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Guest Editorial The Next

By Robert P. Kleinberger

In the early 60's, the U.S. began the Apollo
Program short some 450,000 engineers and scien-
tists. By the time Neil Armstrong set foot on the
moon, more Phd's had been awarded than in any other
decade since, and was due in no small part to the
expansion of the space program.

These educational and technological leaps
enormously invigorated the U.S.economy. How many
people for instance know that every American dollar
spent on the Apollo Program resulted in a $7 to $8
dollar return to the economy in goods and services?
That amounts to nearly three-quarters of a trillion
US dollars over a span of thirteen years. (See Paper
written by Bruce Cordell and Joan Miller “Young
People and Rationales For Human Mars Mission,”
The Case For Mars 1V, Considerations For Sending
Humans, An American Astronautical Society Publi-
cation, Volume 90).

The American public, however, was never
sufficiently informed about the great benefits resul-
ting from the Apollo program, or any other space
program for that matter. Even today the general pub-
lic still suffers from many popular misconceptions.
Many, for instance, believe that NASA’s budget lies

Two Decades With NASA

somewhere between 5-8% of the national budget,
whereas in reality NASA’s budget is less than 1% of
the total (See Research Study conducted by the
University of Texas, led by Janet Osimo).

How many among us, for instance, realize that
the Apollo Program that reached the Moon in less
than 9 years had cost some 120 billion in today’'s
USD, and in contrast the International Space Station
(ISS), an equal feat in technological marvel and
complexity, was more economical to build, thus far,
at about 25 billion USD. Even if the ultimate cost is
much higher, the ISS may prove itself to be an even
greater boon than the Apollo Program by becoming
one of the most powerful research facilities for the
international scientific community and may ulti-
mately generate commercial enterprises that will
regularly service the station with perishable goods,
trash removal, and boost capability.

Similar to the Apollo Program the completion
of the ISS was suddenly stopped short primarily for
funding reasons and unless the Earth is threatened
by an asteroid impact, or some other unforeseen
critical event, funding will most likely always play a
key role in any future space endeavor.

With the temporary stalling on [=> p. 2, cal. 2]

Water Features Calm Pioneer Homesteads

Whether they are hung on a wall, placed on a
table, or worked into interior garden spaces, water
features such as fountains, waterfalls, and ponds
could bring soothing sounds, visual interest, and
opportunities for color to spartan pioneer habitats.
More, they will be evidence of the “hydrosphere’
that underlies every biosphere. More, page 8.
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fi IN FOCUS Guest Editorial continued from p. 1.
the completion of the ISS for now, what is NASA's
future and where is it headed?

Well first of all NASA is a technology deve-
lopment company and should continue to be so in the
future, because advancements in technology directly
improve our national scientific, economic, and mili-
tary capabilities. One of our strengths as a nation is
that we possess the most advanced technology in the
world and we are capable of accomplishing things
other nations cannot imagine, much less execute.
America can remain strong and secure only with a
technological base that is equal to the challenges of a
world that is increasingly characterized by change.

The way NASA develops technology is through
exploration of our solar system,both through robotic
and human exploration. Technology developed speci-
fically for use in the space environment far exceeds
any terrestrial technology research and develop-
ments, and this was proven during the Apollo
Program, the development of the Space Shuttle, ISS,
and many robotic spacecraft programs.

In the next two decades NASA should
continue and expand its robotic exploration of the
solar system. There is no better way to push techno-
logy to its limits other than through advanced robotic
exploration of the planets. We have learned much
from our robotic explorers such as Pioneer,Mariner,
Viking, ICE, Pathfinder, Cassini, the very successful
Galileo in the Jovian System, and many others.

The technology spinoffs resulting from these
robotic explorers have been enormous and the scien-
tific community learned much about technologies
such as shielding against radiation, advance propul-
sion, power generation, communication, astrodyna-
mics, surface sensing, and much, much more. Some of
the more popularly recognized developments have
been those of tin foil, the microwave, satellite TV,
pacemakers, improved computer technology, and all
sorts of sensing technologies that were developed by
the space program, from monitoring weather to scan-
ning the human body for various maladies that would
otherwise remain undetected.

In the next two decades we should continue to
push technological development by sending robotic
explorers to every corner of our solar system, with
landings on our sister planets and their moons. We
should resurrect the now famous Pluto-Kuiper
Express that hasn't left yet, we should explore and
land on the Jovian moon Europa and have it burrow
beneath the ice and try to find the ocean that may
exist there. We should explore Saturn, Neptune, and
Uranus. We should land on the poles of Venus
because sometimes the temperatures are moderate
there, and explore the backside of Mercury. We
should send a fleet of explorers to land on Mars, and
lastly we should send automobile-sized remote
rovers to explore the lunar surface in depth to find




out if ice indeed exists on the poles of that planet.

