
I	hl

NSF photo by Mark Mueller.

In August 1987 during the second National Ozone Expedition, University of Wisconsin researchers prepare
to launch their 4-cubic-meter balloon that carried ozonesondes to an altitude of 30 kilometers. Data from
these and other instruments helped scientists identify the extent of ozone depletion at varying altitudes and
the types and quanities of atmospheric aerosols present. This year above Admundsen-Scott South Pole
Station, similar instruments showed thatthetotal amountof ozone inthis region dropped to 105 Dobson units,
a new record low. Some scientists believe this drop is the result of the 1991 eruption of Mount Pinatubo.
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1992 ozone depletion: A response to the Pinatubo eruption?
The debate continues over whether or

not the 1991 eruption of the Philippine
vo1cno Mount Pinatubo affected the an-
nual springtime "ozone hole" that devel-
ops above Antarctica. Before the ozone
hole 1 began to form in 1992, researchers
predicted that the presence of volcanic
debrs—principally sulfuric acid drop-
lets—in the atmosphere would cause
chemical reactions that could increase the
amount of ozone depleted from the antarc-
tic stratosphere and break the records set
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in the years of 1987, 1990, and 1991.
By late September 1992 the ozone hole

covered an area that was an unprecedented
23 million square kilometers in size—an
area about 3 million square kilometers
larger than previous years. The available
data also indicated that the depth of the
depleted area was growing at a faster pace
than had been recorded in the past.

Not long after these data were recorded,
however, weather patterns over the Pa-
cific Ocean caused a dramatic shift in the

position of the polar vortex, the belt of
winds that seal off the antarctic atmosphere,
prevent mixing with warm ozone-rich air,
and create the environment in which polar
stratospheric clouds form. Unexpectedly,
a large, warm, ozone-rich air mass moved
into the antarctic atmosphere and dis-
rupted the track of the vortex. Some re-
searchers believe that the warmer Pacific
air mass weakened the barrier created by
the polar vortex and helped slow the deple-
tion rate.
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The debate among scientists focuses on
how much ozone was depleted during the
height of the depletion process. In early
October, at the peak of the depletion cycle,
satellite data obtained from the National
Aeronautics and Space Administration's
(NASA) total ozone mapping spectrom-
eter (TOMS) indicated that this year's
depletion never dropped below about 126
Dobson units*. Meanwhile, researchers
using balloon-borne and ground-based
instruments at the geographic South Pole
acquired data that contradicted the TOMS
results. Their observations showed that
the total amount of ozone dropped to 105
Dobson units, below the 1991 record low.

The disparity between these data sets
may relate to the method of data acquisi-
tion. The NASA TOMS system, on board
the National Oceanic and Atmospheric
Administration's (NOAA) Nimbus-7 satel-
lite, measures the ultraviolet portion of the
spectrum and maps the total amount of

continued on page 4

*A Dobson unit, used to measure the concen-
tration of ozone in the stratosphere, is one mol-
ecule of ozone to one billion molecules of air.
One hundred Dobson units of ozone would be
equal to a 1-millimeter-thick layer of ozone en-
veloping the earth.
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Antarctic Journal of the United States,
established in 1966, reports on U.S. ac-
tivities in Antarctica and related activities
elsewhere and on trends in the U.S. Ant-
arctic Research Program. It is published
quarterly (March, June, September, and
December) with a fifth annual review is-
sue by the Division of Polar Programs,
National Science Foundation, Washing-
ton, D.C. 20550. Telephone: 202/357-
7817.

The Antarctic Journal is sold by the copy
or on subscription through the U.S. Gov-
ernment Printing Office. Requests for
prices of individual issues and subscrip-
tions, address changes, and information
about other subscription matters should
be sent to the Superintendent of Docu-
ments, U.S. Government Printing Office,
Washington, D.C. 20402.

The Director of the National Science Foun-
dation has determined that the publica-
tion of this periodical is necessary in the
transaction of the public business required
by law of this agency.
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On 15 October 1992, the total ozone mapping spectrometer (TOMS) aboard the Nimbus-7 satellite
recorded a large area depleted of ozone (lightest area in illustration) above Antarctica. The TOMS
plot also shows the full area of the hole—which at its maximum extent covers 23 million square
kilometers. The second TOMS plot, taken five days later on 20 October 1992, shows how much the
hole has moved and how ozone levels have increased (note smaller light area). Scientists believe
that a warm Pacific air mass forced the depleted area to shift rapidly and weaken the polar vortex. As
a result, the depletion may have been slowed.
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A message to the antarctic community
Dear Colleagues:

Over the last decade, the U.S. Antarctic
Program (USAP) has changed substan-
tially, expanding the scope of its science
program and incorporating new technol-
ogy to improve research and operational
capabilities. At the same time, the global
community has undergone significant po-
litical and economic changes. The need for
geopolitical dominance in the Antarctic
has diminished with the decline of the cold
war. In the United States, economic con-
straints have increased competition for
funding among federal programs.

In this arena science continues to be the
best rationale for public support of antarc-
tic research. Its relevance to societal issues
has become clearer to both researchers and
the public. As worldwide concern about
the global environment has grown, antarc-
tic research has emerged as a vital compo-
nent in understanding the processes con-
trolling our environment. The discovery
of the springtime ozone hole in the antarc-
tic stratosphere and the subsequent inves-
tigations of this phenomenon exemplify
Antarctica's role in this process.

Between 1986 and 1989, the National
Science Foundation supported three expe-
ditions to Antarctica to collect data on the
ozone hole. The results of these investiga-
tions enabled scientists to quickly identify
how manmade chlorofluorocarbons are
altering the Earth's atmosphere. U.S. ant-
arctic researchers, with NSF support, have
been at the forefront of not only these
investigations but also studies of how the
resulting enhanced exposure to ultravio-
let radiation may be affecting the marine
ecosystems of the antarctic region. Also,
through NSF's efforts, a network of moni-
tors has been established at the three U.S.
antarctic stations and at a site in Argentina
to measure the changing levels of ultravio-
let radiation reaching the Earth's surface.

Antarctica's role in U.S. science pro-
grams, however, is not limited to environ-
mental questions. Astronomers and astro-
physicists are recognizing that Antarctica
offers a unique combination of physical
conditions and geographic locations from
which they can probe the Earth's near- and
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far-space environment. At the geographic
South Pole, they are exploring such space-
related phenomena as the mysteries of the
beginning of the universe, the processes
that form stars from interstellar gases, and
the formation of planets. During this aus-
tral summer, teams from the University of
Chicago, Princeton University, AT&T Bell
Laboratories, and other institutions will
continue to collaborate in establishing a
new astrophysical research center—known
as the Center for Astrophysical Research
in Antarctica (CARA). When completed,
CARA's facilities will enable researchers
to make observations that previously could
only be made during space missions.

To support these and other research
projects, NSF has significantly improved
USAP's operational capabilities. Two ma-
jor additions are the 4,320-square-meter
Albert P. Crary Science and Engineering
Center at McMurdo Station and the 94-
meter Nathaniel B. Palmer, a research ice-
breaker. Both facilities were built entirely
for antarctic research; both entered service
in fiscal 1992, following years of planning
and construction.

Logistics support has also been en-
hanced. Introduced in 1989, the C-5 Gal-
axy—the Air Force's largest transport air-
plane—has permitted USAP to begin re-
search projects earlier in the summer. In
the future, we expect to use a year-round
runway carefully prepared on glacier ice
(the Pegasus site) near McMurdo Station.
Prospects also are encouraging for glacier
runways in other parts of the antarctic
interior. These wheeled airlift capabilities
enhance the program's operating capabil-
ity and free ski-equipped C-130s for tasks
that only they can do—supporting remote
camps and, at least for now, supporting all
transport to and from Amundsen-Scott
South Pole Station.

U.S. stations have been transformed
during this period. Besides the addition of
the new laboratory, facilities at McMurdo
Station have been renovated or replaced.
With astronomy and astrophysics driving
summer populations to over 130, South
Pole Station is undergoing a renaissance,
and new structures across the skiway from
the main station are under construction to
meet this demand. Palmer Station im-
provements include renovated structures
and C-130 air access several times a year
using the Chilean strip on King George
Island. The 67-meter, ice-strengthened
research ship Polar Duke took support op-

erations over in the Antarctic Peninsula 8
years ago from the 38-meter Hero, which,
pioneered year-round access to Palmer,
augmenting the facilities available to sci-
entists conducting marine research.

Improvements in communications and
information management are making ant-
arctic operations more efficient and effec-
tive. Computer networks have been set up
at the antarctic facilities and linked to glo-
bal communications systems for voice and
data transfer at rates that until recently
could only be dreamed of. Automated,
integrated systems are in place in Denver,
Port Hueneme, and the Antarctic for track-
ing cargo and inventory from acquisition
to disposal. Personnel tracking is now
automated.

The cleanup of antarctic stations is well
in hand. Between 1989 and 1992—the first
3 years of the special 5-year Safety, Envi-
ronment, and Health initiative, NSF inten-
sified its efforts to improve its environ-
mental management of USAP facilities.
During this period, USAP has removed
from U.S. stations nearly 3 million kilo-
grams of waste materials that had accu-
mulated over about 30 years (including
680,400 kilograms of metal, asbestos, PCB's,
and human waste) and returned these
materials to the United States for disposal
or recycling. The cleanup has also in-
cluded restoring one disused stations (East
Base) and demolishing and removing Old
Palmer Station and an old British base on
Anvers Island.

At U.S. stations, the conservationist eth-
ics of "waste not, want not" and "pack it in,
pack it out" are now the rule for all science
and support personnel. And, although
these standards are permeating the antarc-
tic culture, to continued success of the U. S.
environmental program will require con-
stant voluntary action by everyone, as well
as managerial nudging.

All these antarctic investments have
come rapidly and have been accompanied
by new or strengthened management bod-
ies—a Crary Lab users' committee, a ship
users' group, and other bodies. Inescap-
ably, however, antarctic research has be-
come far more complicated, requiring new
responsibilities, skills, and attitudes. We
are now making the transition from a pe-
riod of rapid growth to a time of consolida-
tion and adjustment. The challenge to the
antarctic community is to manage and use
these new tools in response to the public
expectation of public benefit.
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continued from page 2
ozone within a 3,000-kilometer sector.
While TOMS data provide a broad view of
how ozone levels vary throughout the
areal extent of the ozone hole, balloon-
borne and ground-based instruments can
sample ozone and other aerosols at spe-
cific altitudes.

The South Pole data show dramatic
differences between the 1992 ozone loss
and previous years. NOAA researchers,
who receive funding or logistic support
from the National Science Foundation,
believe that the high concentration of sub-
micron aerosol particles from the Pinatubo
eruption may be contributing to the lower
levels of ozone abundance that their in-
struments recorded.

Since monitoring of the depletion cycle
began, losses have been concentrated in a
1-to 2-kilometer-thick region of the strato-
sphere above an altitude of 16 kilometers.
This year's balloon launches showed
chemical destruction of all ozone in a 4-
kilometer-thick region between 14 and 18
kilometers altitude, as well as significant
losses at lower altitudes (between 10 and
13 kilometers).

Ozone at lower altitudes usually has
been shielded from the chemical reactions
that destroy ozone in the upper altitudes
because the atmosphere at these altitudes
is too warm for polar stratospheric clouds

to form. The reactions that release chlorine
from chlorofluorcarbons take place on the
surfaces of ice crystals in those clouds,
which only form at temperatures of -80 oc
and below. This year, as much as one-
third of the ozone appears to have been
destroyed at altitudes between 10 and 13
kilometers. Early analysis of the data indi-
cate an increased number of small par-
ticles, believed to be volcanic sulfuric-acid
droplets, were present.

In an article recently published in Na-
ture, NOAA and University of Wyoming
researchers, who have been conducting
ground-based and balloon-borne investi-
gations of the ozone hole with support
from the National Science Foundation since
1986, propose that a similar phenomenon
contributed to record ozone losses during
the 1991 austral spring.

At McMurdo and Amundsen-Scott
South Pole Station in late September 1991,
they began observing ozone losses of about
50 percent at altitudes between 11 and 13
kilometers. Before 1991 no ozone deple-
tion was recorded in this region. They
believe that this 1991 phenomenon is di-
rectly related to the presence of sulphate
aerosols formed from sulfur injected into
the lower atmosphere by the August 1991
eruption of a Chilean volcano Mount
Hudson. The lower-altitude depletion,
combined with an increase in ozone deple-

tion above 25 kilometers, probably ac-
counts for about 10 to 15 percent of the
1991 ozone low.

According to their theory, during the
1992 austral winter volcanic aerosols from
the Mount Pinatubo eruption would have
been trapped when the polar vortex
formed, setting up the necessary cQndi-
tions for ozone destruction at lower alti-
tudes. South Pole balloon observations
this austral spring appear to support this
theory, despite the contradiction with the
NASA satellite data. However, until all
observations are recorded and analyzed,
the extent to which the Philippine volcano
has affected the antarctic atmosphere re-
mains unresolved.

Additional sources of information

Brasseur, Guy 1992. "Ozone depletion: Volca-
nic aerosols implicated." Nature. 359: 275-
276.

Hoffman, D. J . , S. J . Oltmans, J . M. Harris, S.
Solomon, T. Deshler, and B. J . Johnson 1992.
"Observation and possible causes of new
ozone depletion in Antarctica in 1991." Na-
ture. 359: 283-287.

Kerr, Richard 1992. "Pinatubo Fails to Depen
the Ozone Hole." Science.. 258: 395.

Monastersky, Richard 1992. "Pinatubo deep-
ens the antarctic ozone hole." Science News.
142: 278-279.

[The article below by Cheryl Dybas provides a good example of the effect of ozone depletion on the food chain.]

Plankton, antarctic food chain base,
respond to increased ultraviolet radiation

Phytoplankton, microscopic free-float-
ing plants that are the foundation of the
oceanic food chain, manufacture organic
material that sustains virtually all other
organisms in the marine ecosystem. Al-
though they need solar radiation for pho-
tosynthesis, shorter wavelengths of solar
radiation—mid-range ultraviolet (UV) ra-
diation (280 to 320 nanometers) or UV-B-
are known to be harmful to phytoplank-
ton. Under normal conditions, most UV-B
radiation is absorbed by the stratospheric
ozone layer and does not reach the earth's
surface. With the growth of the austral
spring ozone hole, however, phytoplank-
ton in antarctic waters beneath the de-
pleted ozone layer are now being exposed

CHERYL DYBAS
PUBLIC AFFAIRS SPECIALIST
OFFICE OF LEGISLATIVE AND PUBLIC AFFAIRS
NATIONAL SCIENCE FOUNDATION

to twice the amount of ultraviolet radia-
tion as organisms outside the influence of
the ozone hole.

