
U.S. Navy photo by Pat Gilliand.

Under low clouds at 10:56 pm (McMurdo local time) on 10 January 1988, the ski-equipped Hercules
(LC-130) airplane Juliet Delta 321 returned safely to Williams Field after a 17-year absence. The
airplane, piloted by Commander Jack Rector, is shown here as it began its more than 5 hour
flight from an isolated site in East Antarctica. Juliet Delta 321 crashed in East Antarctica on 4
December 1971 and had been buried in the snow for 16 years at this site, which is 870 miles
from McMurdo Station.
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Salvaged airplane returns to McMurdo
Station

Just before 11 p.m. (McMurdo local
time) on 10 January 1988, the cloud-filled
sky above Ross Island echoed with the
sound of LC-130 airplane engines as two
ski-equipped airplanes approached the
ice-shelf runway and prepared to land.
On the ice below a small group of civil-
ian and U.S. military personnel waited
expectantly for the airplanes to land. At
10:56 p.m., the second airplane—Juliet
Delta 321—landed safely on the glacier
ice of the Ross Ice Shelf for the first time
in 17 years. The airplane and its crew

The airplane, which crashed in East
Antarctica on 4 December 1971, had been
buried in the snow for 15 years. Owned
by the National Science Foundation
(NSF), it is one of six LC-130 airplanes
operated by the U.S. Navy Antarctic De-
velopment Squadron Six (VXE-6) as part
of the NSF-managed U.S. Antarctic Pro-
gram.

were greeted by the cheers of the wel-
coming crowd, many of whom had
worked to retrieve the airplane during
the last 3 years.
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U.S. Navy photo by JOl Dan Simon.
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U.S. military and civilian personnel greet 321" pilot Commander Jack Rector, USN, commanding officer of the Antarctic Development Squadron
6, and the flight crew as they leave the airplane at Williams Field.

Commander Jack Rector, the com-
manding officer of VXE-6, piloted the
airplane during the 720-nautical-mile
(870-statute-mile) trip to McMurdo from
the isolated site at 68 020'S 137°20'E.
Powered by four engines, three of which,
along with the flight controls, were sal-
vaged, refurbished, and reinstalled for
the recovery mission, the LC-130 per-
formed well throughout the 5-hour flight,
according to Commander Rector. Be-
cause the airplane's communications
system was only partially restored and
none of its navigation equipment was
reinstalled, a second LC-130, under the
command of Lieutenant Commander
Bradley Lanzer, escorted Juliet Delta 321
on the first leg of its homeward flight.

The recovery, which required 3 years
of planning and field work, was a re-
markable accomplishment not only be-
cause of the effort and dedication of the
people who planned and worked to make
the airplane capable of flying again but
also because of the people who fervently
supported the endeavor.

The LC-130, built by Lockheed's Geor-
gia Corporation, is credited with revo-
lutionizing scientific exploration in
Antarctica. Nicknamed the "Workhorse
of Antarctica," this airplane is a vital link
in the complex logistic system required
to support the U.S. research program on
the southernmost continent. Like other
airplanes, these airplanes can land on
hard-surface and prepared ice runways,
but because they are ski-equipped, they
are able to land where wheeled airplanes
cannot—on rough surfaces such as gla-
cier ice and wind-marred snow. The U.S.
Antarctic Program uses them to trans-
port personnel, cargo, and supplies from
McMurdo Station to all field sites and
inland stations, as well as between Christ-
church, New Zealand, and McMurdo
Station.

On 7 December 1971, Juliet Delta 321
delivered supplies to a traverse team
participating in the International Ant-
arctic Glaciological Project on its way to
the Soviet east antarctic station Vostok.
While taking off, two 165-pound, solid-
fuel rockets (called JATO) broke loose
from their attachment points on the left
rear fuselage and struck the number 2
engine, destroying the propeller and
gear. Flying metal fragments from the
engine, propeller, and gear damaged the
number I engine. From an altitude of 50
feet, the pilot was forced to land the air-
plane. Although it landed safely and no
one was injured, the emergency stop on
the rough snow surface collapsed the
main nose landing gear. Four days later,
Navy investigators came to site, in-
spected the airplane, and decided that
salvaging it would be too costly and dan-
gerous.

Following the successful recovery of
three other damaged LC-130s from an-
other isolated east antarctic site, engi-
neers recommended that Juliet Delta 321
be recovered. Because of budget and
other program restrictions, NSF was not
able to begin recovery efforts until 1985
when planning for the current project
began. In November 1986 a team of six
employees from ITT/Antarctic Services,
Inc.—the NSF antarctic support con-
tractor—made a 135-mile traverse from
the coast to the site with the assistance
of the French antarctic program. When
they arrived at the site, all that was vis-
ible of the airplane was the top 3 feet of
the vertical stabilizer. The depth of snow
from the surface to the landing gear was
now more than 3 feet.

The men worked 10 to 12 hours each
day, 7 days a week, for 1 month. On
Christmas Day 1986, they towed the dis-
abled airplane from the 33-foot excava-
tion pit and parked it on the surface.
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cember) with a fifth annual review
issue by the Division of Polar Pro-
grams, National Science Foun-
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copy or on subscription through the
U.S. Government Printing Office. Re-
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U.S. Navy photo by Pat Gilliand.

Juliet Delta 321 prepares to take off from the east antarctic site—known as D-59—where it had
been buried in the snow for 16 years. In the background the escort airplane begins its ascent.

They found that the dry, cold antarctic
environment had preserved the airplane
perfectly. By early January 1987, an in-
spection team had determined that the
airplane was repairable. A VXE-6 main-
tenance team removed the four engines
and three propellers and returned them
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to McMurdo for shipment to the to the
Naval Aviation Depot (NAD) in Cherry
Point, North Carolina, where they were
repaired. (A full description of the re-
covery appears in the March/June 1987
issue of the Antarctic Journal of the United
States.)
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In November 1987 a 17-man crew from
NAD and Lockheed Georgia Corpora-
tion flew from McMurdo Station to the
crash site and began repairs to ready the
airplane for flight. They replaced the four
rebuilt engines, propellers, and flight
controls, as well as repaired the main
nose gear, nose-gear landing struts, skis,
instrumentation, and radome. They also
repaired the airplane's left side where
the propellers ripped through the hull
and replaced other hull sections with
specially tempered metal.

During the 5 weeks required to repair
the airplane, their work was often com-
plicated by high winds, blowing snow,
and temperatures that frequently
dropped to –30°C (-22°F). More than
once the small modular building and tent-
like shelters that made up their camp
were buried in snow by fierce storms.
After another U.S. LC-130 crashed at site,
killing two Navy passengers, the team
redoubled its efforts. (See the March 1988
issue of the Antarctic Journal of the United
States for details.)

On 8 January 1988 Mr. Jim Herman,
the official inspector from NAD, certi-
fied that the airplane was ready. VXE-6
flight crews ran final tests. At 6:10 pm
on 10 January, Juliet Delta 321 followed
the escort into the air and headed to-
ward McMurdo Station.

At Williams Field more repairs were
made and a second inspection com-
pleted before the airplane took off on the
next leg of its journey. After about 1 week,
Commander Rector flew "321" to Chri-
stchurch. Once in Christchurch, Air New
Zealand, under a recently signed con-
tract to the U.S. Antarctic Program, be-
gan to prepare the airplane for its flight
back to the United States, where it will
be taken to NAD in Cherry Point for
final repairs.

The cost to recover and restore the
airplane is less than one-third of the $35
million purchase price of a new, simi-
larly equipped airplane. While "321" will
return to antarctic service, it will take
several years before it is ready. In March
1989 a VXE-6 flight crew will fly the air-
plane to Cherry Point. In addition to
being repaired, the airplane will be in-
cluded in a special modification program
that all USAP airplanes are undergoing.
The purpose of this program is to up-
grade the structure and avionics equip-
ment of all LC-130s used by the United
States to support antarctic research. The
U.S. program plans to begin using "321"
in the Antarctic during the 1990-1991
austral summer.

One of the people who worked to repair "321" in East Antarctica watches as the airplane begins
its homeward journey. During November and December 1987, personnel from the Naval Aviation
Depot in Cherry Point, North Carolina, and from Lockheed Georgia Corporation worked to prepare
"321" for this flight. The airplane was retrieved from its icy tomb on 25 December 1986 by
employees of ITT/Antarctic Services Inc. (ITT/ANS) and flown out by U.S. Navy personnel of the
Antarctic Development Squadron 6 (VXE-6).

U.S. Navy photo by Pat Gilliand.
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U.S. scientists tackle mystery
of seasonal antarctic ozone depletion

Total ozone losses in the depleted re-
gion above Antarctica reached 50 per-
cent in October 1987, with losses in the
9- to 12-mile (15- to 20-kilometer) alti-
tude range soaring to 95 percent. The
austral spring depletion, which in the
past has begun in September and per-
sisted through October with a recovery
by mid November, extended to late No-
vember and into early December in
1987—the longest recorded period of
depletion since scientists began moni-
toring the phenomena. Outside of the
depleted region at latitudes above the
southern tip of South America, scientists
recorded the lowest ever levels of total
ozone during the austral spring. Addi-
tionally, since 1979 the temperature
within the area of ozone depletion and
at an altitude of 9 miles (15 kilometers)
has dropped 8°C (Kerr 1988).

For more than a decade scientists have
suggested that chlorofluorocarbons,
along with other processes and atmos-
pheric constituents related to human ac-
tivities, are damaging the life-protecting
ozone layer that envelops the Earth. But,
none of the climate models predicted the
appearance of this springtime depletion
above Antarctica. The discovery of this
ozone "hole" focused scientific and pub-
lic attention on the status of the ozone
layer and the effects of man-made chlo-
rofluorocarbons on the atmosphere.

In a May 1985 issue of the scientific
journal Nature, British scientists re-
ported that during the austral spring be-
tween 1975 and 1985 total ozone above
Antarctica had decreased by 40 percent.
Data for this paper, prepared by re-
searchers working at the British Antarc-
tic Survey (BAS) station Halley, came
from ground-based observations made
since the 1950s over Halley Bay in the
eastern Weddell Sea. In a second Nature
paper U.S. scientists from the National
Aeronautics and Space Administration
(NASA) corroborated these findings with
data collected by instruments aboard the
Nimbus 7 satellite. Daily ozone maps,
compiled since 1979 with a total ozone
mapping spectrometer (TOMS), showed
that the spring ozone depletion ex-
tended over much of Antarctica, creat-
ing a "hole" in the ozone layer about the
size of the United States.

Responding to these alarming an-
nouncements, the National Science
Foundation (which manages and funds
the U.S. Antarctic Program), NASA, and
the National Oceanic and Atmospheric
Administration (NOAA) organized an
interagency expedition in 1986 to collect
data on the ozone hole above McMurdo

Station. Additional support was pro-
vided by the Chemical Manufacturers
Association.

This 1986 expedition, known as the
National Ozone Expedition or NOZE I,
confirmed that the ozone hole existed
and provided data that augmented the
earlier observations. The findings lead
to two expeditions in August 1987-
ground-based studies at McMurdo Sta-
tion (NOZE II) and an airborne expe-
dition above the Antarctic Peninsula.
Analysis of data from 1986 and 1987,
along with other information, have es-
tablished that human-made chlorofluo-
rocarbons (CFCs) are most likely the
primary cause of the antarctic ozone hole.
However, the data also have pointed to
many unanswered questions about the
climate dynamics that enhance the ef-
fects of CFCs.

Ozone
Ozone (03), critical to life on Earth, is

created when solar ultraviolet radiation
acts on oxygen. Although ozone exists
throughout the atmosphere in small
amounts, it is concentrated in the strat-
osphere in a layer between about 9 and
18 miles (15 and 30 kilometers) above the
Earth's surface. Maximum concentra-
tions of ozone occur at approximately 15
miles (25 kilometers) altitude. Here, the
molecule absorbs significant amounts of
ultraviolet (UV) radiation with wave-
lengths between 240 and 320 nanome-
ters. This radiation is lethal to such single-
celled organisms as algae, bacteria, and
protozoa, and to surface cells of higher
plants and animals. It also damages the
genetic material of cells. In humans, not
only does UV radiation cause sunburn,
but at wavelengths of 290 to 320 nano-
meters it also has been correlated with
the incidence of skin cancer.

Ozone absorbs solar UV radiation,
visible radiation, and infrared radiation.
This absorption causes the temperature
to increase from about 220 Kelvin at the
tropopause (the boundary between the
troposphere and the stratosphere be-
tween 5 'niles and 9 miles altitude) to
about 280 i..elvin at the stratopause (the
boundary between the stratosphere and
the mesosphere at about 31 miles alti-
tude). This ozone heating process is the
major source energy that drives upper-
stratosphere and mesosphere circula-
tion. Besides these effects, ozone ab-
sorbs and emits terrestrial infrared
radiation and, consequently, influences
to some extent meteorologic patterns that
affect climate.

