if this is done immediately, the prob-
lem will persist for decades, and in
fact will almost certainly worsen over
the next 10 or 20 years. We need
effective “Band-Aid” solutions as soon
as possible.

It is not technically conceivable
that we can scavenge chlorofluorocar-
bons and halons from the atmosphere,
simply because they are diffused in
low concentration through the im-
mense volume of the whole atmo-
sphere. That would require “Star
Trek” technology that will not be
available for centuries to come, if
ever. However, the polar strato-
spheric clouds, as large on the human
scale and inaccessible as they are,
occupy a relatively small proportion
of the total atmosphere and thus offer
a possible focal point of attack on the
cycle of ozone breakdown. It is within
the remote limits of conceivability
that we might be able to somehow
dissipate or melt these clouds or
otherwise interfere with the surface-
mediated chemistry that occurs in
them, at least to a degree that might
significantly mitigate the ozone
breakdown.

There are a few obvious possibili-
ties: Maybe one could inject into the
clouds by high-flying aircraft a mate-
rial that would either darken the ice
crystals enough to cause them to melt
or evaporate, or alter their surface
properties in such a way as to discour-
age the harmful reactions. Maybe
there is a way one could direct radiant
energy onto them during those criti-
cal days or weeks at the ends of the
polar winter, perhaps using land- or
orbital-based mirrors or lasers.
(There’s a good use for the resources
and talent now being squandered on
SDI and ICBMs.) Maybe the crystals
themselves could be scavenged in
some way, or the clouds broken up or
diverted to lower altitudes.

All of these suggestions are improb-
able, and yet they are sufficiently
within the limits of bare possibility
that they might merit more detailed
investigation. I hope that atmospher-
ic physicists, space scientists and oth-
ers who might be competent to imple-
ment them will give them at least a
passing thought.

KeENT A. PEACOCK

University of Western Ontario

3/92 London, Ontario, Canada
HamiLL aND TooN rRePLY: The even-
tual solution to the ozone hole prob-
lem is to stop injecting long-lived
chlorine compounds into the atmo-
sphere. World leaders have already
taken this course, and in a century or
so nature should have repaired itself.
Over the next decade, however, chlo-

rine levels will continue to rise and
ozone loss will worsen globally.

The particular temporary solutions
suggested by Kent Peacock do not
appear to be practicable. For exam-
ple, spraying the clouds with soot
would not help, because during the
crucial time period the clouds are not
exposed to sunlight. Similarly, it
would be difficult to use lasers or
mirrors to melt the particles, because
they are in contact with the atmo-
sphere, and it would be necessary to
heat a substantial portion of the
atmosphere. Energetically, that is
not feasible.

Unfortunately, no obvious solution
is known, particularly since ozone loss
is occurring globally and not just over
Antarctica. However, several scien-
tists have suggested possible tempo-
rary solutions. For example, Ralph
Cicerone, Scott Elliott and Richard
Turco recently calculated that annual
injections of 50 000 tons of ethane or
propane into the lower stratosphere
would cause enough active chlorine to
be transformed to the reservoir spe-
cies HCI to effectively short-circuit
ozone hole formation.! However, it
would be difficult to transport these
substances to the stratosphere and to
mix them uniformly with the air.
Furthermore, this would do nothing
to mitigate the ozone loss occurring
over the Northern Hemisphere. Even
more significant is the fact that such
injections might not perform as ex-
pected. Some calculations indicate
that lower levels of propane injection
would actually increase ozone loss.

Although there do not seem to be
any realistic short-term solutions to
the problem, this is a subject in which
debate and an interchange of ideas
are certainly welcome.
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Nuclear Waste Cures:
Hanford and Beyond

The nasty problems associated with
the management of accumulated
high-level radioactive waste at the
Hanford nuclear facility (and their
urgency) have been eloquently set
forth by Barbara Goss Levi (March
1992, page 17). While most of them
seem to have no simple solution, one of
the acute problems described appears

to have one that can even produce
useful products and that does not
seem to require the lengthy prelimi-
nary studies needed to tackle so many
of the others. I refer to the danger of
hydrogen explosions in the facility’s
177 million-gallon storage tanks.

Hydrogen produced by radiolytic
decomposition of water (and some
organic compounds) apparently builds
up in some tanks despite the ventila-
tion system that adequately serves
others. Simply venting those tanks is
an obvious expedient that would occur
to anybody, so I presume there must
be serious objections to doing so, such
as the need to prevent the egress of
poisons or the entry of hazardous
atmospheric constituents (for exam-
ple, oxygen, which might fuel explo-
sions). Assuming hydrogen is the
culprit, there is a well-known method
for bleeding it off selectively without
allowing anything else to come in. I
refer to the permeability of palladium
to hydrogen. In the “good old days” a
standard laboratory technique for in-
troducing pure hydrogen into a vacu-
um system was to use a palladium
“needle.” Illuminating gas contained
enough hydrogen so that a gently
warmed hollow needle would act as
a semipermeable membrane, passing
hydrogen from the gas supply into the
system and blocking all else. Because
the hydrogen passing through would
be pure, and tritium and deuterium
are essentially the same as ordinary
hydrogen in their ability to diffuse
through Pd, one could easily collect
potentially valuable byproducts.

