























tumbled him from his throne gave him the power to
exploit his own planet and to make life easier, richer
and abundant for far more people than had ever
dreamed of this even fifty years ago.

It was at this point that two catastrophes oc-
curred. One was foreseen by Schopenhauer:
for every wish that is fulfilled there are at least
ten denied. Furthermore, craving lasts long, de-
mands are infinite; fulfillment is short and finite.
But finite satisfaction itself is only apparent: one
wish fulfilled gives way to another: the one is a
recognized, the other a still unrealized error. Last-
ing satisfaction that will not vanish ... is like
the alms thrown to the beggar, that sustain life
today only to increase his torture tomorrow . .;”
the other by Malthus: “I see no way by which man
can escape from the weight of this law which per-
vades all nature. No fancied equality, no regula-
tions, in their utmost extent, could remove the
pressure of it even for a single century . . . The vices
of mankind are active and able ministers . . . They
are the precursors in the great army of destruction;
and often finish the dreadful work themselves. But
should they fail in this war of extermination . . . gi-
gantic, inevitable famine stalks in the rear, and
with one mighty blow levels the population with the
food of the world.”

The promise of abundance has proved an empty
one, since the quest for it requires an exponentiating
material affluence. In the course of this quest, in the
past ten years, the cruelest blow was struck. Man is
not really boss of his planet. Instead he is a slave,
fettered to it, condemned forever to exist on what is
available. He cannot dump offal into his rivers, lest
his children have no water to drink. He cannot push
his highways into the wilderness if he wants to
preserve the wilderness for his heirs. And he cannot
drive one of his three cars into the city because a)
there will be a monster traffic jam in the approaches,
b) the exhaust of cars will make his eyes burn, and
¢) when he gets into the city he cannot walk around
because the crime will get him.

All of a sudden we have passed from the owner-
ship of a planet into bondage; man’s view of himself
must undergo yet another change, yet another step
down in a previously divine hierarchy. He is thrown
back on the limited resources of his planet and his
own understanding.

The book under review is one response to this
changed condition. A slim pamphlet, written by a
distinguished committee, it is a towering work,
full of good sense and incisive argument, fit to serve
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as a beacon in the dark days ahead. Its theme is
how to plan intelligently for the future and at the
same time preserve most of the features of our
political and economic system. The objective is
“the exploration of trends in technological develop-
ment, working outward toward the effects on society,
the environment, and the individual . . . to identify
what seem . ..the most critical deficiencies in
existing processes of assessment and decision-
making with respect to the evolution of tech-
nology. . .” The problem is to foresee technical
problems before these become overwhelmingly in-
grained in the economic and social life of the nation,
to forestall the degradation of the human environ-
ment and to carry out this task within the frame-
work of our present political system. The task set
is truly enormous. The spectrum of problems is
broad beyond any past experience. We have prob-
lems in pollution —of the air, of fresh waters and of
oceans; we have problems in transportation —high-
ways, airports, parking; there are garbage disposal,
noise pollution, and crime in the cities. These are
all familiar and receive much space daily in the
press. Less obvious are the crises in our supporting
systems: court schedules are jammed because of the
huge backlog of automobile accident cases, the
government is groaning overcrowded and too costly,
the tax base is stretched every year. Lurking a bit
farther behind is the communications industry,
frequently accused of heightening expectations be-
yond any possibility of fulfillment, a direct cause of
our social turbulence. Health care, overpopulation,
food technology, drug control, all these are upon
us now, but who is getting ready for the time when
natural resources begin to run out? The rarer
materials, copper and helium, will go first, but how
long will we have iron ore? How do we assign land
for food, for recreation, for conservation?

We can all make lists and end up with nothing to
show for it
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Characteristics and Functions of NELs

Having said all this, let us see more specifically
what NELs look like. We have in mind several —
perhaps five or six —throughout the country, each
containing several thousand persons. This size and
extensiveness (not only inside institutional build-
ings but also working outside in the environment)
are necessary, in our opinion, to be effective. Some
NELs would have particular expertise in specific
areas—urban problems or resource management,
for example —but all would be closely knit and all
would share common capabilities. A system com-
prising such large organizations would not fit well
as an adjunct either to the President’s Executive
Office or to the Congress; yet NELs must be closely
connected to these places. A separate Commis-
sion (or equivalently-named organization) report-
ing jointly to both branches seems to us most
appropriate.