Ozone density is monitored world-
wide from ground stations, from instru-
mented balloons, and from satellite-borne
instruments. From these observations
and measurements, atmospheric scien-
tists have determined that ozone density
in both hemispheres fluctuates season-
ally. Data also show that for most of the
year, the amount of ozone in the at-
mosphere increases with latitude and
reaches a maximum in early spring.

Differences do exist between the two
hemispheres. The maximum spring
ozone level for the Northern Hemi-
sphere is found near the North Pole,
while in the Southern Hemisphere the
spring maximum occurs between 50°S
and 60°S (over the southern tip of South
America). This is related to differences
in stratospheric dynamics of the two
hemispheres. For example, one aspect
of stratospheric dynamics—planetary
waves—affects each hemisphere dis-
similarly. These waves, which drive lower
stratosphere circulation, are caused by
ocean-land temperature contrasts and the
effects of large mountain ranges. In each
hemisphere the number of high moun-
tain ranges and the amount of land to
ocean area differs; consequently, tem-
peratures and ozone levels will not be
the same. During the austral spring ozone
levels and temperatures are lower near
the South Pole than they are near the
North Pole in the boreal spring. (Bras-
seur, 1987)

A unique feature of antarctic climate
dynamics apparently affects ozone lev-
els over the continent in general and
contributes to the formation of the ozone
hole. During the winter, a stable low-
pressure system with low temperatures
builds up over the continent. Surround-
ing this system is a belt of strong wes-
terly winds. Called the polar vortex, this
system seals off the atmosphere and
prevents an influx from northern lati-
tudes of warmer air and ozone from mix-
ing with the atmosphere above
Antarctica. (Brasseur, 1987)

Research to date suggests that the po-
lar vortex sets up a self-contained "re-
action vessel" in which ozone-destroying
chemical reactions occur and produce the
spring ozone hole. Coupled with this
isolation are stratospheric temperatures
that fall below - 80°C—the point where
water condenses to form polar strato-
spheric clouds, believed by atmospheric
scientists to have a significant role in
ozone depletion.

Data from the British researchers show
that for the two decades before 1975
spring ozone concentrations over Ant-

Antarctic Journal



arctica remained constant. After 1975 they
found that between September and No-
vember the ozone was depleted and that
each year the magnitude of the deple-
tion increased. Measurements taken in
1986 indicated that in October total ozone
abundances were half as large as they
had been between the 1950s and the early
1970s. According to Susan Solomon, chief
scientist for both U.S. National Ozone
Expeditions, this is the largest, statis-
tically significant perturbation to a
monthly averaged ozone climatology ever
recorded." (Solomon, 1987)

Several hypotheses were initially posed
to explain what causes the hole. Among
these were:

• the action of atmospheric upwelling
that brings ozone-depleted air or ozone-
destroying atmospheric gases into the
lower stratosphere

• high solar activity that produces large
amounts ozone-destroying nitric oxide

• extremely low temperatures com-
bined with polar stratospheric clouds that
lead to unusual chlorine chemistry and
destroy ozone.

Each theory was consistent with the
ozone observations available before 1986.
About 20 molecules have important roles
in ozone chemistry, and each theory
predicts completely different behavior
for each of these molecules. To identify
whether one of these theories or other
unknown processes caused the hole, data
acquired during the formation and dis-
sipation of the hole were necessary.

Antarctic ozone research
NOZE I. In late August 1986, 18 sci-

entists, forming four research teams,
went to McMurdo Station. Between Au-
gust and mid November they conducted
the first series of studies designed spe-
cifically to determine what caused this
alarming springtime depletion. The four
teams were from the University of Wy-
oming, the State University of New York
at Stony Brook (SUNY), NASA's Jet Pro-
pulsion Laboratory (JPL) in Pasadena,
California, and NOAA's Aeronomy
Laboratory in Boulder, Colorado. These
groups were coordinated by the expe-
dition's chief scientist, Susan Solomon
of NOAA's Aeronomy Laboratory.

Wyoming scientists launched thirty
19,000-cubic-foot balloons instrumented
to measure ozone and three 54,000-cu-
bic-foot balloons carrying aerosol mea-
suring devices. Using a millimeter-wave
spectrometer, the SUNY team measured
vertical profiles of chlorine monoxide,
nitrous oxide, hydrogen cyanide, and
ozone, while the JPL group measured
the absorption of solar infrared radiation
by atmospheric gases. To determine ni-
trogen dioxide and ozone levels, NOAA
scientists used an ultraviolet spectro-
photometer. Despite the difficulties of
conducting research in Antarctica dur-

L

ing August and September when tem-
peratures are still quite low, all four
groups returned with data that greatly
increased understanding of the ozone
hole's vertical extent and structure and
that provided scientists with informa-
tion necessary to determine the cause of
the hole.

In 1986 the ozone hole, which reached
a 40-percent loss of total ozone, ap-
peared in September and developed
rapidly—between 20 and 30 days. As in
previous years, the hole was not sta-
tionary. From balloon-sonde data, in-
vestigators learned about the vertical
structure of the hole. They found that
the hole exists at altitudes between about
7.2 and 12 miles (12 and 20 kilometers)
and that the change begins at higher al-
titudes and progresses downward. In the
hole the vertical structure of the deple-
tion exhibits layering with considerable
changes in ozone levels occurring within
height differences of only a few hundred
meters.

NOZE I also provided significant new
data on the chemical composition of the
hole and the presence of other trace gases
in the atmosphere. SUNY investigators,
after analyzing their data, reported that
chlorine monoxide levels in the hole were
100 times greater than the amounts nor-
mally present in the antarctic strato-
sphere. For most of September and
October, they also found that nitrous ox-
ide was present in such small amounts

NASA photograph.

that they could barely detect it at all in
the polar stratosphere.

Although NOZE I investigators re-
turned from Antarctica with these and
other new data about the ozone hole,
they did not believe that they had con-
clusively solved the mystery of the ozone
hole's formation. Their data suggested
that chemical processes (particularly
those related to chlorine) combine with
unique features of the antarctic climate
to produce the ozone hole. University
of Wyoming investigators hypothesized
that the vertical structure, low altitude,
and chemical composition of the hole
might be associated with the springtime
evaporation of polar stratospheric clouds.
NOAA investigators found that the ni-
trogen dioxide abundances were the
lowest that they had ever observed any-
where in the world. These results were
consistent with the theory that chlorine
was a major factor in the depletion.

Evidence from all NOZE I investiga-
tions tended to rule out solar activity
and climate dynamics as causes. The so-
lar activity model implies that large
changes occur in the ozone at altitudes
well above 12.4 miles (20 kilometers) and
assumes that high levels of nitrogen
dioxide would be present.

In the dynamic model, significant
movement of air from lower altitudes
into the stratosphere would occur. Mea-
surements of atmospheric constituents
inside and outside the hole, along with

This series of Southern Hemisphere polar plots show the total ozone distribution between mid
August and mid September 1987. The data were taken with the Total Ozone Mapping Spectrom-
eter (TOMS) instrument carried by NASA's Nimbus-7 satellite.
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NASA photograph.

By 15 September TOMS data showed that all of Antarctica had a total ozone value less than 225
Dobson units with the minimum value being less than 175 Dobson units. On or about 9 September
when the ozone hole across Antarctica began to deepen uniformly, the ozone in the South Pacific
ring area increased substantially.

aerosol/particle densities in the hole pro-
vided no evidence of upward move-
ment. NOZE I investigators asserted that
dynamic processes have a role in the
ozone hole phenomenon by determin-
ing the unusual springtime conditions
in the antarctic atmosphere and by caus-
ing seasonal appearance and disappear-
ance of the hole. However, insufficient
evidence was found to support dynamic
processes as the single cause of the phe-
nomenon.

Besides describing the structure of the
ozone hole, data from this first year of
investigations did establish certain pa-
rameters that any mechanism proposed
as the cause would have to meet. Among
these, the mechanism must account for:

• the occurrence of the depletion at
relatively low altitudes (12 to 20 kilo-
meters)

• rapid generation of the depletion
• the low levels of nitrogen dioxide

and nitrous oxide within the hole
• the presence of chlorine molecules

(in a form destructive to ozone) in abun-
dances less than 1 part per billion in vol-
ume.

Most importantly, the first series of
investigations emphasized the need to
pursue these questions further and laid
the ground work for NOZE II and other
investigations.

NOZE II and the Airborne Antarctic
Ozone Campaign. NSF, NASA, and

NOAA supported and organized in 1987
an expanded investigation that included
ground-based NOZE II investigations at
McMurdo Station and airborne studies
flown from Punta Arenas, Chile. The
objectives of both sets of studies were
to determine and distinguish what parts
dynamic processes and chemical pro-
cesses have in forming the ozone hole
and what other mechanisms, if any, may
be contributing to the creation of the hole.

Beginning in mid August, the Air-
borne Antarctic Ozone Campaign
(AAOC) involved 150 scientists from 19
organizations representing the United
States, Great Britain, Chile, and Argen-
tina. During 6 weeks in August and Sep-
tember, two specially equipped NASA
airplanes—an ER-2 and a DC-8—flew
175,000 kilometers in and around the
ozone hole over the Antarctic Peninsula
region and as far south as the South Pole.
The ER-2, an advanced U-2, high-alti-
tude airplane, made 12 flights at alti-
tudes between 12 and 18.7 kilometers
along the Palmer Peninsula. The objec-
tive of these flights was to collect data
on winds, atmospheric pressure, tem-
perature, and the distribution of atmos-
pheric chemicals including ozone,
chlorine monoxide, bromine monoxide,
nitric oxide, and water. The second
NASA airplane, a DC-8 modified for use
as an airborne atmospheric laboratory,
flew 13 long-range, medium-altitude (up

to 10 kilometers) flights to measure the
distribution of ozone and other atmos-
pheric chemicals. Throughout these
flights, meterological data from Nimbus
7, other weather satellites, and U.S. ant-
arctic stations were provided through a
system established by NASA.

At McMurdo Station six teams began
work in late August. Three teams-
NOAA's Aeronomy Laboratory, SUNY
at Stony Brook, and the University of
Wyoming—that had participated in the
1986 investigations, returned to Mc-
Murdo Station. Conducting similar in-
vestigations, these teams modified their
experiments and instruments to better
collect the data needed to describe the
role and concentrations of such chemi-
cals as chlorine monoxide and nitrogen
compounds and such phenomenon as
polar stratospheric clouds.

Two of the three new teams, one from
SRI International and the other from
NASA's Goddard Space Flight Center,
used lidars (laser infrared radar). Inves-
tigators from SRI studied the height and
location of polar stratospheric clouds and
of layers of aerosols in the stratosphere.
The NASA group used their lidar to
measure vertical profiles of ozone, aero-

University of Wyoming researchers, David
Hofmann and Jerry Harder, prepare one of 33
instrumented balloons for launch near Mc-
Murdo Station in October 1986.

NSF photo by Jim Herpoisheimer.
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NSF photo by Mark Muller.

The University of Wyoming research team prepares to launch their 141-cubic-foot, instrumented balloon during NOZE II in August 1987. The balloon
carries ozonesondes that measure the vertical profiles of ozone and temperature. Measurements will be taken from the ground up to an altitude of
30 kilometers (18 miles). During NOZE I, University of Wyoming investigators obtained data indicating that the hole exists at altitudes between
about 7 and 12 miles (12 and 20 kilometers) and that the destruction of ozone begins at higher altitudes and progresses downward.

sols, and temperature. The third new
research team, which was from the Uni-
versity of Denver, measured the absorp-
tion of solar infrared radiation and
infrared emissions of trace gases in the
atmosphere.

Results from both the NOZE II and
AAOC studies corroborated the 1986 re-
sults and supported the theory that
chlorine monoxide, derived from chlo-
rofluorocarbons, is pivotal to the mech-
anism destroying the ozone layer above
Antarctica. They found that chlorine
monoxide levels were again 100 times
greater than those observed at mid-lat-
itudes. Nitrogen compounds were low
within the hole, and nitric oxide, nitro-
gen dioxide, and nitric acid decreased in
abundance toward the Pole. Bromine
monoxide, which like chlorine com-
pounds is derived from industrial activ-
ities, was present but at such low levels
that it did not appear to have a signifi-
cant part in ozone destruction.

