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USAP moves to new International
Antarctic Center in Christchurch

As researchers, support personnel, and
members of the U.S. Navy Support Force,
Antarctica (NSFA) arrived in Christ-
church, New Zealand, en route to
McMurdo Station to begin the 1990-1991
austral summer field season, they were
pleasantly surprised to find that the fa-
miliar U.S. Antarctic Program offices had
been replaced—with the new Interna-
tional Antarctic Center. The center, which
opened in 1990, was designed and con-
structed by Christchurch International
Airport Ltd. Located next to the airport,
it will provide a variety of services for
national programs that use New Zea-
land to support research in the Ross Sea
region.

The U.S. Antarctic Program (USAP)
and the New Zealand Antarctic Re-
search Program (NZARP), both of which
moved from older facilities in Christ-

church, are the first tenants of the new
center. Since the International Geo-
physical Year (1957-1958), the United
States has leased several buildings in a
complex near the new center to support
its year-round science program in Ant-
arctica; however, these buildings no
longer were adequate to meet the needs
of the U.S. program. The New Zealand
program had leased space in a building
in Christchurch's downtown business
district but had to find new space be-
cause the building was scheduled to be
torn down as part of the redevelopment
of the area.

The new center houses the NZARP
headquarter's offices and USAP admin-
istrative offices for the National Science
Foundation, NSF's support contractor,
and the New Zealand detachment of
NSFA; it provides facilities for process-
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The International Antarctic Center in Christchurch, New Zealand, opened in September 1990. Located near the Christchurch International Airport
the center provides office space, a passenger terminal, and storage facilities for cold-weather clothing for both the U.S. Antarctic Program and the
New Zealand Antarctic Program.
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This photograph shows the entrance to the passenger terminal where antarctic program partici-
pants from the U.S. and New Zealand programs will assemble before flights to McMurdo Station.

NSF photo by Charles Paul.
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ing passengers traveling to and from
Antarctica and for storing and distrib-
uting polar clothing; and it boasts an
antarctic library, medical facilities, and
the U.S. Navy Fleet post office.

For more than a century, Christchurch
has served as a gateway to the Antarctic.
From this New Zealand city, Great Brit-
ain, the United States, and Japan—among
others—have launched expeditions to
Antarctica. Since the International Geo-
physical Year, the importance of Christ-
church to antarctic research has grown.
Its proximity to the southernmost con-
tinent—particularly the Ross Sea re-
gion—has made it an ideal starting point
for transporting personnel and materials
easily and, consequently, for maintain-
ing the tenuous lifeline to the conti-
nent's isolated year-round stations.
During the last decade, increased public
interest in Antarctica also has made
Christchurch a center for tourists inter-
ested in or traveling to the southern con-
tinent and its surrounding oceans.

Editor: Winifred Reuning
Antarctic Journal of the United States,
established in 1966, reports on U.S. ac-
tivities in Antarctica and related ac-
tivities elsewhere and on trends in the
U.S. Antarctic Research Program. It is
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nual review issue by the Division of Polar
Programs, National Science Founda-
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or on subscription through the U.S. Gov-
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As the pressure of rapidly changing
political, economic, and environmental
factors alters the way in which scientific
research is conducted in Antarctica,
countries supporting year-round re-
search programs are searching for safer,
more cost-effective ways to operate. The
new center represents a step toward this
goal. By bringing together established
national antarctic programs that operate
in the Ross Sea area and providing op-
erational support—particularly state-of-
the-art technology—the center will en-
able these countries more efficiently to
plan and conduct cooperative research
and operations. In addition, other coun-
tries operating on an expeditionary basis
will be able to use the center to coordi-
nate their activities more effectively.

The center will have three distinct
components, designed to support ant-
arctic operations and to provide infor-
mation to the public:

• the two completed buildings that
provide support and operations services
to national programs;

• an antarctic cultural and informa-
tion center;

• temporary living quarters for sci-
ence and support personnel traveling
between Christchurch and Antarctica.

Other planned services for national
research programs include global com-
munication and database services. For
the information center, designers plan
to provide educational facilities and ex-
hibits that will help tourists and other
visitors understand Antarctica, its en-
vironment, and the on-going research
programs.

NSFA Christchurch
detachment
renamed

The International Antarctic Center
was not the only change in the U.S.
program based in Christchurch dur-
ing 1990. On 1 October 1990, the U.S.
Navy disestablished the Naval Sup-
port Force Antarctica Detachment
Christchurch and re-established the
group as the U.S. Naval Antarctic
Support Unit, Christchurch.

The unit is comprised of about 55
military personnel and 40 civilians,
who live year round in Christchurch.
Commanded by the Commanding
Officer of the Naval Support Force,
Antarctica (NSFA), they provide ad-
ministrative, operational, and main-
tenance support to the U.S. Antarctic
Program. The senior officer of the Unit
also acts as a liaison between NSFA,
the New Zealand government, and
private agencies, giving lectures and
making presentations about antarctic
support operations to visitors and lo-
cal groups. Although much of the un-
it's work is focused on moving
personnel and material to Antarctica
during the austral summer, Navy and
civilian personnel also have a signif-
icant role in the annual mid-winter
airdrop of supplies to McMurdo and
Amundsen-Scott South Pole Station.
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Bahia Paraiso remains—mostly submerged—next to DeLaca Island. Clean-up efforts by U.S.
and Argentine spill teams recovered some of the fuel spilled during the accident. As a result of
this accident, the United States and Argentina are discussing overall environmental assessment
and spill continency planning.
NSF photo
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Fuel spill clean up in the Antarctic
Editor's note: Dr. Peter Wilk,uss, Director of the Division of Polar Programs, National

Science Foundation, presented the following paper in July 1990 at a 3-day symposium held
in Sao Paulo, Brazil. The sym posluin, sponsored bi the Standing Committee oil
Logistics and Operations (SCALOP), focused oil not only innovations in logistic support but
also oil and waste-management topics. The SCALOP meeting was held in
conjunction wit/i a nice tins of the Managers of National Antarctic Programs (MNAP) and
the 21st meeting of the Scientific Committee oil 	Research (SCAR).

Petroleum products—particularly
diesel fuel arctic (DFA), jet fuel, gaso-
line, and lubricating oils—will be the life
blood of antarctic operations for the
foreseeable future. The ships, aircraft,
stations, vehicles, field camps, and re-
lated operations that constitute each na-
tional antarctic program depend on these
products. Because of this, each program
has strictly tailored existing systems for
fuel transportation, storage, distribu-
tion, and use to meet its needs. Consid-
erable safety and environmental
problems have been and will continue
to be associated with the use of fossil
fuels for offshore and onshore opera-
tions.

Increasingly, worldwide attention is
focused on the Antarctic, especially on
accidents involving fuel spills and the
subsequent environmental impact.
Handling fuels in a safe and environ-
mentally sound manner is both costly
and technically challenging, but the U.S.
Antarctic Program (USAP) has given
highest priority to further improving the
way it manages the fuels needed to sup-
port a remote science program. Consid-
ering the difficulties associated with the
clean up of spills in the Antarctic and
the potential impact on the fragile eco-
systems, USAP managers recognize that
prevention is the best approach; how-
ever, in the severe antarctic environ-
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ment, accidents have a certain
probability—even with the best prepa-
ration. Consequently, in this paper we
would like to describe our experiences
with several fuel spills and the lessons
learned during clean up.
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NSF photo by Tom Forhan.

Accidental fuel spills
We will discuss three incidents, from

three separate antarctic environments,
and illustrate the unique aspects of re-
sponse and clean up required by each
environment:

• Marine, coastal envrionment: Sink-
ing of the Bahia Paraiso near Palmer Sta-
tion, Antarctic Peninsula;

• Ice shelf, coastal environment: Wil-
liams Field skiway on the Ross Ice Shelf
near McMurdo Station, Ross Island; and

• Antarctic ice sheet, polar plateau
environment: Amundsen-Scott South
Pole Station.

All three of these accidents have been
described in television, radio, newspa-
pers, and elsewhere. Additionally, the
impact of the Bahia Paraiso on the eco-
systems near Palmer Station is being
monitored and reported in scientific ar-
ticles. (See tables for listing of selected
print materials.) The cause, impact, and
approach to clean-up operations on the
deep snow/firn environments of Wil-
liams Field and Amundsen-Scott South
Pole Station are being investigated and
techniques for disposal of contaminated
snow being attempted. This paper gives
the inside story—namely, the experi-
ences from the viewpoint of national
antarctic program management and re-
lated aspects.

In January 1989, Bahia Paraiso, an Argentine supply ship also carrying tourists, sank about 1
mile from Palmer Station. When the ship ran aground, a 30-meter gash was ripped in its side,
and fuel stored in its tanks began leaking from the ship.
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Table 1.
Reports, press releases, articles, and scientific papers concerning
the Bahia Paraiso, (Palmer Station, January 1989).

National Science Foundation Press Releases

"Supply ship, grounded in Antarctic, may sink," Jeffrey Norris, 30 January
1989, NSF Office of Legislative and Public Affairs (NSF press release 89-
7).

"To protect antarctic wildlife and U.S. research, NSF launches effort to contain
fuel spill from Argentine supply ship," Jeffrey Norris, 1 February 1989,
NSF Office of Legislative and Public Affairs (NSF press release 89-9).

"NSF sends team of experts to assess environmental impact of antarctic fuel
oil spill," Jeffrey Norris, 11 March 1989, NSF Office of Legislative and Public
Affairs (NSF press release 89-16).

National Science Foundation Publications

Articles by Ted Delaca and Polly Penhale in Directions, editor Patrick Olmert,
NSF Office of Legislative and Public Affairs, Spring 1989.

"Argentine ship sinks near Palmer Station," Antarctic Journal of the U. S., 24(2),
June 1989.

"Palmer Station and vicinity," Antarctic Journal of the U.S., 24(2), June 1989.

"NSF launches oil-spill containment team," Antarctic Journal of the U.S., 24(2),
June 1989.

"Research team focuses on environmental impact of oil spill," Polly Penhale,
Antarctic Journal of the U.S., 24(2), June 1989.

Antarctic News Clips, 1989, compiled by the NSF Polar Information Program,
Polar Coordination and Information Section, Division of Polar Programs,
August 1989.

