should underestimate
the engineering and chemnical processing
difficulties ahead of us. Unfortunately,

nost space advocates betray in their but-
to-the-sofa fixed positions just such a
nai ve grasp of the situation. W have a
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fearsone ampunt of homework to do. NASA is

not doing it, and NSS seens to assune it
will just all fall into place sonehow. SS
by itself can only scratch the surface

with the nmenber-derived funds it has to

wor k with.

Perhaps it is this all too nonchal ant

cocky conviction that we display in our
bol d scenarios for the future that encour-
ages this open scorn. OQur dreams of the
future my turn out to be on target, but

if we continue to rely on nothing nore
than | et-George-do-it [i.e. the governnent]
"activisn, howw Il we ever know?

Her kenhof f |ists an inpressive bibli-
ography. It is nute testinony that he has
done his homework with prior bias in search
of ammuni tion.

[Nb. Thanks to R MNei
Space Society, the Chattanooga, Tennessee
NSS chapter, for bringing this article to
MW s attention!] < MW >

of the Wlley Ley

[ St ar *bound Series Cont. ]

QCRTFQAM
SHRNTEROATE
L3 o "S‘E:-" - B 5
by Peter Kokh
Consider for a nonment how a fire-

devastated virgin forest slowy
from its ashes; only few plant
col onize the wasted area at first, then as
they grow, niches are created that can be
exploited by other plants. It can be a
century or nore before the original bio-
diversity of the forest is restored. |If
the visiting devastation isvery w despread,
sonme areas may stabilize with a quite
different nmix of species than before. This
is just a hint of what nust have happened
after a nunber of episodes of near gl oba

sl ate-wi ping caused by large asteroid or
conet inpacts. When whole species, and
sonetimes whole famlies, of plants and
wildlife are w ped out, hierarchica
rebuil ding of the niche-plexes of various
eco-systems nust chart fresh paths. Survi-
ving plants and aninmals, previously held
in check by now exterm nated dom nant
species, are suddenly freed to exploit new
opportunities and effectively 'encouraged

to evolve to do so

rises up
speci es

The actual course of evolution has
apparently been critically dependent on
adventitious intervention of heedless

celestial inpactors. This periodic burst
of freedom from the bonds of its own
internal logic may be the only way it can

be freed of its own ruts, even as the seed

of sonme pine species can be freed of the
host cone only through intense heat in an
eventual forest fire.

Ast eroi ds these days take nuch of
the blame, or credit as | see it, for
these clutch-hitting escapes from coul d-be

evol uti onary dead-ends.But conets, despite
their lower densities, can arrive with far
greater nmomentum if comng from wel

beyond the Asteroid Belt, indeed from well
beyond the outer Solar System

There are short- and |ong-period
comets, tame (or taned?) inhabitants of
the realm of known planets. They revisit
the coma-inducing warnmh of the inner
Sol ar System on a regular basis. Then
there are those rare visitors throw ng out
hoary tails along one-night-stand hyper-
bolic trajectories from out anmong the
stars, with too nmuch speed to keep them
fromreturning thence

In between there cones the infrequent
visitor on a scarcely parabolic path which
will bring it back Sunward sone thousands
of years hence. |If we assune that such
gelid objects could not have formed in
such eccentric paths, but nust have coal -
esced in sone nore rational nore circular
zone of proto-star cloud material, where
m ght that conjectured birthplace be? The
answer according to Dutch astrononer Jan
Qort, witing in 1950, was a vast spherica
shel |l of pristine conet hul ks thousands of
times more distant from the Sun than
Neptune or Pluto. Known as the Oort C oud
ever since, this region has been comonly
imgined to drip Sunward great swarns of
virgin conets whenever sone passing star
made an incursion into the neighborhood
clumsily disturbing their orbits in
whol esal e fashi on. Bal derdash!

One of the «central
behind all nodern attenpts at a scientific
cosmol ogy (or better, cosnobgony: theory of
the origin of the Universe as we now
observe it to be) is the idea that what
hol ds true anywhere, nust, all else being
equal, hold everywhere. Astonishingly, as
religiously dedicated as nobst astronomers
are to this principle, their seemngly
unquestioni ng mass-attachnent to the idea
of Oort C oud disturbances as the font of
epi sodi ¢ conetary invasions of near-Sun-
space gives it the lie.

assunmpti ons
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SQUELCH ONE:

That conets with slow but enornous
momentum in orbits tangential to the Sun,
shoul d sonmehow | ose ALL of that nomentum
and no less, to fall straight inwards,
shoul d happen about as often as every
other lifetime of the universe. In other
words, it ain't too likely.