We should do all of this because it will
advance technology and expand the growing field of
Planetology that our nation’s young men and women
in our universities will want to join and study, with
every dollar spent on technological development
bringing brilliant young minds into the field.This
will improve our national capability, because it isn't
necessarily technology alone that improves our capa-
bility, it is the upgrade in our human resources that
is the real long-range national benefit.

In the immediate future, NASA should finish
the International Space Station even if it means
rebudgeting. The space station must become a
national priority. There is much to be gained from
assembling and operating a complex space vehicle
such as the ISS as this itself is research on a grand
scale. Remember that the ISS is very much like a
spacecraft that just happens to be orbiting the Earth.
Future spacecraft that are manned by astronauts may
be assembled using component designs that owe their
heritage to the ISS and instead of orbiting the Earth
these spacecraft may be launched to the Moon or
Mars, and even beyond. The next spacecraft destined
for Mars may very well owe its lineage to the ISS, a
fact that seems to be forgotten by many space enthu-
siasts who oppose the completion of the ISS.

Not many major programs in US history have
been finished under budget, but there were some. At
352 million USD spent over a ten-year period, the
Panama Canal came in at 4% under budget, but only
after 5000 American deaths had been piled onto the
previous grueling experience of the French.In the
end, that project was a costly experience for both
nations, both in blood and in treasure.

The stellar performance by NASA personnel
in the assembly of the International Space Station, a
major accomplishment unparalleled in history to
date, deserves more praise than has been meted out,
as well as funding to finish the job.

In addition, the shortfall completion of the
ISS has caused the “Unintended Effect”, which means
that fewer astronauts will be needed for the assembly
and manning of the space station. As a result NASA
pushed back astronaut selection for the class of 2002
to the year 2004. As it is NASA selects less than 1
percent from about 2600 qualified candidates and a
three-year delay will no doubt mean that some men
and women will never have the opportunity again to
qualify. In one fell swoop, the lifetime dreams of a
number of men and women have been shattered, by a
simple budget shortfall of 5 billion USD.

The US Congress considers the space shuttles
as national treasures, but without the astronauts the
shuttles might as well be museum pieces. Without the
astronauts, we could not have fixed the Hubble Tele-
scope or built the ISS or landed on the moon. It is the
men and women of the astronaut corps that have
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accomplished the great feats of the last four decades
in our space program that are the deserving objects of
American pride. We should;therefore, complete the
ISS in the near future as originally planned and
expand our astronaut corps to levels sufficient for
meeting the challenges of a vigorous, adequately
funded space program.

In addition, over the next decade we desper-
ately need to design, build, and operate a shuttle
replacement vehicle. We have been operating our
current space shuttles for over 20 years, and it
appears that we will continue to do so for at least
another ten. We need a shuttle replacement vehicle
that allows low-cost, routine access to LEO. However,
we should strive to accomplish this by incremental
means, rather than trying to leap technologies that
may not yet be sufficiently mature.

It is unwise to wait for some new technology
to be developed that will reduce the current cost of
getting one (1) pound into orbit from $10,000 USD
down to $1000 or $100 USD. We should set our sights
on lowering these costs in parallel with any new
shuttle development. Certainly, lowering launch
costs as much as possible should be our goal, but we
cannot wait 50 years to reach it. The US Space
Program needs a vehicle that is better than the
current shuttle, more efficient and with additional
capabilities, but which,in the near term, may result
in only halving the cost of reaching orbit.This incre-
mental approach is only common sense.

The new Space Launch Initiative (SLI) office
at the Johnson Space Center(JSC), which is charged
with the responsibility for managing research and
development technologies for a shuttle replacement
vehicle has been underfunded from its very incep-
tion. Granted, the funding may be for technological
development, but in comparison, JSC's SLI budget of 5
billion dollars over the next five years is far less
then the original space shuttle development costs
that were nearly 12 billion in 1973 USD. Even
taking into account the great strides in technology
development since the 1970's,can we realistically
develop a shuttle replacement vehicle for 5 billion
USD that is 100 times safer and 10 times cheaper to
fly? | am not saying that it cannot be done because
we have learned much in the last 20 years of opera-
ting the current shuttle system, but we have handi-
capped ourselves right at the start. Certainly the
odds are not in our favor, not without performing
some miracles, and what will the US Congress say
when JSC determines that much, much more funding
is needed. Is the SLI another double-edged sword
for NASA similar to the ISS Program?

We should realistically invest some 1.5 to 2
billion USD per year over the next decade for a next
generation shuttle system; and not only that, this
shuttle system should be developed in a combined
effort with the U.S. Air Force. The Air Force has a




crucial need, even in the near term, for a shuttle
vehicle to safeguard space systems and help reach
military targets in 10 minutes around the globe. It
is only reasonable that they participate in the next
generation shuttle design as well as fund 50 percent
of the development effort. There should be no more
free rides for the Defense Department at the expense
of NASA.