Meteorological processes and phe-
nomenon, particularly polar strato-
June 1988

spheric clouds, must also contribute to
the ozone-destruction cycle. NASA in-
vestigators flying over the Weddell Sea
recorded between 4 and 6 September a
10-percent drop in ozone levels over 3
million square kilometers of the Palmer
Peninsula. Although they are unsure
where the ozone-poor air came from, they
believe only air circulation and not
chemical reactions could cause such a
sudden, drastic change.

At McMurdo SRI scientists detected
the presence of polar stratospheric clouds
at altitudes of 10 to 22 kilometers on 16
out of 22 days of observations. They also
reported that significant changes in the
vertical distribution of clouds occurred
at intervals as short as 5 minutes.

Results of ozone research
With data from the two NOZE stud-

ies, the AAOC study, other scientists,
government agencies, and antarctic pro-
grams of other nations, scientists have
developed a theory to describe the cause

of the ozone hole. Both meteorology
unique to Antarctica and chlorine chem-
istry contribute to the depletion.

Because the polar vortex isolates the
antarctic atmosphere and prevents it from
mixing with warmer, more ozone-rich
air from northern latitudes, a self-con-
tained system is created. In this isolated
atmosphere temperatures fall to - 80°C
and below at which point water vapor
condenses and creates ice-cloud parti-
cles.

Some scientists have suggested the
creation of these ice particles may also
explain why nitrogen compounds are al-
most non-existent in the region of the
hole. The extremely low temperatures
may freeze nitric acid, causing it to fall
to lower levels of the stratosphere. Some
evidence for this denitrification process
was provided by NASA researchers when
they found nitrogen compounds in some
ice particles.

The ice particles in polar stratospheric
clouds appear to provide surfaces where
a series of heteorogeneous reactions oc-
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cur and release ozone-destroying forms
of chlorine. As the sun rises in the spring,
reactions between chlorine compounds
and ozone occur and rapidly form new
compounds. Usually, nitrogen and other
compounds unite with chlorine and pre-
vent it from forming ozone-destructive
compounds, but, because these have
been depleted from the stratosphere in
the region of the ozone hole, chlorine
freely continues its destructive path. The
hole begins to dissipate as air tempera-
tures rise above - 80°C and ozone-rich
air is brought from lower altitudes and
lower latitudes.

Although atmospheric scientists now
agree that chlorine from chlorofluoro-
carbons is the primary ozone-destroying
agent, many questions remain unan-
swered. The contributions of other at-
mospheric gases, such as bromine oxide,
are still unclear, as is the frequency at
which destructive chlorine compounds
are formed. What becomes of nitrogen
compounds and other compounds that
neutralize the effects of chlorine on ozone
and how nitrogen compounds are re-
moved from the hole remain unclear.
Although investigators agree that the
antarctic climate regime contributes to
the destruction of ozone, how processes
that make up this regime contribute is
still largely unknown.

Recent reports from NASA that ozone
levels have decreased worldwide, al-
though at a much slower pace, empha-
size the importance of these questions.
Studies in 1988 of the arctic atmosphere
show that similar chlorine compounds
are present, and some scientists have
reported that they have recorded areas
of ozone depletion over the Arctic.
However, because the arctic atmosphere
is warmer and less isolated, many sci-
entists question whether an area of ozone
depletion like the antarctic ozone hole
could occur in the Arctic.

Although in the Antarctic NSF contin-
ues to support research that will provide
data related to these and other ques-
tions, the Foundation also is focusing on
how an ozone-depleted atmosphere af-
fects plant, animal, and human life.
During the 1987-1988 austral summer
the Foundation through the U.S. Ant-
arctic Program extended support for
ozone-related research to include stud-
ies of how ultraviolet (UV) radiation,
which can be divided into four catego-
ries based on wavelength, is affecting
the antarctic marine ecosystem. Two cat-
egories—UV-B (280 to 320 nanometers)
and UV-C (200 to 280 nanometers)—have
direct lethal effects on organisms. One-

UV-A (320 to 400 nanometers)—can
damage organisms but must be present
at high levels before its effects are as
damaging as the other two. Although
data from the projects conducted during
the 1987-1988 austral summer are not
yet available, plans have been made to
support more of this type of research
during the 1988-1989 austral summer.

To learn how much UV radiation is
penetrating the atmosphere, the Na-
tional Science Foundation has installed
UV monitors at all three U.S. year-round
stations and at Ushuaia, Argentina. The
systems measure from 280 to 400 na-
nometers and can scan at increments of
0.05 nanometers. A panel will use the
data to help evaluate health and envi-
ronmental consequences of increased UV
radiation resulting from the ozone de-
pletion. These data also will be available
to researchers for other investigations.
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McMurdo Station gets
satellite-image
processing system

In October 1987 at McMurdo Station,
the U.S. Antarctic Program installed a
new satellite data-handling and imag-
ing-enhancing system that supplies in-
formation on weather, ocean, and ice
conditions in Antarctica year-round.
Called GODDESS (Geophysical Opera-
tional Data Display Environmental Sat-
ellite System), the system was first
established at the Antarctic Research
Center of Scripps Institution of Ocean-
ography in April 1987. The data are col-
lected from two TIROS-N satellites
(NOAA-9 and NOAA-10) of the Na-
tional Oceanic and Atmospehric Admin-
istration (NOAA) and two satellites in
the Department of Defense Meteorolog-
ical Satellite Program (DMSP).

GODDESS enables collection, inter-
active digital processing, and archiving
of visible and infrared satellite imagery
not only for weather forecasting but also
for a wide variety of research uses. Vi-
sual data will provide information on
glacier movement, crevasse detection,
ice mapping, and weather conditions.
Infrared data will be useful for studying
such oceanic features and conditions as
currents, upwelling, and variations in
sea ice cover.

On 26 October researchers collected
their first image, of a 2,000-mile swath
across West Antarctica and the Ross Ice
Shelf. Other images have followed—
several a day—covering about 85 per-
cent of Antarctica. Resolution ranges from
550 meters with the DMSP very-high-
resolution channel in the near-infrared
to about 2 kilometers near the edges of
the NOAA-9 and NOAA-10 swaths. The
satellites image at visible, near-infrared,
and deep-infrared wavelengths.

The National Science Foundation
funded the new system to improve the
safety and efficiency of aircraft opera-
tions and to supplement and extract
maximum value from field data collected
by both satellite and nonsatellite meth-
ods. Robert H. Whritner, Scripps Insti-
tution of Oceanography, installed the
system with Ted Young of SeaSpace, a
San Diego software firm. Scripps devel-
oped the system under a grant from NSF.

The most immediate affect of the new
system has been to provide images use-
ful for improving weather forecasting for
aircraft operations in the data-sparse
Antarctic. These images show current
weather, the speed and movement of
clouds, and changes in weather sys-
tems. Two years ago the Naval Support
Force Antarctica (NSFA), in cooperation
with the Marine Corps, began collecting
and using DMSP images at McMurdo for
weather analysis and forci Ling. The new
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system has helped Navy's meterologists
make full use of the data available to
them through the DMSP satellites.

With the new system, researchers can
stretch the imagery and, consequently,
differentiate between various features.
Such enhancement may offer a new way
to measure cloud top temperatures, au-
rora, winds over water, wave action, ice
surface and sea surface temperatures,
calving of icebergs, glacial movement,
and possible many others. The imagery
should be particularly valuable when
combined or compared with other data.

At McMurdo Station, investigators
began using the system immediately.
Glaciologist Robert Bindschadler, from
the National Aeronautics and Space Ad-
ministration (NASA) Goddard Space
Flight Center, notes, "The data are col-
lected at wavelengths different from
SPOT and Landsat and enable us to
compare glacial features. Also, the
Scripps system collects data all the way
to 90°, while SPOT goes only to 86° and
Landsat to 82°S. A lot can be done with
the lower resolution imagery offered by
this system. The low cost to users is a
plus."

In the future, the system may be use-
ful in research on regional phenomena
such as the antarctic ozone hole. GOD-
DESS images could produce show the
extent of the polar vortex, which ap-
pears to confine the area of ozone de-
pletion. With these data, atmospheric
researchers could correlated the imagery
with data collected at discrete locations
(as from ground instruments or bal-
loons) to show the areal extent of fea-
tures.

Climate researcher Thomas R. Parish
from the University of Wyoming has al-
ready found the images useful in his
study of katabatic (gravity-driven) winds
that occur around the coasts of Antarc-
tica. According to Dr. Parish, who is par-
ticularly interested in wind phenomena
at Terra Nova Bay, "These images are
the first vailable data to support our nu-
merical simulations that predict conflu-
ence zones at the heads of glaciers. They
also show something not predicted: ka-
tabatic winds extending hundreds of kil-
ometers past the ends of glacier valleys.
And we haven't even begun interactive
use."

The software enables quick overlay of
such graphics as coastline, grid, con-
tours, flight tracks, and ship or station
positions. Because the data can be en-
hanced, small features can be expanded
to fill the entire high resolution display.
During periods of minimum cloud cover,
mosaics can be compiled to provide im-
ages of the ocean and ice surface. Time-
sequencing of images can be performed.
The system software also will help me-
teorologists and researchers to differ-
entiate between clouds and ice in two
ways. Because of the low sun angle, they

could distinguish clouds from ice visu-
ally or, by using the infrared bands, could
differentiate on the basis of tempera-
tures, as low clouds generally are warmer
than glacial surfaces.

Because the system will operate year-
round, much new winter data, collected
when Antarctica is dark, will be acquired
and archived. Using the low light sensor
on DMSP, "you'll be able to see Mc-
Murdo if the lights are on," said Whrit-
ner. "With a quarter moon or more, you'll
see the cloud cover."

Scientists wishing to obtain or work
interactively with imagery from the sys-
tem should contact Robert H. Whritner,
Manager, Antarctic Research Center,
Ocean Research Division, A-014, Scripps
Institution of Oceanography, La Jolla,
California 92093 (619-534-3785).

Canada accedes to the
Antarctic Treaty

On 4 May 1988, Canada became the
38th nation to recognize the 1961 Ant-
arctic Treaty when it acceded to the treaty.
Austria, Czechoslovakia, Denmark, Ec-
uador, the Netherlands, Romania, Bul-
garia, Papua New Guinea, Peru, Spain,
Hungary, Sweden, Finland, the Repub-
lic of Cuba, the Republic of Korea, Greece,
and the Democratic People's Republic of
Korea are the other acceding nations.
These countries agree to abide by the

Antarctic cooperation
The following is an address presented at a

service to mark the fifty-fourth anniversary
of the New Zealand Antarctic Society, Wel
lington Cathedral, Sunday, 15 November
1987, by Paul M. Cleveland, Ambassador of
the United States of America.

Lieutenant Matthew Fontaine Maury,
a Tennessee farm boy born in 1806, who
was a Naval midshipman and young of-
ficer in the U.S. Navy's Pacific Squadron
in the 1820's and 30's, was not an ant-
arctic explorer and was a scientist in only
a limited sense. Yet his contribution to
antarctic exploration and science was
profound.

The story of Maury's contribution be-
gins after brief initial service off the west
coast of South America on the Relief and
the Macedonian, when in October 1839,
while traveling from his parents' home

Treaty but do not participate in its op-
eration. Since the twelfth Antarctic Treaty
Consultative Meeting in 1985, these na-
tions, however, have been invited to
participate as observers at regular meet-
ings of the consultative parties.

The consultative parties, all of which
are original signatories to the Treaty or
have substantial programs in Antarctica,
are Argentina, Australia, Belgium, Bra-
zil, Chile, France, the Federal Republic
of Germany, German Democratic Re-
public, India, Italy, Japan, New Zea-
land, Norway, the People's Republic of
China, Poland, the Republic of South
Africa, the Soviet Union, the United
Kingdom, the United States, and Uru-
guay.

To achieve consultative status a coun-
try must demonstrate its interest in Ant-
arctica by conducting substantial scientific
research in Antarctica. Establishing a
scientific station and sending a scientific
expedition to Antarctica are examples of
"substantial scientific research." Con-
sultative parties participate in the delib-
erations, recommendations, and
decisions of the Antarctic Treaty con-
sultative meetings. A recommendation
to the Treaty requires unanimous ap-
proval by all voting representatives, but
it does not enter into force until all of
the consultative parties have ratified it.

Accession to the Treaty is open to "any
state which is member of the United Na-
tions, or any other state which may be
invited to accede to the Treaty with con-
sent of all Consultative Parties." (Article
XII, paragraph 1.)

in Tennessee, he was injured in a stage-
coach accident in Ohio, was left with a
permanent limp, and never again served
aboard ship.

