115

—R/ — +—
Scientific Note

Construction of Ice Domes at Asuka Station in Antarctica

Kenji IsHizawa!, Tsutomu Kokawa? and Toshio HANNUKI®
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Abstract: An attempt was made to construct an ice dome in order to study the
construction technique and to examine its deformation by creep and sublima-
tion of ice in the Antarctic. A 10-m diameter membrane was inflated by a
ventilator. Stored water was sprayed on it, and sometimes milled snow was
blown by a small snow miller. About 13 t of water was consumed for making
an ice dome 7 cm thick, 3 m high.

The deformation of the ceiling grew with time due to creep. The sinkage of
the center reached 55 mm after 99 days. The wall thickness rapidly decreased
due to sublimation in summer time; consequently, snow was occasionally added
with a rotary snowplow. The ice dome was effectively used as storehouse and
workshop.

Though it was attmpted to make water outside by using a snow melter with
an oil burner for another ice dome, the work was hard. A snow dome without
water was also attempted, but the snow did not harden.

1. Introduction
A great deal of material is needed when we construct a wide covered space such
as a workshop and/or storehouse on a snow surface at an inland station in Antarc-
tica. An ice dome may be an efficient structure because it can be made easily with
water and snow. It is good for the environment because construction material is not
left when the station closes.
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StaNLEY and GLOCKNER (1975a, b) proposed a reinforced ice dome and carried
out an experimental creep study on an ice dome of 2 m diameter for the first time. Ko-
KAWA (1985) developed a construction method for an ice dome. The construction
technique consists of: (1) inflating a membrane bag covered with rope, (2) spraying
the bag with water and snow, (3) solidifying the snow-ice sherbet on it, and (4)
removing the bag and ropes. While experimental construction of a snow dome has
once been tested in the polar region (MELLOR, 1969), ours seems to be the first attempt
to build an ice dome using water in the Antarctic. HANNUKI et al. (1992) carried out
a laboratory test on the construction and load-carrying capacity with an about 1/22
scale model. It was confirmed experimentally that ice domes can be made at tempera-
ture below —18 “C. In the Antarctic experiment we aimed at studying the construc-
tion feasibility on a snow surface, and measuring the deformation of the ice dome in
the cold.

2. Climatic Condition at Asuka Station

Asuka Station is located in the northern part of the Sgr Rondane Mountains in
Queen Maud Land (Fig. 1) . The location is at 71°31°34”S, 24°08’17”E, 930.45 m
above sea level, about 150 km south of Breid Bay on the Princess Ragnhild Coast.
The climatic condition is shown in Table 1. The air temperature is ideal for construc-
tion of an ice dome except in January and December because the desirable air
temperature for construction is below —10 °C (Kokawa, 1985). But the strong wind
that blows over much of the year is unfavorable for construction work.

Queen Maud Land
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Fig. 1. Location of Asuka Station.
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Table 1. Monthly summary of meteorological data at Asuka Station from 1987 to 1991 after
Yamanoucnt et al. (1988), Aoxi (1989), Mesuipa et al. (1991), Iwasaki et al. (1992) and
Jaran METEOROLOGICAL AGENCY (1993).

Jan. Feb. Mar. Apr. May June
Mean air temperature (C) —83 —11.9 —16.1 —206 —23.7 -—223
Extreme of maximum 0.5 00 -17 —88 —70 —78

air temperature ('C)
Extreme of minimum —188 —244 —338 —38.1 —d429 —446
air temperature (C)
Mean wind speed (m/s) 10.8 13.4 137 - 121 11.4 139

Maximum instantaneous
wind speed (Gust) (m/s) 36.1 404 38.5 327 39.1 45.2

July Aug. Sep. Oct. Nov. Dec.  Annual
Mean air temperature (‘C) —233 —256 —257 —202 -—14.0 —85 —183

Extreme of maximum —92 -—129 -—123 —66 —28 0.3
air temperature (C)
Extreme of minimum —420 —487 —457 —370 —329 —190
air temperature ('C)
Mean wind speed (m/s) 14.4 13.7 12.9 12.7 12.5 9.6 12.6

Maximum instantaneous
wind speed (Gust) (m/s) 37.1 39.5 38.1 42.8 32.1 27.8

3. Construction Procedure of Ice Dome

Construction of an ice dome was attempted at a site about 15 m from the main
buildings of the station, leeward of the buildings (Fig. 2). At first the construction
site was leveled and smoothed by a crawler shovel, and wooden anchors for support-
ing guy ropes were buried 50 cm deep in the snow.
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Fig. 2. Buildings of Asuka Station and i
position of ice dome. OBSERVATION HUT
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Fig. 3. Buried anchors
with ropes. The guy ropes
connected to the anchor
ropes with carabiners keep
the shape of the dome.
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Fig. 4. Plane view and vertical section of the ice dome. Twenty anchors were buried in the snow.
Dots on the ice dome (NO.O to NO.11) indicate positions of transducers for displacement
between the snow floor and the ceiling.
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A 10-m diameter membrane bag made of polyester fibers with polyvinyl chloride
coating was set on the snow surface. The thickness and weight of the membrane were
0.65 mm and 125 kg respectively. Polyethylene guy ropes 9 mm in diameter were

Fig. 5. Spread membrane bag with ventilator.