In the next decade, then, the US Air Force and
NASA should receive adequate funding from Congress
to develop the next generation shuttle system. The
result should be a vehicle capable of launching to
Low Earth Orbit (LEO) and landing at practically any
major airfield on the planet. It should be a vehicle
whose turnaround for another launch is much shorter
than the current space shuttle, but which is achiev-
able with current technology. Unrealistic expecta-
tions, such as an extremely low turnaround time are
impractical and may cause the program to be signifi-
cantly delayed.

In the next two decades we should do our best
to promote the human exploration of space. We may
want to use the step approach to reach Mars by first
establishing a lunar base. There are advantages to
this in that we can use a lunar base as a test bed for
system architecture, power systems,rover design,
base construction techniques, life support, plant
growth,living in a low-g environment, and examining
the physiological and psychological effects of living
together in close quarters for extended periods.
Lunar Liquid Oxygen (LLOX) production could also
be accomplished on the moon to support future Mars
missions, and this could reduce tanker vehicle mass
for certain Mars missions by as much as 30 percent.

| know that there are many opponents of the
step approach to Mars. For instance there is consi-
derable fear among Mars proponents that going to the
Moon first will delay a Mars mission. | maintain that
a step approach would accelerate the Mars program,
because the high cost of a Mars mission may simply
be unpalatable for the U.S. Congress to justify to
constituents.

The overriding reason for NASA to go the
Moon first, however, is a human one. The exploration
of space is about human development, “People
Exploring Space.” People of all origins, races, colors,
genders, and ages will want to go into space and we
should give as many as possible that opportunity.
Unlike a mission to Mars where a select few will
actually get to participate as astronauts, maybe seven
in each mission, exploration of the Moon will involve
a vastly greater number of participants. Exploration
of the moon is less elitist than a tightly focused
concentration on Mars.

We can place many more people from this
planet in a Moon base and its infrastructure than we
can send to Mars. A lunar base could rapidly expand
to about 25 astronauts and a crew rotation would

involve approximately 100 astronauts. This is a lot
more then would be involved in a Mars mission in the
next two decades. A lunar base may eventually
expand to a small city and several research stations
involving several hundred. Thus, here lies the real
power of getting to Mars. We humans are a restless
lot and many will continue to dream of the Mars
endeavor. The combination of the larger astronaut
corps, the increased participation in the sciences by
many of our youth, and the public exposure of Moon
exploration would be a natural impetus for a Mars
mission and much of the necessary technology would
already be in place.

One of the priorities for NASA’'s new chief
administrator, Sean O’'Keefe,should be to success-
fully marshal the support and focus all of the various
space societies and groups within the United States.
Societies such as the National Space Society, Ad
Astra, the Mars Society, the Moon Miners' Manifesto
(MMM) and many others comprise a considerable
portion of public opinion. Without the support of
these groups, NASA will have difficulty fulfilling a
vision, or appearing cohesive in front of the US
Congress or the publicc. NASA's new head must
involve these groups in the creation of a vision and a
philosophy for our national space program. By doing
so, we can reduce the divisions among ourselves and
present more cohesive and coherent options to the
U.S. Congress and the American people.

Whether we decide to explore the Moon or
Mars first, or neither, we must unite in our efforts to
support the national space program, even if it means
swallowing some pride and surrendering allegiance
to our personal preferences. NASA cannot survive,
much less meet its goals, without the active support
and involvement of every American who recognizes
space as our final frontier.

This is an ambitious undertaking, one that
will not be easily achieved.Rather than being daunted
by the task that lies ahead, however, we should
remember the adage: “No man moves without ambition
or moves without a dream.” If our children are to
develop ambitions and dreams of their own,they must
learn from watching us try to realize our own. What
greater gift could we bequeath to them?

Robert P. Kleinberger
Lunar Rocket & Rover Company
11521 Weatherby Road, Los Alamitos, CA 90720
Home: (562) 493-5858; Mobile: (562) 572-0900
Time doesn't do things. )
People do things.
Nothing happens

If we don't make it happen.
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Nitrogen and the Moon's Future:
Conservative use of this scarce
critical element is key to “limits
to growth" of Lunar Settlements

by Peter Kokh

Cosmically speaking, Nitrogen is one of the
universe’s more abundant elements. Earth’s atmos-
phere is 79% oxygen. There is three times as much
(by weight, not by percentage) on Venus. Mars thin
atmosphere is 3% nitrogen. Titan’s thick atmosphere
has more Nitrogen than that of Earth. There is plenty
in the deep atmospheres of the gas giants.

