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PREFACE 

This is the first of five sections of a monograph dealing with the use of snow as a 
constructional material on the large ice sheets of Greenland and Antarctica.. It covers 
general building concepts. Other sections deal with: site investigation and exploitation, 
foundations and subsurface structures, utilities, and snow roads and runways. 

The development of construction techniques in snow has been largely due to the 
Snow, Ice and Permafrost Research Establishment (SIPRE) of the United States Army Corps 
of Engineers, now a part of the Cold Regions Research and Engineering Laboratory (CRREL) 
of the U.S. Army Terrestrial Sciences Center (USA TSC}, at Hanover, New Hampshire. 

Much of the information used in this section was gained from personal inspections 
and discussions, from general narratives, and from examination of unpublished reports and 
drawings. The writer is indebted to many individuals and organizations, but he especially 
acknowledges the U.S. Navy Bureau of Yards and Docks (now Naval Facilities Engineering 
Command) and M. Paul-Emile Victor, Expeditions Polaires Francaises. 

USA TSC is a research activity of the Army Materiel Command. 

Citation of commercial products or manufacturers is for information only and does 
not constitute official endorsement or approval. 
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EDITOR'S FOREWORD 

Cold Regions Science and Engineering consists of a series of monographs written by 
specialists to summarize existing knowledge and provide selected references on the cold 
regions, defined here as those areas of the earth where operational difficulties due to sub
freezing temperatures may occur. 

Sections of the work are being published as they become ready, not necessarily in 
numerical order but fitting into this plan, which may be amended as the work proceeds: 

I. Environment 

A. General - Characteristics of the cold regions 
1. Selected aspects of geology and physiography of the cold regions 
2. Permafrost (perennially frozen ground) 
3. Climatology 

v 

a. Climatology of the cold regions. Introduction, and Northern Hemisphere, I 
b. Climatology of the cold regions. Northern Hemisphere, II 
c. Climatology of the cold regions. Southern Hemisphere 
d. Radioactive fallout in northern regions 

4. Vegetation 
a. Patterns of vegetation iIi cold regions 
b. Regional descriptions of vegetation in cold regions 
c. Utilization of vegetation in cold regions 

B. Regional 
1. The Antarctic ice sheet 
2. The Greenland ice sheet 

II. Physical science 

A. Geophysics 
1. Heat exchange at the ground surface 
2. Exploration geophysics in cold regions 

B. PhYSics and mechanics of snow as a material 
C. Physics and mechanics of ice 

1. Snow and ice on the earth's surface 
2. Ice as a material 

a. Physics of ice as a material 
b. Mechanics of ice as a material 

3. The mechanical properties of sea ice 
4. Mechanics of a floating ice sheet 

D. Physics and mechanics of frozen ground 
1. The-freezing process and mechanics of frozen ground 
2. The physics of water and ice in soil 

III. Engineering 

A. Snow engineering 
1. Engineering properties of snow 
2. Construction 

a. Methods of building on permanent snowfields 
b. Site investigation and exploitation on permanent snowfields 
c. Foundations and subsurface structures in snow 
d. Utilities on permanent snowfields 
e. Snow roads and rUnways 



vi 

3. Technology 
a. Explosions and snow 
h. Snow removal and ice control 
c. Blowing snow 
d. Avalanches 

4. Oversnow transport 
B. Ice engineering 

1. River-ice engineering 
a. Winter regime of rivers and lakes 
h. Ice pressure on structures 

2. Drilling and excavation in . ice 
3. Roads and runways on ice 

C. Frozen ground engineering 
1. Site exploration and excavation in frozen ground 
2. BUildings on frozen ground 
3. Roads, railroads and airfields in cold regions 
4. Foundations of structures in cold regions 
5. Sanitary engineering 

a. Water supply in cold regions 
h. Sewerage, and wastes disposal in cold regions 

6. Artificial ground-freezing for construction 
D. General 

1. Cold-weather construction 
2. Materials at low temperatures 
3. Icings 

IV. Remote sensing 

A. Systems of remote sens'ing 
B. Techniques of image analysis in remote sensing 
C. Application of remote sensing to cold regions 