During a 6-week cruise in the
Bellingshausen Sea, NSF-funded research -
ers focused their attention on how phy-
toplankton communities in near-surface
waters are responding to enhanced expo-
sure to ultraviolet (UV) radiation. They
found that as a result of increased UV-B
radiation from the widening ozone hole,
phytoplankton production decreases by a
minimum of 6 to 12 percent during the
austral spring.

Their research results were published
in Science magazine' on 21 February 1992
by oceanographers Raymond Smith and

'Smith, R. C., B. B. Prezelin, K. S. Baker, R. R.
Bidigare, N. P. Boucher, T. Coley, D. Karentz, X.
Maclntyre, H. A. Matlick, D. Menzies, M.
Ondrusek,Z. Wan, and K. J. Waters 1992. Ozone
depletion: Ultraviolet radiation and phytoplank-
ton biology in antarctic waters. Science. 255,952-
959.

Barbara Prezelin of the University of Cali-
fornia at Santa Barbara (UCSB), who led
the multidisciplinary team of scientists
from UCSB, Scripps Institution of Ocean-
ography in San Diego, the University of
Hawaii, and the University of California at
San Francisco.

Experiments from the scientists' re-
search cruise during the austral spring of
1990 (September to November 1990) indi-
cate that as the ozone layer thinned, UV-B
effects on phytoplankton increased. Pho-
tosynthesis rates in these tiny drifting
plants decreased as the amount of mid-
ultraviolet radiation penetrating the
ocean's surface increased. This decrease in
photosynthesis could alter the dynamics
of antarctic marine ecosystems, the ocean-
ographers say.

Global loss of protective ozone in the
stratosphere allows more ultraviolet j ra-
diation to reach earth and has raised con-
cerns about increased human risk of skin
cancer and immune-system suppression.
Scientists are also concerned about other
life forms, including plankton that make
up the highly productive marine-based
food chain of Antarctica where seasonal
depletion of ozone is greatest.

In all life forms the genetic material
DNA can be damaged by ultraviolet radia-

Antarctic Journal



U.S. Naval Support Force, Antarctica, photo.

Hazardous and other forms of waste are carefully repackaged and marked before they are removed
from Antarctica. Here at a McMurdo Station cargo yard, an employee of NSF's support contractor
stacks yellow barrels containing hazardous waste in preparation for shipment back to the United
States for proper disposal.

tion, but organisms differ in the amount of
damage they receive and in their ability to
repair this damage.

It is possible that the timing and inten-
sity of the ozone hole and the associated
increase in penetration by UV-B radiation
may reduce populations of some phy-
toplankton species, thus allowing other spe-
cies more resistant to UV-B damage to op-
portunistically expand their niches.

If this happens, the incidence of second-
ary, dominolike effects on the health of
animal populations higher up the food
chain—krill, fish, penguins, and whales, for
example—might depend on how choosy
krill and other phytoplankton-eating ani-
mals are about the species they graze upon.

In field experiments aboard the NSF re-
search ship Polar Duke, the research team
obtained data on how phytoplankton in
antarctic waters respond to increased expo-
sure to UV-B radiation. Comparisons of
phytoplankton communities in the pres-
ence and absence of UV-B radiation were
made, as well as comparisons of phytoplank-
ton communities inside (high UV-B) with
those outside (low UV-B) the ozone hole.
Making use of a newly developed light and
ultraviolet submersible spectroradiometer
that can measure full spectral irradiance
and underwater radiance, they gathered
data on visible and UV light at many depths
and found that UV-B radiation reaches
depths greater than 60 to 70 meters—well

below the depths where they observed ef-
fects on primary production rates. The
scientists also examined water circulation
and transport patterns, photosynthesis, bio-
mass, pigment production, and DNA dam-
age and repair for a variety of phytoplank-
ton species.

Stratospheric ozone levels over Antarc-
tica have been decreasing for at least 10
years, the period for which available ozone
data has been analyzed. Says Dr. Smith,
"We're looking at an ecosystem that has
experienced a decade of increasing levels of
UV-B. This may have already had an im-
pact on the marine ecosystem, but we lack
the long-term background knowledge of
the antarctic to assess the impact."

NSF announces new requirements for
waste management and environmental
assessment in Antarctica
Materials and waste
management and waste
disposal

On Friday, 31 July 1992, the National
Science Foundation (NSF) published in the
Federal Register a proposed rule governing
materials and waste management and waste
disposal associated with the operations of
the U.S. Antarctic Program (USAP). The
proposed rule is designed to implement
provisions of the Antarctic Conservation
Act (Antarctic Conservation Act, 1978), gov-
erning releases of pollutants in Antarctica in
a manner that is consistent with the require-
ments of the Protocol on Environmental
Protection to the Antarctic Treaty, includ-
ing Annex III (Waste Disposal and Waste
Management) of the new environmental
protocol to the Antarctic Treaty (Antarctic
Treaty System, 1992). It is expected that the
final materials- and waste-management and
waste-disposal regulations will become ef-
fective on 1 March 1993.

All U.S. citizens (and all foreign nation-
als working within the USAP) must com-
ply with the provisions of these regula-
tions. Civilian and military contractors for
USAP operational support, scientific in-
vestigators and members of their field
teams, NSF and other federal employees,

SIDNEY DRAGGAN
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and visitors to USAP facilities must know
of and comply with the regulations. The
regulations ban the introduction of certain
substances to Antarctica, and they require
U.S. citizens to obtain permits for the use or
release of harmful pollutants or the release
of waste in Antarctica. USAP participants
will be covered by the NSF's master permit,
provided they receive USAP approval for
the use of harmful pollutants and comply
with USAP's materials- and waste-man-

agement and disposal procedures. Before
work can begin, principal investigators for
research projects must carefully plan stud-
ies to ensure that banned substances are
not introduced and that other substances
needed in their research are identified.

Waste-minimization guidance
One of the best ways to prevent environ-

mental degradation from wastes associated
with doing and supporting science in Ant-
arctica is to avoid introducing unnecessary
materials to the continent. Introduced ma-
terials tend to become wastes.

Earlier this year, the Director of the Divi-
sion of Polar Programs, Dr. Peter E.Wilkniss,
sent a message to all participants in USAP's

December 1992



.471	 ..

NVII	

'a

U.S. Naval Support Force, Antarctica, photo.

During the last three years, NSF has increased efforts to clean up U.S. research stations in Antarctica. As part of this effort, debris around Winter's Quarters
Bay was removed and the banks along the bay graded to prevent further erosion.

1992-1993 austral research season. He
pointed out that:

As a participant in the U.S. Antarctic
Program (USAP) you have accepted the
responsibility of supporting national goals
for scientific research and for environmen-
tal protection on the antarctic continent. I
have seen that individual action is the most
important element in maintaining your, and
USAP's, environmental stewardship in
Antarctica.

To help protect the environment of Antarc-
tica and to reduce the cost of disposing of
wastes, USAP plans to minimize waste pro-
duction and to manage more effectively wastes
that are produced. YOU play an important
role in minimizing your personal contribution
to waste by taking time to plan what you bring
with you for use during your stay in Antarc-
tica. The back-packing philosophy of "pack-
it-in, pack-it-out" must be adopted whenever
possible. The following guidelines will assist
you in your planning:

Prohibited items:

• Aerosols (deodorants, hair sprays, shaving
creams in containers with compressed gases)
• Polystyrene packing materials (beads, chips,
peanuts)—tell your friends and relatives
• House plants
• Any type of soil
• Hazardous and toxic materials and sub-
stances.

It is recommended that the following be

Reducing and limiting the amount and
types of things that you bring with you to
Antarctica will substantially reduce your
impact on Antarctica. The less all USAP
participants bring to Antarctica, the less
you and USAP will have to remove from the
continent; and, the less brought in, the less
there will be a chance for environmental
impacts.

Enclosed with this letter you will find
guidance on items that you are prohibited

eliminated whenever possible, or packed out
in your personal baggage when you leave
Antarctica:

• Plastic containers (shampoo, lotions, film)
• Batteries (yse rechargeable whenever pos-
sible)
• Magazines, catalogs, and books (limit or
eliminate subscriptions)
• Small appliances (pack out or return by
mail).

Other recommendations:

• Separate items from their packaging before
packing or mailing (tell your friends and rela-
tives!!)
• Pack out old clothing
• Save and reuse boxes and such packaging
materials such as bubble wrap and strapping
• Use biodegradable soaps and shampoos
• Pack out unused medicines
• Recycle
• Separate your waste (use the appropriate
receptacle in your dorm and at work).

from transporting to Antarctica. Transport
of your personal effects [and materials
supporting science] to Antarctica will be
trouble-free, if you adhere to this guid-
ance. You will find suggestions on things
that you might bring and that should defi-
nitely return with you in your personal
baggage. Other advice is provided ort the
availability of waste collection sites at each
station, recycling opportunities, and ef-
forts to exchange items that you no longer
need with USAP participants who might
want them.

With your direct action in minimizing
what you bring to Antarctica—and what
you do with those things that you' do
bring—you will be in the forefront inup-
holding our environmental protection
goals in Antarctica. The reward to you will
be your direct role in protecting the last
relatively clean region of our globe. Thank
you for your interest in and support of the
U.S. Antarctic Program.	 I

A modified verison of the attachment
that was included with this notice is in-
cluded as a sidebar to this article.

Environmental assessment
On 3 September 1992, procedures went

into effect to fully implement for USAP
activities the environmental assessment
requirements of Executive Order 12114
and Annex I of the Protocol on Environ-
mental Protection to the Antarctic Treaty.

USAP has completed its Supplemental
Programmatic Environmental Impact
Statement, five Initial Environmental
Evaluations, and over 80 environmental
action memoranda on USAP-proposed

Guidelines for personal item selection
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actions or activities supported between
1989 and the present. All actions or activi-
ties that might pose at least a minor or
transitory impact to the antarctic environ-
ment must be subjected to consideration of
those impacts. The process of consider-
ation is reported in an environmental docu-
ment (i.e., an Environmental Action Memo-
randum, and Initial Environmental Evalu-
ation, or a Comprehensive Environmental
Evaluation).

Actions or activities include scientific
research projects that are supported by
NSF. Generally, the safety, environment
and health checklist, and the description
of potential impact or risk contained in the
Antarctic Research Program Announcement
and Proposal Preparation Guide (National
Science Foundation, 1991) is sufficient to
document the process of environmental
consideration for a given research project.
In some instances, however, principle in-
vestigators and project managers will be
asked to provide more detailed informa-
tion—in the form of an Environmental
Action Memorandum, an Initial Environ-
mental Evaluation, or a Comprehensive
Environmental Evaluation.

Conclusion
While some may view these new re-

quirements burdensome, they are built
around USAP's key objective: to support
basic scientific research that is best accom-
plished in Antarctica. The rationale under-
lying this objective rests in the relatively
untouched character of the Antarctic and
the continent's value as a unique, natural
scientific laboratory. Accomplishing our
science objective requires us to work con-
stantly and effectively to maintain these
conditions. Should USAP be unable to ac-
tively foster antarctic stewardship, it will
fail to achieve its central objective. I can
assure all USAP participants that the plan-
ning and proactive thinking fostered by
these rules will result in logistic or scientific
work that is the best that it can be.

The Environmental Officer for the Divi-
sion of Polar Programs, Dr.Sidney Draggan
(202-357-7766), can provide additional in-
formation. He should be consulted when-
ever you have questions about these new
requirements. His address:Sidney Draggan,
Environmental Officer, Division of Polar
Programs, National Science Foundation,

Washington, D. C. 20550.
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U.S. Senate endorses environmental protocol:
implementation bills introduced

On 7 October, just before the close of the
second session of the 102nd Congress, the
Senate gave its "advice and consent" to
ratification of the Protocol on Environ-
mental Protection to the Antarctic Treaty.
However, before the President can sign
the instrument of ratification, both the
House of Representatives and the Senate
must pass the necessary implementation
legislation. After the implementation leg-
islation is passed and the President has
signed the instrument of ratification, the
other Antarctic Treaty Consultative Par-
ties will be notified that the United States
formally recognizes the protocol.

U.S. implementing
legislation

During the second session of the 102nd
Congress, four bills proposing implemen-
tation plans were introduced in the House
of Representatives and the Senate. The
debate by the Congressional committees
centered on which federal agency should
have primary responsibility for implement-
ing the protocol and the requirements of
the legislation. The Antarctic Conserva-

tion Act of 1978 (Public Law 95-541) cur-
rently provides the Director of the Na-
tional Science Foundation (NSF) with much
of this responsiblity, as does Presidential
Memorandum 5546. This presidential
memorandum, signed by President Reagan
in 1982, instructs NSF to "budget for and
manage the entire U.S. national program
in Antarctica, including logistic support
activities so that the program may be man-
aged as a single package."

H.R. 5459/S. 3189—the Antarctic Envi-
ronmental Protection Protocol Act of
1992—was introduced by Congressman
Walter B. Jones (D-NC), Chairman of the
Merchant Marine and Fisheries Commit-
tee, and Senator John Cairo (D-MA).

These bills give the National Oceanic
and Atmospheric Administration (NOAA),
with the assistance of the U.S. Coast Guard
and the Administrator of the Environmen-
tal Protection Agency, responsibility for
enforcing the antarctic environmental pro-
tocol. Although NSF would continue to be
responsible for carrying out the U.S. re-
search program in Antarctica, NSF would
be required under H.R. 5459 to obtain a 5-
year permit to operate U.S. stations and
other science-support facilities in Antarc-

tica. H.R. 5459 also repeals the Antarctic
Conservation Act and the Antarctic Pro-
tection Act of 1990.