Maury was an energetic and resource-
ful man, however, not to be done out of
a naval career so easily. By this time in
his life, he had already written articles
on technical naval subjects which had
been published in the American Journal
of Science and Arts and at the age of 27
had authored a book on navigation, cop-
ies of which were on every ship in the
U.S. Navy. He hadn't liked his naviga-
tion courses at Annapolis, but unlike most
of us, he did not leave matters there; he
rewrote the textbook.

Later, during recuperation from his
accident, Maury turned out a flood of
articles, some under pseudonyms, which
were critical of United States naval train-
ing and inefficiency. In 1842, Maury was
appointed Superintendent of the Navy's
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Depot of Charts and Instruments, which
was later combined with the new Naval
Observatory, whereupon he became the
Observatory's first Superintendent.

On the shelves at the Depot of Charts
and Instruments, Maury found a great
store of naval vessel logbooks which he
realized comprised a systematic record-
ing of the world's oceanic winds, cur-
rent, and weather. From this initial
observation, the curious and observant
Tennessee farm boy began what became
20 years of work, detecting patterns of
oceanic data distribution and develop-
ing his Wind and Current Charts, later his
Sailing Directions, and eventually his book:
Physical Geography of the Sea. He had no
budget or publishing capability but gave
his charts to naval and later commercial
mariners in exchange for their promise
to maintain an abstract log of locations,
winds, currents, temperature, pres-
sures, and magnetic variations. Through
the exemplary cooperative effort which
Maury developed, he produced increas-
ingly fulsome and precise charts over
the years that benefited the Navy, ship-
ping and insurance companies, navi-
gators, and even ordinary seamen. The
first chart alone saved 35 days' sailing
from a round trip voyage from Baltimore
to Rio de Janeiro. Later charts redefined
world sailing and navigation.

In 1853, Maury was authorized to of-
fer the charts and sailing directions to
the navies and merchant ships of certain
foreign countries interested in cooper-
ating. His recommendation to go into
higher latitudes in the Indian Ocean on
a great circular route to Australia led to
discoveries of Heard and McDonald is-
lands. As a result of his proposal, the
first International Maritime Meteorolog-
ical Conference was held in Brussels also
in 1853. Maury was a principal player at
this conference, where the delegates of
10 maritime nations agreed to cooperate
on a system of observations based on
abstract logs patterned after the young
naval officer's.

Maury was wrong about many things.
He did not have a great theoretical mind.
His lack of education in basic physical
theory often betrayed him when it came
to drawing conclusions from the facts he
collected. When his natural curiosity
turned to the blank antarctic reaches on
his charts, he incorrectly concluded that
it was a low-pressure area with high
northerlies and wrote in his Physical Ge-
ography of the Sea:

"During our investigations of the winds
and currents, facts and circumstances
have been revealed which indicate the
existence of a mild climate—mild by
comparison—within the Antarctic cir-
cle."

But Maury was also right about some
very fundamental things. What he con-
tributed in the end to antarctic explo-
ration and knowledge, and more

generally to navigation and maritime de-
velopment worldwide, was his ap-
proach. He went on after his incorrect
conclusions about the climate in the
Antarctic to write that the facts and cir-
cumstances he had collected: ". . . plead
most eloquently the cause of exploration
there."

Moreover, Maury also concluded, 50
years before the great European explor-
ers made it to the Pole, that what was
really needed was an international co-
operative approach to antarctic science.
Hear him, 127 years ago, expanding on
this idea in a paper to the 1861 British
Association for the Advancement of Sci-
ence at Oxford, but also still speaking to
us today:

"For many reasons, this exploration
should be a joint one among the nations
that are concerned in maritime pursuits.
The advantages are manifold; each one
of the cooperating powers instead of
equipping a squadron at its own ex-
pense would furnish only one or two
steamers. . . thus the expanse of a thor-
ough Antarctic exploration like those for
carrying on the Wind and Current Charts
may be so subdivided. . . as literally to
be almost nothing. . . . Such an expe-
dition would have several centers of ex-
ploration. The officers and men under
each flag would naturally be invited by
the most zealous and active emulation.
They would strive so much the more
earnestly not to be outdone in pushing
on the glorious conquest."

Those were far-seeing thoughts on the
eve of the American Civil War. Sadly,
however, nothing came of Commander
Maury's pleas for cooperative antarctic
exploration at that time. When Civil War
broke out, Maury resigned his commis-
sion, putting allegiance to the South be-
fore science and career, and later was to
be branded a traitor by the North. None
of the foreign governments Maury con-
tacted took any action on his recom-
mended international approach. Yet, his
contributions and ideas about Antarctica
lingered in the minds of a few and in-
fluenced inauguration of the first Inter-
national Polar Year in 1882-83, which
eventually led to a second conference 50
years later and to the International Geo-
physical year of 1957-58. Indirectly,
Maury's curiosity, his enthusiasm, but,
above all, his sense of the need for in-
ternational cooperation to properly in-
vestigate our world environment inspire
the myriad searches going on in Ant-
arctica to this day.

"Finis origine pendet," the end de-
pends upon the beginning, reads my old
school motto. It seems to me now an
effort to encourage an orderly life. Peer-
ing out of our McMurdo-bound C-130
porthole at the endless, unlit sea, at
10,000-foot white veils hanging down,
immense dove-gray plumes boiling up
from below, at snow-whitened bowls

raisined with coal-black peaks, at glis-
tening sheets and rivers of ice, I can find
no apparent beginnings and ends, cer-
tainly little order. Land, sea, and sky
merge and part in seamless gray-white
abstractions; so abstract and pure, ver-
tigo sets in, and we have only our air-
craft instruments to rely on. The
mysteries of the universe, the glories and
dangers of nature, the real end and pur-
pose of being tossed around in my mind
as our tiny ship tossed amidst cloudy
seas. Meanwhile, the coffee and sand-
wiches for lunch tossed around in my
stomach, as we tried to sleep crammed
together in webbed seats.

The soaring scenery has inspired and
awed virtually everyone, but science has
been the apparent real purpose of our
antarctic quest. Geologists are fasci-
nated by this loneliest and coldest ref-
ugee from Gondwanaland. What is your
pet: a sedimentary rock made of tiny
creatures who died 40,000 years ago, a
500-million-year-old basement rock from
some primal ooze? Perhaps it is the at-
mosphere, cosmic rays, the growing
ozone hole and greenhouse effect, or the
anti-freeze in the fish. Maybe we will
find Amundsen's South Pole tent 20 feet
down with radar on our day off next
Sunday; more important is what the ra-
dar tells us of the 10,000 feet of packed
ice accumulated at the Pole over a period
of 40,000 years.

Are we poisoning ourselves with mer-
cury in the atmosphere? Have the Pa-
got hermia borchgreniki got cancer? Do some
marine organisms have anti-cancer and
viral properties that might apply to us?
How does an Adélie penguin navigate,
find his way home after a 2,000-mile
journey, where does he go anyway, and
how does he know when to go to bed
when it's light all the time, when to get
up in the perpetual dark? Or, if you are
a generalist: where did the universe come
from and how did our earth evolve?

Somebody, fortunately, is looking for
answers to these questions somewhere
in Antarctica today. People eat heartily
in this climate before going off to their
projects, and breakfast at McMurdo pro-
vides the world's best opportunities for
free adult scientific education available.
Nothing better, before going out to look
for whales and seals, than a breakfast
lecture on the current scientific under-
standing of sensory functions of lateral
lines in notothenoids comparing the an-
terior lines with the trunk lines in fish
with differing feeding habits.

If science has been an object, will com-
mercial exploitation become another? The
question could be vital to survival on our
planet. "No," say some environmental-
ists and scientists who want a world park
for science only. "Inevitably," say gov-
ernments and commercial interests, who
add that the only real question is how
to manage exploitation to avoid ravag-
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ing the environment and undermining
the cooperative treaty regime. Although
odds favor the practical forces, how we
come out, what constraints we impose
on ourselves, remains to be decided.

What about the Treaty regime itself;
is it fair and adequate, apart from the
lacunae still to be filled in? We think so,
but some non-member nations disagree.
Will we be persuaded to modify our po-
sitions and transfer jurisdiction to the
United Nations? Not now; that would
lead to a self-interest-driven scramble
among nations, we believe. But time and
events change circumstances and posi-
tions. Nothing is immutable.

If there are disagreements on how we
direct and organize ourselves, however,
our two countries and many others do
agree on one thing: a cooperative, in-
ternational approach is the key to rea-
sonable answers. We must respect one
another, listen to one another and de-
velop consensus. There are no more races
to the South Pole, to win glory, no ri-
valries such as Amundsen and Scott car-
ried on. No more wintering over "alone"
as Admiral Byrd did. Some might say
that antarctic exploration has lost much
of the romance, the sense of adventure,
that it has always had in the popular
imagination. But the ice does not forgive
mistakes or weakness, as Scott and all
too many others have discovered. Trag-
edy even today can be swift and deadly
when least expected in the world's
harshest environment. As Maury ad-
vised, we have learned that to limit the
costs, we must work together, whether
as scientists, governments or simply as

History
For the uninitiated visitor, arriving at

McMurdo Sound on a C-141 or a C-130
can be a confusing moment. Being met
at the plane by people in a pickup truck
can demolish quite a few myths, espe-
cially for anyone who has been steeped
in the history of antarctic travel, reading
Shackleton, Scott, Amundsen, and
Mawson. Those first few minutes in
Antarctica may be filled with brilliant
white light and frosted breath, but the
next sensation and that which will
doubtless follow the summer visitor, is
the constant hum of vehicle engines.

Some have decried the modern de-
pendence on motor vehicles in the Ant-
arctic as somehow disturbing the pristine
character of the wilderness. But it is ob-
vious that the explorers of the "Heroic"
era did not agree. As early as 1907, Brit-
ish explorer Ernest Shackleton took a

survivors on this planet. The lesson is a
guide to behavior everywhere.

The message inscribed on the cross
marking Scott's burial Cairn on Obser-
vation Hill above our two bases—the fi-
nal line of Tennyson's epic poem
Ulysses—still describes the spirit of Ant-
arctica: "To strive, to seek, to find, and
not to yield." But those who seek, find,
and refuse to yield individual solutions
in Antarctica, whether idealistic or ma-
terialistic, are likely to fail as Scott did.
To penetrate the mysteries of this least-
explored continent, overcome the ad-
versities, reap the greatest good for
mankind, we must, in the spirit of Com-
mander Matthew Maury, seek, find, and
refuse to yield together. It is not as glo-
rious or as captivating an approach. It
takes slow, painstaking work, adding a
few inches a year to the pile of world
knowledge, as the heavens add to the
South Pole Plateau.

Our two great nations lay great claim
to understanding the fundamental ne-
cessity of collective effort to achieve pur-
pose. Born as democracies with deep
belief in God and respect for individual
freedom, we have succeeded in creating
our young nations because we have used
our freedom to work together. More-
over, in Antarctica, New Zealand and
the United States have been an example
of bilateral cooperation to all the world.
We will continue to be so in the future,
I am sure. And I am just as sure that
together we will continue to resolve the
vital antarctic questions we face in ex-
emplary ways that guide progress to-
ward peace throughout the world.

New Arrol-Johnston motor car with him
to Cape Royds. Some have even sug-
gested that he had a dream of driving
his car all the way to the Pole. Of course,
this was not to be, since the car easily
bogged down in even the light snow
cover on the sea ice. The remains of some
of the wheels from the car can still be
seen today at Cape Royds.

By 1910 British explorer Captain Scott
had developed three crawler-tracked
tractors, which he had the Wolseley
Company build. Two were used suc-
cessfully in unloading the ship, but one
fell through the ice and is still there just
off shore at Cape Evans. Scott, too, hoped
for great assistance from these early trac-
tors on his quest for the Pole. But as with
Shackleton a few years before, his hopes
were short lived. The air-cooled engines
on the two remaining tractors over-
heated on the Ross Ice Shelf less than

60 miles (100 kilometers) south, and the
vehicle operators hauled the supplies to
the desired depot.

Later, the Australian explorer Maw-
son unsuccessfully took an airplane fu-
selage to use as an air tractor, and French
explorer Charcot took a paddle-wheel
affair to propel sleds. Shackleton, un-
daunted, tested air tractors, while his
Ross Sea shore Party tried a paddle-wheel
snowmobile. This also proved useless,
but fortunately the vehicle survived and
is now on display at the Canterbury Mu-
seum in Christchurch, New Zealand. All
of these sputtering noisy machines had
much expected of them, and all during
an era that is touted as the pure essence
of the heroic man against nature. They
just did not yet have any vehicles that
worked well, but they certainly tried.