"Petroleum degradation by microorganisms: Initial results from the Bahia
Paraiso oil spill, David Karl, Antarctic Journal of the U.S., 24(5), 1989.

"The intertidal zone at Palmer Station, Anvers Island, Antarctic Peninsula—
In the wake of the Bahia Paraiso spill," William Stockton; Antarctic Journal
of the U.S., 25(5), 1990 (in press).

"The evolution of oxygen in microalgal intertidal communities in the vicinity
of Palmer Station," Gustavo A. Ferreyra and Viviana A. Alder, Antarctic
Journal of the U.S., 25(5), 1990 (in press).

"Tininnid cytoplasmic volume and biomass," Viviana A. Alder, Antarctic
Journal of the U.S., 25(5), 1990 (in press).

Scientific and Other Publications

"Spill threatens research," Science News, 11 February 1989, 135 (6), 85.

"Oil slick could scar Antarctica 'for a century' "; New Scientist, 11 February
1989, 1651, 31.

"National Science Foundation's rapid oil spill response to the grounding of
the Bahia Paraiso, Mahlon C. Kennicutt II and William Fraser, Biornass (news-
letter), 11(1), July 1989.

"Indirect effects of an oil spill," Z.A. Eppley and M.A. Rubega, Nature, 340,
513, 1989.

"Oil spillage in Antarctica," Mahlon C. Kennicutt II, et.al ., Environmental
Science & Technology (American Chemical Society), 24, 1990.

"Skua survival," (scientific correspondence), W.Z. Trivelpiece, D.C. Ainley,
W.R. Fraser, and S.C. Trivelpiece, Nature, 345, 211, 1990.
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Palmer Station,
Bahia Paraiso sinking

This incident, more than any other,
tested the limits of our capabilities to
deal effectively with a significant acci-
dent that resulted in a major fuel spill.
The lack of jurisdiction by a national pro-
gram and the lack of a spill contingency
plan was exacerbated by:

• the remote location of the spill rel-
ative to available clean-up resources;

• the need to rescue more than 300
passengers and crew from the damaged
ship; and

• the problems associated with com-
mand, control, and coordination of the
multiple organizations needed to re-
spond to the demands of the situation.

The grounding and subsequent sink-
ing of the Bahia Paraiso by itself required
immediate response that would have se-
verely taxed the support capabilities of
virtually any antarctic station. Assis-
tance was required from other program
resources that could be coordinated only
from USAP headquarters in Washing-
ton, D.C. Additionally, because the ac-
cident occurred on the morning of
Saturday, 28 January 1989, USAP man-
agers faced the difficult task of organ-
izing the necessary response on a
weekend when everything except emer-
gency services was shut down.

Managerial challenges. First, an
emergency team, under the cognizance
of the USAP Senior NSF Representative
at Palmer Station, was set up. At the
same time, the Palmer Station radio room
became the command and control center
and access to it was restricted. All rou-
tine station operations were halted, and
communications were secured. Tasks for
the emergency team members were as-
signed, and a 24-hour watch was put in
effect. Second, in Washington, D.C., the
National Science Foundation organized
an emergency team in the Division of
Polar Programs to support and respond
to the needs of the Palmer Station emer-
gency team and to coordinate the re-
sources available through other Federal
agencies or contractors to the U.S. gov-
ernment.

As this structure was being devel-
oped, the Washington and Palmer emer-
gency team leaders agreed on the
following priorities:

• protect the lives of all people in-
volved,

• protect the environment, and
• protect U.S. research activities.
To coordinate effectively USAP's re-

sponse to the emergency, the Palmer
Station manager was given full control
of local activities responding to the ac-
cident, while the Washington office ad-
vised and assisted in the clean-up
response effort.

The emergency team leaders in Wash-
ington and Antarctica then jointly de-
veloped a three-phase plan of action:
4
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• Phase I. Rescue, problem assess-
ment, damage-control assessment.

• Phase II. Damage-control response
and ecological impact assessment.

• Phase III. Damage-control imple-
mentation and full impact assessment.

The response to this emergency was
successful because USAP management
in Washington, D.C., and at Palmer Sta-
tion was committed to full and open
communications between the emer-
gency field teams and headquarters staff.
Only this way could managers make dif -
ficult decisions based on factual infor-
mation provided by the field manager
at the station.

Managerial tasks. Once the plan of
action was decided upon, the task of im-
plementing the plan began. In Wash-
ington, the main task was to marshall
all needed U.S. government resources.
This effort included identifying and mo-
bilizing a spill-response team with its oil-
spill-containment equipment and spe-
cially trained personnel, coordinating the
delivery of 52 tons of equipment to Punta
Arenas, Chile, and diverting the re-
search ship Polar Duke from its planned
science cruise so that it could transport
the spill-containment equipment and
personnel from Punta Arenas to Palmer
Station.

On the policy level, the National Sci-
ence Foundation had to obtain a com-
mitment for the necessary resources from
other U.S. government agencies and had
to reprogram financial resources to reim-
burse these agencies for the incurred ex-
penses. Critical to the success of the
emergency response teams was the es-
tablishment of international lines of
communications so that agreement could
be obtained on joint actions in the field.
While planning its response to the ac-
cident, the National Science Foundation
also seized the opportunity to organize
the necessary technical and scientific ex-
perts to initiate a long-term assessment
of the ecological impact.

Accomplishments. Ten days elapsed
between the time that the Palmer Station
manager notified USAP headquarters in
Washington, D.C. (28 January 1989) and
the day that the response team arrived
at Palmer Station (7 February 1989). De-
spite the lack of a spill contingency plan,
during this short time USAP managers
contacted and organized experts from
three other U.S. government agencies
and associated Federal contractors, ar-
ranged with the U.S. Air Force for the
use of a C-513 air transport to carry the
equipment and personnel to Punta Are-
nas, and coordinated the delivery of 52
tons of containment equipment and ex-
pert personnel to Palmer Station.

Through the efforts of the Palmer Sta-
tion crew, the more than 300 passengers
and crew from the damaged ship were
rescued and transported to Palmer Sta-
tion. In response to a call for assistance
from USAP, tour ships operating in the

Response by Z.A. Eppley and M.A. Rubega to scientific correspondence by
W.Z. Trivelpiece, D.C. Ainley, W.R. Fraser, and S.C. Trivelpiece, Nature,
345, 211-212, 1990.

"Eco-quandary: What killed the skuas?" Marcia Barinaga, News and Com-
ment, Science, 249, 243, 20 July 1990.

"Indirect effects of an oil spill: Reproductive failure in a population of south
polar skuas following the Bahia Paraiso oil spill in Antarctica," Z.A. Eppley
and M.A. Rubega, Marine Ecology-Pro,c,'ress Series, in press.

"The grounding of the Bahia Paraiso, Arthur Harbor, Antarctica—I. Distri-
bution and fate of oil spill related hydrocarbons," M.C. Kennicutt II, S.
Sweet, W. Fraser, W. Stockton, and M. Culver, Enviroiiiiieiital Science and
Tech nologii (American Chemical Society, in preparation.

Selected Newspaper Articles from 1989

"Sunken ship's oil spill held a peril to antarctic wildlife," New York Tunes.

"Sunken Argentine ship called unsafe," St. Louis Post-Dispatch.

"U.S. to help clean up oil spill," St. Louis Post-Dispatch.

"Oil drum recovery is disputed," Philadelphia inquirer.

"Mission proves to be test for Dover Air Force Base," News Journal.

"Antarctica: 250,000 gallons of prevention," U.S. News & World Report.

"Scientist says antarctic oil spill does significant harm to wildlife," New York
Times.

"Oil spill threatens wildlife research in Antarctica," St. Louis Post-Dispatch.

"Antarctic oil spill takes heavy toll on animal life," Miami Herald.

"New shipwreck causes oil slick in Antarctic," New York Taut's.

"UC scientists to join study of damage from antarctic oil spill," Saii Francisco
Chronicle.

"A&M team to study fuel spill," Houston Chiroimicle.

"UCSB researchers join emergency expedition to study antarctic oil spill,"
Daily Nexus.

"Scientist flies at chance to study antarctic birds," Davis Enterprise.

"Scientists fear rise in visitors to Antarctica will hurt ecology," Detroit News.

"Scientists fear ecology at risk in Antarctica," Associated Press.

"Cold halts Argentine oil cleanup," Times-Pica i/umie.

"Diesel fuel cleanup ending in Antarctica," Plain Dealer,

"Not-so-isolated Antarctica suffers growing pollution," The Ore yoiiiail.

"Oil spill taints Antarctic," News Journal (Wilmington, Delaware).

"Marine biologist discusses effects of antarctic oil spill," Eairbamiks Daily News-
Miner.

"UCSB scientists return from a one-month study," Santa Barbara News-Press.

"Oil spills: Some animals benefit," Wasliimi'\'tomi Post.



TTT
This photo shows hoses used to pump fuel out
of the damaged bladders.

U.S. Naval Support Force photo.

Williams Field is built on the Ross Ice Shelf
and provides a skiway for U.S. Antarctic Pro-
gram ski-equipped Hercules airplanes (LC-
130s). Approximately 250,000 gallons (950,000
liters) of jet fuel and smaller amounts of other
types of fuel are stored at the field in fuel pits
that positioned on snowberms and comprised
of rubberized bladders. Each bladder holds up
to 25.000 gallons (95,000 liters) of fuel.

NSF photo by Russ Kinne.
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In October 1989, U.S. personnel discovered
that approximately 52,000 gallons (260,000 li-
ters) of fuel had leaked from bladders, used to
store fuel at Williams Field. The weight of sev-
eral feet of snow, which had drifted over the
fuel pits between August and October, had
caused the fuel to escape through the vent
pipes on top of the bladders. U.S. Navy and
NSF contract personnel first had to remove this
fuel, trapped on top of the nine affected blad-
ders, and the contaminated snow.

U.S. Naval support Force photo. I
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U.S. Naval Support Force photo.
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AP personnel clean
fuel spilled near	 Al

illiams Field
Where possible, they siphoned the fuel from
the pits into tanks. Of the estimated 52,000	j.
gallons (260,000 liters) spilled, 28,000 gallons	I /
(100,000 liters) were recovered by direct	 04 .
pumping.