All that does little good on the Moon. Unlike
the Earth, the Moon formed “hot”, condensing out of
the hot plasma debris of a major crash between the
proto-Earth and another early planet-in-formation.
In the heat from the impact, almost all “volatile”
elements, those with relatively low boiling points,
were driven off into the surrounding space, never to
be recovered. When the Moon coalesced from this
debris, it formed “dry” - no water, no free gasses.
Any carbonates were disassociated and the carbon
driven off. Only oxygen, which forms tight stable
bonds with most metals, was retained.

What nitrogen is found on the Moon is from
two external sources, one known, the other surmised:

Molecular Gas N2
Molecular Weight 28

e Known regolith reserves: nitrogen atoms in the
thin but incessant solar wind have become
affixed to the fine particles in the dusty topsoil
blanket that covers the Moon: the regolith. This
resource is primarily in the top meter or so at an
average of 82 parts per million.

e Possible polar ice reserves: if the suspected
polar ices “found” by Lunar Prospector are
confirmed by a “ground truth” probe, it is almost
certain that they are derived from cold trapped
vapors released when comet fragments have
impacted the Moon. Comets consist not only of
water ice, but of nitrogen oxide and carbon oxide
ices as well, in a mixture dubbed “clathrate.”
One of the primary goals of a polar ground truth
probe would be to qualify and quantify this
mixed ice bonanza. Someday there may be
refineries at the poles producing CH4 methane
and NH3 ammonia as well as water, for shipment
by truck, rail, or pipeline to industrializing
settlements in other areas of the Moon.
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e Off-Moon sources: import of nitrogen in the
form of ammonia, from comets and aster-oids if
and when such resources can be economi-cally
developed to provide steady “pipeline” supplies.

The Bottom Line:

On Earth, an 1800 square foot home with 9 ft.
ceilings, at sea level, contains a half ton of nitrogen.
To provide that much on the Moon would require gas
scavenging an average of 6,100 tons of regolith at 100%
efficiency. Anything we can do to cut that burden
will allow settlement to grow more quickly.

Of all the elements essential for life (oxygen,
hydrogen, carbon, nitrogen) it is nitrogen that is in
shortest supply on the Moon in comparison to the
amounts of it we are accustomed to using -- simply as
the buffer gas for our oxygen-based breathable air.
As settlements grow, it will not be shortages of
hydrogen (water) or carbon that put on the brakes. It
will be nitrogen that becomes the pinch point.

The Case for Reduced Air Pressure

One way to “go easy on the nitrogen” would be
to simply maintain and regulate low ceiling heights
in lunar settlements, not just in private quarters, but
also in public places. Less volume of air means less
tonnage of nitrogen. Such a Spartan constraint would
not exactly foster high morale, especially over the
long haul. But without other ways to conserve, we may
well be facing such a gloomy prospect .

What else can we do? Reduce the air pressure
in habitat areas. Additional savings could come from
reducing the relative abundance of nitrogen in the
reduced atmosphere, keeping the partial pressure of
oxygen closer to what we are accustomed.

Readers who frequent the Artemis Discuss
List will no doubt be exasperated by this suggestion.

“Oh no! We've been through all this before! It can't
be done, and NASA uses Earth normal pressures
and mixtures in space. A discussion on the
Artemis-list hashed this out in considerable
detail. It is not true that we can live in lower air
pressure. The atmospheric pressure at 7,500 feet
is not significantly less that at sea level.”

With all due respect to those who took part in
this discussion, we believe all the premises behind
these assertions are flawed and inaccurate. It is vital
for those of us who have faith in a bright future for
lunar settlement to seek out a second opinion.

The Facts:
A table on the reduction of air pressure with
increasing altitude is available online at:

http://www.cleandryair.com/AltitudePressure.htm

Sea level air pressure is the equivalent of a
column of Mercury 760 mm high (30 inches). Here is
what the table shows for some higher altitudes:

A titude
7,000 ft.

Pressure
586. 7

% (1 ATM = 100%
77%




(Mexico City’s 22 million live at 7,600 ft.)
8,000 ft. 564.6 74%
(Bogota’'s 7 million live at 8,600 ft)
(Nairobi’s 2 million live at 8,800 ft)

9,000 ft 543. 3 71. 5%
(Quito’'s 1.5 million live at 9,500 ft)
10,000 ft 522.7 69%

(Cuzco’'s 300,000 live at 10,600 ft)

(La Paz, Bolivia's 1.5 million live at 11,800 ft)
Millions have been on top of Pike's Peak, 14,000 ft
15, 000 ft 429.0 56. 6%

Can thirty five million people be wrong? It is
quite clear from these figures and the interposed list
of high altitude cities where millions live, that the
Artemis-list conclusions are prima facie in error.

“Nevertheless, a very large portion of the popula-
tion has difficulty adjusting. Also note the life
spans of the places you've listed.”

It was noted during the Mexico City Olympics
(1968) that those athletes who live at lower altitudes
had enormous difficulties competing, unless they had
exercised the foresight to come to Mexico City a week
or two early to acclimatize themselves. Those who did
so did well. And life spans relate to medical care.