Besides the provisions listed above, H.R.
5459 requires land- and ship-based contin-
gency plans for oil spills; mandates peer
review of scientific takings of native species;
and phases out the operation of incinerators
in Antarctica after 31 December 1994. It also
requires that U.S. companies operating tour-
ist expeditions obtain permits every 3 years.

In June, a joint hearing on H.R. 5459
was held by the House Merchant Marine
and Fisheries Subcommittee on Oceanog-
raphy, Great Lakes, and the Outer Conti-
nental Shelf; the Subcommittee on Fisher-
ies and Wildlife Conservation and the En-
vironment; and the Subcommittee on Coast
Guard and Navigation. During the hear-
ing, the representatives heard testimony
from the Department of State, NOAA, NSF,
and various environmental, tourist, scien-
tific, and academic organizations.

On 6 August 1992, H.R. 5459 was
marked out of the Merchant Marine and
Fisheries Committee. The Administration
opposed this version of the bill.

H.R. 5801/S. 3231—the Antarctic Envi-
ronmental Protection Act—was introduced
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by Congressman Rick Boucher (D-VA),
Chairman of the House Subcommittee on
Science, and Senator Claiborn Pell (D-RI).
H.R58Ol and S.323l are theAdministration's
bills to implement the Protocol on Environ-
mental Protection to the Antarctic Treaty.
They amend the Antarctic Conservation
Act of 1978 (Public Law 95-541) to bring this
act in line with the protocol and its annexes.
Specifically, Title II of H.R. 5801 repeals the
Antarctic Protection Act of 1990 (Public Law
101-594) and replaces the temporary provi-
sions of this act with a new prohibition on
mineral resource activities in Antarctica,
making U.S. law consistent with the proto-
col. (See Volume 26, number 1, pages 10-11,
of the Antarctic Journal for a description of
Antarctic Protection Act of 1990.)

H.R. 5801 was referred to the House
Committee on Science, Space, and Technol-
ogy; the Committee on Merchant Marine
and Fisheries; and the Committee on Inte-
rior and Insular Affairs.

Before they adjourned in October, Con-
gress did not hold any more hearings or
take any further action on these protocol
implementation bills.

The environmental protocol
and ratification

The Protocol on Environmental Protec-
tion to the Antarctic Treaty, which was
signed on 4 October 1991 by 23 of the 26
consultative parties at a special treaty meet-
ing in Madrid, Spain, extends and im-
proves the effectiveness of the Antarctic
Treaty system to preserve the antarctic
environment. By designating Antarctica
as a natural reserve, devoted to peace and
science and establishing a 50-year ban on
mineral resource activities, it is designed
to protect the continent's environment, as
well as its dependent and associated eco-
systems.

Besides advancing standards for envi-
ronmental assessment and management,
the 27-article agreement contains a system
of annexes that provide for continuing
review and evaluation of environmental
protection measures and incorporates
mandatory rules for environmental pro-
tection. The consultative parties have
adopted five annexes—four in October

1991 when the protocol was signed and a
fifth in March 1992 during the 16thAntarc-
tic Treaty Consultative Meeting. These
annexes focus on environmental impact
assessment procedures, conservation of
fauna and flora, waste disposal and man-
agement, prevention of marine pollution,
and specially protected areas.

The protocol enters into force 30 days
after all 26 consultative parties have rati-
fied it. Although this process could take
from 2 to 10 years, the consultative parties
have agreed to apply its terms when plan-
ning their antarctic operations. The full
text of the protocol with annexes I through
IV was published in the December 1991
issue (Volume 26, number 4) of the Antarc-
tic Journal; annex V was published in the
March 1992 (Volume 27, number 1) journal
as part of the report of the 16th Antarctic
Treaty Consultative Party Meeting.

(Editor's note: Portions of this article are based
on the June-August 1992 NSF Congressional
Report, NSF 92-152, prepared by NSF's Office
of Legislative and Public Affairs.)

U.S. and Russian scientists complete historic
Weddell Sea investigation

Although the western Weddell Sea is
known to have an important role in the
global climate system, its year-round ice
cover has made ship operations difficult
and has impeded surveys by ships. For a
large area that stretches westward to the
Antarctic Peninsula, the only data avail-
able to the scientific community has been
from satellite-borne sensors, aircraft, and
floating oceanographic instruments.

In February 1992, armed with more
than 72,000 kilograms of scientific equip-
ment, cargo, and supplies, U.S. scientists,
funded by the National Science Founda-
tion, and Russian scientists from the Arctic
and Antarctic Research Institute, along
with support personnel, sailed from
Montevideo, Uruguay, aboard the Rus-
sian icebreaker Akademik Federov, south to
the ice-covered Weddell Sea. (See the ac-
companying table for a list of senior per-
sonnel.) Their objective was to find a ice
floe that was large enough to support a
camp of 32 science and support personnel
during the 4-month research program.
Using the ice floe as a research platform,
they planned to study the formation and
movement of sea ice, ocean currents be-
neath the ice, the atmosphere above the
ice, and the marine plants and animals as
the ice floe drifted north through the west-
ern Weddell Sea.

The project concluded in early June
when the U. S. and Russian icebreakers
arrived at the ice-floe camp. According to
the project's U.S. coordinator, Dr. Arnold

Tuesday, 9 June 1992 at 65.635 and 52.411W
Aboard R/V Akademik Fedorov and R/V
Nathaniel B. Palmer

The United States Antarctic Program and the
Soviet Antarctic Expedition state that on 9
June 1992 the experimental phase of the joint
U.S-Russian project, Ice Station Weddell #1
(ISW 1), has been successfully completed.

The difficult environmental conditions of the
western Weddell Sea have previously prohib-
ited data collection in this segment of the
southern oceans. Only now in the closing
decade of the 20th century has this region been
thoroughly observed through the joint effort
of ISW 1. Since it is the first drift station of the
southern oceans it becomes an important part
of the history of Antarctic exploration, filling
a large gap in our view of this remote part of
the global ocean.

ISW 1 began operation on 11 February 1992
at 71"48'S, 51"43' W, with the support of the
Akademik Fedorov. Seventeen American and 15

Gordon of Columbia University's Lamont-
Doherty Geological Observatory, it was an
outstanding success. On 9 June he re-
ported via satellite from the ice floe, "Al-

Russian polar scientists successfully fulfilled
the scientific program on the drifting ice floç.
The scientific program consists of physical
oceanography, meteorology, sea ice physics,
and marine biology. In March and April 1992
part of the U.S. team were rotated with U.S.
aircraft (mid-March) and with the U.S. ice-
breaker Nathaniel B. Palmer (late April). Ip
May and June 1992 ISW 1 was recovered by
cooperative cruise of Akademik Fedorov and
Nathaniel B. Palmer. The official closing cer-
emony was held on9June 1992 at 65"63'S and
52'41 W.
The successful performance of this project

was made possible by the significant polar
experience both of the American and Russian
teams. The success of ISW 1 forms the basi
for future collaboration between the US and
Russia for both polar regions.

V V. Lukin, Chairman of the Russian Antarcti
Expedition, and Arnold L. Gordon, Chief Scien-
tist for Ice Station Weddel#1

ISW science leaders applaud project's success
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Ice Station Weddell principal investigators by
discipline and function
Principal investigator

ADCP/Oceanic Microstructure
Laurence Padman

Atmospheric physics
Edgar Andreas
Kerry Claffey
Boris Ivanov
Aleksandr Makshta

Biology
Chris Fritsen
Igor Melnikov
Calvin Mordy

Chief, Ice Station Weddell
Valery Lukin

Organization

Oregon State University

Cold Regions Research and Engineering Laboratory
Cold Regions Research and Engineering Laboratory
Arctic and Antarctic Research Institute
Arctic and Antarctic Research Institute

University of Southern California
University of Southern California
University of Southern California

Arctic and Antarctic Research Institute

Conductivity-temperature-depth/Tracer
Jose Ardai
Nkolai Drnitriev
Amy Ffield
Raul Guerrero
Hartrnut Helimer
Valery Karpiy
Guy Mathieu
Suzanne O'Hara
Ralf Weppernig

Current observations
Mark Morehead

Physician
Dmitri Kirjunichev

Sea ice
Steve Ackley
David Bell
Vladimir Churun
Bruce Elder
Vladimir Grischenko
VIad Korostelev
Vicky Lytle
Nikolai Sukhorukov

Upper Ocean Physics
Roger Anderson
Ted Baker
Douglas Martinson

Cook
Dave Cotter
Evgeny Novokhatsky

Helicopter personnel
Andy Campbell
Tom Duncan
Jim Innes
Mike Rugg
Brent Snyder

Logistics/Mechanic
Mike Darrah
Sergey Kasjanov
Kirk Kiyota
Sergei Labinsky

Technical Coordinator
Jose Ardai

Lamont-Doherty Geological Observatory
Arctic and Antarctic Research Institute
Lamont-Doherty Geological Observatory
INIDEP
Lamont-Doherty Geological Observatory
Arctic and Antarctic Research Institute
Lamont-Doherty Geological Observatory
Lamont-Doherty Geological Observatory
Lamont-Doherty Geological Observatory

SATC

Arctic and Antarctic Research Institute

Cold Regions Research and Engineering Laboratory
Cold Regions Research and Engineering Laboratory
Arctic and Antarctic Research Institute
Cold Regions Research and Engineering Laboratory
Arctic and Antarctic Research Institute
Arctic and Antarctic Research Institute
Cold Regions Research and Engineering Laboratory
Arctic and Antarctic Research Institute

Applied Physics Laboratory
Lamont-Doherty Geological Observatory
Lamont-Doherty Geological Observatory

Antarctic Support Associates
Arctic and Antarctic Research Institute

Evergreen Helicopters, Inc.

Antarctic Support Associates
Arctic and Antarctic Research Institute
Antarctic Support Associates
Arctic and Antarctic Research Institute

Lamont-Doherty Geological Observatory

ready an early assessment of the data sug-
gests that we will have to alter our views of
how this region fits into the global climate
system." (See statement accompanying this
article, issued by U. S. and Russian science
team leaders.)

As a result of this 117-day expedition,
known as Ice Station Weddell, U.S. and
Russian scientists have gathered a vast
amount of new data from this unexplored
portion of the Weddell Sea. With these
data they are beginning to answer such
fundamental questions as: Why does the
western Weddell Sea have year-round ice
cover? Is the region climatically stable?
How do ocean processes along the west-
ern rim of the Weddell Gyre contribute to
the formation or modification of antarctic
bottom water? What is the exact position
of continental slope in this region of the
Weddell Sea?

Solving the mysteries of the
western Weddell Sea

Just south of the Antarctic Circumpolar
Current within the western Weddell Sea is
the Weddell Gyre, a large cyclonic circula-
tion cell that is a key component of the
global climate system. Here, warmer sur-
face waters mix with the atmosphere at
varying rates that depend on the extent of
the sea ice cover. Water from the ocean's
depths rises and also mixes with these
surface waters, causing vigorous vertical
fluxes of heat, salinity, dissolved gases,
and nutrients that influence the atmo-
sphere, ice cover, and the composition of
the marine ecosystems in this region. From
this process comes the extremely cold ant-
arctic bottom water that is carried by the
western boundary current of the Weddell
Gyre into the circumpolar belt and eventu-
ally into the global ocean where it floods
and chills the lower kilometers of the ocean
worldwide.

As the ice floe drifted north, the expedi-
tion was able to measure and observe physi-
cal processes that make this region unique.
They lowered instruments through holes
drilled in the ice, used balloons for mea-
suring atmospheric conditions, dove into
the frigid waters beneath the ice to collect
samples of plankton and krill, and used
helicopters to deploy buoys and make mea-
surements over a broad region.

The Russian icebreaker Federov and the
new U.S. icebreaking research ship Nathaniel
B. Palmer extended the scientific team's re-
search capabilities to observe and study this
unexplored area. As the ships shuttled
between South America and the floating
research station to bring new personnel and
supplies, scientists measured ocean pro-
cesses and recorded sea ice conditions to the
north and east of Ice Station Weddell. As a
result of the combined efforts of the ship-
board science teams and those at the ice
camp, the entire western rim of the Weddell
Basin was mapped in 4 months.
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Although the vast body of data acquired
during this expedition is still being ana-
lyzed, some initial findings have been re-
ported. One fundamental, but significant
discovery was that the continental slope
off the Antarctic Peninsula extends about
100 kilometers farther west than previ-
ously thought. This basic topographic dif-
ference will change scientific understand-
ing of ocean circulation.

Their observations also may help to
decipher the mystery of the region's year-
round ice cover. A thin layer of water,
called a pycnocline, separates the cold
waters from deeper, warmer waters here.
As they drifted north, the scientists were
able to measure temperature, salinity, heat
fluxes, and currents not only at varying
depths but also at different locations. Their
data suggest that the pycnocline in the
western Weddell Sea is extremely stable
and prevents the warmer deep water from
rising to the surface where it would melt
the sea ice.

Climate processes may also help to
maintain the pycnocline and, consequently,
the ice cover during the austral summer.
The researchers believe that cold air fun-
neling up the Antarctic Peninsula brings
large amounts of snow to the region. The
snow, with its many air pockets, insulates
the ice cover from warmer temperatures
and keeps the sea ice from melting.

Biologists participating in the expedi-
tion investigated the distribution of
microalgal and bacterial biomass and pro-
ductivity, as well as physical and chemical
factors that influence the growth and accu-
mulation of sea-ice microbial communi-
ties in first- and second-year pack ice. In
previous studies at other antarcticice-edge
sites, they had found that, compared with
nearby open water, the pack ice contained
highly concentrated microhabitats of
microalgae and bacteria. At three Weddell
Sea sites, characterized by different ice
types, they sampled various physical and
chemical features, including ice and snow
thickness, chlorophyll a, bacterial abun-
dance, pigment concentrations, nutrient
concentrations, organic carbon and nitro-
gen, and salinity. Measurements made at
these showed that vertical and horizontal
distribution of these organisms varied
greatly. These results support their hy-
pothesis that microbial communities,
growing within the sea-ice zone, contrib-
ute significantly to southern ocean pro-
ductivity and should be included in mod-
els of southern ocean production.