U.S. Naval Support Force photo.
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A support person carefully removes snow around the valve on one of the bladders.

U.S. Naval Support Force photo.
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After the bladders were drained, tracked ve-
hicles were used to remove them from the fuel
pits. To prevent future spills, the USAP is in-
stalling steel tanks rather than rubberized blad-
ders, replacing longer lengths of larger diameter
hose to reduce hose-wall pressure delivery of
fuel to Williams Field, and using a single fuel
rather than two types to simplify fuel handling
and storage. Also, fuel-spill contingency plans—
including personnel training, spill countermea-
sures, and the staging of clean-up materials—
are being initiated.
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area quickly made their way to Palmer
Station. Because of their excellent re-
sponse, the majority of the Bahia Parai-
so's contingent were evacuated within
days of the accident.

To move people and equipment to the
spill site effectively, international co-
operation with the Argentine and Chil-
ean governments was paramount. The
U.S. government provided full technical
assistance, salvage assessment, scien-
tific help, and environmental assess-
ment to ensure the quick response
required to minimize the impact of the
spilled fuel on the ecosystem.

It will be some time before the full
impact of the fuel spilled from the Bahia
Paraiso can be assessed. In the mean-
time, the Standing Committee for Ant-
arctic Logistics and Operations (SCALOP)
of MNAP is investigating contingency
planning for future spills, and the U.S.
and Argentine governments continue to
discuss overall assessment and contin-
gency planning.

Williams Field fuel spill
Williams Field is located on the Ross

Ice Shelf about 13 kilometers (8 miles)
from McMurdo Station. The field is the
skiway for USAP's ski-equipped Her-
cules LC-130 airplanes during the aus-
tral summer season (from October

through February) and for approxi-
mately 1 week in August each year dur-
ing U.S. winter fly-in operation.

Williams Field has its own fuel pits,
positioned on snowberms, consisting of
rubberized bladders that each contain
about 95,000 liters (25,000 gallons) of jet
fuel and other smaller amounts of DFA
and "Mogas"—for a total storage ca-
pacity of 950,000 liters (250,000 gallons)
of petroleum products.

On 11 October 1989, personnel work-
ing at Williams Field discovered that
several of these bladders had leaked.
Since August 1989, when the bladders
were used for the winter fly-in, several
feet of snow had drifted over the fuel
pits. As investigators later discovered,
the additional weight of the drifted snow
caused about 260,000 liters (52,000 gal-
lons) of fuel to escape through the vent
pipes on top of each bladder. The es-
caping fuel remained on top of nine
bladders and was incorporated into the
overlying snow.

Managerial challenges and tasks. The
approach to the clean up following the
Bahia Paraiso accident emphasized inter-
national coordination and the need to
mobilize resources to contain the fuel
released into a marine environment. The
clean up of the spill at Williams Field
emphasized programmatic coordination
and the use of available resources. The

fact that the fuel was completely con-
tained either within the containment
berms or in the snow pack permitted an
orderly clean-up response.

In the McMurdo Sound area, the U.S.
Antarctic Program, which is under the
overall management of the National Sci-
ence Foundation, combines the opera-
tional and logistics resources of the U.S.
Department of Defense through the U.S.
Navy and the construction and facilities
maintenance capabilities of a private
contractor—ITT/Antarctic Services, Inc.,
(now Antarctic Support Associates). To
conduct an investigation and the sub-
sequent clean up, the responsibilities,
program functions, and resources of each
organization had to be coordinated and
combined.

The Naval Support Force, Antarctica
(NSFA) is responsible for the fuel sys-
tems at McMurdo Station and at Wil-
liams Field. As the responsible entity,
NSFA immediately set-up an official in-
vestigation. To effect the clean up, a re-
sponse team, combining the capabilities
of all USAP organizations, was estab-
lished. The NSF Representative, Ant-
arctica, assumed overall direction of the
clean-up operation because different
program resources had to be assigned
and because a coordinated plan, using
innovative approaches to the clean up
had to be devised.

To develop the clean-up plan, USAP
managers had to establish priorities for
use of the available resources.* Planned
program schedules had to be altered,
personnel had to be reassigned to clean-
up tasks that were often unforseen, and
heavy equipment and mechanical shop
resources had to be diverted to handle
the emergency. International liaison was
established with neighboring Scott Base,
New Zealand's antarctic station, to keep
them informed of the situation and to
ensure proper dissemination of infor-
mation.

Outside advice and expertise were re-
quested from the Washington, D.C.,
headquarters to coordinate services not
available at McMurdo Station. Key among
the many clean-up issues was the tech-
nical problem of removing the contam-
inated snow and fuel. Although much
of the fuel could be pumped out of the
containment pits, the fuel-contaminated
snow remained, and ways to dispose of
it had to be developed.

Deciding when to stop clean-up op-
erations proved to be the most difficult
decision. The problematic technical re-
quirements and the need for human re-
sources conflicted with the need to begin
the planned field program with finite
personnel and material resources.

*Annually , the first large group of scientists and
support personnel begin arriving during the first
week of October. Much of the work required to
ensure the success of each field season is accom-
plished by civilian support and Navy support per-
sonnel in September and early October.

Table 2.
Press releases and selected newspaper articles about the fuel
spills at Amundsen-Scott South Pole and McMurdo Stations,

1989.

National Science Foundation Press Releases

"Discovery and repair of diesel fuel leak at Amundsen-Scott South Pole Sta-
tion," Jeffrey Norris, 28 September 1989, NSF Office of Legislative and
Public Affairs, (NSF press release 89-72).

"Fuel loss at Amundsen-Scott South Pole Station," U.S. Antarctic Program
fact sheet prepared by Guy Guthridge, NSF Division of Polar Programs,
(27 September 1989).

"Fuel leaks discovered near McMurdo Station, Antarctica," Jack Renirie, 12
October 1989, NSF Office of Legislative and Public Affairs, (89-81).

Newspaper Articles

"Diesel fuel spilled," Montgomery Advertiser, (Montgomery, Alabama), 29 Sep-
tember 1989. (This article deals only with the South Pole fuel spill.)

"Oil disaster-100,000 years later," Christchurch Press (Christchurch, New
Zealand), 29 September 1989. (This covers only the spill at South Pole.)

"Fuel spill combated at U.S. Antarctic station," Associated Press, Dallas Times
Herald, 13 October 1989. (The article mentions the fuel spills at both sta-
tions.)

"Fuel and heating oil spilled in Antarctica," New York Times, 13 October 1989.
(This article talks specifically about the McMurdo Station fuel spill and
quotes Paul Bogard of Greenpeace.)

Antarctic Journal



At Amundsen-Scott South Pole Station during the 1989 winter, approximately 40,000 gallons
(150,000 liters) of fuel flowing to bladders leaked from the fuel line connecting the bladders. Like
those pictured, the affected bladders are kept in the arches that extend from the geodesic dome
that houses the main station buildings. Despite the large amount of fuel that leaked from the line,
station personnel did not discover the leak until late that austral winter. During the winter, the
fuel, arch, and snow all reach an ambient temperature between —60° and —70°C. No trace of
the fuel was evident on the snow surface, because at such extremely low temperatures snow is
very porous, and the fuel quickly disappeared into the cold firn.

NSF photo by Russ Kinne.

Accomplishments. Despite the fuel-
spill emergency, Williams Field opera-
tions were started as planned and car-
ried out successfully. Of the estimated
260,000 liters (52,000 gallons) spilled,
100,000 liters (28,000 gallons) were re-
covered by direct pumping. The col-
lapsed fuel bladders became containers
supported by ice bowls that had formed
as the sun had warmed the bladders and
fuel during the previous austral sum-
mer.

An additional 11,000 liters (3,000 gal-
lons) is estimated to be contained in the
overlying snowpack. Disposal will be ac-
complished by melting the contami-
nated snow in a melter, skimming the
fuel from the surface of the meltwater
via pumping or use of commercially
available absorbents, and discharging the
melted snow into the snowpack. The
meltwater will be analyzed to determine
how the effected portion of the ice shelf
may impact on the environment when
the ice shelf finally calves and melts in
the ocean.

Major improvements in the USAP fuel
systems for Williams Field are being im-
plemented. Among these are the use of:

• steel tanks rather than rubberized
bladders,

• longer lengths of larger diameter
hose to reduce hose-wall pressure for
delivery of fuel to Williams Field,

• a single type of fuel rather than two
types of fuel to simplify fuel handling
and storage, and

• a hose-reel system to minimize the
human resources needed to deploy and
recover up to 13 kilometers (8 miles) of
fuel line.

Finally, fuel-spill contingency plans—
including personnel training, spill coun-
termeasures, and the staging of clean-
up materials—are being initiated to meet
the variety of fuel system components
used by USAP in the Ross Island area.

South Pole fuel spill
At Amundsen-Scott South Pole Sta-

tion during the austral winter, the win-
ter-over contingent is isolated for about
9 months. During the 1989 winter, a fuel
leak occurred in the main station fuel
arch where nine 95,000-liter (25,000-gal-
lon) fuel bladders, containing DFA, are
located. These are interconnected by 5-
centimeter-diameter (2-inch) pipeline
leading to the power plant.

Although about 150,000 liters (40,000
gallons) of the total of the 750,000-liter
(200,000-gallon) fuel reserve at South Pole
were lost over approximately 4 months,
station personnel—amazingly—did not
detect an obvious loss of fuel. No fuel
was apparent on the snow surface be-
cause the porosity of snow at extremely
low temperatures caused the fuel to dis-
appear.

An investigation, begun after station-
opening in November 1989 (the first flight

to the station since February 1989), iden-
tified what appears to have been two
key problems:

• The methods used to determine to-
tal fuel quantit y on hand produced un-
certain results.

• The efforts of the winter-over crew
to find an intermittent leak were com-
plicated by the dark, extremel y cold,
constricted space. These factors pre-
vented them from discovering the leak-
ing fuel-line joint.

The team also determined that fuel
disappeared because of the porosity of
snow at extremely low temperatures.
During the winter, the fuel arch, the fuel,
and the snow all acquire an ambient
temperature between - 60° and - 70°C.
Under these conditions, spilled fuel—in
this case a pencil-thin stream—can flow
directly through the cold porous firn
without leaving a trace, analogous to
water poured on a dry , uncompacted
sandy beach.