. F.J. SANGER 



METHODS OF BUILDING ON PERMANENT SNOWFIELDS 

by 

Malcolm Mellor 

INTRODUCTION 

Over a period of one decade, from about 1952 to 1962p there occurred in Greenland and Ant
arctica a surge of construction activity impelled by military fortification and scientific exploration. 
It brought into being a number of large and elaborately equipped stations on ice caps and ice shelves 
which previously had borne nothing more than primitive and ephemeral encampments. During this 
period of vigorous activity a large amount of engIneering knowledge and experience was won at great 
expense. The purpose of this report is to record some of that knowledge and to provide a guide to 
more detailed reports on specific topics. 

On first acquaintance the ice sheets 0 may well be intimidating to 
the engineer who is a.sked to design, build andoperate major structures upon them. Quite apart from 
the extreme remoteness and the frigidity of the climate, - is highly 
unstable both mechanically and thermally. However, it turns out on closer acquaintance that snow 
can be used as a foundation "soil" and as a building material, provided that due consideration is 
given to its peculiar physical properties. 

The techniques employed for large-scale construction on ice caps were developed for the most 
part in a great hurry; nevertheless they did provide effective solutions to design and logistics prob
lems that must have appeared insuperable at first. Sophisticated research and surveillance stations 
were built and supported in remote and hostile environments, enabling sedentary individuals to live 
and travel comfortably in regions which formerly had imposed the supreme tests of human endurance. 
However, since the pace of construction outstripped that of research and evaluation it is hardly sur
priSing to find that past designs were less than ideal. 

A number of past projects are open to criticism on economic grounds, perhaps because of 
inordinate modification of original concepts in response to changed design demands. An example is 
furnished by the "cut-and-cover" concept for undersnow construction, which initially evolved as an 
economical means of providing simple shelter from high winds and insulation from the extremes of 
surface temperature. Tunnels which originally were formed entirely from snow eventually were built 
with steel lining on about half of their surfaces, and the structures placed within the deforming 
tunnels eventually included such major buildings as housings for a nuclear power plant. A simple 
geometric consideration suffices to show that a network of narrow tunnels has a very large specific 
surface (ratio of surface to enclosed volume), and consequently the amount of sheathing material is 
large by comparison with the volume enclosed. Similarly, the strings of long narrow buildings have 
a high specific surface, which leads to unduly high material demands and heavy heat loss. Rela
tively large equant structures ought to be appreciably more economical, even if they are heavily 
constructed. 

Some problems in design may have arisen from desires for a panacea. Certain broad solutions 
to the ice-cap construction problem (such as building on stilts, construction within deformable tun
nels, buried restraining structures, and "disposable" structures) appeared, but there was some 
tendency to regard these as mutually exclusive rival concepts rather than reasonable alternatives 
or complementary systems. In any future construction it ought to be possible to analyze the design 
requirements to provide a better structural "mix" and thus achieve operational efficiency and cost 
effectiveness. 
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Some of the largest and most expensive stations were seriously deficient by certain architec
tural standards, especially those bearing on the psychological well-being of the occupants. While 
the stations were equipped to cater lavishly to basic animal needs, interior conditions tended to be 
exceedingly depressing, with institutional color schemes, stark furnishings, harsh lighting, and 
lack of privacy for individuals. With such surroundings, and graceless catering facilities-, men in
carcerated for long periods could easily become morose and unkempt. By these tokens, some of the 
less elaborate non-military stations provided more agreeable living and working conditions. 

The following pages give a brief review of the state-of-the-art for ice-cap construction. The 
methods described have their shortcomings, but in the main they provide a sound basis for future 
design and construction on permanent snowfields. 

REVIEW OF ESTABLISHED BUILDING CONCEPTS 

Up to the present time, virtually all construction on permanent snowfields has been to some 
extent experimental. No installation has ever been completely satisfactory from an engineering 
point of view, so that each new project contains modifications which are intended to overcome the 
defuctsofearlierdesi~s. However, ~~'~o~r ~c~o~n~~~r~u~c~ti~Q~n~~~~~~~~~~~~~~~~~ 
~la~~~iii~~~~~iIii~~~~~2a and there is an unfortunate tendency to repeat former 
errors. Thus it is important to make a careful study of the design and performance of previous works 
before embarking on new major projects. 