The argument from the experience of some
people who have difficulty adjusting is irrelevant. It
cannot be expected that everyone would be able to
adjust to life on the Moon or Mars, and there are a lot
of reasons for that: claustrophobia, black sky blues,
loss of open-air living, lower gravity, air pressure.
We know all that, and have always known it.

Pre-screened settlers will come from the
ranks of those who tolerate all these conditions well.

All that is necessary for settlements to thrive
is that there are enough who can adjust.

Those who argue from the admitted fact that
some cannot adjust ignore the rules of simple logic.
“Some people do not make good parents, therefore
parenting is unwise.” Same type of argument.

There are a great many skeptics about the
rationality of our faith that humankind can sow itself
on other shores beyond Earth’s. “We were evolved at
1 ATM and 1 G and it is not possible for us to be pre-
adjusted to tolerate anything less!” If we are to give
in to them on the atmospheric pressure question,
then we might as well give in to them on the gravity
issue. But let’s not. Life is about adaptation, not only
over many, many generations, by evolution, but
within the experience of individual lifetimes.
Humans originating in East Africa have dared to step
out of “their niche” over and over again to the point
where we now thrive from the polar arctic to the high
altiplano of Lake Titicaca and La Paz, Bolivia

Why Air Pressure is a Critical Issue

The suggestion to use reduced air pressure in
our outposts and settlements on the Moon and Mars is
not lightly made. It is simple physics that
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the higher the inside/outside pressure difference,
the greater the propensity to leak air,
and the greater the likelihood of seal failure.

And this likelihood increases on a geometric
scale. Choosing a reduced air pressure is then first
of all a matter of common sense safety. The Moon and
Mars are very unforgiving places. If we respect the
dangers and the risks, our chances of successful
transplantation to either world will be that much
greater. Not to do so based on assumptions born out
of history or habit or respect could invite failure. We
have a saying that “it is easier to find forgiveness
than to get permission.” That approach works with
people and institutions, but not with Nature.

Extra incentives for Lower Pressure on the Moon
On the Moon we have three additional incen-
tives to use reduced air pressure in our habitats:

1. The more our habitats leak, the more likely we
will end up “polluting” the lunar vacuum to the
point that it ceases to be a major industrial and
scientific resource.

2. The more our habitats leak, the more nitrogen we
will lose (nitrogen is enormously more difficult
to come by on the Moon than oxygen) and the
sooner we'll reach the Moon's “carrying capacity”

3. The less nitrogen we use as a buffer gas in our
habitat atmospheres, the less expensive it will be
to provide higher ceilings in public spaces as a
welcome relief to eye strain and cabin fever.

Reducing Nitrogen Richness as well

One of the cases made against reduced air
pressure is that “some” people have difficulty adjus-
ting to it. Aside from the irrelevance of this argu-
ment, the difficulty cited comes entirely from the
proportional reduction in the amount of oxygen. But
who says we have to keep the same gas ratio we have
on Earth (79& nitrogen, 21% oxygen)? What if we
were to keep the oxygen partial pressure at comfort-
able levels and achieve all of the reduction in total
pressure by reducing the amount of nitrogen gas used
as a buffer? The following table assumes just that:

Mix (N/O) Pressure N2 Savings
(N2/02) (%1ATM) (tonnage)
75/25 84% 20%
70/30 70% 38%
65/35 60% 51%
60/40 52.5% 60%

But, but ... fire risk and oxygen poisoning
Most of us know the dire consequences to the
Apollo 1 crew of using an atmosphere of 100%

oxygen. One spark and they were toast. There is,
however, an enormous difference between 0%
nitrogen and say 60%. But let’s humor those

concerned about fire risk and admit, for the sake of
discussion that a 60/40 nitrogen/oxygen ratio makes
combustibles more likely to ignite.




On Earth we are surrounded by combustibles.
For one thing we use a lot of wood, a lot of plastics.
On the Moon, however, items made of wood and other
organics, natural or synthetic, would be very very
pricey. We will need to reserve all the nitrogen,
hydrogen, and carbon we can harvest for biosphere
biomass and food production cycles. On the Moon we
will rely much more heavily on inorganic substi-
tutes: metal alloys, ceramics and cast basalt, glass
and glass composites. The typical lunar home, office,
school, or other kind of space will have very little in
the way of combustible materials outside of clothing,
bed sheets, towels and the like. Even the casings for
electrical wiring are more likely to be of woven
fiberglass than Romex plastic. Electrical fires will
be much less common than on Earth.

All this is good, because fire is far more
likely to be fatal on the Moon than on Earth, You can't
just open a window to let out the smoke. You can't just
open a door and escape outside. Future Mars settlers
will be under no such materials rationing restric-
tions. The sad twist is that the incidence of fire and
fire fatalities on Mars is likely to be much greater.