Once the leak was discovered, repair-
ing it was difficult. A space less than It)
centimeters (4 inches) separated the
pipeline from the snow surface. Work-
ing in this cramped space, technicians
had to replace a rubber gasket that had
failed and solder the line in place.

Managerial challenges and tasks.
Communications with an y wintering
crew is at best difficult. In this situation,
USAP management in Washington, D.C.,
had to ascertain the extent of the prob-
lem to be able to assess the impact on
the station's operation through the re-
mainder of the winter, as well as the

impact on the resources required to con-
tinue operation into the austral summer.
Further, in their communications with
South Pole Station, management had to
avoid statements or questions that could
be construed by station personnel as
critical of their efforts to cope with a po-
tentially life-threatening problem. Every
effort had to be made to allow station
personnel at the site to troubleshoot the
problem, while management stood by to
consult with station personnel on en-
gineering-systems questions that might
help isolate the suspected leak.

Locating the source of the leak and
repairing it were onl y a part of the prob-
lem. Concurrently, management needed
to understand fully what had caused the
leak and devise plans to minimize a
reoccurrence at South Pole or elsewhere.
The expert task force, appointed to con-
duct the fact-finding mission immedi-
ately after the station opened, was
charged with:

• documenting the chronology of the
spill,

• determining the cause of the spill,
• assessing the psychological re-

sponses of the station personnel during
a potentially life-threatening incident, and

• recommending actions to prevent
reoccurrence.

The intent was to determine the cause
and to develop an approach for future
renovation of the fuel system—not to
affix blame.

Accomplishments. In the case of the
South Pole Station fuel spill, no attempt
was made to recover the lost fuel. The
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futility of such an effort was demon-
strated by a simple experiment. A gallon
of DFA at ambient temperature (- 55°C)
was allowed to flow onto the urn. The
fuel immediately burrowed into the firn,
leaving essentially no surface trace. Its
disposition remains to be analyzed.
Clearly, our understanding of the fate
of fuel in very cold firn is incomplete
and, therefore, techniques to recover fuel
in high polar plateau environments need
to be investigated and developed.

Theoretical engineering calculations
presume that the fuel would pool in a
lens centered at a depth of 50 meters
(plus or minus a 30-meter vertical extent)
with a diameter of about 60 meters (U.S.
Army Cold Regions Research and En-
gineering Laboratory, personal com-
munication, 1989). No danger to South
Pole Station inhabitants— such as weak-
ening the snow foundation under the
fuel arch or contaminating future sources
of drinking water—is envisioned.

The cost of the spill was a significant
impact on operations for the 1989-1990
season. To complete the 1989-1990 aus-
tral summer program and to safely un-
dertake the planned 1990 austral winter
program, the fuel had to be replaced.
Restoring the amount of fuel to safe op-
erational levels required the reallocation
of 15 LC-130 Hercules flights (90 flight
hours).

For the long-term, the task force rec-
ommended upgrading the station's fuel
system with steel tanks and simplifying
the fuel-distribution grid. These system
changes, which USAP is planning to put
into effect, will be supplemented with

September 1991 meeting
focuses on Antarctica
and global concerns

Ozone depletion, global climate
change, environmental pollution—all are
subjects of worldwide concern not only
among scientists but also among poli-
cymakers and the public. Despite its re-
moteness and extreme environment,
Antarctica has a part in the scientific ef-
fort to understand these and other equally
important global concerns. To explain
how antarctic research can contribute to
solving such problems and to determine
future research priorities, the Scientific
Committee on Antarctic Research (SCAR)
has organized a conference that will bring
together scientists, policymakers, jour-
nalists, and others to discuss the role of
antarctic science and its relation to global
affairs. The conference, "Antarctic Sci-
ence—Global Concerns," will be held in

major procedural changes for handling
and accounting for fuel on and off the
station.

Conclusions
Clearly, preventing fuel spills should

be the goal for managing any fuel sys-
tem. Cleaning up a fuel spill signifi-
cantly affects the resources of any tightly
planned seasonal program. The mone-
tary costs, along with the cost of reas-
signing personnel and the effect of
disruptions to a field program, outweigh
the capital investments and design costs
to install and implement proper equip-
ment and procedures to prevent spills.

Despite the best programmatic ef-
forts, spills can still occur. Conse-
quently, antarctic programs will continue
to face great managerial and technical
challenges to safe and environmentally
responsible operation of their life-blood
fuel systems. Such problems can best be
solved by the concerted effort of all tech-
nical managers of existing national ant-
arctic programs. Therefore, the USAP
feels strongly that this issue should be
one of the highest priorities for fuel-spill
prevention and contingency planning for
each antarctic program as well as for joint
COMNAP/SCALOP action.

—Peter E. Wilkniss, Director, Divi-
sion of Polar Programs, and Erick Chiang,
Manager for the Polar Operations, Di-
vision of Polar Programs. DPP, a divi-
sion in the National Science Foundation's
Geoscience Directorate, carries manage-
ment and funding responsibilities for the
U.S. Antarctic Program.

Bremen, Germany, from 23 to 27 Sep-
tember 1991. SCAR, the scientific body
responsible for promoting international
scientific work in the Antarctic, provides
scientific advice to the Antarctic Treaty
Consultative Parties and also promotes
international cooperation in research.

Thirty-five years of antarctic research
have enabled scientists to study the con-
tinent, its history, and the ecosystems
of the region and to apply this infor-
mation to their understanding of the or-
igin of the continents, global pollution,
and changes in the Earth's climate and
environment. Today, scientists from 39
countries continue to make use of the
continent's unique features to explore a
broad range of concerns. Among the
major projects currently being pursued
are:

• the origin of the southern conti-
nents,

• sea ice and its role in world climate,
• ozone depletion and its effect on

living systems,
• patterns of past climate change en-

coded in ice and sediment cores, and
• the adaptations of life in extreme

marine and terrestrial environments.
Research is also providing informa-

tion that addresses such global concerns
as the stability of the antarctic ice sheets
and their relationship with global sea-
level rise, the region's role in global cli-
mate models, potential fishery resources
(particularly krill), and Antarctica as an
analogue for space. Because Antarctica
is a natural laboratory with special qual-
ities that enable scientists to probe ques-
tions with global significance, researchers
and policymakers alike recognize the
need to protect the antarctic environ-
ment by carefully managing activities that
may adversely affect it and by promot-
ing conservation.

The conference will open with a series
of invited lectures on Antarctica's global
connections. Rounding out the first 2 days
of the meeting will be a series of mul-
tidisciplinary talks on topics related to
the International Global Change Pro-
gramme. To promote greater public
awareness and understanding of the sig-
nificance of antarctic research, scientists
and science writers will convene on the
third day for a second series of invited
lectures that will be combined with con-
tributed poster presentations of scien-
tific subjects.

To conclude the conference, planners
have scheduled a 2-day session that will
bring together scientists, policymakers,
research managers, and others inter-
ested in the Antarctica to encourage in-
teraction among these groups. This part
of the meeting will begin with addresses
on science policy by leading politicians
and the President of SCAR. The main
theme will be a look into the future of
antarctic science and how it relates to
antarctic and global affairs generally and
to environmental issues particularly.
Meeting planners also have arranged for
the media to meet and talk with leading
scientists from around the world. Fi-
nally, throughout the conference, par-
ticipants and the public will be able to
visit special displays of research activi-
ties, logistic technology, and antarctic-
inspired art.

SCAR is encouraging anyone with an
interest in science and Antarctica to par-
ticipate. Although all contributions will
be presented as posters, conference
planners have allocated ample time to
discuss these presentations because of
the significant role of on-going research
in the conference proceedings.

A circular with full details of the meet-
ing will be released in April 1991. To
receive this conference announcement,
contact the Conference Convener, Dr.
G. Hempel, at the following address: Dr.
G. Hempel; Antarctic Science—Global
Concerns; Alfred-Wegener-Institut; P.O.
Box 120161; D-2850 Bremerhaven/Ger-
many; telefax, 0471-4831149; telex, 2-38-
695 polar d.

10	 Antarctic Journal



Ecuador and the Netherlands gain consultative
status; Switzerland recognizes Treaty

On 19 November 1990 during a Spe-
cial Antarctic Treaty Meeting held in
Santiago, Chile, the Consultative Parties
granted consultative party status to Ec-
uador and the Netherlands. These coun-
tries are the thirteenth and fourteenth
countries to gain consultative status since
the Antarctic Treaty was signed in 1959.
The Netherlands acceded to the Treaty
in 1967 and Ecuador in 1987. Although
15 countries have joined the original 12
signatories as consultative parties dur-
ing the last 30 years, because of the uni-
fication of Germany, there are currently
26 rather than 27 Consultative Parties.

To achieve consultative status, a coun-
try must demonstrate "its interest in
Antarctica by conducting substantial sci-
entific research there, such as the estab-
lishment of a scientific station or dispatch
of a scientific expedition." (Antarctic
Treaty, Article XI, paragraph 2). The
Consultative Parties participate in delib-
erations, recommendations, and deci-
sions of the biennial Treaty meetings and
any Special Meetings. Recommenda-
tions, which govern the operation of the
Treaty, must be unanimously approved
by the Consultative Parties but do not
enter into force until the governments
of each party have ratified them.

Earlier in November, Switzerland
acceded to the Treaty, bringing the
number of Acceding Parties to 13. Al-
though Acceding Parties accept all ob-
ligations under the Treaty, these countries
do not participate in its operation.
Accession to the Treaty is open to "any
State which is a member of the United
Nations, or any other state which may
be invited to accede to the Treaty with
consent of all Contracting Parties." (Ant-
arctic Treaty, Article XII, paragraph 1).

The tables accompanying this article
list the original 12 Consultative Parties,
those nations that have gained consult-
ative status since 1959 with their acces-
sion dates, and the Acceding Parties.