One of the chief problems in building on permanent snowfields is the mechanical and thermal 
instability of the site material in which structures must be placed. Even in the undisturbed state 
the snow undergoes complex and continuous deformations, and when structures are introduced the 
strain rate of surrounding material is often accelerated. There is also the problem of continuous 
snow accumulation, which leads to burial of surface structures unless they are periodically lifted 
free. tlwl an s w e J. , and sites are usually so remote that trans-
port and labor costs become exceedingly high. Severe weather conditions, coupled with the lack of 
daylight during winter months, limit the season for outside working and site access to a few months 
of summer. 

The special conditions call for a desi~ approach which aims for intelligent adaptation to the 
environment. Economy in imported materials and consumable supplies is important because of trans
port difficulties, and site operations must be simplified to economize on time, men and equipment. 
Desi~s must take into account the unusual mechanical and thermal properties of snow and the aero
dynamic effects of exposed structures in order to combat the menace of drifting snow. Utilities must 
be provided in the most efficient and economical way for the special environment; and this raises 
problems in power generation, water supply and distribution, waste disposal, heating and ventilating. 
Once an installation has been completed it must be operated with care and vigilance, since its 
surroundings are subject to incessant change. 

The following notes outline the methods which have been tried in the past. They deal with 
installations built on the ice sheets of Greenland and Antarctica, but similar considerations might 
well apply to projects sited on smaller ice caps, such as those of Ellesmere Island, Spitsbergen, 
Franz Josef Land and other Arctic islands. They might also be relevant to construction on high 
mountain snowfields in other heavily glacierized regions of the world. 

EVOLUTION OF BUILDING TECHNIQUES 

Up to the end of the 19th century human occupation of the Arctic was confined to the reason
ably habitable coastal regions, where proximity to the sea provided food and easy travel. In these 
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Figure 1. Const&uction are cut with a large 

places the snow cover is seasonal and "hard" materials such as timber, stone, turf and animal skin 
are available for simple building. Thus the buildings made by both natives and itinerants of Europe
an stock, although crude, were generally of a familiar style. The outstanding exception was the 
Eskimo snowhouse, a dome-shaped winter dwelling built by laying blocks shaped from hard snow in 
a spiral course of decreasing diameter (Fig. 1). Snowhouses can be built very rapidly, but in coastal 
regions they melt in summer and so are essentially temporary buildings. For permanent or summer 
occupation the Eskimos build tents or huts with "hard" materials. 

When men began to penetrate into the interior of the large permanent ice sheets new problems 
arose. Tents gave adequate protection to hardy men on summer journeys, but more substantial shel
ters were required to enable scientists to endure the severe winters and perform intricate technical 
tasks at the same time. Wherever supplies could be carried directly to the snowfields by ship, e.g., 
the ice shelves of Antarctica, wooden huts were an obvious answer; but at locations to which sup
plies had to "be man-hauled or dog-sledged for 200 miles or so the problem was more difficult for the 
early expeditions. If hard materials could not be carried to the site in any quantity, the possibility 
of using the only local material, snow, had to be considered. 

One wa~ of using sno..w is () excavate chamber in the lyin snow mass. In 1930-31 three 
members of tfie (Jerman Wegener Expedition spen t e winter in primitive quarters excavated in the 
snow near the center of the Greenland Ice Cap (Fig. 2), thus demonstrating that men and equipment 
could be sheltered in this severe environment without the use of conventional materials. Snow caves 
and ice caves had been used before this time for survival and temporary shelter, and they are still 
used by mountaineers in remote areas (Fig. 3). In one notable survival inCident, six members of 
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Figure 2. Cross section of the snow cave in which three members of the 1930-31 Wegener 
Expedition wintered in the center of the Greenland Ice Cap. (After Georgi' ,.) 

Captain R.F. Scott's expedition were marooned on the coast of Antarctica in 1912; they lived 
through six winter months in an ice cave, improvising stoves and lamps from seal blubber and old 
cans, and eking out their meager food supply with seal meat. 