Some fear oxygen poisoning in an oxygen
enriched atmospheric mix. But this phenomenon only
occurs when the oxygen mixture is near 100%.

Don’t sea level crops need sea level nitrogen?

On the Moon we are surely going to want to
grow more than coffee, tea and other crops usually
associated with high altitude. The altiplano of Peru
and Bolivia are not exactly gardens of Eden or bread-
baskets to the world! Yes, but!

It is true that this high altitude area on Earth
is no green paradise. Is that the result of reduced
nitrogen? If that is the conclusion you want to reach,
it will be the most plausible answer. But in fact, the
altiplano is relatively infertile for climate reasons
that have nothing to do with the reduction in nitrogen
partial pressures. The are is colder because it is
higher up. An because it is on the lee side of the
Andes, it is drier, and windier.

Dry, cold, windy -- not exactly the conditions
that make for rich, fertile soil. But to jump from that
fact to the conclusion that reducing nitrogen partial

pressures will mean cold, dry, windier lunar
settlement interiors with poor soil is absurd.
In fact, in response to the quickly rising

population of the area, especially around La Paz,
there has been much agricultural research of late and
the results are amazing.

e http://www.idrc.ca/books/reports/09highla.html
o onions, radishes, beets, and carrots and lettuce at
4,200 meters (13,839 ft.)
o potatoes. three harvests a year in greenhouses

* http://www.eco.utexas.edu/graduate/Blubaugh/
papers/| SEEpaper.htm
o sustainable development in Bolivia's Altiplano

If you do a web search for altiplano crops or
altiplano farming, you will find much more evidence
to support the conclusion that high altitude and
lower nitrogen partial pressures do not mean having
to live on coffee alone. But how can this be?

Simple. Most plants do not get their nitrogen
directly from the air. They absorb nitrogen from the
nitrates in the soil, put there by microorganisms that
can fix nitrogen directly from the air. Some plants,
like legumes (bean family) live in symbiotic associa-
tion with such micro-organisms and planting them
enriches the nitrate content of the soil. But the
bottom line is that nitrogen-fixing micro-organisms
thrive at all virtual altitudes under discussion. “Sea
level plants” do not require “sea level nitrogen.”

NASA Studies

What about NASA studies? The assertion is
that NASA has studied all of these questions exhaus-
tively and come to the conclusion that sea level air
pressure and mixture is best. Why else would both
the former Mir and the International Space Station
use 14.7 pounds of air pressure?

NASA has done many great things. But there
are good reasons to believe that it is highly unlikely
that research on this question has been exhaustive.

« NASA has never looked that far ahead to the point
that human expansion might be limited by the
availability of nitrogen. NASA’'s lunar outpost
studies have focused on small crew installations
with individuals serving short terms of duty. For
NASA to spend research dollars on “far future’
options would be wasteful in that light.

* NASA has wisely chosen standard sea level air
pressures and mixtures because man-hour time
in space is prohibitively expensive, too much so
to waste any of it on “adjustment time.” Once we
start talking about settlements, where people
have come to spend the rest of their lives, a short
period of adjustment difficulty (for which all
volunteers will already have been pretested
before leaving Earth) is hardly a major concern.

But is it not brash and rash and disrespectful
to NASA to request fresh research? In science, it is
standard practice to check and recheck results of
others. In medicine it is standard practice to request
second opinions. If NASA is offended, then it has put
itself on some sacrosanct pedestal above other scien-
tists and researchers. No disrespect is intended.

There is simply too much at stake on this
guestion to settle for results of past studies there is
every reason to believe have not been exhaustive or
free from preconceptions that tend to color results.
Instead, let's put all prior conclusions on hold, and
mindful of the non-trivial consequences, examine the
facts afresh with an open mind.

We owe our dreams that much. <MMM>
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Therapeutic Indoor Recycling Water Features
by Peter Kokh

Thanks to strong marketing by suppliers for
garden pools and water features, both indoor and out-
door, these delights are finding their way into more
and more gardens and homes each year. One can buy
fully assembled pre-designed units in a bewildering
array of sizes and styles, or buy key parts and create
one’s own. Imagination, not cost, is the only limit.

Indoor “water features” would seem to be just
what the doctor ordered to make lunar homesteads
inviting retreats. The reasons are that they:

e use only recirculating water reserves

* require only lightweight imported pumps, hoses

e can use basins made of many lunar materials

e are an opportunity to “domesticate” moon rocks

e are an ideal setting for plants

e can be combined with fish ponds

 offer several ways to add color

 provide a treat for four of the five senses
Recirculating Water

The water used in these water features recir-
culates over and over. One must make up for evapora-
tion, of course, but evaporated water is not lost to the
biosphere as it can be recovered by dehumidifiers. It
is essential that the outpost or settlement have more
than marginal reserves of water as a matter of safety
and security. But why not put such reserves “to work”
in ways that improve overall morale? (see MMM #67,
July ‘93, p. 6. “Reservoirs’)
Imported Pumps
These water features use small pumps that

are relatively light weight, plus hoses and clamps. It
can be argued that the intangible benefits of having
water features in homes, home gardens, and public
common spaces is great enough to justify their import
-- after all, the vast bulk of the weight (basin, water,
and sundry adornments) can all be made locally.