Table 1.
Original signatories (1959)

Argentina	 New Zealand
Australia	 Norway
Belgium	 Republic of South Africa
Chile	 Union of Soviet Socialist Republics
France	 United Kingdom
Japan	 United States

Table 2.
Consultative Parties that gained status after 1959

Year granted

	

Year of	 consultative
Country	 accession	 status

Brazil	 1975	 1983
Ecuador	 1987	 1990
Finland	 1984	 1989
Germany	 1979/1974*	 1981/1987*
India	 1983	 1983
Italy	 1981	 1981
The Netherlands	 1967	 1990
Peoples Republic of China	 1983	 1985
Peru	 1981	 1981
Poland	 1961	 1977
Republic of Korea	 1986	 1987
Spain	 1982	 1982
Sweden	 1984	 1984
Uruguay	 1980	 1980

*The first date listed applies to the former Federal Republic of Germany and the second to
the former German Democratic Republic.

Table 3.
Acceding Parties

Country	 Year of accession

Austria	 1987
Bulgaria	 1978
Canada	 1988
Columbia	 1989
Cuba	 1984
Czechoslovakia	 1962
Democratic Peoples Republic of Korea	 1986
Denmark	 1965
Greece	 1987
Hungary	 1984
Papua New Guinea	 1981
Romania	 1971
Switzerland	 1990
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Litchfield Island, a Specially Protected Area, lies within the area of the new long-term ecological
research site. The island is a breeding site for seven species of seabirds, including Adélie penguins
and south polar skuas.

National Geographic Society photo by George Mobley.

Biologists begin long-term ecological near Palmer Station, the U.S. research
station on Anvers Island in Peninsula
region.research near Palmer Station

Sea ice physically dominates polar
marine environments. In the southern
ocean, the sea-ice belt swells from an
average minimum of 2.6 million square
kilometers in spring to about 18.6 mil-
lion square kilometers by fall. This an-
nual growth and decay, which affect
about 50 percent of the ocean region
around Antarctica, sustain a marine
habitat distinct from those in the open
ocean, where microbial communities are
abundant. Because the annual sea-ice
cover also may physically determine
temporal and spatial changes in the
structure and function of marine biota,
annual cycles—as well as changes in the
extent of the pack ice—could affect sig-
nificantly all levels of the food web.

Recognizing the significance of this re-
gion's ecosystem as part of the southern
ocean marine environment, biologists
and ocean scientists from the University
of California at Santa Barbara and Old
Dominion University in Virginia pro-
posed that the National Science Foun-
dation (NSF) support a long-term
ecological study of how populations of
antarctic organisms—and their interac-
tions within the food web—are influ-
enced by seasonal and year-to-year
changes in the marine environment along
the Antarctic Peninsula. In late Septem-
ber 1990, NSF announced that, as part
of its Long-Term Ecological Research
(LTER) program, a site to monitor the
marine ecosystem would be established

NSF long-term ecological research
program

This site is part of an NSF research-
site network, initiated in 1980, to enable
scientists to increase their understand-
ing of ecosystems and to put ecosystem
dynamics into perspective over time.
During the last decade, 17 other sites
have been established in the United
States; the antarctic LTER site is not only
the first polar site but also the first out-
side of U.S. territory.

The objective of research at these lo-
cations is to help researchers distinguish
among rare events, cyclical ecological
processes, and long-term environmental
trends. Other LTER research includes
studies of arctic tundra, old-growth for-
est, tall-grass prairie, and coastal-wet-
land environments. The Foundation's
Division of Biotic Systems and Re-
sources developed the LTER program to
enable scientists not only to study the
specific ecosystems but also to compare
these areas with other environments in
the network.

The program focuses attention on sev-
eral areas of ecological research:

• investigation of phenomena that
occur on time scales varying from de-
cades to centuries;

• identifying year-to-year variability
in these systems;

• establishing a coordinated network
of sites for comparative research;

• retaining natural ecosystems for uses
compatible with ecological research; and

• conducting intensive research pro-
grams that are site-specific and reveal
organizational patterns at several levels
of an ecosystem.

Because comparative research is crit-
ical to this program, each site meets pre-
determined standards. These include the
distribution of plants and animals, bio-
mass production through photosyn-
thesis, the movement of nutrients and
water through the system, decomposi-
tion, and disturbances caused either by
man or natural processes.

Antarctic site and research
The unique physical characteristics of

the new antarctic site will enable sci-
entists to define ecological processes
linking the extent of the annual sea-ice
cover with the dynamics of different
trophic levels within antarctic marine
communities. The site, located near Pal-
mer Station, extends outward from the
southwest side of Anvers Island, mid-
way down the Peninsula. Within this
region are physical and ecological ele-
ments that provide researchers with an
adequate sample of prey and predator
species in an environment with unique
physical characteristics.
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This long-term ecological research site, the first to be established outside of the United States, radiates outward from the southwest corner of Anvers
Island, midway down the western coast of the Antarctic Peninsula. By studying the unique physical characteristics occurring within this region,
scientists hope to be able to determine what ecological processes link changes in the extent of the sea-ice cover to the dynamics of antarctic marine
communities. Work supported by this 6-year grant, awarded to investigators at the University of California at Santa Barara and Old Dominion
University in Virginia, combines marine biology with other ocean science disciplines and climate studies and will begin during the 1991-1992 austral
summer. (ORNC-DWG 90M-8825.)
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Observations by University of Cali-
fornia researchers over 15 years in this
region confirm that sea-ice cover ranges
widely. From these observations, they
have determined that the variation in
the maximum extent of sea ice has a 6-
to 8-year cycle, with colder winters and
greater year-to-year variation during the
1970s. Their choice of study area takes
advantage of these natural cycles to test
the hypotheses that the interaction be-
tween the physical structure of this ma-
rine environment with the organisms that
inhabit the region have local and re-
gional implications.

To obtain data, they will continuously
monitor biological and environmental
variables near Palmer Station and in a
30- to 100-kilometer radius extending
outward from Anvers Island. Although
their research focuses on a spatially lim-
ited area, monitoring will be conducted
on a long-term and recurrent temporal
scale. Satellite imagery will help them
continuously to monitor such environ-
mental factors as sea-ice extent and
thickness, sea-surface temperature, and
variations in fluorescence (an indicator
of primary productivity) on larger spa-
tial scales and over the course of the year.
Additionally, they will make use of ex-
isting research sites at or near penguin
colonies, conduct extended research
cruises to specific sites, and install au-
tomatic weather stations to gather cli-
mate data.

The study has four primary focuses:
• seabirds—particularly Adélie pen-

guins and south polar skuas,
• the prey of these seabirds (krill and

antarctic silverfish),
• primary productivity, and
• optical and hydrographic character-

istics of the water column.
By focusing on these components of

the region's ecosystem, the group will
be able to investigate the hypothesis that
varying patterns of sunlight and water
circulation may have a greater impact on
the composition and extent of the eco-
system than the availability of nutrients.
These two factors—sunlight and water
circulation—are tied to the fluctuations
in the sea-ice cover, because sea ice can
dampen wind-driven ocean currents and
block sunlight.

In this ecosystem and throughout the
southern ocean, penguins, seabirds, and
some seals are the only predators that
venture onto land. Krill, a small shrimp-
like crustacean, make up possibly more
than 50 percent of the available zoo-
plankton stock on which the larger pre-
dators feed. Adélie penguins were
selected because they account for about
60 to 70 percent of all birds in the Ant-
arctic.

The sea ice harbors many one-celled
organisms, essential for the survival of
krill. As the ice melts and recedes in aus-
tral spring, it creates a stable lens of less-
dense water on the ocean surface and

originally thought, many mysteries con-
cerning the food web and the existing
cause-and-effect relationships remain.
For example, much is known about the
nesting areas of south polar skuas dur-
ing the summer breeding season, but no
one has yet determined this species'
destination in the Northern Hemisphere
when it migrates during the austral win-
ter. Another mystery is why during some
years, krill form massive swarms, as large
as 7 miles long, while in other years,
they nearly disappear from some parts
of the southern ocean.

The species selected by the project team
are representative of plants, grazers, and
predators common to the southern ocean.
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NSF photo.

Antarctic krill can make up approximately 50 percent of the total zooplankton stock available to
large carnivores. They are small, shrimp-like crustaceans, ranging from 50 to 60 centimeters in
length with a 6- to 8-year life span. Although they are circumpolar, the dense populations are
found mostly in areas affected by the annual advance and retreat of the sea-ice cover. This
distribution has suggested to researchers that krill populations, ice dynamics, and the associated
ice-edge diatom bloom are closely linked.

releases algae into the region. This algae
seeds new populations of phytoplank-
ton, free-floating microscopic plants that
convert carbon dioxide to biomass
through photosynthesis. Phytoplankton
are the base of this marine food web.

Research has shown that the inter-
annual fluctuations of sea-ice cover may
be affect the health of the ecosystem.
Adélie penguins appear to survive the
winter better during years when the ice
cover is greatest and krill is most abun-
dant. South polar skuas and their prey—
antarctic silverfish—however, seem to
do better during years with less ice.

Although researchers now recognize
that the ecosystem is more complex than

Adélie penguins account for about 60 to 70 percent of all birds in Antarctica. Because of the size
of the Adélie population, researchers selected these birds as a one of the two predators that they
will monitor and study. Research shows that Adélie penguins, which feed primarily on krill, ap-
parently are better able to survive winters when sea-ice cover is greatest and krill is most abundant.

NSF photo by Russ Knne
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NSF photo by Russ Kinne

The south polar skua is the second predator species that will be studied by researchers from the
University of California at Santa Barbara and Old Dominion University. Unlike Adélie penguins,
skua, which feed on antarctic silverfish, seem to have the highest survival rate during mild winters
when the sea-ice cover is less extensive.

The 1990 Young Scholars gather at the annual U.S. Antarctic Program orientation held in Sep-
tember 1990 in Arlington, Virginia.

NSF photo.

These data will provide the bases for
several ecosystem models. Because the
parameters of these models are inter-
dependent, the output from one model

can be used as the input to another
model.

Models for each of major components
of the project will be developed. Adélie

penguins and south polar skua repre-
sent predators in the models. Studies
conducted near Palmer Station for more
than a decade have enabled biologists to
describe and understand many aspects
of the behavior of these birds. Krill and
antarctic silverfish form the prey com-
ponent of the study. To guide research
and modeling efforts, researchers will
gather data on the spring phytoplankton
bloom and its relationship to other parts
of the ecosystem.