At the same time that the three members of the Wegener Expedition were wintering on the 
Greenland Ice Cap in 1930-31, a British explorer was living alone some 300 miles farther south. 
His station consisted of a 10-ft-diameter dome-shaped tent completely covered by drifted snow, 
and two snowhouses; all three chambers were connected by tunnels. In this station it is possible 
to see early use of the cQnceQ of molded snow. 

In 1935 another small ice-cap station was set up in North East Land by a British university 
expedition; the living quarters again consisted of a dome-shaped tent set 5 ft below the snow sur
face and allowed to become covered with drifting snow. Store rooms were excavated and a system 
of connecting passages was made. 

In Antarctica a different situation prevailed during the era of early exploration, and bases 
were set up close to the sea. Those stations built on permanent snowfields were still directly 
accessible by ship, so the provision of materials and hardware was not too difficult. Hence the 
preference was for precut or prefabricated huts built on the surface. 

In 1911 Amundsen established his "Framheim" base on the Ross Ice Shelf using a combina
tion of huts and excavated storage chambers, with interconnecting tunnels in the snow. In later 
years Byrd led a series of expeditions to this same area, and between 192.9 and 1941 built three 
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Figure 3. Snow caves for the temporary shelter of troops in the field (see DA FM 31-70, 
Basic Cold Weather Manual, -Fe1:JTI1 9). 
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Figure 4. An expedition hut being erected by a French p?rty on the Greenland Ice 
Cap. Setting the building below surface level gives firm snow for foundations and 
minimizes snow drifting. (Expeditions Polaires Francaises photo by Jacques Masson.) 

succeeding "Little America" stations on the snow. These bases were of an unprecedented size 
and complexity at the time, and "hardware" was employed extensively. They were bases for 
temporary occupation, however, and subsequent burial by snow, followed by structural deformation 
and damage, was of small concern. 

After World War II mechanized surface transp)rt and large aircraft became available to polar 
expeditions, and with these improved transport facilities there was no great difficulty in supplying 
relatively small quantities of building materials to remote locations. Initially there was little 
deviation from the surface-hut concept of the 1930's but, because most bases were abandoned inten
tionally after a short period, the short working life inherent in this type of construction was no em
barrassment. 

The shortcomings or' simple surface construction soon became clear. Exposed buildings en
couraged snow drifting, so that accumulation was locally accelerated, and both buildings and out
side storage areas were soon submerged. Excessive snow loads developed by the drifts caused 
structural damage to the buildings and, with foundations laid on unstable surface snow, uneven 
settlement was likely to occur, particularly if heat flow from the buildings was appreciable. 

In some quarters the advantages of placing buildings below surface level from the start were 
recognized early ; in 1949 a French expedition built a small research base, Station Centrale, on the 
Greenland Ice Cap, and assembled the living hut roof-deep in a hole (Fig . . 4). The main hut was a 
26- x 16-ft portal-framed prefabricated structure; it was set in a 9":ft-deep hole so that the roof was 
flush with the natural snow surface at the time of erection. This allowed the foundations to be 
placed on sound firm snow below the unreliable, rapidly deforming material of the surface layers, 
and the building was at a suitable level for excavation of surrounding storage chambers and con
necting passages. 
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Figure 5. A snow-block house under construction on the Greenland Ice Cap. The 
house is lined with glass fiber insulating blanket and has aluminum roofing members. 

Tunnels, pits, and roofed trenches were excavated and deformation studies were made. A 
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The under snow construction prinCiple was finally developed to the operational stage and the 
U.S. Army built a large nuclear-powered camp, Camp Century, at an altitude of 6300 ft on the ice 
cap in northern Greenland by this method. Prefabricated barracks, workshops and offices were 
erected in roofed trenches which spread over an area about 1400 x 1000 ft. Floor level was about 
25 ft below surface level at the time of building. The main power plant was a steam turbo-generator 
driven by a pressure-water-type nuclear reactor, and new methods of water supply and waste dispos
al were devised. 