SQUELCH TWO.

What's good for the Sun should be
good for any other systemladen star. To
think, even by default, that we are al one

in having an Oort Cloud (if we do indeed
have one, but that is not ny dispute)
borders on being discrediting. If, like
two ships passing in the night, the Sun
and another Oort-sporting star pass are

another relatively hard-by (this should
happen every few hundred thousand years or
so) then it is far nmore likley that the
Sun and its planets pass through the Oort
Cloud shell of the other star, than that
that star create precisely the kind of
gravitational wake which will send ANY of
our own OCort Cloud' s inhabitants dead-on
Sunwar d. What ever conets may have restarted
the stalled elan of evolution on occasion,
have had at us from their orbits around
ot her suns.

W are a long way from sone General

Theory of planetogenesis and solar system
formation that wll cover all the wde
range of star and system types so as to

allow us to say rmuch nore about "conpara-
tive oortology", if you will. But thing is
clear. Oort clouds are, according to the
original theory which it is not ny purpose
to question, too far out from their host

suns, in comparison to average inter-star
di stances, not to |oose nenbers steadily
by being routinely disturbed into sone

wi de-rangi ng browni an dance. The nunber of
rogue conmets no longer belonging to the
gravitationally shepherded flock of any
star, nmust be rising steadily since the
onset of star formation in the gal axy.
Nearer hone, all our probes bound
for Jupiter and the outer planets (both
Pi oneers and both Vikings) have passed
through the Asteroid Belt ('thick' only in
the imagination of artists and witers of
space opera) as if it wasn't there. Even
the thickest parts of the nearer Kuiper
and renoter Oort conet clouds are consider-
ably | ess densely popul ated yet - than the
Belt. However, the 'urgency' of population
density (if one can speak so) is effec-
tively relative to speed. Our proxies

passed through the nmuch thicker asteroi
belt at a relatively slow 10 klicks a
second.

A peopl e-entrusted
craft slicing through our galaxy-wi de
"OQort Foant at perhaps a nmere 10% of the
speed of light i.e. 30,000 times swifter,
woul d effectively densify conet spacing by
that sanme factor. The odds against an
actual (anihilating) collision (the force
of the inpact increasing with the square
of relative velocity) are still favorable

interstell ar

per haps, but only statistically. An anpl e-
time warning system seens a |long shot.
Travelling at near |ight speeds may cut

down on exposure tine to cosnmc rays, the
amount of non-recyclable consumables
needed for the trek (energy-generating
needs) and other dangers, but it'll surely
denmand its own special courage.< MVM >

WOULD- BE STARFARERS QUI Z #2
by Peter Kokh

1. Q How far fromthe Sol ar System woul d
you have to travel before the star
patterns of the fam liar constellations
becanme unrecogni zabl e?

2. Q Are all stars approximtely the sane
age?

3. Q Does the color of a star tell us
anyt hi ng?

4. Q The Sun has 'sunspots' which cone
and go in pairs of eleven year cycles.
Is this typical ?

5. Q Do stars ever
anot her ?

6. Q Can the death of a nearby star
effect the Sun itself, or life within
our Sol ar Systenf?

7. Q Has the Sun always had the sane
nei ghbor s?

1. A Bright nearby stars like Sirius,
Procyon, Altair, Vega, Fonmal haut,
Capel l a, and Arcturus would shift from
their famliar positions by the tine
you reached ten or nore light years
fromthe Sol ar Systemin al nost any
direction. You'd have to travel a bit
further before the stars in the Big
Di pper started to shift noticeably, but
Oion would hold its shape stubbornly
until you were sonme hundreds of |ight
years away. It may seem natural, and
even romantic, to include the names of
host constellations in the names of
stars thensel ves (Al pha Centauri, Tau

collide with one
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Ceti) but what constellations they "lie
in" is entirely a matter of |ocal per-
spective, so that these nanes betray a
very provincial chauvinism Such nanes
woul d not wear well - if and when civi-
lization reaches an interstellar |evel

. AL No. Star formation probably began
shortly after the matter contained in
our condensi ng proto-gal axy reached a
certain trigger density, maybe 14 B
years ago. Alnost all of the smaller,

| ess massive, cooler burning K- and M
type stars forned at this tinme are
still around. The nore nassive, brighter,
hotter burning ones,|ong since consuned
all their nuclear fuel and cane to the
end of their "mainstreant lives to end
up as degenerate dense white dwarf
stars, as even denser neutron stars
(pul sars), or even as black holes. The
Sun is about 4.6 billion years old, the
age of the Solar Systemin general

Most of the bright stars you see have
to be nmuch younger since they belong to
the short-lived variety. Sone, like
Sirius and Procyon, have conpanion
stars that have al ready burned them

sel ves out. There are indications this
may have happened to Sirius B within

hi storical tines.

