unions for study. Those referred to national committees are then forwarded to appropriate scientific
bodies or government agencies and are used to develop national antarctic programs. SCAR resolutions

are advisory and are not binding on their scientific
organizations or governments. The Committee on
Polar Research of the U.S. National Academy of
Sciences is the adhering body to SCAR.

Antarctic Simulator for
Soil Storage and Processing'
ROY E. CAMERON
and

HOWARD P. CONROW
Bioscience Section
Jet Propulsion Laboratory
California Institute of Technology

During the antarctic summers of 1966-1967 and
1967-1968, more than 2/2 tons of soils and rocks
(146 samples) were collected from 55 sites in the dry
valleys of southern Victoria Land and on Ross Island.
The samples were stored at McMurdo Station at
temperatures as low as —30°C. and later shipped
in the frozen state to the Jet Propulsion Laboratory
(JPL), California Institute of Technology, where
they are now being kept in a freezer maintained at
temperatures near the average for the collection
sites.
The freezer (Fig. 1), a portable U.S. Navy unit
that was modified to conform to the California building code, was erected at JPL in September 1967. Its
outside dimensions are 7 ft. 6 in. high by 13 ft. wide
by 21 ft. long, and its inside dimensions are 6 ft. 6 in.
high by 12 ft. wide by 20 ft. long. The floor, walls,
and ceiling are constructed of 78- by 43- by 6-in.
Panels consisting of wooden frames filled with glass
wool and covered with sheet aluminum. Adjoining
panels have been bolted together against an insulating lining of thin felt. Entrance to the facility is afforded by two conventional latch-type freezer doors,
73 in. high by 43 in. wide, one at the front and the
other near the rear. Both doors are fitted with padlocked latches, which, for safety reasons, can be
opened from the inside.
The freezer is maintained at temperatures between
—30°C. and —26°C. by a 3-ton York model-50 HW
1

This paper presents the results of one phase of research
carried out at the Jet Propulsion Laboratory, California
Institute of Technology, under contract no. NAS 7-100,
sponsored by the National Aeronautics and Space Administration. Logistic support for the antarctic portion of this
study was arranged by the Office of Antarctic Programs,
National Science Foundation.
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(Phu to by Jim Rayle)

Figure 1. The antarctic simulator.

refrigeration system using F-12 coolant. Just below
the ceiling at the rear of the freezer, six General Electric fans draw the warmer interior air through evaporator coils at a speed of 20 mph. Evaporator defrosting
is accomplished by a 4,160-w, 208-v single-phase electric strip heater mounted in the evaporator. Defrosting, which is activated by a Tork electric timer, occurs for one hour every 24 hours. It produces 1/2-2
gal. of water per day, which flows outside through a
1/2..in, pipe wrapped with electric heating tape.
The freezer and its mechanical unit are protected
from both rain and sun by an open "carport" structure that extends 4 ft. beyond the freezer at the front
and rear and 2 1/2 ft. at the sides (Fig. 1). This roof
is 2'/2 ft. above the top of the freezer at the front and
1 ft. at the rear, which provides for circulation of air
and runoff of rain. In the summer, slatted bamboo
screens are attached to the sides of the freezer for
additional protection from the sun.
The entire building is mounted on concrete piers,
which, owing to the contour of the terrain, provide
a ground clearance of 3 ft. at the front and 2 ft. at
the rear. A 4- by 9-ft. loading platform with removable wooden beams provides easy access to the front
door.
The freezer has been in continuous operation at
—30°C. to —26°C. since September 15, 1967, except
219
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(Photo by Jim Rayle)
Figure 2. Processed soils and recording thermometer in freezer.

(Photo by Jim Rayle)
Figure 3. Plastic-lined canvas bags of unprocessed antarctic
soils.

during the defrosting cycles, when the maximum
temperature is about —20°C. Temperatures are recorded by a maximum-minimum outdoor-indoor
thermometer, which can be read outside the front
door, and by three 7-day Tempscribe recording thermometers inside (Fig. 2).
Bags of unprocessed antarctic soils are stored on
wooden shelves along approximately three sides of the
freezer (Fig. 3). Except for the low temperatures to
which they are subjected, the soils are stored, cata220

In aii iwlalz- imom, the at/IOrS apply aseptic
techniques to sieve antarctic soil for analysis.