8 METHODS OF BUILDING ON PERMANENT SNOWFIELDS 

Some facilities, such as aircraft control and missile warning installations, cannot be built com
pletely below the surface. When the DEW line required eastward extenSion, the problem of building 
large structures at the surface of the Greenland Ice Cap and keeping them free from drifting snow 
had to be faced. To fulfill the requirements, two stations were built on the ice cap in 1959-60, 
roughly at the latitude of the Arctic Circle and at altitudes of 7600 ft and 8600 ft respectively. The 
stations, deSignated DYE-2 and DYE-3, each consist of a composite building surmounted by a radar 
tower, with a survival building (for emergency use) and bulk diesel fuel storage nearby . To mini
mize buildup of snowdrifts, the underside of the composite building is elevated 19 ft above surface 
level on 8 pairs of columns, and hydraulic jacks permit annual lifting and leveling of the entire 
structure. The foundations were originally (1960) about 30 ft below the surface level of the snow, 
but by 1967 they were close to 60 ft below the surface. The main structures at the DYE sites 
were built with structural steel according to conventional practice, but the overall design was a 
novel adaptation to the requirements and the environment. All materials, about 6500 tons at each 
site, were delivered by C-130 Hercules aircraft, since the area was virtually inaccessible by sur
face vehicles. 

Up to 1955 there was only sporadic activity in Antarctica and building was confined to tempo
rary structures. A small station, Maudheim, was built on an ice shelf in 1950, but it was occupied 
for only two years. In the Antarctic summer of 1955-56, however, field preparations for the exten
sive operations of the International Geophysical Year (1957-58) began. The largest building pro
gram was that carried through by the U.S. Navy as part of Operation Deepfreeze. Bases were built 
on permanent snowfields at four places: Little America V, Byrd Station, South Pole (Amundsen
Scott Base), and Ellsworth Station. 

The general construction method was identical for all these bases. Prefabricated, box-shaped, 
panel buildings of light construction were erected on the surface of the snow (Fig. 7). Foundations 
were of the longitudinal sill type, and the floor of each building was carried on transverse trusses 
spanning between timber bearers set on the snow sills. Individual buildings were connected by 
timber-framed corridors sheeted with boarding or wire netting and burlap. 

Snow drifted around the buildings up to roof level soon after completion of the bases, as was 
anticipated. 

Original plans for IGY construction and support were based on a limited stay of two or three 
years in Antarctica, but at the end of the IGY the scientific programs were extended for an indefi
nite period and some of the stations continued to be occupied. The extensive snow drifts generated 
by the buildings and by surface activity were troublesome; outside storage areas were buried deeply 
and heavy snow loads were imposed on the structures. Some structures were deformed and damaged, 
and access became difficult. 

Little America V was finally evacuated in 1959. It had served its purpose adequately, but the 
condition of the base had deteriorated considerably in three years of occupation. Ellsworth Station 
was given to Argentina in 1959, and it continued to serve until 1963. 

At the South Pole Station, deterioration was comparatively slow, since low temperatures and 
small snow accumulation limit snow deformation and load increases at that site. By the end of 1959 
some replacements for damaged buildings had to be provided, but it was decided eventually that the 
station could be maintained by a program of annual renovation. Under this maintenance program, 
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Figure 6a. A 36-[t-diameter inflatable hemisphere being prepared 

to receive a covering of snow. The dome form is set up in a trench 
and the Peter plow on the left is preparing to blow milled snow 

over it. 

Figure 6b. An inflated cylinder set in a shallow trench to provide 
form work for the casting of a Peter snow arch. Inflated cylinders 

can be wedged between -the abutments of a deep trench. 
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Figure 7. Typical surface construction as used for U.S. lGY bases in Antarctica. 
Prefabricated huts were erected on the surface after a minimum of site preparation. 
The photo shows Ellsworth Station being built early in 1957. (Official U.S. Navy 

photo.) 

Figure 8. Layout of a simple research facility - Wilkes 
Satellite Station (Site 2), Antarctica. This small research 
station on the Antarctic ice cap consists of a buried James
way hut and excavated space tor storage and work area. 