With the enormous technological ad-
vances made during World War I, post-
war expeditions fared much better. For
his first and second expeditions, Ad-
miral Richard Byrd used both tracked
and half-tracked vehicles in logistic sup-
port functions around Little America and
later began to use them as prime movers
on traverses away from the base. In fact,
it was on Byrd II that a team led by
Thomas Poulter drove a Citroen half-track
100 miles (160 kilometers) to Byrd's res-
cue during the polar night.

By 1939, the same Dr. Poulter was
planning an entire traverse expedition
around a monster-wheeled vehicle called
the Snow Cruiser. He had done pioneer
work on the study of vehicular mobility
at Little America II and designed the 55-
ton vehicle to be a mobile, self-contained
base camp, complete with its own re-
connaissance aircraft. Unfortunately,
Poulter's ideas reached beyond what was
known at the time about snow mechan-
ics and the distribution of the weight
through its tires. The Snow Cruiser was
(with nearly 50 years of hindsight) three
to five times too heavy for its four gi-
gantic tires to support it on snow; it never
got beyond Little America III. By the early
1960s, it—along with most of Little
America Ill—had drifted out into the Ross
Sea and disappeared.

It took yet another war, and the at-
tendant technology jumps that modern
wars always usher in, to bring the first
independent long-range mechanical
traverses. The Norwegian-British-Swed-
ish Expedition of 1949-1952 used U.S.
military surplus M-29 Weasel tracked
vehicles in Queen Maud Land and set
the stage for the long-distance traverses
that started during the international
Geophysical Year (1957-1958).

It should be pointed out, however, that
from Byrd I on, almost all major expe-
ditions (and most minor ones as well)
used motor vehicles for local base sup-
port and for ship unloading. At least in
local base settings, tractors were an ac-
cepted feature.

Vehicles on McMurdo Sound
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Ford pickup trucks are the most efficient ve-
hicles to use at McMurdo when conditions al-
low. Fords were chosen as the standard in an
attempt to simplify the spare-parts supply at
the end of one of the world's longest logistic
supply lines.

"The beginning of the Southern Journey." This is one of the tractors which Scott hoped would
give him the edge in reaching the Pole. In 1908 he wrote a paper in which he said that he did
not believe that he could get to the Pole and back using only ponies and hauling.

I$_ -

The workday commute...

A Canadian vehicle, the Foremost Delta Two, uses frame articulation for steering. The woman	The Canadian CN-110 is a normal skid-steer
in the foreground is an "antarctic taxi driver": this is the shuttle operated to Williams Field on the	vehicle which provides the most mobile, but
Ross Ice Shelf.	 somewhat speed-limited, fire-fighting platform

at McMurdo.

IL

The Swedish Hagglunds BV-206 is a two-unit
vehicle which uses articulation between the
units for steering. It can carry 15-17 people
or more than 2 tons (1.8 metric tons) of cargo
and may easily be carried on a LC-130.

* 114 no
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McMurdo style

The Logan Spryte is the most common me-
dium-tracked vehicle in the U.S. program. This
Navy-operated vehicle has an enclosed cargo
area, but they are also used with a crew-cab
and flat bed.

Snowmobiles are the only vehicles which may be lifted by the VXE-6 helicopters. Canadian
Bombardier Alpines are rugged utility models and are also a standardized vehicle to reduce the
spare-parts inventory.

The new vehicle maintenance shop (shown here in December 1986) is now complete and provides	The beginning of the Return Journey." A Lo-
a much better, larger, and more centralized facility than the old collection of buildings. gan Spryte at Cape Evans. Note the width of

the tracks to lower the ground pressure of the
vehicle. The aggressive metal grousers on the
rubber tracks cause a great deal of vibration.

,
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McMurdo today

Systems. The McMurdo Sound of 1988
is a far cry from the one to which Shack-
leton brought his car 80 years ago. To-
day's distribution of logistic support
bases, scientific activities, airfields (both
semi-permanent and seasonal), and new
construction are both widely separated
and diverse. This summary of vehicular
activity will address the various support
systems. The first, base support, in-
cludes day-to-day local use as well as the
extreme seasonal flurry of activity dur-
ing the ship offload. The second, airfield
support, includes both local airfield lo-
gistics and the transport of both passen-
gers and cargo to and from the airfield
locations from the main station, accord-
ing to season. Construction support, the
third type of support system, has been
reasonably active in recent years. Fi-
nally, scientific support includes vehi-
cles that are used both in the area of the
base and are transported out for field
use. Of those transported into the field,
most must be taken by the LC-130s. Be-
cause of size and weight limitations, only
the snowmobiles may be transported by
helicopter.

Seasonal effects. Superimposed over
the four categories of use are two dis-
tinct seasons within the short antarctic
summer. Travel on the sea ice during
the summer season is roughly divided
in mid-December. During the first half
of the season the sea ice offers a firm,
reliable route over surveyed routes. Af-
ter that, accelerated summer melting and
later icebreaker activity make the con-
tinued use of the sea ice impossible. Long
before the under ice begins to deterio-
rate, the surface layers begin to melt and
wheeled vehicles in particular may eas-
ily become immobilized.

The same conditions do not exist on
the Ice Shelf, since there are few areas
on which normal wheeled vehicles could
easily operate. There are, instead, pre-
pared snow roads leading to Williams
Field on which wheeled vehicles can op-
erate. Here again, by late November or
early December these prepared surfaces
start to deteriorate and reliance must be
placed on the terra-tired (balloon-tired),
frame-steered vehicles and tracked ones.
Unfortunately, this coincides with the
beginning of the heaviest use of the ski-
way at Williams Field. In late season, as
the fall temperatures return, wheeled
vehicles can again operate on the snow
roads.

Elsewhere on the Ice Shelf and any-
where in the field, the year-round re-
quirement is for tracks. The opposite case
applies to the roads around McMurdo
Station proper, which are on the vol-
canic cinders of Ross Island. Mobility is
seldom a problem there as the roads are
usually kept clear; but range is restricted
to about 2 miles (3.2 kilometers)!

Current vehicles

The vehicle types in use by the U.S.
Antarctic Program can conveniently be
divided between wheeled and tracked.
The most basic observation is that the
softer the surface or the steeper the slope,
the more rigid the requirement for tracks.
The higher the required speed and the
firmer the surface, then economics de-
mand a switch to wheels. The discussion
here is limited to transport vehicles, but
it should be noted that occasionally con-
struction equipment and materiel han-
dling equipment is pressed into service
as heavy prime movers.

Wheeled. Wheeled vehicles are the
most economical to buy, maintain, and
operate. If a truck will perform the re-
quired duty, then it is far preferable to
use than a tracked vehicle. The draw-
back, of course, is that with all of its
efficiency, it also has the least mobility.
Fortunately, at McMurdo during the
austral summer months, the roads are
almost always clear and for much of the
early and late portions of the season the
snow roads to airfields (both the Ice
Runway and Williams Field) are solid
enough to be passable.

During these times of the year, having
firmer surfaces, the Ford 4 x 4 pickup
truck is the vehicle of choice at Mc-
Murdo. The exclusive use of Fords is an
attempt to standardize the spare-parts
chain and reduce spare-parts inventory.
Although standardization on Fords has
been somewhat successful, several Army
CUCV 4 x 4 diesel pickups (basically
Chevrolet Blazers) are being tested be-
cause of a guaranteed parts supply un-
affected by "model year" changes. They
also have the advantage of being diesel
powered which in the long run will help
reduce the requirement for stocking gas-
oline at McMurdo.

Pickups are used with both normal,
single-bench seat and crew cabs for a
vast variety of duties ranging from light
cargo haulage, maintenance and con-
struction, VIP transport, mail delivery
etc., or just about any conceivable light
chore around the station. They are very
efficient and are operated by the Na-
tional Science Foundation, the Navy, and
ANS in relatively large numbers.

The 4 x 4 shuttle vans are built on
Ford pickup running gear. They per-
form the bulk of the people-moving be-
tween the airfields and the station as
well as to New Zealand's nearby Scott
Base. All of the same conditions hold for
the vans as for the pickups as far as mo-
bility is concerned. The vans, too, are
cheap and effective to operate, and fre-
quently a shuttle van will be used for
the portion of a run which is on solid
enough surfaces before transshipping
passengers to a more mobile but less ef-
ficient system for the remainder of the
trip.

There are also quite a few larger con-
ventional trucks (most are all-wheel drive)
used around town and under similar cir-
cumstances at the airfields. Many of these
are military 5-ton trucks serving as trac-
tors, hauling cargo on semi-trailers to
and from the airfields, as well as con-
tainer trailers and other cargo during the
ship unloading. They are also heavily
used as dump trucks on construction.
Other than the use of DFA (diesel fuel
arctic), low-temperature lubricants, and
block heaters, these trucks remain in near-
normal configuration. Some have been
equipped with oversized tires, but their
configuration prevents too much of a
change.

A second major category within wheels
is the very large terra-tired Canadian
Foremost Delta series. These two-and
three-axle trucks use hydraulic frame ar-
ticulation for steering. The two-axle var-
iant is used mainly as a passenger carrier
or shuttle to Williams Field once the snow
road begins to deteriorate in early De-
cember. They are also used on the pop-
ular Sunday trips to the Ice Cave on the
Erebus Glacier Tongue, the only trip that
most station personnel ever make away
from the immediate station area. The
three-axle types are used for cargo hau-
lage to the runways and are most heav-
ily used to Williams Field. There is also
an airfield fire truck version at the Ice
Runway but its mobility away from pre-
pared roadways is severely limited. Al-
though the terra-tired configuration gives
high flotation or a light footprint (that
is, they do not sink too deeply into the
snow), they can become immobilized
once the snow becomes too soft or if
multiple passes are made over a snow
surface. Breaking or macerating a com-
pacted surface can cause even so large
a tire to sink and start "bulldozing" snow
in front of it causing an ever-worsening
situation. These are the best illustrations
in Antarctica of the idea that what makes
a good northern vehicle (i.e., for muskeg
etc.) does not necessarily make a good
one for Antarctica. Although they have
the reputation of being off-road vehi-
cles, they may operate only over sur-
veyed routes and under very narrow
circumstances.

There are several other wheeled ve-
hicles at McMurdo which have no claim
to off-road mobility in Antarctica and are
confined solely to graded, cleared cinder
roads in town. Among these are an am-
bulance and a fire truck. For these ve-
hicles to leave a dry, hard surface is to
invite almost immediate immobilization.

Tracked. Use of tracked vehicles is
dictated by a requirement to leave pre-
pared surfaces. The rolling resistance of
a tracked vehicle means that it is signif-
icantly less efficient than a wheeled ve-
hicle in the same size range.

On the small end of the tracked spec-
trum are the Bombardier Alpine snow-
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mobiles. They are rather large as
snowmobiles go, but unlike the recrea-
tional machines, they can haul several
sleds in the field. The Alpines were orig-
inally selected for their size, twin tracks,
and towing capability. Although newer
snowmobiles of similar capability are now
being produced, the Alpines serve so
well that there is little cause to switch to
a new type and introduce a need for an
expanded parts supply.

The alpines are almost exclusively user
operated by scientists in the field. They
are the only vehicles that are air trans-
portable by the Navy's helicopters and
are also carried in the LC-130s. Although
their repair record is good, the mechan-
ics claim that the farther from the base

the operation is, the better the care given
to the Alpine.

A large step up in size from the snow-
mobiles are the Logan Sprytes. These
are full band-tracked, skid-steer vehi-
cles. They are powered by gasoline en-
gines with automatic transmissions and
are delivered in two basic models. One
is similar to a crew cab pickup on tracks
with a five-seat cab and a cargo platform
on the rear. The other is a completely
enclosed model with two forward crew
seats and a cargo compartment, which
may also be used for passengers in the
rear. An important feature of this, and
for any enclosed adverse terrain vehicle
(particularly over ice because of the dan-
ger of dropping through), is a roof es-

cape hatch for all personnel
compartments.

The Spryte is an aged but fairly reli-
able design, and although it is some-
what inefficient compared to more
modern designs, it is consistently avail-
able (not true of some newer designs)
and once again the parts supply is sim-
plified with a single design in service.

One recent attempt to provide a ve-
hicle between the Alpine and the Spryte
is the ASV (all-season vehicle). This very
small half-track carries two people plus
a small payload on the rear of its pickup
style body. Its mid-mounted engine
powers a hydrostatic drive system. This
type of sophisticated system controls not
only the speed, but also steers the ye-

Air-cushion vehicle
arrives at McMurdo
Station

The Hake Hover Systems Husky
1500 air-cushion vehicle (ACV) ar-
rived at McMurdo Station and was
reassembled during the first week in
February 1988. This is the first time
that an ACV has been taken to the
Antarctic to be used as an operational
cargo carrier (although the Japanese
have done some experimental oper-
ations with a research vehicle at their
base).