nul. and processed in about the same manner as
other soils collected for the JPL desert microflora
program (Cameron et al., 1966).
The other main exception is that for processing
they require the use of an isolation booth, which is
located in one corner of the freezer (Fig. 4). The
bulk samples are processed by means of heat-sterilized
sieves, spoons, and scoopulas. Sterilization is accomplished in an oven or by flaming. For hard-frozen
samples, a sterilized hammer, chisel, and mortar and
pestle are used. All samples are passed through a
2-mm (no. 10 mesh) sieve unless their particles or
aggregates are less than 2 mm in diameter, in which
case they possess the physical and chemical properties
to qualify as "soil"; these properties include particlesize distribution, moisture-holding ability, porosity,
bulk density, ion-exchange capacity, and buffer capacity.
All processed material is retained in the freezer
(Fig. 2) except for aliquots that must be air-dried at
room temperature (approximately 23°C.) for analysis. To minimize contamination of aliquots taken for
microbiological analysis, surgical face masks are worn
(Fig. 4) and sterilized tools, containers, and aseptic
techniques are used.
Personnel who work in the freezer wear special
cold-weather clothing (Fig. 4). It consists of a fleecelined leather cap with earflaps and chin strap; a
quilted, down-filled parka with fur-lined hood; downfilled trousers; quilted, down-filled "Mt. Everest
Booties"; and "30° Below Zero" gloves. Pocket hand
warmers are held at intervals.
For maximum efficiency and comfort, an individual's stay in the freezer is limited to 1-2 hours at
a time.2 Because of the closed environment, small
2 The CO, concentration in the freezer, measured after
two hours of activity by two people, was found to be lower
than outside. The anomaly may possibly be ascribed to smog
on the outside.

ANTARCTIC JOURNAL

space, and lack of solar radiation, the work is more
tedious and the cold more penetrating than at comparable temperatures in the field in Antarctica.
In addition to being needed for storing and processing antarctic soils, the freezer is useful for training
personnel and testing equipment and instruments for
service in Antarctica or other cold environments.
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Adélie Penguin With
Three Chicks

occurring three-egg clutches in Adélie nests, but induced females to lay a third egg by removing the
first within 24 hours of laying. The additional egg
was significantly smaller than the other two.
The accompanying photograph, taken at Litchfield Island (64°46'S. 64 0 06'W.) off the southern
end of Anvers Island in January 1966, demonstrates
that it is possible for a pair of Adélies to rear three
chicks at least to half growth. We arrived at Anvers
Island too late in the season to observe the egg stage
in the Adélies and cannot state whether the three
chicks had the same Parents. Nor were we able to
follow the brood through the creche stage to successful fledging.
Our trip to the Antarctic aboard the Coast Guard
icebreaker Eastwind was sponsored by grant GA-169
of the National Science Foundation's U.S. Antarctic
Research Program.
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Sladen (1958) gives the usual clutch in the Adélie
penguin (Pygoscelis adeliae) as two, with one-egg
clutches the rule for inexperienced breeders. He attributes previous records of three eggs in one nest to
displacement of the supplemental egg from another
nest through fighting. Experimental pairs which accepted a third egg were never seen to retain the
additional one for long. Sladen (personal communication, 1968), in the 10 years since his report was
published, has not seen one instance of a three-egg
Adélie clutch in six seasons in Antarctica.
Stonehouse (1963) likewise found no naturally

Adult Adélie penguin with three chicks.
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Notes
Naval Support Force Issues
New Guide to Equipment and Stations
A new edition of Support for Science, Antarctica
has recently been issued by the U.S. Naval Support
Force, Antarctica. The 50-page publication, which
contains over 100 illustrations, presents basic information about the stations currently maintained in Antarctica by the United States, and about the aircraft,
ships, vehicles, and special equipment used in U.S.
antarctic support operations.
Equipment is described in brief narratives accompanied by photographs and general performance data.
Plot plans and photographs of currently active U.S.
stations are also included. Tables provide average and
extreme weather data for active stations, a 12-year
summary (Deep Freeze I through Deep Freeze 67)
of the winter population at present and former U.S.
stations, and a review of ship participation through
Deep Freeze 68.
Added since the last (September 1965) edition is
information on the PM-3A nuclear reactor and the
desalination plant at McMurdo Station, on automatic
weather stations, and on the use of meteorological
satellites. The publication also has a new format and
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