. AL The color is a direct clue to the

surface tenperature of a star, and an
indirect clue to the rate and intensity
with which it is consum ng its nucl ear
fuel (hydrogen burns into helium helium
into carbon,etc.) Red stars are cool est,
orange ones a bit warner. Then cone the
sol ar-type yellows, yellowwhites like
Procyon, and whites |ike Vega. Bluish
stars like Rigel, burn hottest and
brightest. Dwarf reds live the | ongest,
the bl ues occupying the |inelight just
briefly. When we study the spectrum of
a star, its light passing through a
prismto reveal the various color com
ponents, we see tell-tale black absorp-
tion lines which indicate the presence
of certain elenents. In general, stars
that have lots of 'netals' (here neaning
anyt hi ng heavi er than heliunm are
younger, having forned at a period when
star-formng clouds in our gal axy had
becone nore peppered with heavier ele-
ments fused in the cores and supernova
expl osi ons of stars already dead. Thus
solar-type stars poorer in 'netals' than
the Sun,e.g. Tau Ceti, nust be sonewhat
ol der, say six billion years or so

4. A. Sunspots are slightly cool er regions

on the surface (they are dark only in
conparison!) associated with nmagnetic
storms. Solar flares share the sane
tinetabl e. W& know stars have fl ares,
par adoxi cally, the smaller and cool er
the star, the brighter and note viol ent
these flares can be. Sone dimred dwarfs
bri ghten considerably during flares. On
hotter, brighter stars, flares are al nost
unnoti ceabl e. We have found gigantic
sunspots on the bl oated surface of

Bet el geuse, a star nearing its death.

. A. Conpared to the inmensity of space,

t he vol unes occupi ed by even the |argest
stars are like mere points. Gal axies,
in contrast,occuppy rmuch | arger vol unmes
of the space they cluster in, and sone-
times do collide. W can see sonme gal a-
Xxies in the process of collision. But
whil e such slownmotion events surely
have an enornous effect on the dust and
gas clouds within the two gal axies,
their individual stars nust collectively
pass clean through each other's inter-
stellar spaces with no nore than near
nm sses. On the other hand, close binary
stars can gradually orbit one another
in ever tightening circles. Contact
bi nari es have been observed. And quite
often, in the pre-death bl oating stage

one of the pair will expand to swallow
the other. For hermt stars like our
Sun, there is no danger.

. A It was probably a shock-wave froma

bright nearby star dying in a super-
nova expl osion that triggered the col -

| apse of the dusty gas cloud from which
the Sun and its planets forned. Sonme of
the elenments in our Solar Systemare
present in atypical abundances for which
this seens to be the best explanation.
In general, all the atons heavier than
hydrogen within our bodies are star-ash
fromancient stars |ong gone. But while
the death throes of a nearby star like
Sirius could certainly be a ngjor
happeni ng in our skies (that there are
no records of such a spectacl e when
Sirius B went Nova, nay indicate it was
behind the Sun in |ine of sight at the
tinme), we are not 'currently' close
enough to a potential supernova candi -
date to have to worry. But it won't be
too healthy for those only a few |ight
years from Rigel when its tinme cones!

. A, Each star has its own orbit around

the center of the galaxy, its own
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diverging trajectory, its own pace. It
takes the Sun an estisated 250 nillion
years to nmake one circuit. So our Sol ar
Systemis only about 9 galactic years
old. It is highly unlikely that the Sun
is still any where near any of the stars
popul ati ng the nei ghborhood of its
birthplace. Nor, given chaos theory,
could we ever reconstruct what stars
were nearby at the tine.You see, inter-
stellar travel -by the stars thensel ves
- has been around a long, long tine.
And we're aboard now

CM\/I\/I#4O - November 1990)

CLQACAL VS, TR TREME PLUMBI NG

CLOACAL
TRITREME
PLUMBING

by Peter Kokh

The Best Pl unbing Systemfor Lunar
and Space Settlenment Bi ospheres?

cl oaca: (clo AH ka) = a conmon cavity
into which the intestinal, urinary, and
reproductive canal s open in birds,
reptil es, anphibians, and nonotrenes
(the | owest order of manmal s).

nonotrene: (no NOtreem = either of
the two remai ni ng species (duck bil

pl atypus and spiny anteater) of the

| owest, nost primitive order of mammal s,
with one hole for all discharges.