ANS/Navy crew members as well
as a manufacturer's representative

operated the Husky for about 30 hours
over a 5-day period. Few problems
were encountered during these pi-
oneering shakedown test operations:
strong indication that the ACV will
in fact do what it was designed to do.

The Husky proved to be capable of
attaining speeds of 35 miles per hour
(55 kilometers per hour) while car-
rying 14 people and using only 2,100
revolutions per minute (considerably
less than normal cruise power). It was
able to operate in strong headwinds
and stop in 1½ craft lengths from
speeds of more than 20 miles per hour
(32 kilometers per hour).

Various trips were made on both
the Ross Ice Shelf and on the sea ice.
The craft was able to negotiate the
"ramp" between the two without dif-
ficulty. Operations over ice consis-
tently yielded better-than-predicted
performance from the Husky. One trip
on the Ice Shelf, which could have
taken more than 3 hours in a tracked
vehicle, took only 47 minutes in the
ACV.

After the 5-day shakedown, the
Husky was winterized and is in stor-
age awaiting its first full season dur-
ing austral summer 1988-1989.

The Hake Husky 1500 air-cushion vehicle will be operated over the sea ice, on the Ice Shelf, and possibly even further afield. It arrived in January
1988 and is expected to reduce the cost and time of operations away from the main station.
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hide. Another significant feature is its
rubber-coated band track, which re-
duces vibration transmitted into the ve-
hicle and, as anyone who has traveled
far in other tracked vehicles can attest
to, its occupants. This new vehicle is
currently being tested for its suitability
for the U.S. Antarctic Program.

The Tucker Sno-Cat is a unique and
historic vehicle in Antarctica. The orig-
inal Tuckers were used with spectacular
success during the International Geo-
physical Year, most notably on the Com-
monwealth Trans-Antarctic Expedition
and the U.S. series of long-distance air-
supported traverses. More modern
Tuckers are now highly mobile, diesel-
powered vehicles capable of towing
heavy loads on sleds. They have four
independently floating tracks which steer
in pairs. The only real problem with them
is their mechanical complexity and small
internal capacity. They do, however, have
the highest mobility level of any vehicle
currently in the U.S. inventory.

The largest tracked carrier in the U.S.
inventory is the CN-110, another Ca-
nadian machine. The 110's approxi-
mately 5-ton payload and open cargo
deck make it suitable for carrying such
mobile equipment as ice augers, which
are used to drill holes in glaciers or sea
ice. The most mobile fire-fighting equip-
ment is also mounted on the CN-110. It
is a large skid-steer, band-tracked ve-
hicle and is very similar in configuration
to the Spryte. One model also mounts
a passenger "box," and is used as a shut-
tle to Williams Field in the worst surface
conditions.

Although construction and materials-
handling equipment are beyond the
scope of this article, one vehicle of this
type must be mentioned. The Caterpillar
LGP D-8 bulldozer has been a mainstay
of our program. During the Interna-
tional Geophysical Year, they were dri-
ven from Little America V to Byrd Station
to take in the initial construction mate-
rials. They have been and still are used
to tow sleds, disabled vehicles, fuel sleds,
buildings, and anything else in Antarc-
tica that needs moving. The key to their
utility in Antarctica is their very wide
tracks which appreciably lower their
footprint.

Future
The National Science Foundation has

become concerned over the last few years
with the age and composition of its ve-
hicle fleet in Antarctica. The National
Science Foundation, ANS, and the Navy
have addressed the problem and are
trying several new solutions. The pur-
chase and trial of several ASVs and the
Army CUCVs have already been dis-
cussed. This year two Swedish Hag-
glunds BV-106 articulated-steering,
tracked carriers were delivered on the

ship. These diesel-powered vehicles are
already in Antarctica, used by Australia,
New Zealand, and Sweden. They can
carry 15-17 people, or more than 2 tons
of cargo. Their distinctive features are
four rubber-coated tracks, fiberglass
sandwich bodies, and agile articulated
steering. It is hoped that they will add
substantially to the program both around
McMurdo Station and, since they can be
easily carried in a LC-130, in the field.

Finally, during the northern summer
of 1987 an air-cushion vehicle (ACV) was
contracted for and built by Hake Hover
Systems for use in the McMurdo area.
It can carry more than 3,000 pounds (1,500
kilograms) of cargo or 17 people at more
than 35 miles per hour (55 kilometers per
hour). Since it hovers a fraction of an
inch above the surface on an air cushion,
its footprint is so light that the density
of the supporting surface is of no con-
sequence. An important safety feature
is that it is also amphibious. Because it
is "air bearing," its power requirements
are low, and it uses an air-cooled diesel
of only 190 horsepower.

The ACV, called the Husky 1500 (its
payload in kilograms), is to operate over
the sea ice as a support vehicle for sci-
entists, reducing, it is hoped, some drain
on enormously expensive helicopter time.
It will also be used to relieve the shuttle
to Williams Field at high speed during
periods of soft-surface conditions.

The ACV is also planned for use on
the Ice Shelf over reconnoitered routes
and may eventually be used further in-
land or on the polar plateau in East Ant-
arctica if scientific activity demands it.
Two factors which promote inland use
are that it can be loaded into a single LC-
130 and that its ultra-low cushion pres-
sure may make it a much safer vehicle
in crevassed areas. The Husky 1500 will
add a new dimension to travel over sea
ice and around the airfields. Possibly,
its future will be even further afield after
its first operations around McMurdo
Station during austral summer 1988-1989.

The vehicle mix as it now stands is
probably one of the world's most unu-
sual collections of motor vehicles. But it
is also a very effective one in one of the
world's most unusual and severe cli-
mates. Newer and more effective meth-
ods are under test and study. It is quite
possible that Scott and Shackleton would
have admired our efforts to use the new-
est forms of mechanical transport as they
themselves tried so hard to do 80 years
ago.

—J . Stephen Dibbern, U.S. Army For-
eign Science and Technology Center,
Charlottesville, Virginia 22901. Mr. Dib-
bern has advised NSF on special vehi-
cles, (especially the new air-cushioned
vehicle and the adverse-terrain vehicles.

Arctic "Herc" pilots and
and crew assist VXE-6

A line of silver-gray and red ski-
equipped Hercules airplanes (LC-130) is
a familiar site at Williams Field, the U.S.
ice-shelf skiway 3 miles (5 kilometers)
from McMurdo Station, but in late Jan-
uary 1988 this familiar scene was altered.
On the evening of 17 January two ad-
ditional LC-130s approached the Ross Ice
Shelf and landed along side the U.S.
Antarctic Program airplanes. Piloted by
members of the Air National Guard's
109th Tactical Airlift Group from Sche-
nectady (ANG 109th), these newcomers
were making their first visit to the south-
ern polar regions.

The pilots and crew of the U.S. Naval
Support Force and the ANG 109th form
one of aviation's most exclusive clubs.
They fly the world's largest ski-equipped
airplanes—Lockheed's ski-equipped
Hercules (LC-130). Although the mis-
sions of both aviation units are to sup-
port work in polar regions, the ANG
109th had never flown in the Antarctic.
They came to Antarctica during January
1988 as part of a cooperative effort. This
was the first part of training program to
prepare the arctic flyers for potential
search-and-rescue missions in Antarc-
tica during the 1990-1991 austral sum-
mer. During this time, the U.S. Antarctic
Program will have fewer LC-130s avail-
able because some of the six airplanes
owned by the National Science Foun-
dation will be undergoing major struc-
tural and equipment upgrades.

The primary mission for the Air Na-
tional Guard 109th is to transport fuel
and cargo to the DEW line (Defense Early
Warning system) radar sites and Son-
derstrom Air Force Base in Greenland.
Although this is a reserve unit, they fly
their four LC-130 airplanes, purchased
in 1984, on 8-day shuttle runs between
New York and Greenland.

During their 1-week trip to the Ant-
arctic, they assisted the U.S. program by
carrying passengers and cargo to and
from South Pole and Siple Station and
bringing passengers and equipment back
from D-59, a remote site in East Antarc-
tica from which the United States re-
covered an LC-130 that had been buried
in the ice for 15 years. (See "Salvaged
airplane returns to McMurdo Station,"
on page 1 of this issue for details of the
recovery.) The objective of this year's
trip and trips in future years is to fa-
miliarize as many crew members as pos-
sible. The New York group also hopes
to be able to extend the cooperative pro-
gram and bring members of VXE-6 to
the Arctic.
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rs-iOne of two ski-equipped Hercules airplanes
(LC-1 30) flown by the 109th Air National Guard
of Schenectady, New York, lands at Williams
Field, the U.S. ice-shelf skiway near McMurdo
Station, Antarctica. The 109th came to Ant-
arctica to train and exchange information with
the Antarctic Development Squadron (VXE-6).
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U.S. Navy photo by PHAN Craig Peterson.

The 109th owns the only other LC-1 30s in the
world and flys support missions in Greenland.
Like the VXE-6 LC-130s, these airplanes are
equipped with 1-ton, teflon-coated skis that
makes it possible for the airplanes to land on
rough, unprepared snow and ice surfaces.

U.S. Navy photo by PHAN Craig Peterson.

A load master from VXE-6 (right) and a load
master from 109th Air National Guard prepare
for a cargo mission one of the two LC-130s
that the 109th flew to Antarctica during their
recent training flights with the U.S. Antarctic
Program.
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Arctic engineering principles	 SELF-REFRIGERATED THERMO- PROBES

applied to antarctic construction

Editor's note: Engineering in polar envi-
ronments differs from engineering in tem-
perate regions because of low temperatures
and the presence of permafrost, glacial ice,
and sea ice. Despite the distinct environ-
mental differences between the Antarctic and
Arctic, engineering and design principles that
have proved successful in the Arctic may have
application in the Antarctica. The following
article provides an example of how arctic en-
gineering approaches and technologies can be
applied effectively to antarctic construction
problems.

Design for a 15,000-square-foot (1,250-
square-meter) light vehicle maintenance
facility for use at McMurdo Station has
recently been completed by GDM, Inc.,
for the National Science Foundation. This
facility, when built, will be used for ser-
vice and repairs on small trucks, craw-
ler-type all-terrain vehicles, snow
machines, electrical generators, space
heaters, and similar-sized equipment
used by the scientific community in its
activities. The design of the facility ad-
dresses a number of potential problem
areas unique to cold regions in light of
standard polar regions design practices.

Siting the building parallel to the pre-
vailing wind direction and perpendicu-
lar to the site contours will make it
possible to place a basement under the
southwest third of the building, thus
eliminating the need for extensive fill,
and will direct snow drifting away from
activity areas, within a designated snow
stockpiling area. With the least area of
exterior elevation facing the wind, the
structure can effectively resist wind loads.
Major door openings placed along the
building's length will not have direct
wind exposure. Siting of the building
will also accommodate proposed future
expansion in 20-foot (7-meter) bay in-
crements to the northeast end of the plan.

Function of the building necessitated
using a different foundation system than
is commonly used at McMurdo. Com-
mon practice is to elevate structures 2-
6 feet (0.6-1.8 meters) above the fill sur-
face, with support provided by posts
bearing on pad foundations bearing in
the fill. This type of foundation system
is necessary for structures placed on
permafrost that contains any significant
amounts of ice. While the natural ground
surface may thaw only a few inches or
feet during the antarctic summer, the
ground beneath a slab-on-grade system
that is heated to 60-70°F (14-20°C) can
induce thaw to a considerable depth,
causing future settling problems. By el-
evating a building, air circulation is al-
lowed between it and the frozen ground,
18

providing an insulation between the
heated building and the permafrost.

Elevated post and pad foundations are
relatively straightforward for office or
dormitory buildings. Shop structures
such as the light vehicle maintenance
facility, however, require extensive ramps
to provide access to the building. These
ramps can impede air flow beneath the
building as well as create snow drift ac-
cumulation. Both conditions have the
potential to thaw the underlying perma-
frost which results in building settling.

To simplify site preparation and ve-
hicle access, construction of a slab-on-
grade building was desired. The foun-
dation design used was based on the
assumption that the site was potentially
underlain by soil or rock with a suffi-
ciently high ice content that would result
in the facility's settling if it were thawed
from heat introduced by the slab. Use
of this system, however, requires a means
of removing heat from the gravel pad
placed beneath the building. Possible
techniques include the use of self-refrig-
erating thermosyphons, air ventilation
ducts within the slab or buried in the
fill, and circulating fluid chilled by a me-
chanical refrigeration system through
cooling coils. Because air ventilation sys-
tems are prone to become blocked by
ingested snow and because a mechani-
cally refrigerated system requires both
energy and maintenance, the Thermo-
Probes, a patented two-phase thermo-
syphon, was the selected solution.