Table 2. Apparatus used for the dome construction.

Item Manufacture Specification

Submersible pump Tsurumi Manufacturing Co. Ltd. Type: 4 NC
Power: 0.4 kW
Drainage: 180 //min
Head: 6 m
Line pump Hitachi Manufacturing Co. Ltd Type: JL VEFOVP-K 40R2-52.2
Power: 2.2 kW
Drainage: 200 //min
Head: 31 m
Sprayer Worked pipe with holes of 2 or 3 mm in
diameter
Membrane bag Koushin Rubber Co. Ltd. 10 mé, 0.65 mm thick
Type: KR6300 (sheet)
Polyester coated by polyvinyl chloride
Guy lope Tokyo Seiko Sen-i Co. Ltd. 9 mmé, polyethylene

Rotary snowplow  Fujii Corporation Type: FSRI1100DTA-2
Cutting width: 1100 mm
Throwing distance: 15-20 m
Ability: 150 t/h
Engine: 22PS diesel

Ventilator Suiden Co. Lid. Type: SIF-304-1V, 320 mm¢, 55 m® /min,
400 W, 2850 rpm

Voltex blower Hitachi Manufacturing Co. Ltd.  Type: VB-002S-E
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covered on the membrane and the ends were connected to the anchor ropes buried in
the snow with carabiners (Fig. 3). A top view and schematic section of the membrane
and ropes are shown in Fig. 4. The membrane was inflated by a portable ventilator
(maximum air flow 55 m3/min) in 30 min (Fig. 5). The mean air temperature of the
day (September 4, 1991) was —29.9 °C. After inflating the membrane, the inner air
pressure was held at about 343 Pa (35 mm water head) by a vortex blower. The
pressure was measured by reading a scale on a U-type pipe gage attached to the
membrane.

The spraying started by using two sprayers developed for this work. Big holes 2
or 3 mm in diameter were drilled at one end of an iron pipe to prevent water from
freezing. The nozzles were insulated by glass wool. Tap water stored in a 16-kl tank
was used for the spraying. The water was pumped up by a 0.4-kW submersible
suction pump and a 2.2-kW booster pump from the tank to the nozzle through a
rubber hose 32.4 mm in outer diameter. Water pressure of 470.9 kPa was obtained in
the spraying. The apparatus used in the construction is shown in Table 2. The
construction procedure and climatic condition are shown in Table 3 and Fig. 6
respectively. The construction was started on September 3 and completed on Septem-
ber 10. The spraying was carried out for 4 hours and 45 min on September 6 (Fig.
7). In the spraying, snow was blown onto the membrane by a rotary snowplow with

Table 3. Construction process of the ice dome.

Date (1991) Description
September 3 Grading of the snow surface by a crawler shovel
4 Surveying, laying anchors and inflating the membrane
5 Freeze of pump and nozzle
6 Spraying
10 Removal of the membrane
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Fig. 6. Climatic condition for the ice dome construction period.
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Fig. 7. Spraying to make the ice dome.

maximum throwing distance of 20 m. The thickness of the ice dome was 6-7 cm and
the water comsumption was about 13 t. The membrane was deflated and removed on
September 10, 3 days after spraying.

4, Deformation of the Ice Dome

A snow tunnel was excavated between the main hut and the ice dome in order
to use the dome as a doorway of the station (Fig. 2). The opening (1.8 m height,
1.5 m width) was excavated in the wall on September 18, 8 days after removal of the
membrane. The length between the ceiling and the floor was measured at twelve
points by wire-rolled type transducers as shown in Fig. 4. The data obtained are
shown in Fig. 8. The heights of the ceiling at all points except No. 0 and No. |
decreased with time. Furthermore, the speed of shrinkage increased according to the
air temperature shown in Fig. 9. Figure 10 shows accumulative shrinkages over the
measurement period. The shrinkage of the center (No. 5) reached 55 mm for 99 days.
The average was calculated as 0.55 mm per day. The shrinkage would reach 20 cm in
a year if that average value were used. This value suggests that it will be possible to
use an ice dome used as a wide covered space in one or two years in the Antarctic.