SCENE: the |ower Indus Valley about 200
mles NNE of nmodern Karachi, in the north
part of Sind province, in what today we
know as Paki st an

TI ME: sone 4, 000-4,500 years ago
PLAYERS:

a people, long since vanished

from the area, but with increasing evi-
dence that they were the ancestors of the
popul ous dark-ski nned peoples of today's

sout hern | ndi a:
Tam |, Tel ugu,

the Dravidian speakers of
Kanar ese, Mal ayal am

ACT |: fade fromthe ruins we see today,
and known to us as Mohenjo Daro, back in
tinme to one of mankind's first experinents
in urban settlenent - we do not know by
what nanme its inhabitants called it -
where the city fathers neet to accept the
pl ans of their chief urban architect for
the world's first urban sewer/drainage
system a network of gravity-gradi ent open
ditches, into which all I|iquid-born wastes
would flow off to sane final place of out-
of - si ght/ out - of - ni nd

ACT Il: there never has been an ACT II.

Ever since Mhenjo-Daro, except for putting
the sewer and drai nage system underground
and treating the effluent so that it

commts |ess aggressive harm against
nei ghboring conmunities, we have been in
the rut of the very primtive duck bill

pl at ypus, stuck using a cloacal systemto
handle the quite different wastes from
toilet (septage), bath and laundry (gray
wat er), Kkitchen, and industry.

Lessons for the “New Towns” of Space

Except in "new towns", it would be
prohibitively expensive to switch to a new
"multi-treme’ system which keeps different
types of sewerage separate from the begin-
ning in order to benefit from sinpler and
nore efficient source-appropriate forms of
treatment, with the fringe benefit of
enj oyi ng what ever val uabl e byproducts such
separate treatnment may pronise. Lunar and
space settlenments are "new towns". Infra-
structure is 'change-resistant'. Therefore
it is of supreme inportance to choose it
wi sely from day one

VWiile in many other areas NASA has
chosen to pioneer radically new technol o-
gi es, the agency, and those involved in
the 1977 Space Settlenent Systens Sunmer
Study, turned instead to existing urban
nodel s when it came to the basic architec-
ture of plunmbing and sewerage treatnent
systenms. |f you think of the opportunities
for Earth-side spin-offs, this tack
emerges as a major slip-up.

Let's explore the benefits of an
alternative triple conduit or tri-trene
drainage and routing system for future
of f - pl anet m ni - bi ospher es.

1) Farm garden, and lawn run-off, food-
processing waste and kitchen garbage-
di sposal waste (if not saved to conpost
for honme gardens): the water |aden wth

t hem shoul d be kept separate by a distinc-
tively labeled and color and/or design-
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coded drain and conduit system After
sieving out |arger chunks for conposting,
such water can empty into fish tanks

wi t hout further treatnent.

2) Gay water from showers, hand- and
di sh-washi ng, and laundry would simlarly
have a privileged routing system to a
treatment facility which would renove what -
ever biodegradabl e soaps and detergents
are allowed, for conposting separately.
The remaining liquid could be run during
dayspan t hrough shal | ow near-surface ponds,
top-paned with quartz, where 'raw solar
ultraviolet would sterilize it, killing
al | pathogens and bacteria.Sinply cl eansed
and purified with the bi odegraded cl eaning
agents added back in, this nutrient-rich
water could go directly to farm ng areas
and into the drip-irrigation system

3) Septage (= urine and feces) can be
handl ed next in several ways. The faniliar
very water-intensive water-closet flush

toilet system could be preserved, connected
to its own drainage net. Solids could be
renoved to be channel ed through an anaer-
obic digester for conposting and methane
production [see "Methane" below], and
suspended particles in the waste water
treated by mnicrobes to produce nilorganite-

type organic fertilizer. The clarified
ef fluent would then go to the farm
watering system O, the urine and fecal

water m ght alone use a third drain line
system while fecal solids are 'collected

for separate treatnent. [See "Conposting
Toi | et s" bel ow .