Thermo-Probes consist of an evapo-
rator pipe placed under the building and
connected to a radiator above ground
alongside the structure. The Thermo-
Probe (figure 1) is pressurized with car-
bon dioxide, in both liquid and vapor
phases. Whenever soil surrounding the
buried evaporator pipe is warmer than
the air surrounding the radiator, the li-
quid carbon dioxide boils, and the re-
sultant vapor rises to the radiator where
the heat is released to the surrounding
air as the vapor condenses. As the vapor
condenses in the radiator, it flows back
to the evaporator pipe to repeat the cy-
cle.

This concept of two-phase heat trans-
fer is the same as that used in the ther-
mal pile, a self-refrigerating pile which
has been widely used for the support of
structures in the Arctic since the early
1960s. Inclined thermosyphons, the type
used in the light vehicle maintenance
facility, have been in use in the Arctic
since the mid-1970s. Use of the ther-
mosyphons on this project will mark their
first use at McMurdo, with thermal piles
still absent at the base.
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Figure 1. Schematic diagram of a self-refrig-
erated thermo-probe.

As shown in the building cross section
(figure 2), the complete foundation sys-
tem consists of precast floor panels and
column footings, a layer of insulation,
gravel fill, and the Thermo-Probes. The
placement of the insulation layer limits
heat flow into the gravel fill during the
winter, and more importantly, during
the summer when the Thermo-Probes
are removing very little heat. A mem-
brane placed over the insulation protects
it from damage that may result from
spilled fuels or solvents. Thickness of
the insulation and gravel fill are selected
to limit the summer depth of thaw to
within the fill. Because the fill is acting
as a seasonal heat sink, it must have a
certain moisture content to possess the
freezing and thawing latent heat. Im-
plementation on the project of the
Thermo-Probe design was complicated
due to water rationing: water must be
added to the fill during compaction. Im-
practicality of obtaining granular fill pos-
sessing the desired grain-size gradation
presented another problem. Because of
these two factors, the design was al-
tered, resulting in the use of 10 inches
(26 centimeters) of insulation with a fill
thickness of 6 feet (1.8 meters) and the
spacing of the Thermo-Probes every 10
feet (3.1 meters).

Although the emphasis of this paper
has been placed on the building's foun-
dation system, the entire design of the
building reflects standard polar regions
design considerations. A few examples
of these include avoiding roof penetra-
tions which act as anchors and cause
differential roof panel movements; stif-
fer building moment frame to eliminate
problems of panel joints opening up due
to cyclical wind loading and fatigue; use
of translucent wall panels with "U" val-
ues exceeding those of typical insulated
glass window assemblies; integral ther-
mal breaks at through wall framing and
doubled vehicle access door openings—
insulated sectional overhead door in the
interior with insulated coil-up garage door
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Figure 2. Transverse building section showing major foundation components.

on the exterior. Mechanically, the sys-
tem is designed for ready access to all
piping, and no plumbing is permitted
on exterior walls. Users' needs are also
addressed in the design, for example
greater backsets on door hardware were
used to accommodate users' heavy
gloves/mittens. Once built, the pro-
posed light vehicle maintenance facility
will provide needed facilities for the
maintenance of light vehicles and small
engines within an envelope suited to its
environmental setting.

—Gerald D. Myers, GDM, Inc., Fair-
banks, Alaska 99707, John E. Cronin,
Shannon and Wilson, Inc., Fairbanks,
Alaska 99707, and Russell H. Sackett,
GDM, Inc., Fairbanks, Alaska 99707.

Airplane from Byrd's first expedition
found in West Antarctica

We went to sleep and it was not until 10:30
the next day that we awoke. The noise still
continued but was not so deafening and the
sun was shining. I crawled out of my bag to
see if everything was all right. I somehow
knew that I would not see the plane. It is
curious how inarticulate or prosaic one may
sound in a tense moment such as this. I stuck
my head out of the tent and pulled it back in
with the almost laconic statement to Bernt
and Harold— The plane's gone.". . . I had
not thought to take a look to see whether or
not the plane had been blown so far away
that we couldn't see it. I looked again. There
it was from a half to three-quarters of a mile
away across the blue ice to the leeward. It
looked intact. It was sitting upright on its
skis and the wings appeared whole. I im-
parted the news to my two aviator compan-
ions that after all the plane was unharmed,
that it had just skidded across the ice. They
smiled but said nothing. . . Perhaps, June
was not surprised by the report which Balchen
brought back, but I certainly was. . . .1
thought that at the time that it would fly
again, but it appeared, from Bernt's account
that it was a total wreck. Only the wing was
fairly sound. The fuselage and skis had been
completely smashed. (Gould, Laurence,
1931, Cold, pp. 25-27)
June 1988

The above quotation by Laurence
Gould, the chief scientist for Richard E.
Byrd's first expedition, describes how he
and his companions Bernt Baichen and
Harold June discovered that their Fok-
ker airplane had been destroyed during
the night of 14 March 1929. The three
men had made the 2-hour flight in the
Fokker from Little America on 7 March
to a site in West Antarctica's Roosevelt
Mountains to survey the area and collect
rock samples. Just after they finished their
survey on 13 March, a storm with strong
winds occurred. Despite their efforts,
during the night a strong wind ripped
the light airplane from its moorings, car-
ried it, tail first, across the blue ice where
they had landed, and smashed it into
the ice. After the weather cleared, Byrd
and others set out to rescue the stranded
men, and by 22 March all three had been
safely returned to Little America.

The Fokker, named the Virginian, was
one of three airplanes that Byrd brought
to Antarctica during his 1928-1930 ex-
pedition. It was a Fokker Universal
monoplane powered by a 425-horse-
power Pratt and Whitney Wasp engine.
A second smaller monoplane, a Fair-
child with folding wings and the same

engine, also was included in the equip-
ment for this expedition. The third and
best known of Byrd's airplane was a Ford
trimotor, all metal monoplane, called the
Floyd Bennet. This was the airplane flown
by Byrd and his pilot Bernt Balchen over
the South Pole on 29 November 1929.

The wrecked Fokker remained un-
touched until December 1934, when
during his second expedition Byrd sent
a three-man team (F.S. Dane, E.L.
Moody, and Paul Swan) to the wreck.
Their instructions were to salvage the
Fokker's engine. They also stripped it of
its propellers and instruments, return-
ing all of the equipment to Byrd's camp.

The remains of the small, cloth-
covered airplane have been left un-
touched over the last 45 years. In late
1987, a four-man team of New Zealand
geologists located the wreck while they
were studying the geology and biology
of the Roosevelt and Alexandra moun-
tains. Located near the Washington Ridge
in the Roosevelt Mountains at 78°84'S
155°15'W, the 30-foot-long airplane now
lies upside down with part of its tail fro-
zen in a small, melt-water lake.

The New Zealanders found that the
stainless steel and wooden pieces of its
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Photo courtesy Peter Cleary, NZARP.

Near the remains of Byrd's Fokker, is a seismic hut used by a 1940 U.S. geology party lead by
Alton Wade.

frame are good condition and that some
of the original cloth remains on the tail
and the top of wings. Presumably, these
pieces of the cloth covering survived be-
cause the airplane had been flipped over
and the surfaces were protected from
the wind. New Zealander Peter Cleary,
one of the field assistants in the 1987
field party, said that there is about 25 to
35 yards of open water in the lake be-
yond the point where the airplane is
buried. They hesitated to investigate the
lake area because the lake's depth and
the thickness of the ice covering are un-
known.

Mr. Cleary also pointed out that their
group was not the first to visit the area
since the 1934. Near the Fokker they
found relics from a 1940 U.S. expedition
to Mt. Franklin that was lead by geolo-
gist Alton Wade. Part of an old hut and
seismic station from this expedition still
remain. He also believed, from evidence
near the site, that a U.S. Navy fuel depot
had been established in the region dur-
ing the 1960s.

Presently, the U.S. Antarctic Program
is considering retrieving the airplane be-
cause of its historical significance. It
would then be restored and displayed
in an appropriate place.

In 1929 Dr. Laurence Gould, Adm. Bryd's chief scientist during his first expedition, and two colleagues were using this airplane, a Fokker monoplane,
to support a geological survey of the Roosevelt Mountains in West Antarctica. Unfortunately, a wind storm ripped the airplane from its moorings
and smashed it into the ice, making it unflyable. Stripped of its engines, propellers, and navigation equipment by Byrd's second expedition in 1934,
the airplane has rested here near Washington Ridge undisturbed.

Photo courtesy Peter Cleary, NZARP.
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Newly discovered fossils
suggest ancient marine
environment in West
Antarctica

Glaciologists, collecting ice cores at
Crary Ice Rise (83°S 173°W) during the
1987-1988 austral summer, made an un-
expected discovery. While drilling two
holes (370 and 480 meters deep) to the
subglacial bed underlying the ice rise,
they recovered from one of the holes
sediments that contained fossils from the
Pliocene Epoch, between 3 and 6 million
years ago. The area in which they were
working is where the Ross Ice Shelf is
grounded on a submarine mountain peak
about 260 meters below sea level.

The sediments were identified as hav-
ing a marine origin and later reworked
by grounded ice. Fossils of microscopic
marine algae, diatoms, and fragments of
marine sponges were abundant in the
recovered sediments. Their discovery in
this area suggests that an open marine
area existed in the interior basins of West
Antarctica some 3 to 6 million years ago.

The researchers installed in each hole
thermistor cables to monitor the tem-
perature gradient within the ice shelf.
Although the mean annual surface tem-
perature at the ice rise is - 27°C, the first
measurements indicate that the temper-
ature at the bottom of the ice shelf is
only - 2°C, about the freezing point for
sea water. Preliminary data suggest that
the ice rise is a relatively young feature,
probably formed by thickening of the ice
shelf during the last few hundred years.

Working under the direction of Robert
Bindshadler from the National Aeronau-
tics and Space Administration's God-
dard Space Flight Center, the group was
collecting data on the nature of the ice
stream flow near the grounding line, the
interactions of the ice stream with Ross
Ice Shelf, and the nature and geometry
of the slow-moving catchment basins of
the near-by ice stream. The fossisi were
identified by Ohio State geologist Reed
Scherer, who was working on another
project near McMurdo Station when the
NASA team made the discovery.

Biology and medicine

Ainley, David G. Point Reyes Bird Ob-
servatory, Stinson Beach, California.
Antarctic Marine Ecosystem at the Ice-
Edge Zone (AMERIEZ): The distri-
bution of sea birds. DPP 84-19894.
$6,000.

Bengtson, John L. Point Reyes Bird Ob-
servatory, Stinson Beach, California.
Antarctic Marine Ecosystem at the Ice-
Edge Zone (AMERIEZ): Feeding and
ecology of pinnipeds. DPP 84-20851.
$39,000.

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. $109,785.

Cowing, Marcia M. University of Cali-
fornia, Santa Cruz, California. The role
of Phaeodarian radiolarians in antarc-
tic biological oceanic processes. DPP
87-15974. $56,999.

Huntley, Mark E. Scripps Institution of
Oceanography, La Jolla, California.
Research on antarctic coastal ecosys-
tem rates and processes: Feeding,
growth, and early development of krill,
Euphausia superba Dana. DPP 85-17269.
$32,193.

Kooyman, Gerald L. Scripps Institution
of Oceanography, La Jolla, California.
Biology of king and emperor penguins
while at sea. DPP 87-15864. $59,964.

Larson, Ronald J. Harbor Branch Oceanic
Institution, Fort Pierce, Florida. Biol-
ogy of antarctic medusae. DPP 87-
16337. $30,324.

Rau, Greg H. University of California,
Santa Cruz, California. 13C and 15N
natural abundance in southern ocean
biota: An investigation of biogeo-
chemistry and trophic structure. DPP
86-13981. $92,731.

Shoemaker, Vaughan H. University of
California, Riverside, California.
Physiological ecology and enrgetics of
thermal regulation in Adélie pen-
guins. DPP 85-15357. $67,797.

Siniff, Donald B. University of Minne-
sota, Minneapolis, Minnesota. Group
travel for U.S. participants in the Fifth
Scientific Committee on Antarctic Re-
search Symposium on Biology. DPP
87-20211. $24,432.

Sullivan, Cornelius W. University of
Southern California, Los Angeles,
California. Antarctic Marine Ecosys-
tem Research at the Ice-Edge Zone
(AMERIEZ): Sea-ice microbial dynam-
ics. DPP 84-44783. $11,780.