Ice Station Weddell
characteristics

Ice Station Weddell was modeled after
drifting ice stations that have been used
successfully for research in the Arctic. Mak-
ing use of the arctic experiences of both
countries, U.S. and Russian scientists be-
gan discussing plans for the Ice Station

Lamont-Doherty photos by Arnold Gordon, pp. 10-11.
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background. The sledges shown in the photograph were used to haul equipment and supplies to and
from the ships.

Helicopters played an important role in operating Ice Station Weddell. During the research expedition,
helicopters stationed at the camp took scientists to remote sites to make observations and collect data.
Russian helicopters aboard the icebreaker Federov helped the U.S. and Russian ships to navigate
through the ice-clogged waters of the Weddell Sea.

West (U.S.) meets East (Russia). Ice Station Weddell was the result of 3 years of planning between
U.S. and Russian scientists.
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A view of the Ice Station Weddell.

Ii

At a remote site, a science party packs instruments used to measure ocean characteristics through
a lead in the sea ice.

Both U.S. and Russian personnel shared such common facilities as the mess hail shown in this
photograph.

Weddell, the first ice-floe research station
in the southern oceans, in 1988; detailed
plans were completed by 1991.

The camp, established on a 2-meter-
thick, 4.4-square-kilometer ice floe at 65087'
5, 52075'W, supported 32 people at a time.
Because support and science personnel
were rotated either by ship or airplane
(with some individuals remaining at the
site for the entire expedition), 60 scientists
in all worked at the site during the 117-day
expedition.

Bulldozers and helicopters were used
to move equipment and supplies from the
Federov to the center of the ice floe. Two
living areas—South Town and North
Town—were set up on either side of a
several shared facilities that included a
mess hail, storehouses, generators, latrines,
and a sauna. Structures used for living
quarters were either pre-assembled Rus-
sian-built huts on skis or 4- by 5-meter
tents made of two layers of plastic.

During the course of expedition, tem-
peratures ranged from -1.7°C in February
to -36°C with wind chill dropping the tem-
perature as low as -51°C. Overnight, snow
storms often created 2.5-meter-high drifts,
burying equipment and trapping people
in their huts. Other times, white-out con-
ditions hampered visibility and made work
on the ice floe difficult and dangerous.

On 25 May the expedition also attained
the distinction of being the first people to
cross the Antarctic Circle from the south
since 1915. In that year Ernest Shackleton
and his crew, after escaping from their
trapped ship shortly before it sank, floated
northward and crossed the circle.

Although the science teams are still
analyzing their data, preliminary reports
will be published in the 1992 review issue
of the Antarctic Journal to be published in
early 1993 and a special session focusing
on the results of the expedition was held at
the December 1992 meeting of the Ameri-
can Geophysical Union.
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C-5 Galaxy air transport improves support to
U.S. scientists in Antarctica

The U.S. Antarctic Program (USAP),
funded and managed by the National Sci-
ence Foundation (NSF), maintains three
year-round stations—two coastal stations
(McMurdo and Palmer) and one interior
station (Amundsen-Scott South Pole).
USAP supports an annual research pro-
gram made up of more than 100 different
projects covering all fields of science.

Approximately three-quarters of these
projects are part of the USAP's "continen-
tal system," which includes McMurdo and
Amundsen-Scott South Pole Stations and
remote field camps in East and West Ant-
arctica. To support this system, USAP
relies heavily on both intracontinental and
intercontinental airlift support. During
the austral summer season airplanes trans-
port over 2,000 personnel and 1,134,000
kilograms of cargo to McMurdo Station
from Christchurch, New Zealand. Other
cargo (approximately 5.9 million kilo-
grams) and fuel (approximately 23 million
liters) are delivered by two ships to
McMurdo Station once a year. From here
these materials must be flown inland to the
South Pole.

DAVID M. BRESNAHAN
FIELD PROJECTS MANAGER
POLAR OPERATIONS
DIVISION OF POLAR PROGRAMS

During the 1989-1990 austral summer,
for the first time, the USAP incorporated
the C-5 Galaxy into the air movement
schedule. One of the primary reasons for
using the C-5 was to move oversized
cargo—particularly, U.S. Navy UH-1N
helicopters flown by the Antarctic Devel-
opment Squadron Six (VXE-6). These first
two C-5 missions to McMurdo Station
proved future operations with the aircraft
were viable.

McMurdo Station facilities
and environment

McMurdo Station, USAP's largest ant-
arctic station, is located on Hut Point Pen-
insula, Ross Island, near the world's south-
ernmost harbor. The station, established
in December 1955, is the logistics hub of
the U.S. Antarctic Program, with a harbor,
landing strips on sea ice and shelf ice, and
a helicopter pad. Its 85 buildings range in
size from a small radio shack to large,
three-story structures. Repair facilities,
dormitories, administrative buildings, a
firehouse, power plant, water distillation
plant, wharf, warehouses, recreation fa-
cilities, and science laboratories are all
linked by above-ground utility systems.

Williams Field, a skiway 16 kilometers
from McMurdo Station on the Ross Ice

Shelf, is the aerodrome for ski-equipped
airplanes (LC-130s) that are owned by NSF
and flown by VXE-6. Wheeled airpines
use a harder, smoother runway, built on
the sea ice. This annual ice runway a1lws
conventional wheeled aircraft to fly be-
tween McMurdo Station and Christchurch,
New Zealand, from early October through
early December, when surface melting
makes the sea ice unusable.

Although this ice runway isconstruted
on the sea ice each austral summer, the
actual position varies depending upoi ice
conditions. Generally, the 300-fool by
10,000-foot runway is alined with the ex-
tended centerline of the skiway at Will-
iams Field.

Using C-5 air transports in
Antarctica

The ability to move large amounts of
cargo to McMurdo Station by air earlier in
the season enables USAP to support
projects that would normally depend on
surface vessels for the delivery of neeIed
support material. Because the standard
ski-equipped airplane used by USA? is
limited in the amount of cargo and person-
nel that it can transport, USAP has used
Military Airlift Command (MAC) wheeled
C-141 airplanes, which can transport about

The first U.S. Air Force C-5A Galaxy air transport arrives at McMurdo Station on 4 October 1989. The success of the first two missions in 1989 proved
that C-5s could be used effectively in Antarctica.
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Antartica, U.S. Naval Support Force, photo by Dan Simon.

A C-5 Galaxy departs McMurdo Station in October 1990—the second year that C-5s were used to
mov e cargo and personnel to Antarctica. Because these airplanes are capable of transporting twice
the mount of cargo and personnel that a C-141 can carry, they have improved USAP's ability to
support science projects, particularly those projects that are focused on early season phenomenon
such as ozone depletion.

I

I	r.
U.S. Naval Support Force, Antarctica, photo by Dan Simon.

Crews at the sea-ice runway near McMurdo Station measure the effect that the more than 300,000-
kilogram air transport has on the sea ice. During the first landing, less than 2.5 centimeters of deflection
was observed. Ice thickness was 198 centimeters, about 20 centimeters less than was originally
expected.

U.S. Naval Support Force, Antarctica photo by Dan Simon.

As shown here, the front end of the C-5 opens up so that cargo can be offloaded. Cargo can also be
removed from an aft cargo opening.

two times the amount of cargo and/or
personnel, during the early austral sum-
mer since November 1966.

The C-5 Galaxy can transport three times
the amount of cargo, equipment, and per-
sonnel than a C-141 can. (See table 1 for the
technical specifications of a C-5.) Because
this greater transport capacity would im-
prove its capability to support the U.S.
antarctic science program, NSF began to
investigate whether it would be possible
to use C-5s in Antarctica. The October
1989 missions were the result of this inves-
tigation, as well as 2 years of planning
between NSF and MAC.

The remainder of this paper illustrates
how USAP has used the C-5 to support the
U.S. program during the last 3 years. Table
2 gives examples of the major cargo loads
that have been transported to McMurdo
Station during this 3-year period.

1989-1990 austral summer
Initially MAC C-5A Galaxy and C-141B

Starlifter aircraft, flying a total of 24 turn-
around flights (2 C-5A and 22 C-141B),
transported cargo between Christchurch
and McMurdo Station. The average pay-
load for the C-5A was 76,155.6 kilograms.
The C-5As carried a total payload of 145
passengers and 138,818.8 kilograms of
cargo. The C-141s, which had an average
cargo payload of 17,580.6 kilograms,
brought 1,125 passengers and 386,776 ki-
lograms of cargo.

The ice runway was used from 3 Octo-
ber to 12 December 1989. During this 3-
month period 878,947 kilograms of cargo
and passengers were transported on two
USAF C-5As, 22 USAF C-141Bs, 12 Royal
New Zealand Air Force (RNZAF) C-130s,
two VXE-6 LC-130s, three Italian C-130s,
five RAAF C-130s, and one U.S. Marine
Corps C-130.

To accommodate the first C-5 Galaxy
landing on sea ice, modifications were
made to the annual ice runway complex.
The runway width was increased to 107
meters, with 152-meter-wide turnaround
areas and a 122-meter-wide taxiway. Dur-
ing this season, the runway was located off
Hut Point because ice conditions were
unacceptable in the preferred location
along an extended center line from Will-
iams Field skiway.

Ice growth was not as expected during
the 1989 austral winter. When the season
began the average ice thickness was 198
centimeters at the ice runway, approxi-
mately 20 centimeters less than the thick-
ness that was desired for the anticipated
arrival of the C-5. The reaction and mini-
mal deflection of the ice, however, was a
pleasant surprise. During the first aircraft
offload on 4 October, less than 2.5 centime-
ters of deflection was experienced at peak
load; and during the second offload on 6
October, only 5 to 8 centimeters of deflec-
tion were recorded. The aircraft was parked
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Table 1. Lockheed C-513 Galaxy specifications
Feature

General characteristics
Length
Height
Wing span
Wing area
Wing sweep
High-speed cruise
Long-range cruise speed
Fuel capacity
Engines

Cargo compartment
Length (including ramps)
Length (excluding ramps)
Width
Height
Total volume (including ramps)

Maximum design weights
Zero fuel weight (2.5g)
Zero fuel weight (2.25g)
Maximum ramp gross weight
Landing weight (9 fps sink rate)

Performance requirements (Based on sea level,
standard day with additional thrust rating)
Takeoff distance over 15 m at 361,519 kg
Landing ground roll distance with combined payload/
fuel weight of 127,008 kg
Range with a 119,388 kg payload

Size(Metric)

75.53 m
19.84 m
67.91 m
576.0 sq m
25 deg
0.79 Mach
0.77 Mach
150,819 kg
Four General Electric TF-39-10
Turbofan engineswith 41,000
pounds of thrust

44.07 m
36.91 m
5.79 m
4.11 m
985.3 m

267,620 kg
288,031 kg
381,018 kg
288,417 kg

2,987 m

747 m
4,445 km

on the apron for 4 hours during the first
offload and 3 hours during the second. 1 No
deflection was noted during either refLiel-
ing operation. Cracks along the runway
were unaffected by the aircraft, which was
at its maximum landing (288,036 kilo-
grams) on both occasions.

1990-1991 austral summer
At the beginning of the season cargo

and personnel were transported by USAF
C-5A Galaxy and C-141 Starlifter aircraft,
flying a total of 21 turnaround flights be-
tween Christchurch and McMurdo Sta-
tion (3 C-5A and 18 C-141B). The C5A
with an average cargo load of 49,624kilo-
grams carried a total of 219 passengers and
149,003 kilograms of cargo, while the C-
141B with an average cargo load 15,967
kilograms transported 1,048 passen ers
and 28,756 kilograms of cargo to McMu rdo
Station.

The ice runway opened on 2 October
and closed 3 December 1990. During is
period, 781,031 kilograms of cargo Ind
1,564 passengers were transported on the
following missions: 3 USAF C-5As, 18
USAF C-l4lBs, 12 RNZAFC-130s, 10  E-
6 LC-130s, and 5 Italian C-130s.

The 1990-1991 ice runway was loca ed
north of Hut Pint approximately 6.4k lo-
grams from McMurdo Station on a he d-
ing of 320 degrees because of poor surf ice
conditions in the preferred location (along
an extended centerline from Williams Field
skiway). At this location there were re-
dominant crosswinds so a crosswind run-
way was constructed near the main r n-
way at approximately the 1,219-m ter
marker on a heading of 260 degrees.

Like the previous season's winter, ice
growth during the 1990 winter was less
than anticipated, and at the beginning of
the season ice thickness at the runway was
an average of 200.3 centimeters. However,
the reaction and deflection of the ice was
again minimal. During the first C-5A air-
craft offload on 3 October, deflection for
the aircraft, which weighed 268,985 kilo-
grams was 10.4 centimeters. During the
second offload 12.2 centimeters of deflec-
tion were recorded with an aircraft weight
of 285,314 kilograms. The third and final
C-5A aircraft weighed 285,768 kilograms
and showed atotal deflection of 3.00 inches.

For each deflection survey, level shots
were taken at 15-minute intervals during
the entire time the aircraft was on he
ground. In each case, maximum deflec-
tion occurred near the main landing gear.
In all three instances, cracks along the run-
way were unaffected by the load imposed
by the aircraft.

1991-1992 austral summer
During the austral 1991 winter plans

were made to accelerate the environmen-

Table 2. Statistics for C-5 operations
Austral summer season	 Significant cargo loads
Date of flight

1989-1990
04 October 1989
	

Two UH-1 N helicopters
06 October 1989
	

Two UH-1 N helicopters

1990-1991
03 October 1990
	

One de Havilland Twin Otter
One UH-1N helicopter

06 October 1990
	

Two UH-1 N helicopters
09 October 1990
	

One UH-1N helicopter
One Haaglund vehicle

1991-1992
03 October 1991
	

Two UH-1 N helicopters
One 28,123-kilogram Bailer
One 12,247-kilogram TAG loader

07 October 1991	 One 8,482-kilogram trailer
One 21,047-kilogram CAT loader

09 October 1991 One 21,636-kilogram CAT grader
One 13,426-kilogram snow blower
Two skip loaders

12 October 1991	 One 7,462-kilogram backhoe
15 October 1991	 One UH-1N helicopter

Two triple marriages of outsized cargo
19 October 1991
	

One 20,690 incinerator
23 October 1991
	

32 single pallets
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tal c ean-up at McMurdo Station. To ac-
comlish the required tasks the USAP
neeced to transport several pieces of spe-
cial equipment to McMurdo Station in
October without impacting the normal flow
of passengers and cargo. Increasing the
number of C-5 flights from three to seven
allowed the program to transport the criti-
cal cargo for the environmental clean-up.
In less than 3 weeks, the 7 C-5 flights
moved over 435,600 kilograms of cargo
and 486 passengers to McMurdo Station.
This large increase in cargo movement
meant special consideration had to be given
to handling cargo at the ice runway. A
tactical K Loader was transported to
McMurdo Station on the first C-5 flight of
the season to facilitate the cargo offload.