Made on Luna Basins

Basins, pools and step pools need to be imper-
vious to water and are commonly made of inorganic
materials. On the Moon we can make such items from
glassified regolith, glass composite, cast basalt,
various metal alloys, glass-sulfur composites, and
concrete. The choices are quite wide and will support
a wide variety of sizes and variation in design.
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Incorporating Moonrocks

Water feature designers often incorporate
rocks in their creations. After all, in nature, rocks
are invariably associated with waterfalls and rapids.
We won’'t find “river rock” anywhere on the Moon, of
course, but we should be able to make interesting
arrangements using larger moonrocks and breccia.
As an alternative, we could “make” rocks by casting
basalt or concrete in various shapes. In the first
path, we find one more way to “domesticate” moon-
rocks and thereby make the surface that much less
alien to the eye.
Working in Foliage

Again, in Nature, foliage is commonly more
dense and rich in proximity to water. We can make
our house plants look more natural clustered around
a water feature. With a little ingenuity and extra
plumbing, we might even train the water feature to
meet the watering needs of the plants.
Integrating Fish Ponds

In larger size fountain pools and waterfall
basins, we can raise a variety of common aquarium
fish species. Fish add surplus motion and color, and
reinforce bonds with nature that would weaken if we
had only plants to enjoy.

Avenues for Color

Integrating a water feature into the home or
home garden, provides several opportunities to add
extra color for the eye to feast upon:

o moon rocks in direct contact with water or even
just splashes of water, may tend to take on rusty
patinas, to the extent of their iron content. Rust
will be a warm tone that will provide welcome
contrast to background gray tones of structural
concrete, cast basalt, glass composite, or metal.

o the many greens of foliage. Plants go well with
rust tones, by the way. Think terra cotta pots!

o flowers and blossoms

o colorful fish

Treats for Four of the Five Senses
The reader is welcome to try to identify ways
in which water features provide a taste treat for the
tongue. We didn’t try. As to the other four senses:
e Eyes: The designs and shapes of fountains and
waterfalls can be designed are limited only by the
imagination. They can be rustic or crisply geometric,
incorporating many textures. Amateur-friendly, they
are also inviting to artists as well. Spot lighting can
be used and/or underwater lighting. Plus colors!
e Ears: Soothing “white noise” that varies with flow
and design.
® Nose: That fresh “after-the-rain” smell in the air.
e Touch: Textures of the different surfaces can vary
from ultra smooth to quite coarse or even sharp. A
randomizer added in to the ventilation system, could
waft gentle fresh breezes around the surroundings.
Settlers need ample morale boosting perks.
Water features will be among them. <MMM>
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http://www.moonsociety.org

Please make NEWS submissions to
David Wetnight at newsmonger@asi.org
Other submissions: KokhMMM @aol.com

The Moon Society was formed in July, 2000 as a
broad-based membership organization with local
chapters, to spearhead a drive for further explor-
ation and utilization of the Moon in cooper-ation
with other like-focused organizations and groups.

Artemis Society International was formed in
August 1994 as a forum for supporters and parti-
cipants in the Artemis Project™ quest to estab-
lish a commercial Moonbase as a first step to a
permanent, self-supporting lunar community. ASI
does not engage in any form of commercial busi-
ness directly, but seeks to build a Project support
business team. Registered trademarks of the
Artemis Project™ belong to The Lunar Resources
Company ®

Join/Renew Online at
www.moonsociety.org/register/
$35 USA/Canada + MMM hardcopy
$60 elsewhere + MMM hardcopy
$35 anywhere + MMM electronic PDF file

Questions? email: membership@asi.org

The Artemis Project™ http://www.asi.org/
Artemis Reference Mission
Artemis Data Book

Project LETO™
http://www.projectleto.org/
Please send all mail related to Memberships to:

The Moon Society Membership Services
PO Box 940825, Plano, TX 75094-0825, USA

How to fix MMM Subscription Errors:
www.asi.org/adb/06/09/04/1999/09/news-19990915.html
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Chapter Outreach Opportunity
Apollo 13 Blockbuster to be re-released
in IMAX format this summer

LOS ANGELES, March 21 (Reuters) - Big movies got

bigger on Thursday when Imax Corp. unveiled

plans to convert 1995 blockbuster "Apollo 13" for

its giant screens this summer, marking a first for

mainstream, live-action Hollywood movies....