4) Industrial effluent must be purified
and reused in a totally closed on site

loop with a high price for
up water piped in. Allowing industries to
di scharge water, of any quality, into the
public drains system invites than to pass
on clean-up costs to the public. If all
i ndustries nust play by this same rule,
and cost out their products accordingly,
there will be no problem with this make-
or-break provision

The 1977 NASA study recomended the
use of a wet-oxidation (euphem sm = incin-
eration) process for treatnent of all
water-carried wastes indiscrimnately.
Wiile this nethod al nost certainly offers

any | oss nake-

the swiftest turn-around for our costly
original investnment of exotic (= Earth-
sourced) hydrogen, carbon, nitrogen, and

possi bly added phosphorus and potassi um
on the order of 1-1.5 hours, it mnisses
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val uabl e and elegant opportunities to
produce 'organic' fertilizers and other
regolith-soil amendnments which are far
superior to chemcals in their buffered
slowrelease of nutrients and in soil-
condi ti oning character

In smaller space and/or |unar out-
posts, heavy reliance on chen cal assist-
ance for fast-cycling sewage treatnment may
be the only feasible way to go. But as we
design settlenments for hundreds or nore
pi oneers, we have the opportunity, if not
the duty,to consider nore natural alterna-
tives. Every part of our proposed tritremne
dr ai nage and sewage treatment system has

separately received abundant proof of
concept on Earth. < MVM >
COVPCSETI NG TA LETS
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Advant ages for the Lunar Frontier
by Peter Kokh and Doug Arnstrong

Wth Thomas Crapper's invention of
the water-closet flush toilet that imor-
talized his name, |arge segnents of the
worl d's popul ati on becane freed of un-
pl easant odors from out-houses and/or the
probl ems of having nowhere to enpty pots
of 'night-soil' save out-the-w ndow or in
a gutter. But convenient water-closets,
whet her attached to urban sewers or country
septic tanks, are not the only alternative
for sanitary disposition of one |less plea-
sant side-effect of having a body.

On the market today are alternatives
targeted primarily at owners and buil ders
of renote hones and country cottages where
the type of terrain may nmke septic tank
installation inpossible, and/or where it
seenms prohibitive or sinmply not desirable
to tap a 'flush-away' water source. These
wi zardly contrivances are known as conpos-
ting toilets. Using on-the-spot nmicrobial
bi odegradati on, they turn human wastes
into good garden-ready conpost without
subjecting its user to unpleasant odors
and with little expense.

Are such devices space-ready? Not
guite. They require venting to an outside
air-sink, a luxury we won't have in mni
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space or lunar bi ospheres. For our purposes,
it will be necessary either to filter the
"waste air" for direct inside venting or
to devise a waste air drainage network,
with all fetid and stale air channeled
into fish tank aeration systems within
farm ng areas. This can be nade easier by
not overloading the system to begin wth.
For exanple, the sinple "conpostlet" or
"COWPQO' pi ctured bel ow evaporates the urine.
But the urine and fecal water could be
collected in closed containers for separate

treat nent.
P:- and relesses no septic matter from icE
| sealed composting chanber. WasCes are
inoffensive “humas™. Water
| 4/
-t‘ J " | |"- {':.- e =T

[__'I(::_ o) reduced %% in volume then
2
i and chemdcals are oot used
I'_. | il_'x
;wiaig E:li%y | —
4 ““'h[ . L]

" The MSEJIFTT Tollet uses no water

resoved a8 8 panltized doy
'«-\j |I in the blodegrading eyele.

pl— -"f A
| — — rlumcr

W Lj

(1) Smjngamay Chanber Cover - when lid is
lifted, only clanshell disk shows. Pressure
on seat nmkes hal ves swi ng open

(2) Flush Button

(3) Automatic Aerators: Electric notor
connected to flush button drives

agitators, turning conposting natter for
full drying.

(4) Thernost at

(5) Air Channels: fan drives warmair and
oxygen t hrough channel s under conpost.

(6) Level Tube: Fluid high |evel mark

i ndi cates need to reset thernostat. This
function is readily autonatable.

(7) Renovable Tray Cover: The final dried

conpost lies in tray ready for enptying.
(8) Ventilation Pipe: For mpist (urine)
air and odors. If urine was drained into a
sub-tray with odor trap, the venting need
shoul d be reduced to drying fecal matter.
This fetid air may be exhausted
(a) indoors, through activated charcoa
filter, (b) via a common stale air
duct-tree to be used to aerate fish ponds.
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The HUMUS™
T Dry Toil et is
VN [——— meant for occa-
somui—r— | st sional use by a
ﬁ- ——————=t— few people. Mich
§ mor e capaci ous
’ systems, like the
pimovar Cl 1 VUS Mul trum
HAEE type depicted
s here, will serve
i INAEE | arger families
on a full-time
v basis, and also
handl e conpost -

abl e kitchen wastes from food preparation.
Integrated systems such as this one night
also find application in "space frontier"
settings large or snall.