(After Cameron 2.) 
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snow has been removed, buildings have been rehabilitated, and protective arches of double-corru
gated steel have been erected over inner buildings. Thus the station is still (1967) operational. 
By the end of 1959 Byrd Station was deeply buried by snowdrifts and action was necessary to 
relieve the snow loads and strengthen buildings. The base was in poor condition and nearing the 
end of its useful life by 1960, when construction of an entirely new base was begun at a site only 
a few miles away. 

The new Byrd Station, commissioned in 1962, was basically an under snow facility constructed 
inside a network of tunnels, following the principles of Camp Century, Greenland. About 3000 linear 
feet of tunnel was roofed with 30- and 40-ft-span double-corrugated steel arch and 16-ft-span single
corrugated steel arch. Another 3500 ft of access tunnel was roofed with 9-ft-span corrugated steel 
arch. Interior buildings were 20-ft-wide prefabricated structures. A number of small buildings were 
built above the level of the snow surface on extensible columns, with steel shafts providing access 
to them from the main tunnel complex. The station is still (1967) operating. 

In recent years U.S. scientific programs in remote areas of Antarctica have been conducted at 
some small temporary stations, using Byrd and South Pole Stations as staging posts for supply and 
support operations. These small stations consist essentially of a compact assemblage of air
transportable buildings of the house-trailer type. They are designed so that the units can be dug 
out from the snow periodically and repositioned on the snow surface, either at the same site or at 
an entirely different site. In practice, the trend is to leave the buildings in the same position and 
to provide a protective roof or enclosure. Packaged stations of this kind include Eights Station, 
Plateau Station, and the Byrd VLF Substation. 

The United States has also operated a number of small, temporary summer stations. These 
have depended to a large extent on J amesway huts for basic shelter. 

Over the past decade many countries have established research stations in Antarctica, but 
only the United States has undertaken extensive construction on the ice cap and the ice shelves. 
A number of countries have built near the seaward margins of the ice shelves and the ice cap, but 
apparently there has been little deviation from simple surface construct ion of prefabricated or 
precut buildings. The Soviet Union has been engaged in sustained research and exploratory activ
ities in the interior regions of the ice sheet and has established a number of stations on the ice cap. 
However, even the stations for continuous occupancy are understood to be of very simple construc
tion, consisting basically of complete fitted hut units hauled to the sites by tractor trains .. 