The ice runway was used from 2 Octo-
ber to 7 December 1991. During this pe-
riod 1,277,011 kilograms of cargo and 1,729
passengers were transported on the fol-
lowing missions: 7 USAF C-513s, 29 USAF
C-14113s, 13 RNZAF C-130s, 5 New York
Air National Guard (NYANG) C-130s, and
21 VXE-6LC-130s. The seven C-5s, with an
average load of 66,031 kilograms, carried a
total of 462,217 kilograms of cargo and 486
passengers. A 27,216-kilogram metal
crushing bailer, a backhoe, a special de-
contamination trailer, two Bobcat skid
loaders, and several hundred overpack
drums and dumpsters were airlifted to
McMurdo Station to support the acceler-
ated environmental clean-up.

Use of the K Loader greatly reduced the
amount time required for aircraft offload
and onload and, consequently, decreased
the time that the C-5 aircraft had to remain
parked at a single location on the ramp or
parking apron. In spite of this effort, the

ice deflection was significant enough dur-
ing the offloading to require repositioning
the C-5 on several occasions.

1992-1993 austral summer
Planning for the coming austral sum-

mer airlift calls for using the C-5B Galaxy
early in the month of October to transport
five UH-1N helicopters and one de
Havilland Twin Otter to McMurdo Sta-
tion. Due to maintenance requirements,
five helicopters were returned to the United
States at the close of the 1991-1992 austral
summer, leaving only one helicopter in
storage at McMurdo Station. An early
airlift of fully assembled helicopters to
McMurdo Station will be critical to logis-
tics support for science projects staged
from the station.

Conclusion
The United States Antarctic Program

hasbenefitted from the use of the Lockheed
C-S Galaxy in many ways. The unique
aircraft's capabilities enable the program
to move outsized cargo to McMurdo Sta-
tion without depending on the single late-
season cargo ship for transportation. Be-
cause it can transport more cargo and per-
sonnel than the C-141B, the C-S allows for
more rapid delivery of materials to
McMurdo Station. The capability to move
three times the payload of a C-141B in one
flight can be critical during the early aus-
tral summer when weather delays can sig-
nificantly disrupt the airlift schedule.
Another important characteristic of the C-

SB is that, unlike the C-141B, it has the
capacity to move 75 passengers along with
a full cargo load.

Movement of fully assembled UH-1N
helicopters to McMurdo Station has al-
lowed science projects to reach field sights
in the Dry Valley region 2 weeks earlier
than previous years. In 1990 Twin Otter
support was available to science projects
staged from McMurdo Station 4 weeks
earlier than would be possible if the air-
craft flew to the station from Canada via
the Antarctic Peninsula. This enhanced
early season support capability has been
beneficial to science projects studying time-
critical phenomenon.

Operation of the C-S aircraft at
McMurdo Station has not been accom-
plished without some risk. Due to the
heavy footprint of the aircraft, the sea-ice
runway must be monitored for deflection,
and if the deflection is excessive, the air-
craft must be repositioned. The aircraft's
design, which allows full-width fore and
aft cargo openings, internal forward and
aft ramps, and landing gear capable of
kneeling, employs an extensive hydraulic
system that can be challenging to operate
at temperatures as low as those that are
experienced at McMurdo Station during
early October.

This paper was originally presented at the
Fifth Symposium on Antarctic Logistics and
Operations held by the Standing Committee
on Antarctic Logistics and Operations of the
Council of Managers of National Antarctic
Programs. The meeting was held in June 1992
in Bariloche, Argentina. The paper has been
modified slightly so that the text conforms to
the style of the Antarctic Journal.

Antarctic Bibliography to go online

In September the Library of Congress
committed to installing software and hard-
ware that will make its Cold Regions Bib-
liography Project records available via
computer networks such as Internet.

The project's two sponsors—the Na-
tional Science Foundation (NSF) and the
Army's Cold Regions Research and Engi-
neering Laboratory—requested the mod-
ernization and authorized spending as
much as $100,000 for it. The upgrade, the
first major one in two decades, will use the
commercial software Star, produced by
Cuadra Associates, Inc., to manage the file
on a Sun Microsystems SPARCserver. The
file had been on the Library of Congress
mainframe where it could not be changed
or searched online.

The purpose of the modernization is to
cope with the growing amounts of cold
regions and antarctic literature, to increase
the speed and convenience of shared input
from other organizations interested in cold
regions, and to make the daily updated file
available to anyone with a computer and
modem. The features will be phased in
during the next year.

The Cold Regions Bibliography Project
produces the Antarctic Bibliography, an ab-
stracting and indexing service that covers
all the world's significant antarctic litera-
ture back to 1951, and the Bibliography on
Cold Regions Science and Technology, also
reaching back to 1951. Both bibliogra -
phies are issued in annual and monthly
editions.

The monthly antarctic publication, Cur-
rent Antarctic Literature, is available
free to libraries and scientists on applica-
tion to NSF's Polar Information Program
(202/357-7817) in the Division of Polar
Programs.

Two commercial services currently pro-
vide automated access to project files now
numbering over 164,000 citations. Online
searching is available as the COLD data-
base from Orbit Search Service, McLean,
Virginia (800/456-7248), which updates
the file quarterly by obtaining a tape from
the Library of Congress. A CD-ROM ver-
sion, updated twice yearly, may be pur-
chased from NISC, Baltimore, Maryland
(410/243-0797).
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30 years of marine geological and
geophysical data presented in Antarctic
Research Series, Volume 54

Marine geological and geophysical atlas
of the circum-Antarctic to 300S is a compila-
tion and synthesis of geological and geo-
physical data acquired by scientists from 11
Antarctic Treaty nations over the last 30
years. The volume, which was prepared
under the sponsorship of the National Sci-
ence Foundation's (NSF) Division of Polar
Programs (DPP), is Volume 54 of the Amen-
can Geophysical Union's Antarctic Research
Series (DPP 89-15494). Compilation and
synthesis of the data was also supported by
NSF grant DPP 82-00239, "Regional synthe-
sis of marine geological and geophysical
data of the circum-Antarctic region", to
Dennis E. Hayes and John L. LaBrecque of
Lamont-Doherty Geological Observatory.

The atlas includes seven plates and a 56-
page booklet that briefly describes how the
data were evaluated or processed and, in
some cases, the sources of the data. The
individual maps, whicheditor Dennis Hayes
emphasizes can be viewed as separate enti-
ties with individual authors and credits are:
• Bathymetry (Dennis E. Hayes);
• Free-air gravity of the southern ocean
derived from Seasat and Geosat altimeter
data (William F. Haxbyand Dennis E. Hayes);
• Crustal structure (Dennis E. Hayes,
Patricia L. Manley, Juliet W. Malin, and

Robert E. Houtz);
• Magnetic anomalies (Dennis E. Hayes,
Steve C. Cande, and John L. LaBrecque);
• Sediment isopaches (Dennis E. Hayes
and John L. LaBrecque);
• Southern ocean sediments (Floyd W.
McCoy); and
• Tectonics and age of the oceanic crust
(Dennis E. Hayes).

All of the maps were compiled using
common grid sectors at scales ranging from
about 1:8,000,000 to 1:4,000,000. The publi-
cation scale is 1:12,000,000 at 50°S. The base
map outlines of the Antarctica and the con-
tinents bordering the southern oceans were
provided by the National Geophysical Data
Center.

In his introduction Dr. Hayes points out
that the atlas "should provide an excellent
starting point for the overall assessment of
the extant data and of our level of geological
and geophysical knowledge for the antarc-
tic offshore region and adjacent southern
ocean." The atlas also includes new, un-
published geological and geophysical data,
along with data that usually were found
only in less accessible technical reports
("gray literature") produced by various
agencies and institutions around the world.

The data were acquired from published

sources and collaborators from Germany,
France, New Zealand, Japan, Norway, us-
tralia, the United Kingdom, South Africa,
Poland, Italy, and the United States. Dr.
Hayes estimates that this compilation rep-
resents more than 90 percent of all existing
marine geological and geophysical iata
collected up to 1987, despite the fact that
unpublished data collected by scientists
from the former Soviet Union were not
available to the editor or authors. Spme
selected, accessible data acquired after 1987
by such programs as the Ocean Drilling
Program were also incorporated.

The Antarctic Research Series is designed
to make the results of antarctic field work
available to scientists and others actively
engaged in antarctic or closely related re-
search. It presents detailed research results,
particularly those of the U.S. Antarctic Pro-
gram, and includes monographs and long
manuscripts. Although the series encour-
ages authors and editors to prepare vol-
umes on specific geographic regions, many
volumes focus on particular disciplines, such
as marine biology, oceanography, meteo-
rology, upper atmosphere physics, terres-
trial biology, geology, glaciology, human
adaptability, engineering, and environmen-
tal protection.	 I

Thefull atlas, eitherfolded or rolled, with the
56-page booklet can be purchasedfrom theAmeri-
can Geophysical Union (AGU-Orders; 2000
Florida Avenue, NW; Washington, D.0 20009)
for$54or$37.80forAGUmembers. The bat hym-
etry map with a short explanatory brochure is
available separately for $21 or $14.70 for AGU
members.

Southern oceans atlas provides new
data on gravity fields

Fewer surface-ship surveys have been
made of the ocean basins surrounding Ant-
arctica than of any other ocean region in the
world, and, until recently, little detailed
information concerning morphology and
tectonics of the southern oceans region has
been available. In July 1992, however, the
National Geophysical Data Center of the
National Oceanic and Atmospheric Admin-
istration (NOAA) released the Gravity Atlas
ofthe Southern Ocean (report MGG-7),a color
atlas of gravity fields that was derived from
satellite data.

The new paperback atlas, a companion
piece to the data center's poster Gravityfields
over the southern ocean from GEOSAT (report
MGG-6), incorporates high-resolution, grav-
ity-field data computed from GEOSAT sat-
ellite radar altimeter data. Both Exact Re-
peat Mission (ERM) data and recently de-
classified U.S. Navy Geodetic Mission (GM)
data were used. The data for the circum-
antarctic region between 600 5 and 720 S are
organized in six regions that each span 600
degrees of longitude. Three high-quality
color images are included for each area and

incorporate ascending and descending de-
flections of vertical profiles, as well as com-
puted variations in gravity. Plots of
GEOSAT ground-track coverage for ERM
and GM data and of ETOP05 seafloor
bathymetry are also provided.

Information on variations in gravity
fields, when combined with information
concerning magnetic field anomalies and
seismological data, describe changes in the
composition of the ocean floor or in struc-
tural features. Because the data used to
compile the NOAA atlas highlight varia-
tions in the gravity fields around the conti-
nent, it provides new information that will
be useful for marine geophysicists and ge-
ologists studying the region. For example,
the gravity fields reveal many previously
unknown short wavelength (10 to 500 kilo-
meter) seafloor features such as seamounts,
fracture zones, and mid-ocean ridge struc-
tures. Scientists will be able to "see" these
bathymetric features in the gravity fields
because of the strong correlation between
short-wavelength gravity anomalies and
seafloor topography.

The information provided in the atlas
will be used for many types of scientific
studies. Analysis of seafloor features shows
details of the regional tectonic history ifor
the last 100 million years. Mapping this
tectonic fabric imprinted in the basins of the
southern oceans could improve scientific
understanding of the relative movement of
tectonic plates after the breakup of the su-
percontinent Gondwana. Another possibil-
ity is an improved physiographic mapping
of the circum-antarctic region.

The atlas (price, $16.00) and the companion
poster (price, $15.00), alongwith thedigital data
used to produce the gravity images in the atlas,
areavailablefrom the National Geophysical Data
Center. Written inquiries, orders, and pay-
ments should be addressed the National Geo-
physical Data Center;NOAA E/GC3;325Broad-
way code 895; Boulder, Colorado 80303-3328.
To obtain additional information or to preorder,
readers may also contact Robin Warnken at 3031
497-6513 (telephone), 3031497-6513 (fax), or
rrw@mail.ndgc.noaa.gov (INTERNET). Infor-
mation concerning digital GEOSATdata can be
obtained from Ron Buhmann; National Geo-
physical Data Center; 325 Broadway E/GC1;
Boulder, Colorado 80303-3328 (3031497-6128,
telephone; 3031497-6513, fax; or rw@
mail.ngdc.noaa.gov, INTERNET).
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Midwinter visitor
Amundsen-Scott South Pole Station
Tuesday, 16 June 1992

The winter airdrop was scheduled for
Saturday, 13June—the only delivery of mail
and freshies between February and Octo-
ber. Gary, our station manager, called a
planning meeting for Wednesday evening,
at which I parceled out my remaining sup-
ply of chemical hand-warmers and toe-heat-
ers to everybody for use during the airdrop
recovery—I was expecting a big shipment
to replace them. After the meeting, webrought
in and decorated the Christmas tree.

A blizzard began on Thursday, contin-
ued throughout the airdrop, and continues
today. On Saturday at 1:45 p.m., the air-
plane, an Air Force C-141, came. It had
flown all the way from New Zealand (5,311
kilometers) and would return to New
Zealand without landing, so it had to be
refueled in the air bya tanker-plane over the
southern oceans.

In order to see our smudge-pots mark-
ing the drop-zone on the runway, the plane
had to descend below the clouds; yet it had
to remain above 458 meters to allow the
parachutes sufficient time to open. Kitt and
Bob were reporting clouds at 305 meters all
morning, so we doubted that the airdrop
would occur. It's a one-shot event—if it
fails, we don't get our mail until October.

The plane was able to see the drop-zone.
Eighteen parachute bundles drifted down
from the dark sky, and three teams, each
carrying a radio and followed by a tractor

with a forklift, were sent out to find them.
After watching the drop, Bob and Iwere on
our way inside to help with unpacking, but
we decided briefly to be tourists and walked
out with Team 3 toward the smudge pots.
We wanted to see how the parachutes were
attached and how deeply the bundles had
dented the snow. It turned out that Team 3
consisted of just Dave and Joe. They asked
for our help, so we ended up working with
them for 3 hours.