Regarding startup, there appears (fortunately)
no necessity for NELs to start full-grown, as
Minerva from the head of Jove. It is the totality
of tasks and other things that makes for large size
as much as the size of many of the environmental
tasks themselves. Thus, we can imagine smooth
and mostly internal adjustments whereby environ-
mental functions are grafted onto existing organiza-
tions. By way of example, the Argonne National
Laboratory established last December an Environ-
mental Center to focus on a number of its related
activities; ORNL has for some time been directing
about 10% of its effort (about ten million dollars
per year) to environmental problems of many kinds,
as integral parts of its program.

One thing seems clear: it must be agreed upon at
the start that NELs must have very considerable
discretionary power in arranging their own pro-
grams. By axiom, no one elsewhere will see the
whole scope a priori. On a more general note, too
rigid control never works well for such tasks any-
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way: if the qualities of the controlees is such that
the control is needed, the wrong people have been
put on the job and nothing much will be created.
If the putative controlees have the qualities most
needed in an NEL. they are the best ones to assume
important programmatic roles. In effect, choosing
the team establishes de facto the trust. This ar-
rangement calls for persons of outstanding quality,
without whom the whole idea is unworkable.

Operating Procedures

In looking inside NELs we consider that their
method of working is more important than any
specific organization chart. Five activities, all inter-
related, stand out.

The first of these is programmatic perception,
basically the answer to such questions as Where is
the laboratory headed? and Is this the right direc-
tion? With the imagined internal population, and
the need for continual reassessment of missions and
objectives, we see the need for laboratory-wide
guidance and judgment. This is no new thing: the
most creative research laboratories and univer-
sities operate as participatory democracies.

The second activity is information gathering and
processing. This is the scientific sensing part of the
NEL. It must be able to measure things, as we have
said: pollution of air, water, land; such things as
transport of nutrients into and out of forests, learn-
ing in advance what it really would mean to apply
fertilizers widely in silviculture; examples abound.
We see many disciplines involved: not just in moni-
toring, but in predicting, testing predictions, and
so forth.

The largest information gathering function of
an NEL is not its own measurement program, how-
ever; an NEL could aspire to do only some of the
measuring. It would arrange to have interactive
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among NELs internally, between NELs and in-
dustry, universities, and other organizations.

— An aggressive policy of transferring technology
to the public sector, through public communication,
attitudes that encourage spinoff, and so forth, in
addition to the traditional professional methods.

— A function (or section) concerned with advising
the Congress and the Executive Branch of major
possibilities and developments, and of responding
constructively to requests.

— An active international program of exchanging
information and personnel.

These communication functions serve many roles
besides the most obvious ones of transferring in-
formation. They protect the public from the NELs’
becoming irrelevant or dictatorial; they infuse
the NELs with new ideas and vigor from students;
they serve to motivate industry to search within
for its own technical solutions as well as to interact
with others.

Some NEL Tasks

This may be all very well, but what will an NEL
do, one might ask. We have had no difficulty finding
more than enough tasks to start on, and the ex-
perience gained will suggest much more. One
example is the central station power problem men-
tioned earlier; its resolution requires the attention
of something like an NEL. At a further level of
generalization, the whole question of energy—
mobile as well as fixed —seems very ripe for study,
and amenable to analysis.

NELs would interact with state and local organi-
zations, as well as with the federal government.
We imagine regional activities because some en-
vironmental problems can best be worked on that
way. For our Laboratory, a cooperative program
for regional development with TVA and selected
local governments seems very attractive. In that
way, all so engaged could learn how the social and
natural science components of such programs fit
together.

A compelling idea is that of environmental “in-
dices” or “profiles.” There is a public need to know
how the environment is being maintained, in the
simplest meaningful ways, and indices should be
developed applicable to air, water, land, etc. This
would permit not only comparison of degrees of pol-
lution among different areas, but also the efficacy
of specific abatement procedures that are being
tried. The idea is not new; already the FWPCA
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session. Harold Urey, who used
to visit Oak Ridge, and who in his
younger years had quite a reputa-
tion as an infighter for unpop-
ular causes, was fit to be tied!
He couldn’t understand what was
going on, nor could |. We just
knew we were mad as hell!