Antarctic ecology and global change
Although the first goal of this long-

term study is to describe and under-
stand the ecosystem and to determine
what the natural changes are and what
the human-induced changes are, the
study has global implications as well.
When compared to middle and lower-
latitude environments, high-latitude
ecosystems are much more sensitive to
environmental and climate change.

Already, researchers believe that they
may be witnessing the results of global
warming. In recent years, the number
of krill predators has increased. Al-
though other theories have been pro-
posed, this research team suggests that
the increase is caused by increasingly
warmer winters. The project will also
monitor the effects of increased expo-
sure to enhanced levels of ultraviolet ra-
diation resulting from the annual
depletion of the ozone layer above Ant-
arctica.

NSF selects four young scholars for antarctic research
High-school and undergraduate stu-

dents do not often get the opportunity
to work with field teams in Antarctica.
Usually, because of the complexity of
the research, field teams, supported by
the U.S. Antarctic Program, are made
up of senior researchers, assistant re-
searchers, and graduate students. How-
ever, through cooperation between the
National Science Foundation's Division
of Polar Programs (DPP) and its Direc-
torate for Education and Human Re-
sources (EHR), four highly qualified
young scholars will join NSF-supported
research teams during the 1990-1991 field
season to learn not only about Antarctica
but also about the way in which field
research is conducted.

The four students were selected from
among the 4,500 U.S. high-school stu-
dents who participated in EHR's Young
Scholars Program during the 1989 sum-
mer. Initiated in 1988, the Young Schol-
ars Program is designed to encourage
students in grades 8 through 12 to pur-
sue science careers. As participants, the
students gain direct experience about re-
search by assisting senior scientists with
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NSF photo.

Catherine BUsh, one of the 1989 Young Schol-
ars, worked on the sea ice near McMurdo Sta-
tion with biologists from the University of
Southern California.

their work. Through the antarctic por-
tion of this program, NSF is able to in-
troduce students to the challenge of
science field work.

This year's participants and the re-
searchers with whom they will work are:

• Elizabeth Buckley, an 18-year-old
freshman at the University of Chicago,
will be a member of the research team
directed by physicist Mark Dragovan of
Princeton University. Working at
Amundsen-Scott South Pole Station, Dr.
Dragovan and his team will measure
variations in cosmic microwave back-
ground radiation to learn more about the
formation and early history of the Uni-
verse. Ms. Buckley, who is a graduate
of Columbus School for Girls in Wes-
terville, Ohio, was a National Merit fi-
nalist, one of the editors of her school
newspaper, and during the 1989 sum-
mer, a Telluride Scholar at Cornell Uni-
versity.

• Jason Rashkin, an 18-year-old grad-
uate of Benjamin Cardozo High School
in Douglaston, New York, will work with
University of California at Santa Barbara
biologists Langdon Quetin and Robin
Ross. Drs. Quetin and Ross are contin-
uing their long-term study of the phys-
iological ecology and development of the
shrimplike crustacean krill and will be
working aboard NSF's research ship Po-
lar Duke in the Antarctic Peninsula re-
gion. Mr. Rashkin, who began his college
career at Tufts University in September
1990, was editor of his school's news-
paper, represented Cardozo High School
at the New York State model Congress,
and was captain of the school's academic
Olympic team.

• Anne Engh, from Mankato, Minne-
sota, will work with Peter Kareiva of the
University of Washington and will have
the unique opportunity of participating

in an austral winter cruise aboard Polar
Duke during June 1991. Working along
the Antarctic Peninsula, Dr. Kareiva and
his field team will collect data on the
winter distribution and foraging habits
of sea birds. An 18-year-old Iowa State
University freshman, Ms. Engh was a
member of the Minnesota State Math
Team, her school's academic Decathlon
Team, assistant editor of the school's lit-
erary magazine, and recipient of the
Veterinary Medical Association award at
the Minnesota State Science Fair.

S Cashinan Andrus of Scott, Louisiana,
will work with geologist Mark Kurz of
Woods Hole Oceanographic Institution.
Dr. Kurtz is testing whether techniques
used to determine how long meteorites
have been on Earth can be used to date
glacial deposits in the McMurdo Dry
Valleys. Mr. Andrus, who is an 18-year-
old freshman at Massachusetts Institute
of Technology, graduated from the
Louisiana School for Math, Science, and
the Arts and has been a member of sev-
eral award-winning math teams in state
and national competitions.

Biology and medicine

Cullen, John J. Bigelow Laboratory for
Ocean Sciences, West Boothbay Har-
bor, Maine. Spectral sensitivity of
photosynthesis to ultraviolet radia-
tion: Methods for studying marine
phytoplankton. DPP 88-17678. $78,389.

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide and peptide antifreezes in freez-
ing avoidance of antarctic fishes. DPP
87-16296. $121,011.

Garrison, David L. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic Marine Ecosystem Research at
the Ice-Edge Zone (AMERJEZ): The

This year is the second year of the
antarctic portion of program. As partic-
ipants, the students have the opportu-
nity to learn not only about the research
conducted by the scientists to whom they
are assigned but also about the planning
and preparation required to conduct re-
search in the world's most remote re-
search laboratory. During the 1990
summer, students visited their assigned
researchers at the researchers' institu-
tions so that they would understand the
research as well as techniques necessary
to complete field work. The students also
attended the U.S. Antarctic Program's
annual orientation, which is designed to
provide research teams with additional
information about Antarctica, the U.S.
program, and other field projects that
will be conducted during the austral
summer.

Information on NSF's Young Scholars
Program can be obtained from the Di-
rectorate for Education and Human Re-
sources (202/357-7538) or by requesting
NSF brochure 90-46 from NSF Forms &
Publications, (202/357-7861).

distribution of free-living protozoa.
DPP 88-15799. $34,782.

Holm-Hansen, Osmund. Scripps Insti-
tution of Oceanography, La Jolla, Cal-
ifornia. Research on Antarctic Coastal
Ecosystem Rates (RACER): Mecha-
nisms of bloom formation and de-
cline. DPP 88-17635. $111,798.

Huntley, Mark E. Scripps Institution of
Oceanography, La Jolla, California.
Research on Antarctic Coastal Ecosys-
tem Rates (RACER): Development,
growth, and production of macrozoo-
plankton, including krill. DPP 88-
17779. $5,000.

Janssen, John. Loyola University of Chi-
cago, Chicago, Illinois. Use of the lat-

Foundation awards of funds for antarctic
projects, 1 July to 30 September 1990

Following is a list of National Science Foundation antarctic awards made from 1
July to 30 September 1990. 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 Foundation 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 by the
Division of Earth Science, the prefix EAR; and those by the Division of Ocean Sci-
ences, the prefix OCE.
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eral line for foraging in antarctic
notothenioid fishes. DPP 88-16775.
$68,488.

Kareiva, Peter M. University of Wash-
ington, Seattle, Washington. Mathe-
matical models of foraging seabirds.
DPP 89-18130. $63,998.

Karl, David M. University of Hawaii,
Honolulu, Hawaii. Research on Ant-
arctic Coastal Ecosystem Rates
(RACER): Microbial dynamics and
carbon flux. DPP 88-18899. $99,960.

Kooyman, Gerald L. Scripps Institution
of Oceanography, La Jolla, California.
Biology of king and emperor penguins
while at sea. DPP 87-15864. $59,128.

Manahan, Donal T. University of South-
ern California, Los Angeles, Califor-
nia. Ecology and nutrition of
invertebrate larvae in McMurdo Sound,
Antarctica and Monterey Bay, Cali-
fornia: Use of phytoplankton and non-
phytoplankton food resources. DPP
88-20130. $37,035. ($75,612)

Miller, Gary D. University of New Mex-
ico, Albuquerque, New Mexico. Re-
production strategies of south polar
skuas: The role of food in chick sur-
vival and sibling aggression. DPP 89-
16353. $125,551.

Pearse, John S. University of California,
Santa Cruz, California. Ecology and
nutrition of invertebrate larvae in
McMurdo Sound, Antarctica and
Monterey Bay, California: Use of phy-
toplankton and non-phytoplankton
food resources. DPP 88-18354. $46,953.
($86,953)

Priscu, John C. Montana State Univer-
sity, Bozeman, Montana. Photoad-
aptation by phytoplankton in
permanently ice-covered antarctic
lakes: Response to a nonturbulent en-
vironment. DPP 88-20591. $102,620.

Quetin, Langdon B. University of Cali-
fornia, Santa Barbara, California. En-
ergetics of the adults and larvae of the
antarctic krill Eupliausia superba. DPP
88-20589. $3,590.

Ross, Robin M. University of California,
Santa Barbara, California. Long-term
ecological research on the antarctic
marine ecosystem: An ice-dominated
environment. DPP 90-11927. $429,388.

Smith, Raymond C. University of Cali-
fornia, Santa Barbara, California.
Ozone diminution, ultraviolet radia-
tion, and photoplankton biology in
antarctic waters. DPP 89-17076.
$52,275.

Smith, Walker 0. University of Tennes-
see, Knoxville, Tennessee. Production

and regeneration of organic matter in
the western Ross Sea. DPP 88-17070.
$108,934.

Sullivan, Cornelius W. University of
Southern California, Los Angeles,
California. Photobiology of sea-ice mi-
croalgal species. DPP 87-17692. $3,500.

Testa, J . Ward. University of Alaska,
Fairbanks, Alaska. Dispersal and div-
ing behavior of Weddell seals deter-
mined by satellite telemetry. DPP 88-
16567. $115,523.

Trivelpiece, Wayne Z. Old Dominion
University, Norfolk, Virginia. Com-
parative demography and foraging
behavior of pygoscelis penguins. DPP
90-96310. $101,706.

Virginia, Ross A. San Diego State Uni-
versity, San Diego, California. Ne-
matode distribution and function in
dry valley ecosystems. DPP 89-14655.
$37,571.

Marine and terrestrial
geology and geophysics

Anderson, John B. Rice University,
Houston, Texas. Marine Geology of
the antarctic continental margin. DPP
88-18523. $108,947.

Behrendt, John C. U.S. Geological Sur-
vey, Reston, Virginia. Aeromagnetic
survey in the Ross Ice Sheif/Transant-
arctic Mountains area, Antarctica. DPP
89-19100. $41,099.