We trudged out into the blizzard. For a
short while we could still see Team 2 in the
distance to our left (Bill, Mike, and John),
silhouetted by Darrell's blinding headlights
as he lumbered along behind them, bounc-
ing over the sastrugi.

Away from the headlights it was pretty
dark; the moon was obscured by blowing
snow and thin clouds. In 3 hours, our team
located seven of the bundles. Each bundle
(a big cardboard container) weighed about
500 pounds. (And by the time we reached
the last one, its parachute also weighed
about 500 pounds, because of the snow that
had drifted onto it!)

We walked far out onto the runway,
beyond the new telescope building, to find
the most remote bundle. It had split open on
impact, but nothing had fallen out. We
righted the bundle so the forklift could get
under it; then Bob walked out north into the
darkness to search for more distantbundles.

Dave and Joe were sheltering behind the
box out of the wind, waiting for Martha to
return with her forklift after delivering our
first three bundles to the dome. I peaked
through an opening in the broken card-
board. By the moonlight I could see that it

was full of small parcels. Curious as to
whether the mail for McMurdo Station had
been dropped here by mistake, as had hap-
pened last year, I pulled out one package,
borrowed Dave's flashlight to illuminate it,
then asked Joe to look at the address.
Through his ice-encrusted eyelashes, his
frosted glasses, and a swirl of blowing snow,
he was still able to make out his own name
on the package: Joseph P. Migliore!

By 4:30 p.m. all 18 bundles were inside
the dome. Drew had discovered how to use
a butter-knife to remove the cargo-straps.
Dan and Jim helped Paul hang the para-
chutes to dry over the volleybag court. They
shook the loose snow off them; then Roger
swept it out the door.

By 6:00 p.m., Betty and Jarvis had sorted
all the mail in the galley. Peter turned on the
Christmas-carol music, and the package-
opening began. I opened only what was
unexpected; the eleven boxes of cargo I had
requested from Von and Susan at the Univer-
sity (four of them full of hand-warmers and
toe-heaters) could wait. The very first pack-
age I saw was from a long-lost friend: what
a surprise; how did she even get my address?

Saturday evening Ibriefly left the cheer-
ful chaos of the mail-opening party to check
on Susan's experiments out at the Clean Air
Facility. Before returning, I stood on the bal-
cony and leaned against the railing for a while
in the brisk warm wind (25 knots and 40°C).
Besides the nearly full moon, the bright
stars Alpha and Beta Centauri also shone
dimly through the blowing snow. Two
days later the full moon, as far above the
horizon now as the Sun is below it, would be
eclipsed for 3 hours by the Earth's shadow.

Kitchen cleanup duty comes every 22
days; Sunday was my day. It involved more
work than usual because of all the packag-
ing trash, and because Jerilyn prepared a
special Christmas dinner with turkeys, wine,
candles, and tablecloths, so I got  lot of help
from volunteers. Jeff and Dale were also
there all afternoon unpacking fresh pine-
apples, watermelons, onions, and eggs.

I'm reluctant to admit this to my friends
and relatives who took the trouble to send
me those (now much-appreciated) letters
and packages, but I guess it has to be part of
the complete story: I was not eager for the
airdrop. I still hadn't yet read all my "Feb-
ruary" mail, and I still had enough work
and reading material to keep me busy for
another year at least. I had settled content-
edly into the pleasant life of a remote sta-
tion, able to restrict news from the outside
world. The airdrop threatened to disrupt
my routine, bringing in tempting distrac-
tions before I'd completed my work on
what's already here. (Even after the air-
drop, I thought I might hold off for a few
weeks before opening my 11 boxes from
Seattle, but Martha the cargo-chief is after
me to inventory them by tomorrow.) The
airdrop cracked open the South Pole co-
coon and forced the world upon us at least
briefly, which I'm sure was a good thing
for everyone.

1992 midwinter airdrop: A view from
Amundsen-Scott South Pole Station

Editor's note: Since 1981, U.S. Air Force C-141 transport airplanes, in support of the U.S.
Antarctic Program, have air dropped fresh food, supplies, equipment, and mail to the wintering
populations at Amundsen-Scott South Pole Station, as well as personnel on Ross Island at
McMurdo Station and New Zealand's Scott Base. Each year in June, usually near Midwinter's
Day (21 June), two airdrops are scheduled for McMurdo Station and one for the South Pole. The
airdrop over the South Pole is the most difficult—extremely low temperatures and the dark polar
night prohibit landing, so the C-141s must refuel in flight in order to make the nearly 10,500-
kilometer round trip from Christchurch, New Zealand.

This year's airdrops, which occured on 13 June (Ross Island and the South Pole) and 15 June
(Ross Island only), brought 64 bundles containing supplies, equipment, and mail to McMurdo
Station and Scott Base and 18 bundles of materials to the South Pole. At the South Pole on the day
of the airdrop, the surface temperature was -40°C, but when the windchill factor was taken into
account, temperatures dropped to between -72 0 and -79°C. Blowing snow reduced visibility to
about 0.5 kilometers. Despite these harsh conditions, all of the bundles landed undamaged and were
recovered by the station crew.

Articles in previous issues of the Antarctic Journal have documented these midwinter deliveries
and described how the airdrop is accomplished. In this issue, however, this event is recounted from
a different perspective—that of a South Pole winterer. Hopefully, this description will give readers
a better understanding of life at this isolated site.

This account was written by Stephen Warren (Department of Atmospheric Sciences, Univer-
sity of Washington). Dr. Warren spent the 1992 austral winter at Amundsen-Scott South Pole
Station to continue his study of the optical and physical properties of the antarctic snow surface.
During this period, his investigation was focused on measuring the spectral distribution of thermal
infrared radiation from the atmosphere.
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Obituaries	Richard B. Black	 ral in recognition of his contributions to the

(1902-1992)	 U.S. antarctic effort.

J. Robie Vestal
(1942-1992)

In early August 1992 the polar community
sadly learned that J . Robie Vestal, former
chairman of the Division of Polar Program's
(DPP) advisory committee, died of complica-
tions resulting from a brain tumor.

A microbiologist at the University of Cin-
cinnati since 1983, Dr. Vestal worked in the
Arctic and the Antarctic, studying microbial
ecology of aquatic, marine, and terrestrial
habitats. In Antarctica, his research focused
on adaptations of microbial ecosystems to
extreme environments.

Dr. Vestal was born in Orlando, Florida. He
received his bachelors degree in biology from
Hanover College in 1964, his masters degree
in microbiology from Miami University in
1966, and his doctorate in microbiology from
North Carolina State University in 1969. Be-
sides serving on DPP's advisory committee,
Dr. Vestal was a fellow of the American Acad-
emy of Microbiology and a member of the
American Society for Microbiology, the Arc-
tic Institute of North America, the American
Society for Limnology and Oceanography,
Sigma Xi, the Society for Industrial Microbi-
ology, and the Society of Environmental Toxi-
cology and Chemistry.

Admiral Richard B. Black, who established the
U.S. antarctic station East Base on Stonington
Island, died of cancer on 11 August 1992 at a nurs-
ing home in Bethseda, Maryland.

During his career Admiral Black, a civil engi-
neer with a degree from the University of North
Dakota, participated in five expeditions to Antarc-
tica. Two of them were with Richard E. Byrd—the
first as a civilian member of Byrd's second expedi-
tion (1933-1935) and the second as leaderof theAnt-
arctic Peninsula based group of the U.S. Antarctic
Service Expedition (1939-1941). In 1954, as an op-
erations analyst in the Office of Naval Research, he
returned to antarctic-related work to assist in the
planning of the U.S. expedition to Antarctica dur-
ing the International Geophysical Year (1957-1958).

As a commissioned officer in the Naval Re-
serve, Admiral Black served in the Pacific the-
ater during World War II. During the Saipan
campaign he was awarded the Bronze Star for
his direction of troops and supplies through a
narrow channel while under attack. He also
served in the Korean War. After he retired from
the reserves in 1962, he was promoted to rear ad-
miral for his wartime service. Although no
longer on active duty status, Black continued to
work on antarctic programs at the Office of Na-
val Research until he left the government in 1967.

Black Coast (71"45' S 62E), on the east coast
of the Antarctic Peninsula between Cape Boggs
and Cape Mackintosh, was named for the admi-

Emanuel D. Rudolph
(1927-1992)

Emanuel D. Rudolph, director of Ohio State
University's institute of Polar Studies (now the
Bryd Polar Research Center)from 1969 to 1973,
died on 22 June 1992 in Columbus, Ohio, as a
result of injuries sustained in a traffic accident.

Dr. Rudolph was born in New York, New
York in 1927. He received his bachelors degree
from New York University in 1950 and his
doctorate degree from Washington University
in St. Louis in 1955. In 1961 he joined the fac-
ulty at Ohio State University where he taught
botany until 1989 when he retired as a Profes-
sor Emeritus. During his career at Ohio Stare,
he served as chairman of the botany depart-
ment (1978-1987) and Director of the Environ-
mental Biology Graduate Program (1972-1978).

A specialist in lichenology, Dr. Rudolph pr-
ticipated in three research expeditions to Ant-
arctica between 1961 and 1964. He published
over 40 scientific papers on lichens and the
history of botany. He was a fellow of the Ameri-
can Association for the Advancement of Sci-
ence, the Ohio Academy of Science, the Arctic
Institute of North America, and the Linnean
Society of London. In recognition of his antarc-
tic research, Rudolph Glacier (72"32'S 167153'

a tributary glacier in the Victory Mountains
of Victoria Land, was named for him.

Biologists plan sixth international
symposium

Based on the success of the Fifth Biology
Symposium held in Hobart, Tasmania, in
1988, the Scientific Committee on Antarctic
Research (SCAR) is planning a sixth inter-
national gathering of biologists to be held in
Venice, Italy, in 1994. The steering commit-
tee has selected the theme "Antarctic com-
munities: species, structure, and survival."

The steering committeehas defined three
major areas of discussion within the general
theme. These areas, along with suggested
fields, are

Antarctic biodiversity, including genetic
variability within and between populations;
patterns of endemism and speciation; pat-
terns of immigration and emigration; geo-
graphical variation in species richness and
diversity; biogeography of flora and fauna;
and evolutionary history of key groups.
• Life history strategies, including repro-
duction; resource storage and use; popula-
tion dynamics; and physiological and bio-
chemical adaptations.
• Environmental change and human im-
pact, including directexploitation and moni-
toring regimes; competition with fisheries;
incidental mortality; pollutants in the ant-

arctic ecosystem; disease and pathogens;
introduced species; habitat destruction and
disturbance; environmental management
of impacts; global warming; and effects of
enhanced UV-B.

Contributions from other fields that are
related to the three major themes will also
be considered.

The meeting, which will begin on 30
May and end on 3 June 1994, will include
oral presentations, poster sessions, and a
half-day excursion midway through the
conference. Although the steering commit-
tee has decided not to hold concurrent ses-
sions, morning sessions will be devoted to a
keynote speaker and oral presentations,
while afternoon sessions will begin with a
speaker whose presentation will be followed
by a related poster session. Since only 40
oral presentations will be accepted, poster
sessions will receive greater attention at this
meeting. The final afternoon session will
focus on a general poster session for those
contributions that do not fall clearly into the
dominant theme of the meeting.

The steering committee does intend to
publish a proceeding, but they will select

only those presentations that will create the
most focused volume. Any papers or post-
ers not selected for inclusion in the proced-
ings can be submitted to other journals for
publication.

Interested Antarctic Journal readers
should obtain a copy of the first circular and
the preregistration form, which includes a
request for a 200-word abstract. All abstracts
for oral papers and posters mustbe received
by the steering committee by 1 October
1993. The committee will inform authors in
November 1993 if their proposed contribu-
tions have been selected for the meeting.

To obtain information about the first
circular, contact the Polar Research Board,
U.S. National Committee for SCAR, Na-
tional Research Council, 2101 Constitution
Avenue, NW, Washington, D.C. 20418i

The full registration fee of $150 will in-
clude all activities, a volume of abstracts for
all plenary and poster papers, and a copT of
the published proceedings. The committee
has also planned reduced registration fees
for accompanying persons ($50) and full-
time students ($50); these reduced-fee reg-
istrations do not include a copy of the pro-
ceedings, however.

A second circular with complete details
of the program and accomodations will be
issued in January 1994 to those people who
have returned the preregistration form.

-
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Foundation awards of funds for antarctic projects,
1 April to 30 September 1992

Following is a list of National Science Foundation antarctic awards made from 1 April to
30 September 1992. Each item contains the name of the principal investigator or project
manager, his or her institution, a shortened title of the project, the award number, and the
amount awarded. If an investigator received a joint award from more than one NSF
program, the antarctic program funds are listed first, and the total amount of the award is
listed in parentheses. Award numbers for awards initiated by the Division of Polar Programs
contain the prefix DPP, those initiated by the Division of Environmental Biology contain the
prefix DEB, those initiated by the Division of Ocean Sciences contain the prefix OCE, those
initiated by the Division of Atmospheric Sciences contain the prefix ATM, and those initiated
by the Division of Behavioral and Cognitive Sciences contain the prefix DBS.

tion, Texas. Analytical chemistry sup-
port for a study of the biological im-
pacts of anthropogenic disturbances on
the marine benthos near McMurdo Sta-
tion. DPP 90-22346. $206,760.

McFeters, Gordon A. Montana State Uni-
versity, Bozeman Montana. Persistence
and environmental impact of enteric
bacteria in an antarctic marine environ-
ment. DPP 90-19059. $107,147.

Naiman, Robert J. University of Washing-
ton, Seattle, Washington. A freshwater
research agenda for ecological sciences.
DEB 92-07824. $5,000 ($60,000).

Biology and medicine

Ackley, Stephen F. Army-U. S. Cold Re-
gions and research Laboratory Hanover,
New Hampshire. Sea-ice properties and
processes in the Weddell Gyre: A com-
ponent of AnZone. DPP 90-24809 $4,718
($9,438).