This is sure to present great outreach oppor-
tunities for Moon Society chapters (and chapters in
formation!) in urban areas with IMAX theaters.

» Chapters in cities without IMAX could put
together charter bus trips

» If you do not have a chapter in your area, this
could be the event that will help you recruit new
people to make your chapter a reality.

« Start planning now to take advantage of this
special occasion, brainstorming their displays
and handout literature specially designed for the
event.

Join the Moon Society today!
http://www.moonsociety.org/register/

Oregon L5 Society has Five Papers
at 2002 Space & Robhotics Conference

from Bryce Walden
[Oregon L5 Society Lunar Base Research Team
is a Moon Society Affiliate Organization]

Five papers were presented by researchers
from the Oregon L5 Society to the 2002 Space and
Robotics Conference (American Society of Civil Engi-
neers) and are now available online at:

http://www.OregonL5.0rg/15sr2002.html

Just follow the links

[NOTE: These are PDF files. Hold the cursor down on

the link until you get the prompt to download the

link to your hard drive. Use Adobe Acrobat Reader

(free) to open and read.]

» Gecko-Tech in Planetary Exploration & Base
Operations

» Lavatube Entrance Amelioration on the Moon &
Mars

* Illumination for Lunar Base Construction &
Operations

» Secondary Profit Generators for Moon & Mars
Bases

e Lunar "West Pole" Prime Meridian

In next month’s issue, we will print the Abstracts of
each of these papers. @




The Moon Soclety journal — Free Enterprise on the Moon

[OPINION PIECE: The MSJ pages are open to members
who wish to express alternative or opposing options.]

Growing The Moon Society:
Part I: Projects

by Peter Kokh
The Moon Society has two “Flagship” projects:

1. The Artemis Project™ to design a viable commer-
cial Moonbase.

2. Project LETO (Lunar Exploration and Tourist
Organization) to build an Earth-based facility for
educating the public and conducting research.

These “metaprojects” are not an example of
what we mean by “projects” in this paper. We are
speaking instead of bite size projects that advance
one or both of those larger goals. It is the evident
pursuit of such concrete nearer term projects and the
evident success of at least some of them, that signal
to members and outside observers alike that this
society is actually working towards its goals.

Project progress reports encourage existing
members to renew their association, and new persons
to join. The desired fruit is new members joining to
participate in specific projects, bringing with them
talents, and perhaps even funds.

Letters from members complaining that the
Society isn't “doing anything” or “getting anywhere’
are disquietingly frequent. For all of us who habi-
tually or even sometimes feel this way, it is time to
stand up and take ownership of the problem.

If you want to talk to someone responsible,
look first in the mirror.

The Moon Society is small. Even if it had ten
times the current membership, it would still not be
able to afford a paid staff, much less paid project
managers and researchers. We are a Society of volun-
teers not only from bottom up, but from top down.

In short, there is no one to DO projects except
ourselves;, yes, you and me. Let’s dust off the spirit
of the early sixties so well put by John F. Kennedy in
his inaugural address - but we’ll paraphrase:

Ask not what your Society can do for you.
Ask what you can do for your Society.

Projects come in all sizes and shapes

The easiest place to start is with a one person
project, an idea you have half-baked on your couch,
and which, if you actually put some time into it, you
could bake more fully. Start by taking pen and pad in
hand and trying to analyze your project idea.

1. If your project idea is something physical (two or
three dimensional) sketch it out. This process
may reveal unsuspected problems or constraints.

2. Next analyze it as a project by dividing it into
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steps arranged in an order that leads to comple-
tion or realization. Estimate man hours for each.
3. List any tools or materials or other resources you
may need and estimate dollar amounts after each.
4. List any steps you are not prepared to undertake
yourself without further learning or practice.
. List other resources you may need to tap.
. Adopt a Game Plan to tackle whatever you have
identified as step or phase |. One step at a time.

If it turns out that your idea will require
additional hands and/or talents and/or time and/or
funds and/or experience than you can throw at it,
then what? First get as far as you can on your own in
analyzing your project as above and sketching out
ideas, listing needs and resources. Now you have two
options:

1. Use your pre-scoped project to enlist neighbors,
friends, associates and others in your community
both to join the Moon Society at large and to form
a local project-centered chapter. In preparing to
do this, write up your project and sketches in a
flyer or brochure or storyboard to use in
recruiting. Show how this project will help the
Society towards its goals.

2. Post your project on a special website of “Ready

to Go Projects” where others can see them and

decide whether or not they are up to taking the
ball and running with it. We'll talk more about
that website later.

. If your project will help the Society more if it is
replicated by other chapters or individuals in
the Society, do both (options 1 and 2)

Outreach Projects: Education & Recruiting

An obvious area for projects is creation of
displays and other outreach materials that will allow
y