Behrendt, John C. U.S. Geological Sur-
vey, Reston, Virginia. Corridor aero-
geophysics of the southeastern Ross
Transect Zone (CASERTZ), Antarc-
tica. DPP 89-19661. $107,000.

Berg, Jonathan H. Northern Illinois Uni-
versity, Dc Kalb, Illinois. Geochem-
istry and petrology of the lower crust,
Antarctica: Evaluation over space and
time. DPP 88-16988. $58,232.

Butler, Rhett. Incorporated Research In-
stitute for Seismology, Arlington, Vir-
ginia. Logistics support for global
seismic station at the South Pole. DPP
89-00340. $1.

Cassidy, William A. University of Pitts-
burgh, Pittsburgh, Pennsylvania.
Antarctic search for meteorites. DPP
88-17083. $69,484.

Ciesielski, Paul F. University of Florida,
Gainesville, Florida. Mode, variabil-
ity, and frequency of global neogene
climate change: The role of the south-
ern ocean. DPP 87-17854. $83,300.

Dalziel, Ian W. University of Texas,

Austin, Texas. The Pacific margin of
the Antarctic Peninsula: A marine
geophysical study of the tectonic evo-
lution of Andean-type orogens. DPP
89-16436. $28,270. ($128,270)

Dalziel, Ian W. University of Texas,
Austin, Texas. Tectonic evolution of
the antarctic sector of the Pacific mar-
gin: Mesozoic and Paleozoic devel-
opment of Marie Byrd Land II. DPP
89-17127. $39,000.

Elliot, David H. Ohio State University,
Columbus, Ohio. Cretaceous and Ter-
tiary strata of the James Ross Basin
and the evolution of the Antarctic
Peninsula. DPP 87-16258. $11,246.

Goodge, John W. Southern Methodist
University, Dallas, Texas. Petrogene-
sis and crustal structure of metamor-
phic rocks in the central Transantarctic
Mountains: An integrated petrologic,
structural, and geochronologic study.
DPP 88-16807. $97,997.

Grew, Edward S. University of Maine,
Orono, Maine, The metamorphic pe-
trology of central Queen Maud Land-
A distinct geologic province in East
Antarctica. DPP 88-15863. $33,107.

Hammer, William R. Augustana Col-
lege, Rock Island, Illinois. Vertebrate
paleontology and sedimentology of
cynognathus zone (late Early Trias-
sic), Beardmore Glacier Region. DPP
88-17023. $75,647.

Hayes, Dennis E. Columbia University,
Lamont-Doherty Geophysical Obser-
vatory, Palisades, New York. The Pa-
cific margin of the Antarctic Pennisula:
A marine geophysical study of the tec-
tonic evolution of Andean-type oro-
gens. DPP 89-17332. $1. ($72,059)

Kennett, James P. University of Califor-
nia, Santa Barbara, California. Paleo-
ceanographic and climatic evolution
of southern high-latitude oceans based
on deep-sea sedimentary sequences.
DPP 89-11554. $67,385. ($107,385)

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. Degassing and crystallization
of anorthoclase phonolite magma,
Mount Erebus, Antarctica. DPP 87-
16319. $34,471.

Kyle, Philip R. New Mexico Institute of
Mining and Technology, Socorro, New
Mexico. West Antarctic Volcano Ex-
ploration (WAVE). DPP 88-16342.
$68,600.

Lipschutz, Michael E. Purdue Univer-
sity, West Lafayette, Indiana. Trace
elements in antarctic meteorites: Ex-
traterrestrial origin and terrestrial ice
sheet processes. DPP 87-15853. $83,300.
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Mukasa, Samuel B. University of Mich-
igan, Ann Arbor, Michigan. Tectonic
evolution of the antarctic sector of the
Pacific margin II: Mesozoic and Paleo-
zoic development of eastern Marie Byrd
Land. DPP 90-14854. $39,541.

Mutter, John C. Columbia University,
New York, New York. Multichannel
seismic study of the deep structure of
a cordilleran orogen: The southern-
most Andes. OCE 87-17627. $49,282.
($85,750)

Rees, Margaret N. University of Ne-
vada, Las Vegas, Nevada. Extent and
termination of the antarctic Early
Cambrian carbonate platform. DPP 87-
16068. $32,526.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Extent and termi -
nation of the antarctic Early Cambrian
carbonate platform. DPP 87-15768.
$39,470.

Starr, Lowell E. U.S. Geological Survey,
Reston, Virginia. Antarctic surveying
and mapping. DPP 85-12516. $369,211.

Stump, Edmund. Arizona State Univer-
sity, Tempe, Arizona. Uplift history of
the Ellsworth Mountains, Antarctica.
DPP 88-16655. $49,903.

Trehu, Anne M. Oregon State Univer-
sity, Corvallis, Oregon. Crust and up-
per mantle structure beneath the
Victoria Land basin, Ross Sea region.
DPP 88-17040. $66,234.

Wilson, Terry J . Ohio State University,
Columbus, Ohio. Mesozoic and Cen-
ozoic kinematic evolution of the
Transantarctic Mountains. DPP 88-
16932. $49,682.

Ocean and climate studies

Ackley, Stephen F. U.S. Army Cold Re-
gions Research and Engineering Lab-
oratory, Hanover, New Hampshire.
Sea-ice properties and processes. DPP
85-12728. $30,870.

Curry, Judith A. Pennsylvania State
University, University Park, Pennsyl-
vania. Arctic ice-crystal haze. DPP 88-
20905. $49,000.

Curry, Judith A. Pennsylvania State
University, University Park, Pennsyl-
vania. Presidential Young Investiga-
tor Award. DPP 90-96151. $37,500.

Domack, Eugene W. Hamilton College,
Clinton, New York. Research and Un-
dergraduate Institution grant: Depo-
sitional processes and stratigraphy of
antarctic fjords and ice-shelf environ-
ments. DPP 89-15977. $59,791.

Gordon, Arnold L. Columbia Univer-
sity, Lamont-Doherty Geophysical
Observatory, Palisades, New York.
Thermohaline fluxes within the ant-
arctic zone. DPP 90-08906. $223,355.

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry of the central Wed-
dell Sea, austral winter 1989. DPP 88-
16570. $19,950.

Hall, Michael J. National Oceanic and
Atmospheric Administration, Wash-
ington, D.C. Support for Argos data
collections and location system. OCE
83-41973. $96,636. ($427,700)

Stearns, Charles R. University of Wis-
consin, Madison, Wisconsin. The ant-
arctic automatic weather station climate
program: 1990-1993. DPP 90-15586.
$350,000.

Tape, Walter. University of Alaska, Fair-
banks, Alaska. Atmospheric holes and
ice crystals. DPP 88-16515. $58,255.

Warren, Stephen G. University of Wash-
ington, Seattle, Washington. Climate
studies at the South Pole. DPP 88-
18570. $141,976.

Wendler, Gerd. University of Alaska
Geophysical Institution, Fairbanks,
Alaska. Boundary layer measure-
ments in eastern antarctica. DPP 87-
14828. $86,044.

Aeronomy and astronomy

Bieber, John W. Bartol Research Insti-
tute, Newark, Delaware. Solar and
heliospheric studies with antarctic
cosmic ray observations. DPP 88-18586.
$169,006.

Dragovan, Mark. Princeton University,
Princeton, New Jersey. Cosmic back-
ground isotrophy measurements from
the South Pole. DPP 89-17157. $5,000.

Gaidos, James A. Purdue University,
West Lafayette, Indiana. Observation
of very-high-energy gamma-ray
sources from the South Pole. DPP 88-
18733. $90,875.

Greenwald, Raymond A. Johns Hop-
kins University, Baltimore, Maryland.
Polar Anglo-American conjugate ex-
periment. DPP 88-22172. $105,659.

man, Umran S. Stanford University,
Stanford, California. Very-low-fre-
quency remote sensing of thunder-
storm and radiation-belt coupling to
the ionosphere. DPP 89-17165. $96,000.

Lubin, Philip M. University of Califor-
nia, Santa Barbara, California. Cosmic

background radiation studies at the
South Pole. DPP 89-20578. $9,450.

Morse, Robert M. University of Wiscon-
sin, Madison, Wisconsin. Observa-
tion of very-high-energy gamma-ray
sources from the South Pole. DPP 88-
18918. $95,143.

Price, P. Buford. University of Califor-
nia, Berkeley, California. Measure-
ment of the optical transparency of
deep antarctic ice. DPP 90-19044.
$1,000.

Glaciology

Bally, Albert W. Rice University, Hous-
ton, Texas. Support for activities of
the President of the Inter-Union Com-
mission on the Lithosphere, the In-
ternational Council of Scientific Unions.
OCE 90-22350. $5,000. ($24,998)

Bender, Michael L. University of Rhode
Island, Narragansett, Rhode Island.
Studies of the concentration and iso-
topic composition of oxygen, nitro-
gen, and argon in trapped gases from
the Vostok ice core. DPP 88-20807.
$43,690. ($112,090)

Donahue, Douglas J. University of Ari-
zona, Tucson, Arizona. National Sci-
ence Foundation/Arizona accelerator
facility for radioisotope analysis. EAR
88-22292. $98,367. ($255,700)

Froelich, Philip N. Columbia University,
New York, New York. Siliceous pa-
leoceanography: Germanium-silicon
(Ge/Si) Opal II. OCE 89-12436. $25,000.
($132,300)

Kurz, Mark D. Woods Hole Oceano-
graphic Institute, Woods Hole, Mas-
sachusetts. Exposure-age dating
applied to glacial geology. DPP 88-
17406. $86,800. ($111,760)

Moore, Richard K. University of Kansas,
Lawrence, Kansas. The Kansas ant-
arctic radar: Completion, documen-
tation, training, support, and improved
analysis methods with test of imaging
radar for glaciology. DPP 87-16540.
$33,173.

Prentice, Michael L. University of Maine,
Orono, Maine. Modeling maximum
and minimum neogene antarctic ice
sheets. DPP 88-17147. $49,000.

Rasmussen, Reinhold A. Oregon Grad-
uate Institute of Science, Beaverton,
Oregon. Concentrations of methane
and nitrous oxide during glacial and
inter-glacial periods: Analyses of the
Vostok core. DPP 88-20632. $78,000.