Not only would compostlets put |ess
strain on any settlenent and out post waste
water treatment systems, their product,
sanitary organi c garden-ready conpost, can
only be replaced by chemi cals expensively

"upported' from Earth only to do the job
(waste treatnment And fertilizing) |Iess
well. However fondly attached we are to

flush toilets, however rmuch we are inclined
to scorn any alternative as an unwel cone
t hrowback to cruder tinmes happily behind
us, the space frontier version of the com
postlet is in our own best self-interest.

For those living in small off-planet
gquarters with no hone garden space, and
those who sinply do not want to keep up a
hone garden in 'sunlit' space provided, a
utility service could pick up sealed com
postlet trays on a regular basis,to feed a
communal conposting operation. Or, |uxury
wat er-cl osets could be provided, flushing
into a separate septage-only drainage
system as suggested in the previous article.
An appropriately steep installation charge
and user fee schedule for this "carefree"
expensive option could be charged to the
accounts of those who insisted upon it.

Okay perhaps for |arge enough space
frontier settlements with major farm oper-
ations! But what about the smaller outposts
which will alnmpst certainly be used as
beachheads initially, both for |ack of
money and our need to build up know how,
experi ence, and confidence step by step?

In the long run, it'll pay us hand-
sonely to treat human wastes as a "precious
commodity" - yes, like gold or platinum -
from the outset. I|If at first we cannot
afford to bring along the nmeans to conpost
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wastes properly, or have no use for such
conpost,we can sinply freeze-dry or other-
wise immbilize the stuff until we do

begi n farm operati ons.

I ncineration ("wet-oxidation") would
be a grave msuse of a valuable free
resource. A dam-the-future, let's-go-wth-
convenience attitude is not the way to
bootstrap our way to any nore significant
realization of our space-faring anbitions.
To say the least, the expediencies so
lightly reconmmended by some planners,
woul d be judged harshly by those trying to
build on such begi nni ngs.

I n pl anni ng the next stage,
we nust always peer ahead a few
steps, lest we venture off down
any dark dead-end alleys. Bad
I nfrastructure decisions quickly
becone "entrenched" and change-
resi stant.

Pl umbi ng- As- Usual
case in point.

Thi nk “Conpost |l ets!”

would be a costly

< MW >

Kokh

Met hane is the sinplest, nbst common
gaseous hydrocarbon. I ncorporati ng one atom
of Carbon and four of Hydrogen in each
mol ecule, it is also known as "fire danp”
and "marsh gas" It is the major conponent,
usual Iy nmore than 80% of the "natural gas”
wi dely used for hone heating, industrial
ovens and electrical power generation
plants. It is produced naturally in human
and animal food digestion, and enmtted as
flatul ence (cows and ternites being notor-

by Peter

iously efficient at its production) and
anaer obi ¢ (oxygen-starved) plant deconpo-
sition, such as at the bottom of a swanp
or bog.

Wt hout warning additives, it is
cl ear and odorl ess, about as dense as air,
and poorly soluble in water. Methane is
conmbustible in air if certain threshold
concentrations are reached, and slowy
oxi di zed at any level. Over the long run,
Met hane can 'co-exist' with atnospheric

Oxygen only if the former is continuously
re-generated by the processes nentioned
above. Thus seeningly stable co-existence
of Methane and Oxygen in a planet's atnps-

phere is an alnobst certain indication of

the presence of "life".

On the space frontier, we are unlikely
to find natural sources of methane this
side of the giant planets. Yet within the
carefully tended mnini-biospheres we nust

install in alien climes to re-encradle
ourselves, nethane has a roll to play -
within limts. It may be ill-advised to

brine along rum nants such as cows or even
goats (which are far nore efficient in
producing mlk and cheese) unless we are
certain we can handle (i.e. collect or
trap) their steady outgassings.

Met hane i s al so produced in anaerobic
di gesters conposting farm biomass waste
(= parts of plants not edible to hunmans or
livestock, as well as produce of reject
quality). They are an especially efficient
and quick way of rendering conpost as
opposed to the best w ndow designs. [ bel ow

l2~'f:';. .| Vertical Digester
3 I
= J.!!TIL{ (1) I nl et
4 (2) Rotating nechani sm
L
(3) Plowshares
s (4) Air pipe
L] (5) Manoneter
y [ (6) Orifice plate
| (7) Deck &
II \| | (8) Compost
—l.-d n :
The Questi on:
So is natural Methane production

within space and |unar biospheres some-
thing we should hold to a mninum = no
cows or goats; incineration of bionmass
wast es, rather than the slower process of
anaerobic digestion? O does it offer us
sonmet hing of great potential to foster
with care? Let's back up a bit.