STATIONS BUILT DURING THE PAST TWO DECADES-TECHNICAL DETAILS 

Radar Stations N-33 and N-344 
5 

~~~~::~tt~~.~~".IIi~were built on the ice cap in northwest Greenland 
........ ,.-1"1-'- orce. ou 120 miles north of e while N-34 was about 220 

miles east of Thule at an altitude of about 7000 ft above sea level. The function of the stations 
was" Air Control and Warning," and each one provided normal accommodation for 16 men. 
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Figure 9. Layout of radar stations N-33 and N-34, Greenland Ice Cap. The 
plan shows a network of tubular steel shells, inside which heated build

ings are erected. 

The finished stations consisted of heated buildings placed inside a network of unheated 
tubular steel tunnels, as indicated in the layout plan of Figure 9. The tubular steel shells were 
formed from multiplate corrugated culvert material, which was assembled in trenches cut into the 
surface of the ice cap. After assembly, the trenches were backfilled and snow was packed to 
within 2 ft of the top of the 18-ft-diameter tubes. The tubes which protected inner buildings were 
18 ft in diameter (Fig. 10), while the corridors for communication and storage were 10 ft 6 in. in 
diameter (Fig. 13). Flexible connections were provided to accommodate possible differential 
settlement. At both ends of the central corridor sturdy timber-frame structures were built on 



METHODS OF BUILDING ON PERMANENT SNOWFIELDS 

5'_0" x e'-o" x 7 GA. GALVANIZED 

\ CORRUGATED STEEL 

5 ' _0" DIA. ESCAPE RISER 8 HATCH 

10'-6" DIA. HEATER ROOM. 6 '_0" x e'-o" x 10 GA . 

GALVANIZED CORRUGATED STEEL 

Figure 10. Typical 18-ft diameter corrugated multiplate steel shell for radar stations 
N-33 and N-34. 
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wooden base mats; one of these contained th~ operations building and carried on its roof the canvas
covered radome, while the other contained the communications building and carried on its roof the 
main entrance vestibule and stairhall (Fig. 11). A number of 5-ft-diameter steel risers were carried 
on top of the tubes to serve as personnel and supply hatches and to provide ventilation. The buildings 
assembled inside the tubes were insulated, prefabricated Clements panel buildings, each of them 
11 ft 4 in. wide; 8 of them were 48 ft long and 2 were 64 ft long (Fig. 12). The operations and com
munications buildings were also Clements buildings, 20 x 20 ft and 26 x 26 ft respectively. 

Each station was equipped with four 50-kw generators, two of which were standby power sources. 
The snow melter had a peak capacity of 250 gal/hr, with 2000-gal storage capacity, although normal 
station demand was estimated at 250 gallday. Barrack and office buildings were independently heat
ed by 85,000 Btu/ hr oil-fired hot air furnaces, which were installed in separate heater rooms fo 
safety (Fig. 10). Fire alarms and carbon monoxide detectors were provided throughout the complex. 
Waste was collected in sumps in the latrine and mess hall, and was ejected periodically through a 
6-in.-diameter wood-stave pipe to a sewage well 118 ft from the station. 

The camps were abandoned in 1957, having served their purpose. The condition of N-33 at 
that time is not known to the writer, but N-34 was in reasonably good condition. Some differential 
settlement of the tubes had occurred at N-34, largely as a result of undermining on one side by a 
sewer-pipe leak. Excessive heat leakage from the power plants had caused melt water to seep 
through the joints of the multiplate shell roof, creating an icing problem where the melt wate~ refroze 
at floor level. The tubes had deformed slightly into elliptic shapes, the vertical diameter shortening 
and the horizontal diameter lengthening. In the 10-ft 6-in.-diameter tubes the changes in length of 
horizontal and ve,rtical diameters were from about 2V2 to 6112 in. over a 4-year period. In th ',8-ft
diameter tubes the principal diameters had changed in length by 5 to 11 in. As a result of shell 
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BASE MAT 
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Figure 11. Enclosure for the communications building at radar stations N-33 and N-34. These 
chambers were strongly framed with heavy timbers to resist snow loads. 

TYPICAL PREFABRICATED CLEMENTS 
PANEL BUILDING WITHIN SHELL 

STEELOX PANEL 
END WALL 

Figure 12. Arrangement of prefabricated panel building inside steel tube 
at radar stations N-33 and N-34. The center prop under the floor beams 

caused hogging and cracking as the shells deformed. 
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F igure 13. View down the central corridor of radar station N-34. 

distortion the floor beams supporting interior buildings began to hog and crack the buildings, since 
they were supported at mid-span by a prop (Fig. 12) . 

N-34 was surveyed periodically during its working life and afterwards up to 1965. Its struc
tural performance has been described and analyzed elsewhere~o Throughout the 12 years of obser
vation the steel shells continued to deform as snow loads increased (the floor level of the station 
was 41.4 ft below snow surface by August 1965), but the general condition of the station remained 
remarkably good. It is worth noting that the wooden chambers (Fig. 11) showed no sign of distress 
after 12 years of burial. 

USA SIPRE Excavations, Site 2, Greenland1 
11 

Between 1954 and 1956, USA SIPRE constructed a system of tunnels, covered trenches, and 