5. Advantages and Problems

The ice dome was used as workshop, storehouse and doorway of the station. The
door was attached to the wall at a right angle to the prevailing wind direction. The
door was very accessible because snow drift did not accumulate in front of it, while
an old doorway on the lee of the building had to be cleared of snow drift almost
every day. The wind is sometimes accelerated at a right angle to the prevailing wind
direction when it strikes the ice dome. The snow drift developed only on the leeward
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Fig. 8. Height changes at twelve points of the ceiling. The numbers coincide

Fig. 4.

with those in
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Fig. 8. (Continued)
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AR TEMPERATURE (°C)

ELAPSED TIME (day)

Fig. 9. Change of air temperature for the period of the
displacement measurement.
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Fig. 10. Accumulated displacement of
the ceiling in the ice dome.

side of the ice dome.

The thickness of the ice dome rapidly decreased due to sublimation in summer;
consequently, small holes appeared, especially on top of the ceiling and on the north
side of the ice dome. Figure 11 shows typical holes due to sublimation on another
ice dome. An air pressure difference between inside and outside of the ice dome
occurs on windy days; consequently, a draft mainly drained into the outside through
the holes formed by sublimation. That may accelerate the development of the holes.
Snow was sometimes added to the ice dome to prevent sublimation.

An attempt was made to construct a snow dome without using water. The
construction was carried out from October 22 to November 28. Snaw was blown onto
the membrane bag by the rotary snowplow. The lower part of the membrane was
covered with snow, but it was impossible to cover the upper part. The snow did not
harden. One reason is believed to be that the diameters of the snow lumps blown from
the rotary snowplow were too large.

Water making was also attempted outside using a snow melter with an oil burner
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Fig. 11. Holes of the ice dome developed by sublimation in summer.

of 335 MJ/h and a sectional water tank. But this was not successful owing to the
strong wind and low temperature.

6. Conclusion

The ice dome was very convenient as a temporary wide covered space for a
workshop, storehouse and doorway at an inland station in the Antarctic, but it was
difficult to make water outside in the cold condition. Therefore, it is advised to use
tap water stored in a station. It is worth making a large supply pool when construc-
tion of several ice domes is planned at once.

An ice dome is good for the environment because nothing remains but the door
if it is demolished.

Adding snow was useful in order to prevent ice thickness from decreasing owing
to sublimation.

Acknowledgments

The authors are grateful to the members of the JARE-32 Asuka wintering party
for carrying out the operation.

References

Aoki, T. (1989): Meteorological data at Asuka Station, Antarctica in 1988. JARE Data Rep., 150
(Meteorology 23), 110 p.

Hannuki, T., Ismizawa, K., Futami, K. and Tsukur, K. (1992): Aisu ddmu mokei no shisaku to kyddo
shiken (A laboratory test on construction of ice domes and their load-carrying capacity).
Nankyoku Shiryd (Antarct. Rec.), 36, 203-226.

Iwasaki, A. and Yamanouchl, T. (1992): Meteorological data at Asuka Station, Antarcitca in 1990.
JARE Data Rep., 179 (Meteorology 29), 110 p.



Construction of Ice Domes at Asuka Station in Antarctica 127

Japan METEOROLOGICAL AGENCY (1993): Meteorological data at Syowa Station and Asuka Camp in
1991. Antarct. Meteorol. Data, 32, 299-307.

Kokawa, T. (1985) : Experimental studies on ice shells in Asahikawa. Cold. Reg. Sci. Tech., 11,
155-170.

MEeLLor, M. (1968): Methods of building on permanent snow fields. Cold. Reg. Sci. Eng., Monograph
IlI-A2a, 43 p.

MEsHIDA, S., Azuma, N., YukiMaTsu, A. and Yamanouch, T. (1991): Meteorological data at Asuka
Station, Antarctica in 1989. JARE Data Rep., 179 (Meteorology 25), 110 p.

Stantey, R.G. and Grockner, P.G. (1975): The use of rainforced ice in constructing temporary
enclosures. Mar. Sci. Commun., 1, 477-462.

Stantey, R.G. and Grockner, P.G. (1976) : Reinforced ice: Its properties and use in constructing
temporary enclosure. Proceedings of the Third International Conference on Port and Ocean
Engineering under Arctic Conditions, held in Fairbanks, Alaska, 11-15 August 1975. Fair-
banks, Institute of Marine Science, University of Alaska, 935-956.

YamanoucHi, T., Suisuva, K. and Sakaki, R. (1988): Meteorological data at Asuka Camp, Antarctica
in 1987. JARE Data Rep., 140 (Meteorology 29), 110 p.

(Received March 30, 1993; Revised manuscript received May 21, 1993)