Of course one would have to breach
the container wall to attach the nee-
dle, which could be bothersome under
existing conditions. But if the hydro-
gen problem is really serious, this
would be only a temporary nuisance,
well worth overcoming.

JEROME ROTHSTEIN

Okhio State University
3/92 Columbus, Ohio
I greatly appreciated Barbara Goss
Levi’s informative news story on the
potential hazards due to nuclear
waste at the Hanford facility. It is
evident that a number of people are
concerned about the situation and are
taking appropriate action to deal with
this unfortunate legacy.

The news story emphasized that no
one has found an adequate long-term
solution to the problem of nuclear
waste. I would suggest, however, a
very simple solution: Don’t make it!
Of course this does not help Hanford
now, but all of the future Hanfords
could be eliminated by a little fore-
sight. I do not wish to belittle the
complexity of the political decisions
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made during the cold war years.
Nevertheless, one cannot help but
notice that weapons research has
found a comfortable niche in the world
of government funding. During times
of war, new technologies are needed,
while times of peace bring the need for
someone to clean up the mess.
Hanford should remind us all that
scientists can never be totally objec-
tive observers; we are destined to
leave our marks wherever we go.
Thus it behooves us to consider care-
fully where to direct our talents and
efforts, perhaps even placing “unsci-
entific” factors such as politics and
morality over job security.
SEAN C. KENNAN

5/92 University of Hawaii, Manoa

Global Warming and
Atmospheric Altimetry

The consensus of the scientific com-
munity about global warming devel-
oped after painstaking compilation of
long-term measurements of surface
temperatures at a wide range of
locations. This statistical approach,
although wvalid, allows some well-
meaning and responsible scientists to
express reservations about the magni-
tude of the warming and its ultimate
impact on the Earth’s climate. Unfor-
tunately, some politicians have seized
on that slight doubt and used it to
block, whenever and wherever possi-
ble, progress toward correction of the
problem. One potential way of over-
coming this obstacle is to explain and
prove global warming in such simple
terms that even the most politically
motivated Luddite would understand.
The simplest approach is to consid-
er the entire atmosphere as a single
system and apply the ideal-gas law,

PV=nRT

to it. An appropriate way to proceed
is then to examine each term and to
look for any evidence indicating dras-
tic change.

D> Tis the absolute temperature. If it
is rising, there must be a correspond-
ing change in another element of the
equation.

> Ris a constant. It will not change.
> n is the number of moles of the gas
and is proportional to the number of
molecules in the gas. When a carbon
atom is burned to produce carbon
dioxide, a molecule of diatomic oxy-
gen is consumed. Thus combustion
and animal metabolism, the two ma-
jor sources of carbon dioxide, are
neither creating nor destroying gas
molecules.

> P is the absolute pressure. Atmo-
spheric pressure results from the

Earth’s gravity. There will be no
massive change here.

> Vis the volume of the atmosphere.
If the atmosphere is warming, there
should be a corresponding increase in
the volume, as the only constraint is
gravity. One place to look for such an
increase is in space satellite orbit
data.

At the time of the Hubble Space
Telescope launch, 24 April 1990,
NASA mentioned in its announce-
ments that the telescope’s designed
lifetime of 15 years would be reduced
to 5 years because the atmosphere
had expanded. Within days, that
comment was deleted from the an-
nouncements. As this was long before
the system was tested, the decision
could not have been due to any
concern for the subsequent imaging
problems.

The NASA reports, if unclassified,
should be available to anyone who has
the access to the agency’s database.
Various researchers who have been
monitoring surface temperatures will
be able to corroborate their own
measurements. Thus, with this mac-
roscopic “yardstick” we will finally
have a basis for agreement not only
on whether global warming exists but
also as to the magnitude of the effect.
It makes sense that a global effect
should be measured on a global scale.
The “altitude” of the atmosphere is
such a global measure.

JouN G. KEPROS

3/92 Sunnyvale, California

Is the 'Feynman Effect’
a Misnomer?

In his Opinion column “The Feynman
Effect and the Boon Docs” (January
1992, page 67) Albert A. Bartlett
called our attention to the phenome-
non of “directing one’s teaching to-
ward colleagues when one is supposed
to be focusing on freshmen” and its
effect on national scientific literacy. I
know not the extent to which the two
are correlated; however, to label the
former the Feynman effect is grossly
inaccurate and totally inappropriate.

As an undergraduate (1959-63) and
graduate student (1963-66) at Caltech
I witnessed firsthand Richard P.
Feynman’s extraordinary ability to
discuss anything with anyone in his
or her own technical language. In all
of my seven years there I never
witnessed Feynman, or for that mat-
ter any other professor, “teaching to
his colleagues,” nor did anyone ever
complain of this.

Bartlett bases his definition of the
effect on a passage from David L.
Goodstein’s article in the special issue