I finally got in a few licks of
my own, and it happened this
way. | attended a session, which
I thought would be a quiet one,
on Allocation of Water Resources.
The papers were not very contro-
versial; people from the Bureau
of Reclamation spoke about new
possibilities for getting water
from wells and dams and desalting
devices. (I was rather disappointed
at the short shrift given to desalt-
ing by at Jeast one of the speakers.)
But things warmed up during the
discussion—particularly when a
young assistant professor of ecol-
ogy from North Carolina made an
impromptu speech castigating
technology for spoiling the en-
vironment. In effect he claimed that
ours is a space ship with a limited
water supply, that one doesn’t de-
file the drinking water on a space
ship, and that we must not do so
on earth. His solution was: Down
with technology! Then his col-
league, equally young, equally im-
passioned, said he had the solution
(though he confessed it was not
a popular one), namely, hold the
population to 200,000,000 (how he
didn’t say); but in addition, de-
stroy our polluting technology and
go back to a kind of bucolic life
circa 1850.
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To which Chauncey Starr, chair-
man of the session, properly
replied: “Young man, do you own
a car, and if you do, are you ready
to give it up?”’ The answer to the
first question was yes; to the
second, no, with a sheepish “but
I usually ride my bicycle!”

Lunch time was approaching,
and the audience had shrunk to
about 50, perhaps evenly divided
between those over 40 and those
under. At this point | couldn’t
keep quiet any longer. I'd had a
hard time, and | felt it was time
for rebuttal. So | asked for the
floor and began talking, trying all
the time to sound fairly calm and
not too uptight. | said something
like this: I've listened for the past
two days, not only at this session,
but at all the AAAS sessions |
have attended, to the angry voices
of revolutionaries who are frus-
trated by technology. And they
vent their frustrations not by using
the brains the good Lord gave
them, but rather by calling for an
irrational Luddism, an anti-ma-
chine bias that passes these days
for the word of angels. But this is
surely a selfish and juvenile, not
to say irrational, view. If we give
in to the anti-technologists, we
give in to Malthusian catastrophe.
(Here | came on strong with Perry
Stout's tube-well scheme for sav-
ing India.) We are told that the
earth has only a finite amount of
water—but those who say this
forget that the oceans are infinite,
and all one has to do is take out
35,000 ppm of salt. This takes en-

ergy, and a little ingenuity; to suc-
ceed in obtaining this energy poses
a difficult challenge.

Of course, the modern technol-
ogies of abundance have their
undesirable aspects, their taints,
and their deleterious side effects.
But in heaven’s name (I was warm-
ing to my subject by then) is not
the rational, the human way to
attack our problem to try to re-
move the taints, not to destroy or
eradicate the technology?

The challenge to our younger
generation, who are generously
concerned with people, is not to
figure out how to stop technology,
to stop “progress’; it is to re-
direct, to improve, to humanize,
to sanitize technology. This is a
magnificent challenge to the new
generation. It is a goal that we
oldsters will continue to strive for,
but the job can be finished only by
the coming generations.

There was a warp —=——~ =~~~
plause, even a co
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in a large chunk of Earth being torn loose. How-
ever, calculations have shown that several effects,
viscous friction being one, are sufficient to dissipate
tidal energy and so this last hypothesis has been
relegated to a low probability status.

Prior to the Apollo flights’ return with lunar
material there was general agreement that simulta-
neous formation of Earth and Moon during the
formation of the solar system was the most probable
process.

The problem of Moon’s origin is related to ques-
tions about its age (see below for a comment on the
meaning of “age” here) and its present structure.
Many students of selenology have thought that
Moon’s structure was much like Earth’s, comprising
a crust, a hot plastic mantle and probably a hot
liquid core. Such a structure would result in volcanic
activity and accordingly the extensive planar re-
gions, called maria, were attributed to lava flows
arising from the interior. Contrary to this point of
view a number of selenologists proposed that Moon
accreted at low temperatures (because Earth’s
heavier elements are concentrated primarily in the
core, Earth then had to accrete at high temperatures
where “high” is anything over approximately
1150°C) with subsequent melting of the surface by
bombardment from very large bodies, some perhaps
as much as a tenth of Moon’s total mass. Hence,
most of the features of Moon which had been ob-
served (only 57% of Moon’s surface can be seen from
Earth: the Luna and Orbiter flights gave us our first
view of the far side) were due to bombardment from
such bodies. The great asymmetry of this bombard-
ment became apparent only after pictures of the far
side were televised back to Earth, showingthat there
are almost ten times as many craters on the far
side as there are on the near side. Spacecraft orbit-
ing Moon have experienced perturbations of their
orbits from five or six regions on the near side which
have higher mass concentrations (mascons) than
Moon’s average. Only one or two mascons may have
been detected on the far side, if any. These mascons
seem to be associated with the mare regions.