Testa, J. Ward. University of Alaska, In-
stitute for Marine Science, Fairbanks,
Alaska. Synchrony in population pa-
rameters among antarctic seals. DPP
87-16073. $54,256.

Earth sciences

Berg, Jonathan H. Northern Illinois Uni-
versity, DeKaib, Illinois. Geology, pe-
trology, and geochemistry of crustal
xenoliths from the Erebus Volcanic
Province. DPP 86-14071. $47,771.

Collinson, James W. Ohio State Univer-
sity, Columbus, Ohio. Reconstruction
of the Transantarctic Mountains fore-
land basin. DPP 87-16414. $5,490.

Dallmeyer, R. David. University of
Georgia, Athens, Georgia. 40Ar/39Ar
whole-rock slate ages from the Rob-
ertson Bay Terrane, northern Victoria
Land, Antarctica: Documenting
diachronous orogeny as a result of ter-
rane accretion. DPP 86-13753. $6,325.

Feldmann, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleoecology and
paleobiogeography of decapod-rich
assemblages on Seymour Island ant-

Foundation awards of funds
for antarctic projects,
1 January to 31 March 1988

Following is a list of National Science Foundation antarctic awards made from 1
January to 31 March 1988. 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 Ocean Sciences contain the prefix OCE.
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arctic supplement. DPP 84-11842.	carbonate platform. DPP 87-15768.	Ocean sciences
$3,000.	 $59,993.

Feldmann, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleobiology of
Cretaceous and Tertiary decapod
crustaceans from Seymour Island,
Antarctica. DPP 87-15945. $29,956.

Giegengack, Robert F. University of
Pennsylvania, Philadelphia, Pennsyl-
vania. Determining the exposure ages
and erosion rates of bedrock surfaces
in Antarctica with in situ produced ra-
dionuclides. DPP 87-17551. $72,230.

Kienle, Juergen. University of Alaska,
Geophysical Institute, Fairbanks,
Alaska. Gravity study of the Rennick
Graben and the Campbell Block in
northern Victoria Land and the rela-
tion of the Rennick structure to rifting
processes in the Ross Sea. DPP 87-
20654. $75,376.

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. $80,000.

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. $84,999.

Maim, Michael C. Arizona State Uni-
versity, Tempe, Arizona. Antarctic
abrasion target recovery. DPP 87-16505.
$8,546.

Markgraf, Vera. University of Colorado,
Boulder, Colorado. Antarctic paleo-
climates derived from paieoenviron-
mental records in Tierra del Fuego.
DPP 86-13980. $25,000. ($50,000)

Meier, Mark F. University of Colorado,
Boulder, Colorado. Travel for U.S.
participants to the Fifth International
Conference on Permafrost, Trond-
heim, Norway. DPP 88-07466. $15,000.

Palais, Julie M. University of New
Hampshire, Durham, New Hamp-
shire. Elemental tracers of volcanic
emissions in antarctic aerosol and snow
samples. DPP 87-15963. $65,317.

Rees, Margaret N. University of Ne-
vada, Las Vegas, Nevada. Extent and
termination of the antarctic Early
Cambrian carbonate platform. DPP 87-
16068. $69,681.

Rowell, Albert J. University of Kansas,
Lawrence, Kansas. Extent and termi-
nation of the antarctic Early Cambrian

Taylor, Edith L. Ohio State University,
Columbus, Ohio. Diversity and dis-
tribution of fossil floras from southern
Victoria Land, Antarctica. DPP 87-
16070. $46,677.

Webb, Peter-Noel. Ohio State Univer-
sity, Columbus, Ohio. A workshop to
examine the application of scientific
drilling to the solution of antarctic
earth-science objectives. DPP 87-15524.
$27,787.

Glaciology

Faure, Gunter. Ohio State University,
Columbus, Ohio. Glacial geology of
the icefields of the east antarctic ice
sheet near the Allan Hills, Victoria
Land. DPP 87-14324. $34,585.

Mayewski, Paul A. University of New
Hampshire, Durham, New Hamp-
shire. Detailed glaciochemical inves-
tigations in southern Victoria Land,
Antarctica-A proxy climate record.
DPP 86-13786. $86,415.

Mosley-Thompson, Ellen. Ohio State
University, Columbus, Ohio. Glacio-
logical and climatological analysis of
the past 2000 years from antarctic ice
cores. DPP 84-10328. $100,000.
($150,000)

Stuiver, Minze. University of Washing-
ton, Seattle, Washington. Oxygen iso-
tope analysis of ice cores. DPP 87-
16102. $40,059. ($80,059)

Webb, Peter-Noel. Ohio State Univer-
sity, Columbus, Ohio. Cenozoic mi-
cropaleontology and biostratigraphy
of the Victoria Land Basin. DPP 87-
16261. $47,515.

Whilians, Ian M. Ohio State University,
Columbus, Ohio. Completion of ve-
locity survey of Ice Stream B and
catchments of Ice Streams B and C.
DPP 87-16447. $146,568.

Meteorolgy

Cronn, Dagmar R. Washington State
University, Pullman, Washington.
Analysis of Atmospheric chemistry
data from Palmer Station, Antarctica.
DPP 85-15752. $8,500.

Rasmussen, Reinhold A. Oregon Grad-
uate Center, Beaverton, Oregon.
Chlorine-and bromine-containing trace
gases in the Antarctic. DPP 87-17023.
$80,498.

Brozena, John M. Naval Research Lab-
oratory, Arlington, Virginia. Aero-
geographic study of the basins
surrounding the Antarctic Peninsula.
DPP 86-00663. $196,800.

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. $65,389.

DeMaster, David J. North Carolina State
University, Raleigh, North Carolina.
The chronometry and geochemistry of
antarctic siliceous sediments. DPP 85-
12514. $53,627.

Foster, Theodore D. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic bottom water formation. DPP 85-
21083. $195,976.

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry in Polarstern winter
1986. DPP 85-01717. $24,317.

Honjo, Susumu. Woods Hole Oceano-
graphic Institution, Woods Hole,
Massachusetts. Year-round particu-
late flux experiment in the central
Weddell Sea. DPP 85-21472. $73,495.

LaBrecque, John L. Columbia Univer-
sity, Lamont-Doherty Geophysical
Observatory, Palisades, New York.
Aerogeophysical survey of the basins
surrounding the Antarctic Peninsula.
DPP 87-19147. $312,777.

Lawyer, Lawrence A. University of Texas,
Austin, Texas. Marine heat flow
around West Antarctica. DPP 86-15307.
$114,160.

(Continued on back cover.)

Errata: March/June 1987
climate summary

The following errors appeared in
"Weather at U.S. stations" on page 23
of the March/June 1987 issue (Volume
22, number 1/2) of Antarctic Journal. For
November 1986 at Amundsen-Scott
South Pole Station, the minimum tem-
perature was -49.2°C, the average wind
speed was 4.6 meters per second, and
the peak wind speed was 14.4 meters
per second. For December 1986 at Pal-
mer Station, the peak wind speed was
32.9 meters per second. Also in Decem-
ber 1986 at Amundsen-Scott South Pole
Station, the average wind speed was 3.9
meters per second and the peak wind
speed 13.9 meters per second.
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Weather at U.S. stations

February 1988	 March 1988	 April 1988
*

	

Feature	 McMurdo	Palmer	South Pole	McMurdo	Palmer	South Pole	McMurdo	Palmer

Average temperature (°C)

	

2.7	-43.0	 1.2	-48.7	-18.9	- 0.1

Temperature maximum (°C)	 6.0	-29.8	 5.0	-29.5	5.0	5.0
(date) 	(13)	(1) 	(8)	(23)	(1)	(16)
Temperature minimum (°C)	 39.0	-54.6	 4.0	-62.8	32.4	- 8.0
(date) 	(29)	(22) 	(30)	(6)	(15)	(9)
Average station pressure (mb)	 987.4	682.0	 985.6	683.3	985.6	989.8

Pressure maximum (mb)	 1004.5	691.1	 1012.5	694.3	997.7	1009.5
(date) 	(2)	(1) 	 (31)	(27)	(14)	(28)
Pressure minimum (mb)	 958.0	674.0	 958.5	673.0	969.0	950.0
(date) 	(21)	(29) 	(16)	(1)	(14)	(22)
Snowfall (mm) 	25.4	TRACE_ 	260.4	TRACE	2.5	111.3
Prevailing wind direction	 3600	3600	 3600	3600	0800	270°

	

5.4	4.6	 4.3	6.0	5.3	4.5

	

34.5	11.8	 36.0	14.9	23.3	31.9

	

(19)	(29)	 (15)	(23)	(30)	(7)

	

050 0	0100	 0600	0200	1500	3600

	

9/10	5.8 	8/10	6.5	5.4	9/10

	

0.3	10.0 	1.0	7.0	8.0	1.3
Number partly cloudy days	 5.8	6.0 	 4.3	8.9	12.0	1.8
Number cloudy days 	22.9	13.1 	25.3	15.2	10.0	27.0
Number days with visibility

	

less than 0.4 km.	 1.3	 ---

Prepared from information received by teletype from the stations. Locations: McMurdo 77°51'S 166040'3E, Palmer 64 046'S 6403'W,
Amundsen-Scott South Pole 90°5. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. Siple
Station (75055'S 83°55'W) was closed for the winter in January 1988. For prior data and daily logs, contact National Climate Center,
Asheville, North Carolina 28801.
*Indicated McMurdo Station data was not available at press time. Missing data will be published in the December 1988 issue of the
Antarctic Journal.

**Because the primary anemometer was inoperative, no wind data was recorded in April 1988 at Amundsen-Scott South Pole Station.

Average wind
(rn/see)

Fastest wind
(rn/see)
(date)

Average sky cover

Number clear days

South Pole

-57.3

-40.0
(15)

-66.9
(29)

681.5

690.0
(21)

673.8
(9)

TRACE
050°

N/A

**
N/A

3.8

17.2

7.9

5.3

1.8
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Muench, Robin D. Science Applications
International Corporation, Bellevue,
Washington. Physical oceanographic
studies of the Scotia Sea winter mar-
ginal ice zone: A component of
AMERIEZ. DPP 87-15979. $106,768.

Upper atmosphere

Helliwell, Robert A. Stanford Univer-
sity, Stanford, California. Very-low-
frequency wave-particle interaction
experiments on the magnetosphere
and ionosphere from Siple Station,
Antarctica, and Lake Mistissini, Que-
bec. DPP 86-13783. $4,000.

Lubin, Philip M. University of Califor-
nia, Santa Barbara, California. South
Pole studies of the cosmic background
radiation. DPP 87-15985. $26,404.

Pomerantz, Martin A. Bartol Research
Foundation of the Franklin Institute,
University of Delaware, Newark, Del-
aware. Helioseismological observa-
tions from the South Pole. DPP 87-
15791. $152,979.

Smoot, George F. University of Berke-
ley, Berkeley, California. Low-fre-
quency measurements of the cosmic
microwave background radiation. DPP
87-16548. $25,000.

Services and support

Brown, Otis B. University of Miami, Mi-
ami, Florida. Satellite communication
for scientific purposes: UNOLS fleet
management and polar programs
support. OCE 86-03719. $85,000.
($105,344)

Davis, Russ E. Scripps Institution of
Oceanography, La Jolla, California.
Antarctic remote sensing facility:
Management of operation. DPP 86-
14759. $39,766.

DeVore, George W. Florida State Uni-
versity, Tallahassee, Florida. Curator-
ship of antarctic collections. DPP 75-
19723. $182,270.

Fisher, Dwight D. Department of De-
fense, Washington, D.C. Logistic sup-

port of the U.S. program in Antarctica.
DPP 76-10886. $7,000,000.

Foster, Theodore D. University of Cali-
fornia, Santa Cruz, California. Ant-
arctic bottom water formation. DPP 85-
21083 $195,976.

Grice, George D. Woods Hole Oceano-
graphic Institution, Woods Hole,
Massachusetts. Ship operations sup-
port. OCE 87-02836. $65,000.
($5,354,280)

Landrum, Betty J. Smithsonian Institu-
tion, Washington, D.C. Recording of
data and sorting of collections from
polar regions. DPP 74-13988. $171,997.

Lynch, Louise. Courtesy Travel Service,
Washington, D.C. Travel and admin-
istrative services in support of do-
mestic and international science and
engineering activities. DPP 86-18696.
$35,000.

Thuronyi, Geza T. Library of Congress,
Washington, D.C. Abstracting and in-
dexing service for Current Antarctic Lit-
erature. DPP 70-01013. $171,190.
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