Raymond, Charles F. University of
Washington, Seattle, Washington.
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ington, D.C. Icebreaker support in the
U.S. Antarctic Program, fiscal year
1990. DPP 82-17331. $2,336,442.

U.S. Antarctic Program at the Inter-
national Antarctic Centre, Christ-
church, New Zealand. DPP 90-22329.
$450,000.

Geophysical surveys and ice-flow
modeling to support ice coring for pa-
leoclimate in Antarctic Peninsula. DPP
87-16243. $51,375.

Thompson, Lonnie C. Ohio State Uni-
versity, Columbus, Ohio. A cooper-
ative climatological-glaciological
program in the Antarctic Peninsula,
phase 1. DPP 87-16384. $52,172.
($82,172)

Whillans, Ian M. Ohio State University,
Columbus, Ohio. Completion of ve-
locity survey of ice stream B and catch-
ments of ice streams B and C. DPP 87-
16447. $70,560.

Support and services

Bellew, George. Christchurch Interna-
tional Airport, Christchurch, New
Zealand. U.S. lease of space for the

Davis, Russ F. Scripps Institution of
Oceanography, La Jolla, California.
McMurdo Sound meteorological sat-
ellite station: Upgrade and mainte-
nance for the Antarctic Research
Center. DPP 88-15818. $166,883.

Fisher, Dwight D. Department of De-
fense, Washington, D.C. Logistic sup-
port of the U.S. program in Antarctica.
DPP 76-10886. $55,000,000.

Grice, George D. Woods Hole
OceanoGraphic Institute, Woods Hole,
Massachusetts. Research ship opera-
tions support, 1990. OCE 90-00959.
$31,500. ($40,887)

Martin, George F. Department of Trans-
portation, U.S. Coast Guard, Wash-

Moller, Donald A. Woods Hole Ocean-
ographic Institute, Woods Hole, Mas-
sachusetts. Shipboard scientific
support equipment: Oceanographic
wire rope. OCE 90-17991. $16,789.
($480,188)

Moller, Donald A. Woods Hole Ocean-
ographic Institute, Woods Hole, Mas-
sachusetts. Shipboard scientific
support equipment: Oceanographic
cable. OCE 90-18529. $21,815.
($494,583)

Murphy, Robert L. Antarctic Support
Association, Orange, California. Lo-
gistic support of operations/research
activities related to the U.S. program
in Antarctica during the 1990-1991
austral summer. DPP 89-22832.
$15,220,644.

At a remote antarctic site, researchers and Navy personnel unload equipment from one the U.S. Antarctic Program ski-equipped Hercules airplanes.
For nearly 30 years, these airplanes have made it possible for U.S. scientists to work in regions of Antarctica that are distant from stations or other
types of support.

NSF photo.
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in

NSF photo by Tom Forhan.

Palmer Station and the research ship Polar Duke—seen from Torgersen Island. The United States
established Palmer Station in the 1960s so that scientists would be able to study the biological
diversity of the Antarctic Peninsula region. During the 1991-1992 austral summer, this site will
gain a new importance as biologists and ocean scientists begin a 6-year investigation of the
region's marine ecosystem. The results of their investigations will extend understanding of cyclical
ecological processes and long-term environmental trends.

Nelson, Marilyn K. Blue Pencil Group,
Inc., Reston, Virginia. Editorial ser-
vices for the Antarctic Journal of the U.S.
DPP 89-19915. $31,950.

Olmstead, Fred. Tri-Cor Industries, Inc.,
Landover, Maryland. A feasibility
study and analysis of resource opti-
mization. DPP 90-22050. $295,000.

Onuma, Tsuyoshi. Naval Facilities and
Engineering Command, Pacific Divi-
sion. Pearl Harbor, Hawaii. Engineer-
ing support for the U.S. program in
Antarctica. DPP 84-01823. $525,000

Schommer, John. Department of Inte-
rior, Washington, D.C. Aviation man-
agement services for Twin Otter
airplanes used to support the U.S.
Antarctic Program. DPP 84-15220.
$7,500.

Silvey, Frank. DUAL and Associates,
Inc., Arlington, Virginia. Long-rang
requirement study and cost-benefit
analysis of ski-equipped, fixed-wing
aviation support for the polar pro-
gram. DPP 89-01290. $276,082.

Smith, Christopher J. American Insti-
tute of Architects, Washington, D.C.
Environment 1: A competition to de-
sign a South Pole research station. DPP
90-15887. $68,454.

Wright, David G. National Park Service,
Harpers Ferry, West Virginia. Sup-
port and services for information proj-
ects at Palmer Station. DPP 89-12135.
$6,750.

Safety, environment, and health

Cannon, Johnnie B. Oak Ridge National
Laboratory, Oak Ridge, Tennessee.
Technical support for the U.S. antarc-
tic program environmental review.
DPP 89-12136. $72,921.

McFeters, Gordon A. Montana State
University, Bozeman, Montana. Per-
sistence, distribution, and environ-
mental impact of enteric bacteria in
antarctic seawater. DPP 89-14361.
$76,712.

Oliver, John S. San Jose State Univer-
sity, San Jose, California. Benthos in
Antarctica. DPP 89-14858. $81,429.

Webb, James E. Naval Electronic Sys-
tems Engineering Center, Charleston,
South Carolina. Electronics and com-
munications systems services for re-
search, design, development, and
management in support of the U.S.
Antarctic Program. DPP 90-21715.
$120,000.

Errata: 1989 Antarctic
Journal of the U.S. review

The following table and caption
were omitted from the paper "Ultra-
violet light attentuation in antarctic
waters in relation to particulate ab-
sorption and photosynthesis" by B.G.
Mitchell, M. Vernet, and 0. Holm-
Hansen, which appeared on pages
179-181 in the 1989 review issue of

the Antarctic Journal of tltt' U.S. (vol-
ume 24, number 5). The table, which
is referenced on page 180, summa-
rizes the results of an experiment us-
ing water samples taken from a 15-
meter mixed layer of ocean water at
depths of 1 meter and 10 meters. The
experiment was conducted as part of
an investigation of the effects of en-
hanced exposure to ultraviolet radia-
tion on various marine organisms.

Comparison of primary production at station 1209B (60.6°S 63.2 0W) for a
1-meter and 10-meter sample. Each sample was incubated under natural
sunlight attenuated by a 50 percent transmittance neutral density screen.

Some treatments had further spectrally selective attenuation by Schott
long-pass filters. The quartz and pyrex treatments had no filters. Although

both samples were from a physically mixed layer, the 10-meter sample
showed greater sensitivity to ultraviolet exposure than the 1-meter sample.

	

1-meter sample	 10-meter sample

Treatment	 Milligrams of carbon
Percent	Milligrams of	carbon	Percent	per chlorophyll a
quartz	per chlorophyll a	quartz	per hour

Quartz	100	 0.7	 100	 0.6
Pyrex	110	 0.7	 110	 0.7
Schott 305	110	 0.7	 130	 0.8
Schott 320	110	 0.8	 130	 0.8
Schott 335	120	 0.8	 170	 1.0
Schott 375	120	 0.8	 190	 1.1
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Reader survey Antarctic Journal of the U.S.
The purpose of this survey is to evaluate the effectiveness of the Antarctic Jviiriial v( f/ic U.S. in meeting its objectives and the

readers' needs. Is it doing the job it is supposed to do for you? Please help us find out!
The objective of this publication is to describe the U.S. science program in Antarctica, discuss important scientific and

environmental issues related to the southern continent, and present U.S. and international policy issues affecting Antarctica.
The Antarctic Journal is published by the National Science Foundation five times each year—quarterly issues in March, June,
September, and December, along with a special annual issue.

Readers are invited to use this form, which can he cut out and used as a postage-paid self-mailer, to comment on the journal's
content, format, and effectiveness in meeting your needs. Letters or other forms of communication also are welcome. Your
comments will help in planning future issues of the journal. Your response b y 30 August 1991 would he greatly appreciated.

Readers of the Antarctic Journal of the U.S.

How did you receive this copy of the Antarctic Journal?

- on subscription through the Government Printing	- in response to a request for information from the
Office	 National Science Foundation.
from the National Science Foundation

How would you describe yourself? (Please check all that apply.)

- a former participant in the U.S. Antarctic Program	- employee of another government agency or contractor
- a current participant in the U.S. Antarctic Program	with direct involvement in the U.S. Antarctic Program
- a scientist or engineer	 - a media representative
- active-duty military	 - a foreign subscriber (If so, what country?
- employee of the National Science Foundation's support	- a member of the public interested in Antarctica

contractor	 - other (please specify)

What is your level of education?

- advanced college degree	 - college student
- college graduate	 - high-school graduate

Content of the Antarctic Journal of the U.S.

Why do you read the Antarctic Journal of f/ic U.S.? (Please check all statements that apply.)

- I read this publication for information on antarctic science.
- I read this publication for information on national and international policy relating to Antarctica.
- I read this publication for information on U.S. program activities in Antarctica.
- Other reasons or comments about why VOU read this publication.

Do you find the regular features: "Weather at U.S. antarctic stations" and "Foundation awards funds for antarctic research"

useful; - interesting; - not useful?

Does this publication meet your informational needs?

yes - no If not, why not?

What would you like to see added to the Antarctic Joiiriial?
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Further comments

1. Do you like format of the publication? - yes - no

2. If no, how would you improve it?

3. Are there any other ways we can increase the effectiveness of this publication for you?

4. Do you believe the Antarctic Journal is meeting its objective as stated in the opening paragraph?

5. Other comments:

Thanks for your help.
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Weather at U.S. stations

August 1990 	 September 1990
Palmer*	South Pole McMurdo	Palmer	South Pole* McMurdo

	_61.30	-26.3©	_470	_5790	_17.90

	

4530	 5.1	 -6.5©

	

(28)	(2)	(24)	(26)	(19)

	

_74 . 80	36.80	_20.60	_75•70	29.10

	

(9, 10)	(6)	(13)	(6)	(11)
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Prepared from information received from the stations. Locations: McMurdo 77 051'S 166040'E, Palmer 64046'S 6403'W, Amundsen-Scott South Pole 900S.
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.
information to be provided in a later issue.
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Mount Erebus (center of the photograph) is a 3,794-meter active volcano on Ross Island.

NASA photo by Larry Sammons.
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