An important fact bearing on the structural theo-
ries is the mean densities of Moon and Earth, which
are 3.34 and 5.52, respectively, whereas the mean
density of mantle rocks at Earth’s surface is 3.3.
By comparison, mean densities of Mercury, Venus,
and Mars are 5.05, 4.87, and 4.24, respectively,
according to Harold Urey, in hisbook, “The Planets.”

Now that there has been an extensive investiga-
tion of the properties of a very small fraction of
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Moon’s surface, some of the ideas and
Moon’s origin, age and structure car
tested. The first Lunar Science Confer:
in Houston in January. All of the conf
have been published in the Januar:
Science. For those with an extensive
geology, mineralogy, petrography, pl
istry and biology, not to mention gr
this issue is fascinating. Lacking th
sites, I will confine my statements to
of interest to me, which of course inclu
that my colleagues, Andre Chatelain, «
D. Kline, and I have made on the h
we received.
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PRINCIPAL MINERALS IN LUNAR ROCKS, COMPARED WITH TERRESTRIAL
BASALTS AND CHONDRITIC METEORITES

Mineral o Moon Samples Terrestrial Igneous Rocks Meteorites
Apollo 11 Apollo 12 vesicular  tholeiitic  gabbro  chondrites
microcrystalline  crystalline  crystalline basalt basalt
% % % % % %
Pyroxene
Ca(Mg,Fe)Si,0; 46 53 5.75 - n 3s 22
+(Mg,Fe)SiO;
Plagioclase
CaAlSi, O, 31 27 11-75 55 51 50 12
+NaAlSi; 0Oy
Olivine
Mg(Fe).SiO, trace trace 0-55 14 5 38 —
limenite
FeTiO, 11 18 0-20 - 3 - —
Magnetite - - 5 5 10 26
Fe,O,
Glass and
Trace Minerals 10 2 0-10 20 16 - 2

11 and 12 specimens are of meteoritic origin? There
are several measurements that show that most of
the Apollo 11 and 12 specimens are not similar to
meteorites that have been found on Earth. The
relative abundances of many elements are dis-
tinctly different. For example, nickel and cobalt
are approximately 500 and 20 times, respectively,
more abundant in chondritic meteorites than in
Apollo 11 and 12 crystalline rocks, whereas tita-
nium, strontium, barium, zirconium, yttrium are
more than ten times as abundant in lunar rocks
than in chondritic meteorites. Differences in the
relative abundances of other elements are also sig-
nificant. Careful analysis of soil and rock samples
have shown that approximately one percent of the
soil and none of the crystalline rocks have elemental
abundances or mineral assemblages similar to those
chondritic meteorites which have been analyzed.
There is a small group of meteorites, called “eu-
crites,” that do not differ from lunar soil in relative
abundance of elements as much as chondrites do.
By comparison to chondritic meteorites and to
those Earth rocks most similar to lunar rocks, the
lunar material is deficient in elements with the
greatest volatility.

Differences among Apollo 11 material and chon-
drites and Earth basalts are also very evident in
the mineral assemblages into which the elements
were combined when solidification occurred, ap-
proximately 4.5 billion years ago for the soil and
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breccias, 3.5 billion years ago for the Apollo 11
crystalline rocks, and 2.5 billion years ago for the
Apollo 12 crystalline rocks. Those elements which
determine the mineral assemblages are oxygen,
silicon, calcium, magnesium, aluminum, sodium,
and iron. Crystallization of liquids composed of
these elements occur at temperatures in excess of
1100°C. The primary minerals which crystallize
from such liquids are olivines, pyroxenes, plagio-
clases, oxides and sulfides of iron, and iron metal.
The relative amounts of these and the oxidation
states of iron are determined by the amounts of
gaseous oxygen, sulfur, and water present during
crystallization. Along with other volatiles, most
of these elements and compounds were probably
lost from lunar material before solidification began.
Hence, Apollo 11 specimens, although composed of
many of the same minerals as meteorites and ter-
restrial basalts, have different percentages. Of
these, three new minerals are present in small
amounts which have not been detected in either
meteorites or igneous Earth rocks. These are pyrox-
manganite (a pyroxene-like mineral), ferropseudo-
brookite, and a chromium-titanium spinel. (It
has been suggested that these three minerals be
named for the three Apollo 11 astronauts.)

Free metallic iron is rare in igneous Earth rocks
but quite common in Apollo 11 rocks; approximately
one percent of the iron is metallic. Because of the
extremely low abundance of water—about 150
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