At present we can only specul ate
when the day will cone that will find us
"mning" lunar top-regolith for Helium3
to feed yet unengineerable fusion power
plants, and in the process extracting
signi ficant anounts of Hydrogen, Carbon
and Nitrogen from the noondust as by-
products. Until such a time, we will have
to "out-source" these necessary ingredi-
ents for life. That will nean tanking them
in either up-well from Earth, or at a
potential 2/3rds saving in fuel costs,
from a processing plant on Phobos or
Dei nos, strategic noonlets of Mars.
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For ease of handling, it wll be
consi derably nore conveni ent and efficient
to ship this vital threesone conbined as
liquid CHg Methane or liquid NH3 Ammoni a,

than as separate gasses (though liquid Np

Nitrogen is easy enough to handle if we
need nore of it than the anmount co-i npor-
tabl e with what ever Hydrogen we need).

In other words, we will already have
on hand equi prent to break up Methane and
put it to good use in the process of intro-
ducing its conponent Hydrogen and Carbon
into the biosphere system Fuel cells that
burn Methane and Oxygen are one possi-
bility. Nowwith that possibility in mnd,

Tanks of |iquid Methane - or
Met hane pipe lines - mght be the
nost efficient way to ship energy
fromthe main settlenent (or the
Spaceport) to distant outposts
el se where on the Mon,

But it gets nore exciting. Methane
is conparatively clean-burning in air (79%
No) so far as Hydrocarbon enissions and
Carbon Monoxi de are concerned - Nitrogen
oxi des are still a problem

So if we burn it instead with pure
Oxygen stored in a tank just like the
Met hane, this will give us a Nitrogen-free
combustion environment, an engine that
exhausts only water steam and Carbon

Di oxi de needed by vegetation. Nor will
that nmean too nuch COy. NASA's "wet
oxi dation" process would incinerate all
wastes w thout conposting, dunmping nore
CO2 yet into the biosphere and probably
nore heat as well from equipnment run by

| ess efficient electrical notors!

By taking the pains to produce com
post, we are left with a fuel which can be
used to run agricultural equipnent - at no
extra expense - dunping its Co rich exhaust

into the farm areas right where it is
needed. As far as this witer knows, there
are no existing engines that burn Methane
with tanked Oxygen. However, we wll be
devel opi ng them anyway for Mars applica-
tions, as it is the ideal fuel for that
envi ronnent.

Such engines could run plow ng,
tilling, harvesting, processing and drying
equi pnent etc. They could also be used to
generate extra heat needed in nightspan.

Why not be the first to develop such an
engi ne in your garage? < MW >

Kokh

by Peter
Long before the term "BROAN DWARF"

refer-
enough

becane the established currency for
ring to substellar bodies wthout

mass to contract gravitationally to the
poi nt where spontaneous nuclear ignition
can begin and be sustained, | felt that

there nust be innunerably nore of such
deni zens of the dark [calling them dud
stars, substars and finally "infrars”

since they could shine only in the infra-
red than the stars thensel ves.

The argunent is quite sinple: anong
the known types of stars, the cooler and
fainter the star type, the nore of them
there are, in a geonetric ratio. Now if
indeed there are far nore "BD's than
visible stars, distances between then nust
be somewhat I|ess formidable than those
that quarantine stars and their planets-
in-tow from one another. Qur closest
stellar neighbors, the double star Al pha
Centauri with its tag-along, Proxim, are
sone 4.3 light years away (= 270,000 A U.).
As renmpte as this seens, nore than 3000
times the known diameter of our Solar
System we are fortunate to have a neigh-
bor so cl ose.

If you take a list of all known stars
within 10 parsecs (32.58 light years) as a
representative sanple, the "statistical
average" distance between any one star
system (binaries etc, count as one) and
its nearest neighbor is 6.3 |light years.
There are sone stars even 'luckier', of
course. It's just a matter of breaks. One
pair is only 1.1 light years apart. Stars
drift and in the past we've cone even
closer than that to sundry stars, |ike
"shi ps passing in the night".