Ainley, David C. Point Reyes Bird Obser-
vatory, Stinson Beach, California. The
Bahia Paraiso oil spill: Impact on  south-
ern seabird community. DPP 89-18324.
$20,128.

Alldredge,Alice L. University of Califor-
nia, Santa Barbara, California. The ecol-
ogy of marine snow. OCE 89-22825.
$8,562 ($5,1370).

Boster, James S. University of California,
Irvine California. Collaborative re-
search: Social structure, agreement, and
conflict in groups in extreme and iso-
lated environments. DBS 90-11930.
$11,480 ($22,960).

Cailliet, Gregor M. San Jose State Univer-
sity, San Jose, California. Research on
antarctic coastal ecosystem rates
(RACER): Ichthyoplankton. DPP 91-
117832. $71,251.

Chappell, Mark A. University of Califor-
nia, Riverside, California. Energetics of
reproduction and foraging in Adelie
penguins. DPP 89-17066. $47,800.

De Fabo, Edward C. George Washington
University, Washington, D.C. Effects
of increased ultraviolet radiation on
biological system. DPP 92-23042.
$10,000

Detrich, H. William. Northeastern Uni-
versity, Boston, Massachusetts. Assem-
bly and stability at low temperatures of
microtubules from antarctic fish. DPP
91-20311. $119,461.

DeVries, Arthur L. University of Illinois
Urbana, Urbana, Illinios. The role of
antifreeze proteins in freezing avoid-
ance of antarctic fishes. DPP 90-19881.
$141,670.

Ferrari, Frank D. Smithsonian Institution,
Washington, D.C. Recording of data
and sorting of collections from polar
regions. DPP 74-13988. $178,832.

Fraser, William R. Old Dominion Research
Foundation, Norfolk, Virgina. The Ba-
hia Paraiso oil spill: Impacts on a south-
ern ocean seabird community. DPP 91-
03429. $13,328.

Freckman, Diana W. University of Califor-
nia, Riverside, California. The ecology
of nematodes in antarctic dry valleys.
DPP 91-20123. $326,000.

Friedmann, E. Imre. Florida State Univer-
sity, Tallahassee, Florida. Limits of ad-
aptation and microbial extinction in the
antarctic desert. DPP 91-18730. $4340
($114,925).

Gautier, Catherine. University of Califor-
nia, Santa Barbara, California. Spatial
distribution of antarctic surface ultra-
violet radiation from satellite and in-
situ measurements. DPP 90-18207.
$16,512.

Johnson, Jeffrey C. East Carolina Univer-
sity, Greenville, North Carolina. Social
structure, agreement, and conflict in
groups in extreme and isolated envi-
ronments. DBS 90-11351. $21,283
($42,567).

Kareiva, Peter M. University of Washing-
ton, Seattle, Washington. Mathemati-
cal models of foraging seabirds. DPP
89-18130. $19,763.

Karentz, Deneb. University of California,
San Francisco, California. Physiologi-
cal ecology of ultra-violet-absorbing
compounds in antarctic organisms.
DPP 92-15033. $79,160.

Karl, David M. University of Hawaii, Ho-
nolulu, Hawaii. Long-term ecological
research (LTER) on the antarctic ma-
rine ecosystem: Microbiology and car-
bon flux. DPP 91-18439. $276,148.

Kennicutt, Mahlon C. Texas A&M Univer-
sity Research Foundation, College Sta-

Palinkas, Lawrence A. University of Cali-
fornia, San Diego, California. Human
performance and adaptation in polar
environments. DPP 90-19131. $63,138
($95,665).

Priscu, John C. Montana State University,
Bozeman, Montana. Water-column
transformations of nitrogen in a peren-
nially ice-covered antarctic lake. DPP
91-17907. Support only ($109,424).

Quetin, Langdon B. University of Califor-
nia, Santa Barbara, California. REU
Sites for studies of Marine Antarctic
Ecosystem Research. DPP 92-00119.
$39,830.

Quetin, Langdon B. University of Califor-
nia, Santa Barbara, California. Energet-
ics of adult and larvae krill (Euphausia
superba). DPP 91-17633. $90,870.

Ross, Robin M. University of California,
Santa Barbara, California. Long-Term
ecological research on the antarctic ma-
rine ecosystem: An ice-dominated en-
vironment. DPP 90-11927. $680,000.

Rothblum, Esther. University of Vermont,
Burlington, Vermont. Women in the
Antarctic: Constructive risk-taking and
social supports. DPP 91-17621. $50,000.

Smith, Walker 0. University of Tennessee,
Knoxville, Tennessee. Nitrogen dynam-
ics within two international southern
ocean cruises for the Joint Global Ocean
Flux Study cruises. DPP 91-16872.
$104,380.

Stamnes, Knut. University of Alaska Geo-
physical Institute, Fairbanks, Alaska.
Polar ozone depletions and biologically
relevant ultraviolet radiation. DPP 92-
00747. $60,261 ($222,841).

Sullivan, Cornelius W. University of South-
ern California, Los Angeles, California.
Primary productivity in antarctic pack
ice: Time series studies at ice station.
DPP 90-23669. $2,000 ($ 10,000).

Sullivan, Cornelius W. University of
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Southern California, Los Angeles,
California. Primary productivity in
antarctic pack ice: Time-series studies
at Ice Station Weddell. DPP 90-23669.
$8,000.

Swanberg, Neil R. Woods Hole Oceano-
graphic Institute, Woods Hole, Massa-
chusetts. Intergovernmental Person-
nel Act mobility assignment. DPP 92-
17615. $82,489.

Trivelpiece, Wayne Z. Old Dominion Uni-
versity, Norfolk, Virginia. Influence of
pack ice on the distribution and
demography of Pygoscelis penguins.
DPP 91-21952. $117,000.

Vestal, J. Robie. University of Cincinnati,
Cincinnati, Ohio. Cold adaptations of
carbon metabolism in antarctic
phototrophic micro-organisms. DPP
90-17739. $109,927.

Yen, Jennette. State University of New
York, Stony Brook, New York. Lipid
transformations of Euchaeta antarctica,
a carnivorous marine copepod. DPP
91-17991. $27,387.

Terrestrial and marine geology and geo-
physics

Anderson, John B. Rice University, Hous-
ton, Texas. Quaternary marine stratig-
raphy and sedimentology of the Chil-
ean fjords and continental shelf, west-
ern Patagonia. DPP 91-18489. $34,481.

Anderson, John B. Rice University, Hous-
ton, Texas. Geologic record of Late
Wisconsin /Holocene ice-sheet advance
and retreat from the Ross Sea region.
DPP 91-19683. $89,617.

Behrendt, John C. U. S. Geological Survey,
Denver, Colrado. Airborne lithosphere
and ice cover experiment: Corridor
aerogeophysics southeastern Ross
Transect Zone (CASERTZ)II. DPP 92-
03170. $85,000.

Bell, Robin E. Columbia University,
Lamont-Doherty Geological Observa-
tory, Palisades, New York. The Marie
Byrd Land margin: Early seafloor
spreading history. DPP 90-18742.
$276,198.

Bell, Robin E. Columbia University,
Lamont-Doherty Geological Observa-
tory, Palisades, New York. Airborne
lithosphere and ice-cover experiment
(ALICE): The antarctic rift system ex-
amined with corridor aerogeophysics.
DPP 91-20638. $125,000.

Boersma, Anne. Microclimates Inc., Stony
Point, New York. Plankton foramin-
iferal paleobiogeography in the south-

ern oceans during the Paleocene. DPP
91-20685. $28,200.

Boyce, Joseph. National Aeronautics and
Space Administration, Washington,
D.C. Antarctic meteorite working
group. DPP 84-12353. $44,000.

Brozena, John M. Naval Research Labora-
tory, Arlington, Virginia. Corridor
aerogeophysics of the southeastern Ross
transect zone: Airborne gravity mea-
surements. DPP 90-20576. $233,621.

Cowart, James B. Florida State University,
Tallahassee, Florida. Curatorship of
antarctic sediment core collections. DPP
75-19723. $165,551.

Domack, Eugene W. Hamilton College,
Clinton, New York. Geological record
of Late Wisconsin/ Holocene ice-sheet
advance and retreat from the Ross Sea
region. DPP 91-18462. $5,137.

Hammer, William R. Augustana College,
Rock Island, Illinois. Vertebrate pale-
ontology of the upper Fremouw (Late!
Early Triassic) and Falla (Late Triassic
to Early Jurassic) formations, Beardmore
Glacier region. DPP 91-18620. $74,959.

Hodge, Steven M. U.S. Geological Survey,
Tacoma, Washington. Corridor
aerogeophysics of the southeastern Ross
transect zone. DPP 89-19663. $19,940.

Hodge, Steven M. U. S. Geological Survey,
Tacoma, Washington. Airborne lithos-
phere and ice-cover experiment: Corri-
dor aerogeophysics southeastern Ross
Transect Zone (CASERTZ). DPP 92-
03171. $114,999.

King, John W. University of Rhode Island,
Narragansett, Rhode Island. A versa-
tile 10-meter coring tool for precision
coring in deep water. OCE 90-13147.
$7,500 ($99,413).

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. Mount Erebus volcano obser-
vatory: A pilot study for seismic, gas,
and robotics surveillance. DPP 91-
18056. $54,974.

Leventer, Amy. Ohio State University,
Columbus, Ohio. Late Quaternary
paleoclimatic history of southern Chile:
Evidence from the marine record. DPP
91-18492. $21,154.

Loubere, Paul W. Northern Illinois Uni-
versity, De Kalb, Illinois. Equipment
support for process-oriented studies of
the formation of the sedimentary record.
DPP 91-18134. $39,487 ($49,487).

Luyendyk, Bruce P. University of Califor-
nia, Santa Barbara, California. Geologi-

cal and geophysical studies in the Ford
ranges of Marie Byrd Land, West Ant-
arctica. DPP 88-17615. $25,527.

Meeker, Loren D. University of New
Hampshire, Durham New Hampshire.
Mathematical sciences: Analysis of ice-
core time series and paleoclimate mod-
eling. DMS 92-17868. $10,211 ($56,000).

Mullen, Roy R. U. S. Geological Survey,
Reston, Virginia. Antarctic surveying
and mapping program. DPP 91-14787.
$375,000.

Rubin, Alan E. University of California,
Los Angeles, California. Chemical and
petrological characteristics of antarctic
H-chondrite meteorites and relation-
ship to non-antarctic H-chondrite me-
teorites. DPP 91-19148. $75,000.

Sears, Derek W. University of Arkansas,
Fayetteville, Arkansas. Natural ther-
moluminescence levels in antarctic ine-
teorites and related studies. DPP 91-
15521. $23,229.

Stravers, Jay A. Northern Illinois Univer-
sity, De Kalb, Illinois. Quaternary ma-
rine stratigraphy and sedimentology of
the Chilean fjords and continental shelf,
western Patagonia. DPP 91-19194.
$20,464.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Uplift history of
the Transantarctic Mountains in north-
ern Victoria Land. DPP-9017763.$1,952.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Temporal evolu-
tion of the Transantarctic Mountains
and West Antarctica. DPP 91-17441.
$175,003.

Taylor, Edith L. Ohio State University,
Columbus, Ohio. Paleobotany and 1io-
stratigraphy of the Allan Hills area.
DPP 91-18314. $75,239.

Webb, Peter-Noel. Ohio State University,
Columbus, Ohio. Stratigraphy, pale-
ontology, structural geology, and
paleoglaciology of the late Neogene!
Glacigene Sirius Group of the Don-!in-
ion Range, Beardmore Glacier region.
DPP 89-19910. $22,354.

Webb, Peter-Noel. Ohio State University,
Columbus, Ohio. Cenozoic investiga-
tions in the western Ross Sea: Phase-IT
planning workshop. DPP 92-13422.
$10,000.

Ocean and climate studies

Ackley, Stephen F. U.S. Cold Regions
Research and Engineering Laboratory,
Hanover, New Hampshire. Sea-Ice
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properties and processes in the
Weddell Gyre. DPP 90-24809. $76,216
($280,935).

Andreas, Edgar L. U.S. Army Cold Re-
gions Research and Engineering Labo-
ratory, Hanover, New Hampshire. At-
mospheric boundary-layer measure-
ments on the Weddell Sea drifting sta-
tion. DPP 90-24544. $226,919.

Anthes, Richard. University Center for
Atmospheric Research, Boulder, Colo-
rado. Cooperative agreement to sup-
port the National Center for Atmo-
spheric Research. DPP 87-09659.
$134,500.

Atabet, Mark A. Woods Hole Oceano-
graphic Institute, Woods Hole, Mas-
sachusetts. Use of sedimentary nitro-
gen and carbon isotopic composition
for reconstruction of past nutrient use
in antarctic surface waters. DPP 91-
18031. $147,518.

Baisley, Ben B. University of Colorado,
Boulder, Colorado. Installation of a
wind-profiler radar at the Peruvian
antarctic base Machu Picchu on King

eorgeIs1and. DPP90-22446. $197,944.

ch, David H. Ohio State Univer-
:olumbus, Ohio. Boundary-layer
mics over West Antarctica. DPP
921. $180,000.

John J . University of California,
;, California. Observational and
1 studies of episodic events in the
i polar atmospheric boundary

DPP 91-19364. $64,310.

Eugene W. Hamilton College,
on, New York. Depositional pro-
s and stratigraphy of antarctic
and ice shelf environments. DPP

977. $19,003.

Arnold L. Columbia University,
)nt-Doherty Geological Observa-
Palisades, New York. Weddell
physical oceanographic studies:

lement for support of NSF's Young
Scholars Program. DPP 90-24755.
$4,206 ($8,412).

Gordon, Arnold L. Columbia University
Lamont-Doherty Geological Observa-
tory, Palisades, New York. Supplement
for support of former Soviet Union sci-
entists: Weddell Gyre physical oceano-
graphic studies. DPP 90-24755. $2,000
($10,000).

Hibler, William D. Dartmouth College,
Hanover, New Hampshire. Arctic and
antarctic ice-ocean modeling and in-
vestigations of the role of ice dynamics
in global ocean thermohaline circula-
tion. DPP 92-03470. $68,704 ($178,704).

Jeffries, Martin 0. University of Alaska,
Fairbanks, Alaska. Physical properties
and structural-stratigraphic variations
of frazil, platelet, and congelation sea
ice in the Ross Sea. DPP 89-15863.
$7,195.