Back to our story. If for every
visible star system | argued, there were
ten "rogue" brown dwarfs, unattached to
full-fledged stars, then the average
di stance between cl osest nei ghbor systens
of either type nust be 6.3 Ly times the
reci procal of the cube root of 11 (10+1)
= 2.83 light years. That sounds a little
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more friendly - but don't get excited.
It's still an unattainable distance given
current denonstrated technology. If for
every visible star, there were a hundred
of such dark rogues, then that intersub-
stellar mean closest distance would be
only 1.35 Ly. You have to renenber that

space i s cubic!

A debat e has been ragi ng over whether
the uni verse has "enough total nass" to be
gravitationally closed or not. WII current
expansi on eventually stop, even as a bal
thrown up into the air, to be replaced by
some final epoch of infalling contraction,
or will the expansion and 'thinning go on
forever? The total of visible stars and
known gas and dust clouds in all the known
gal axies adds up to only 10% of the mass
needed to "close" the whole. Sonme propose
that the conjectured swarm of unseen brown
dwarfs may possibly account for nost of
the "m ssing" nass.

So now these illusive objects are no
| onger just an absorbing topic, as we idly
daydream of alternate pathways into the
uni verse at large. Searching for them has
becone a top priority!

Those searching argued that sone
brown dwarfs may retain enough heat from
their original formation, the heat of con-
traction, to be detectable by special infra-
red-sensitive telescopes. Until recently,
we coul d not conduct such searches.

The water vapor in our atnosphere
effectively screens out the infrared part
of the electromagnetic spectrum But now,
new i nstruments on very high peaks such as
Mauna Kea on the island of Hawaii at
13,796 ft (4300 m) poke above nobst of this
wat er vapor screen yet that is still not
enough to provide the sensitivity needed.
Nor do the brief flights aboard NASA's
i nfrared-equi pped Kui per Airborne Observa-
tory suffice. So when the IRAS (Infra-Red
Astronomy Satellite) went up in January
'83, the search for brown dwarfs becane a
top priority.

VWhile IRAS did nake a serendi pitous
di scovery of previously unsuspected proto-
pl anetary "dusty" disks around sone near by
stars |ike Vega and Beta Pictoris, no
unchal | engeabl e evi dence of brown dwarfs
was detected. Many, even sone of the inves-
tigators themselves, have junped to the
conclusion that the assunptions on which
we' ve been postulating their existence are
wong, that there aren't any such critters.

| RAS was capable of detecting only
those rare dwarfs with a fairly high
tenperature, such as they would have if
they were recently forned. It is the nore
pl ausi bl e assunption that the overwhel ning
maj ority of such substars were formed in
the earlier waves of galactic star forma-
tion and have | ong since cooled to a point

where they emt heat too feebly to be
detected by our current state of the art
i nstrunentation. Further, the investiga-

tors FAIL to admit, they have been | ooking

only for brown dwarfs that are conpanions
of known visible stars, not for those
harder to find hermt rogues in sunless
reaches.

So these intra-stellar substellar
curiosities may still lurk out there sone-
where. |If so, these hermt brown dwarf

systens, despite the sonewhat less intim-
dating di stances between themwon't becone
stepping stones to the stars. It would be
absurd to waste the fuel and the tine
needed to decelerate for a "pit stop" in
such a system

But, it is possible many of then
have dwarf planetary systems not unlike
Jupiter's, close-in and cold!. and, anple

solar energy is not the only hook on which
to hand our pioneering hat.

Crcling sone of these lonely dwarfs
may be nunbers of "oceani ds" or "europids"”
[see MW JUL '90 #37 article "Cceanids"],
Europa-1li ke nmoons with anple water oceans
kept liquid by tidally-induced heating
under vacuum packed ice crust seals. Sone
day we may learn how to farm such ocean-
trove noons, starting with Europa herself.

Conmunities of settlers could orbit
in space settlenents or live in shielded
and insulated stilt-supported structures
out on the ice-crust. For energy they
could tap into strong nmgnetic differen-
tials surrounding the brown dwarf or rogue
gas giant, in nuch the sane manner as OTEC
(Ccean Themal Electric Current) schenes.
This is a technology we probably nust
develop if we are serious about attenpting
to bring Jupiter's big Galilean nmoons into
t he human domai n.

In a way he did not foresee, Arthur
C. Carke, co-author of "2001" the Mvie
(Saturn's lapetus, not Jupiter, hosted the

stargate nmonolith in the book version)
Jupiter could yet become our dawn break-

t hrough point to the stars! < MV >
ILOOK for MMM CLASSICS 5 & 6 in July 2005
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