McNider, Richard T. University of Ala-
bama, Huntsville, Alabama. Nonlinear
dynamical analysis of time-dependent
nocturnal boundary layers. ATM 91-
20321. $28,985 ($57,970).

Neff, William D. National Oceanic and
Atmospheric Administration, Environ-
mental Research Laboratory, Boulder,
Colorado. South polar atmospheric
boundary layer. DPP 91-18961.
$139,875.

Parish, Thomas R. University of Wyo-
ming, Laramie, Wyoming. A study of
the large-scale impacts of katabatic
winds. DPP 91-17202. $74,963.

Stearns, Charles R. University of Wiscon-
sin, Madison Wisconsin. Antarctic me-
teorological research center. DPP 92-
08864. $187,844.

Stearns, Charles R. University of Wiscon-
sin Madison, Madison, Wisconsin. The
antarctic automatic weather station cli-
mate program: 1990-1993. DPP 90-
15586. $200,000 ($400,000).

Wendler, Gerd. University of Alaska,
Fairbanks, Alaska. Katabatic winds in
eastern Antarctica. DPP 90-17969.
$110,000.

Astronomy, aeronomy, and upper atmo-
sphere research

Arnoldy, Roger L. University of New Hamp-
shire, Durham, New Hampshire. Mea-
surement and analysis of high-latitude
magnetic pulsations. DPP89-13870. Sup-
port only ($10,006).

Baker, Kile B. Johns Hopkins University,
Applied Physics Laboratory, Laurel,
Maryland. High-latitude ionospheric
plasma dynamics. DPP 91-19571.
$130,700.

Bering, Edgar A. University of Houston,
Houston, Texas. Balloon-borne studies
of the ionosphere and magnetosphere
above Antarctica. DPP90-19567. $5,250.

Bering, Edgar A. University of Houston,
Houston, Texas. Measurement of verti-
cal atmospheric electric current at a net-
work of antarctic sites, including manned
stations and automatic geophysical ob-
servatories. DPP 89-17464. $5,250.

Berkey, Frank T. Utah State University,
Logan, Utah. All-sky-camera studies of

the aurora australis. DPP 91-19382.
$39,274.

Bieber, John W. Bartol Research Institute,
Newark, Delaware. Solar and
heliospheric studies with antarctic cos-
mic ray observations. DPP 88-18586.
$70,714

Deshler, Terry L. University of Wyoming,
Laramie, Wyoming. In-situ measure-
ments of polar stratospheric clouds, con-
densation nuclei, and ozone in the spring-
time antarctic stratosphere. DPP 90-
17805. $6,250.

deZafra, Robert L. State University of New
York, Stony Brook, New York. Field
observations of stratospheric trace gases
in support of the UARS mission. DPP 91-
17159. Support only.

deZafra, Robert L. State University of New
York, Stony Brook, New York. Measure-
ment of stratospheric trace gases for an
annual cycle at the South Pole. DPP 91-
17813. $97,003.

Dragovan, Mark, Princeton University,
Princeton, New Jersey. Presidential
Young Investigator award: Develop-
ment of submillimeter detectors for cos-
mic background measurements at the
South Pole. AST 90-57089. $31,000
($62,500).

Forbes, Jeffrey M. Boston University, Bos-
ton, Massachusetts. Dynamics of the
antarctic mesosphere and lower ther-
mosphere. DPP 89-16343. $4,950.

Gardner, Chester S. University of Illinois,
Urbana, Illinois. Rayleigh and sodium-
lidar studies of the troposphere, strato-
sphere, and mesosphere at Amundsen-
Scott South Pole Station. DPP 90-22467.
$80,000 ($120,000).

Harper, Doyal A. University of Chicago,
Chicago, Illinois. A Center for Astro-
physical Research in Antarctica. DPP
89-20223. $1,575,000. ($2,500,000).

Helliwell, Robert A. Stanford University,
Stanford, California. Investigations of
mechanisms and effects of wave-par-
ticle interactions, using data from Siple
Station very-low-frequency wave-injec-
tion experiments. DPP 89-18326. Sup-
port only ($5,000).

Inan, Umran S. Stanford University,
Stanford, California. Very-low-fre-
quency sensing of thunderstorm and
radiation belt coupling to the iono-
sphere. DPP 90-20687. $10,000.

LaBelle, James W. Dartmouth College,
Hanover, New Hampshire. A low-fre-
quency/high-frequency programmable
frequency-receiver for antarctic auto-
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matic geophysical observatories. DPP
89-15635. $3,300.

LaBelle, James W. Dartmouth College,
Hanover, New Hampshire. Presiden-
tial Young Investigator Award. ATM
90-57172. $31,250 ($62,500).

Lin, Robert P. University of California,
Berkeley, California. Cosmic and solar
hard X-ray and gamma-ray spectros-
copy from Antarctica. DPP 91-18500.
$45,550.

Mende, Stephen B. Lockheed Palo Alto
Research Laboratory, Palo Alto, Cali-
fornia. Aurora! imaging. DPP 91-18838.
$94,390.

Meyer, Peter. University of Chicago, Chi-
cago, Illinois. Cosmic-ray isotopic com-
position studies in Antarctica. DPP 91-
19274. $223,869.

Morse, Robert M. University of Wiscon-
sin, Madison, Wisconsin. Observation
of very-high-energy gamma-ray
sources from the South Pole. DPP 90-
22092. $15,937.

Morse, Robert M. University of Wisconsin,
Madison, Wisconsin. The AMANDA
Project: The antarctic ice sheet as a high-
energy particle detector. DPP 92-15531.
$321,654 ($21,654).

Price, P. Buford. University of California,
Berkeley, California. Measurement of
iron group isotopic composition in cos-
mic rays with a lightweight balloon-
borne spectrometer launched from Ant-
arctica. DPP 88-16550. $11,806.

Rosenberg, Theodore J. University of Mary-
land, College Park, Maryland. Riometry
in Antarctica and conjugate regions.
DPP 91-19753. $200,000 ($344,210).

Rust, David M. Johns Hopkins
University,Applied Physics Laboratory,
Laurel, Maryland. An optical investi-
gation of the genesis of solar activity.
DPP 91-19807. $300,000 ($310,000).

Sanders, Ryan. National Oceanic and At-
mospheric Administration Environ-
mental Research Laboratory, Boulder,
Colorado. Ultraviolet and visible spec-
troscopy. DPP 91-16717. Support only.

Smoot, George F. University of California,
Berkeley, California. Low-frequency
measurements of cosmic microwave
background radiation. DPP 90-18395.
$12,500.

Spilhaus, A. F. American Geophysical
Union, Washington, D. C. Chapman
Conference on Solar Wind Sources of
Magnetospheric Ultra-low-frequency
Waves. DPP 92-12104.$7,860 ($21,140).

Stark, Antony A. Bell Laboratories, Murray
Hill, New Jersey. A telescope for
subillimeter spectroscopy from the
South Pole. DPP 88-18384. $18,300.

Glaciology

Alley, Richard B. Pennsyvania State, Uni-
versity Park, Pennsylvania. Antarctic
ice-sheet stability on a deforming bed:
Model studies. DPP 89-15995. $71,595.

Alley, Richard B. Pennsylvania State Uni-
versity, University Park, Pennsylvania.
Presidential Young Investigator Award.
EAR 90-58193. $25,000 ($62,500).

Andrews, John T. University of Colorado,
Boulder, Colorado. Geological record
of Late Wisconsin/ Holocene ice sheet
advance and retreat from the Ross Sea
region. DPP 91-17958. $97,746.

Bentley, Charles R. University of Wiscon-
sin, Madison, Wisconsin. Radar studies
of the bed of an active ice stream. DPP
90-18530. $2,915.

Bindschadler, Robert A. National Aero-
nautics and Space Administration-
Goddard Space Flight Center,
Greenbelt, Maryland. West antarctic
glaciology - III. DPP 9O-18127. $130,000.

Blankenship, Donald D. University of
Texas, Austin, Texas. Airborne lithos-
phere and ice-cover experiment:Corridor
aerogeophysics southeastern Ross
transect zone (CASERTZ). DPP 91-
20464. $100,976.

Denton, George H. University of Maine,
Orono, Maine. Antarctic ice sheet re-
sponse to global Pliocene warmth. DPP
89-18942. $15,538.

Grootes, Pieter M. University of Washing-
ton, Seattle, Washington. Oxygen-iso-
tope record from McMurdo Dome and
its relation to the geological climate
record of the McMurdo Dry Valleys.
DPP 89-15924. $289,556.

Gross, Gerardo W. New Mexico Institute
of Mining and Technology, Socorro,
New Mexico. A laboratory investiga-
tion of chemical and electrical impurity
effects in ice, pertinent to atmospheric
and paleoclimatic research. ATM 89-
21289. $24,100 ($48,200).

Harwood, David M. University of Ne-
braska, Lincoln Nebraska. Presidential
Young Investigator Award. DPP 91-
58075. $62,500.

Hodge, Steven M. U. S. Geological Survey,
Tacoma, Washington. Airborne lithos-
phere and ice cover experiment: Corri-
dor aerogeophysics southeastern Ross

transect zone (CASERTZ). DPP 92-
03171. $115,000.

Kamb, Barclay. California Institute of Tech-
nology, Pasadena, California. Borehole
study of antarctic ice-stream mecha-
nisms. DPP 90-18703. $18,187.

Kurz, Mark D. Woods Hole Oceanographic
Institute, Woods Hole, Massachusetts.
Chronology of antarctic glaciations.
DPP 91-17458. $255,001.

Meier, Mark F. University of Colorado,
Boulder, Colorado. National ice-core
curatorial facility. DPP 90-16366.
$48,822 ($97,645).

Prentice, Michael L. University of Maine,
Orono, Maine. Warm climate antarctic
ice dynamics: Sirius formation evi-
dence. DPP 90-20975. $73,881.

Saltzman, Eric S. University of Miami
School of Marine and Atmospheric Stud-
ies, Miami, Florida. MSA in the Vostok
Ice Core: A 160,000-year record of bio-
genic sulfur emissions from the scuth-
em oceans. DPP 88-20919. $91,834.

Webb, Peter-Noel. Ohio State Univer ity,
Columbus, Ohio. History and dy am-
ics of the west antarctic ice sheet f om
micro-paleontological analysis of ub-
ice sediments. DPP 91-18491. $13,000
($25,000).

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Mass-balance and
ice-stream mechanics in West Antarc-
tica. DPP 90-20760. $135,000.	I

Support and services

Abbott, Sherburne B. National Academy
of Sciences, Washington, D.C. Polar
Research Board core support. DPP 92-
08923. $120,000 ($290,000).

Brown, Otis B. University of Miami Sd
of Marine and Atmospheric Stu
Miami, Florida. Satellite communicat
for scientific purposes: UNOLS fleet n
agement and polar program sup
OCE 91-13074. $112,510 ($122,510).

Canete, Douglas. Argonne National Lab,
Argonne Illinios. Waste minimiza-
tion, treatment, and disposal program
for McMurdo Station. DPP 90-07371.
$230,000.

Crockett, Alan B. Idaho National Engi-
neering Laboratory, Idaho Falls, Idaho.
Environmental measurements support
for the U.S. Antarctic Program. DPP 91-
02787. $206,600.

(continued on back cover)

22	 Antarctic Journal



Weather at U.S. stations
September 1992

South Pole McMurdo*	Palmer

-6.3 	-58

-42	 3.5
(16) 	(3)

-74.3	 -20.1
(3) 	(7)

672.6	 984.4

688.1	 1006.0
(15) 	(1)

650.3	 952.0
(31) 	(5)

Trace 	528.0

80°	 North

6.38 	8.08

16.1	 38.09
(25)	 (12)
20°	 North

0.5 	8.9

12.0	 1.0

8.0 	3.0

11.0	 26.0

5.0	 No data

October 1992

Palmer	South Pole

	-46.8 	-1.5

	

5.5	-30.9

	

(14)	(13)

	

-9.5	-69.9
(9)	(5)

	

983.4	680.2

	

1021.3	690.9
(8)	(14)

	

961.2	668.9

	

(21)	(7)

	

146.0	Trace

North	80°

	

6.95	5.61

	

29.86	16.54

	

(20)	(7)
70°	270°

	

8.6	0.6

	

1.0	10.0

	

6.0	7.0

	

24.0	14.0

No data	8.0

South Pole

-4.3

-33.2
(24)

-77.3
(13)

671.4

697.1
(7)

648.3
(1)

Trace

350°

6.95

16.99
(19)

North

0.6

6.0

9.0

15.0

14.0

McMurdo

-12.2

4.5
(14)

-25
(2)

710.19

992.99
(27)

949.7
(7)

213.36

50°

5.15

19.67
(8)

150°

6.5

3.0

14.0

14.0

0.3

rD

rD

August 1992

Feature	 McMurdo	Palmer

Average Temperature (°C)	 -2.6	-61

Temperature maximum (°C)	 -14	-3.8
(date)	 (11)	(14)

Temperature minimum (°C)	 -42	-24.7
(date)	 (31)	(9)

Average station pressure (mb)	 987.4	988.4

Pressure maximum (mb)	 1003.18	1013.5
(date)	 (31)	(3)

Pressure minimum (mb)	 968.1	965.0
(date)	 (12)	(29)

Snowfall (mm)	 368.3	470.0

Prevailing wind direction	 400	Northwest

Average wind speed (m/sec)	 6.18	6.80

Peak wind speed (m/sec)	 17.88	33.46
(date)	 (26)	(18)
(direction)	 1200	100

Average sky cover	 3.8	8.7

Number clear days	 9.0	0.0

Number partly cloudy days	 17.0	6.0

Number cloudy days	 5.0	25.0

Number days with visibility less than	0.25	No data
0.4km

Prepared from information received from the stations. Locations: MCMurdo 7751'S 166040'E, Palmer 64046'S 6403'W, Amundsen-Scott South Pole 90 0S. Elevations: McMurdo
sea level, Palmer sea level, Amundsen-Scott South Pole 2,835 meters. For prior data and daily logs, contact the National Climate Center, Asheville, North Carolina 28801. *The
September 1992 summary for McMurdo Station will be published in a later issue.
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