snow chambers at a research site on the Greenland Ice Cap which was within a mile or so of radar 
station N-34. The purpose of this rabbit warren, part of which is illustrated in Figure 14, was to 
facilitate the study of ice-cap behavior and to observe the response of excavations and subsurface 
structures in the hope of improving engineering capabilities. 
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Figure 14. Part of the system of research excavations cut at Site 2, Greenland, in 1954. (Bader et al. 1) 
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Trenches, tunnels and a deep pit were excavated and the trenches were roofed variously with 
timber, prefabricated panels, milled and sintered snow, and a combihation of wire mesh and natural 
snow. A small house was built with snow blocks, lined with glass fiber, and roofed with aluminum 
beams and sheets (Fig. 5). The installation was instrumented, and the behavior of the excavations 
and their restraints was observed over a period of years as the "diggings" became ever more deeply 
buried by surface snow accumulation. Although severely deformed, the original 1954 excavations 
(Fig. 14) were still accessible in 1965, when the last observations were made . 

From the original experimental diggings at Site 2 evolved a s cheme for the construction of a 
working under snow camp capable of housing troops, Camp Fistclench. (This camp is described 
below. ) After Fistclench was built, USA SIPRE experimental excavation continued at another 
site nearby which was known as M-site. At this newer test site there was a test pit and a snow 
laboratory for making detailed measurements of the physical and mechanical properties of ice- cap 
material. The Peter Snowmiller, a Swiss rotary snow plow, was used to excavate a number of 
"undercut" trenches, which were roofed by "cast" (i.e . , milled and sintered) snow. 1 2 These tun
nels were used for various test purposes, including experiments on an undersnow railroad. M-site 
was last used in 1960, although periodic inspections were made up to 1963. 

USA SIPRE Undersnow Camp, Greenland (Camp Fistclench) 

The USA SIPRE Undersnow Camp was built at Site 2, Greenland (Le., near N-34), in 1957 by 
engineer troops. The site is some 220 miles east of Thule Air Base and is at an altitude of about 
7000 ft in the melt-free zone of the ice cap. 

Trenches , 12 ft deep by 20 ft wide, were excavated by Peter Snowmillers, and timber truss 
roofs sheeted with dunnage and other available materials were built (Fig. 15). A central covered 
street was provided for vehicle access, and trenches for living , storage and workspace ran at right 
angles to the main access street (Fig. 16). Jamesway huts and wooden buildings were put up in 
the tunnels, and equipment for power generation, vehicle maintenance, and snow melting was in
stalled. Some s torage areas were reinforced by corrugateo. steel culvert plate, the maintenance 
trench was roofed with steel arch, and trenches roofed by unreinforced Peter snow were added later. 
Both pile foundations and pad-type footings were used. 

The whole camp eventually became completely buried by new snow, but it continued to func
tion up to 1960, even though it received only scant care and maintenance. When last inspected in 
1963 the camp was in poor condition : timber roof trusses had failed, access staircases had been 
crushed by settlement, unre strained tunnels had undergone drastic closure, and hogging of the 
trench floors had distorted inner buildings. 

The lessons learned at Camp Fistclench were applied directly to the design of a new and 
larger base, Camp Century. 

:f-.he construction of, Camp C@atuf: 6' he COl'-PS (}t En ;iIle~l'S U.S Ar..m-y, marked the culmina
tion of several years 0 research activity directed towards the evelopment of sound and economical 
construction methods for ice-cap installations. It was located on the ice cap in northwest Green
land approximately 150 miles east of Thule at an altitude of about 6300 ft, in a zone where some 
summer melting occurs. The camp was built to test the undersnow building concept on a full opera
tional scale, using a nuclear power source , and to provide a base for research and developme t 

work. 
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Figure 15. Timber truss roofing on snow trenches. This roofing system was 
used in the construction of Camp Fistc1ench, Greenland. 1 2 

The main complex of the under snow camp extended over an area of about 1400 by 1000 ft and 
consisted of a network of roofed trenches inside which buildings and equipment were erected. Figo 

ure 17 shows the general layout, with the building trenches running off at right angles from the main 
communication trench, which was ramped at the ends for vehicle access from the surface. 

Heavy wooden flooring was laid in the 1200-ft communication trench to provide a wearing sur
face for vehicles, but only light wooden walkways were put down for foot traffic in the side trenches. 
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Figure 16. Layout of Camp Fistclench, Greenland. This was an experimental cam'p which provided a base 
for research work on the ice cap. 
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Figure 17. Layout of Camp Century, Greenland. 3 
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Figure 18. Prefabricated T -5 building inside an undercut trench at Camp Century. 

Most building foundations were timber sills or pads keyed into the snow of the trench Doors, with 
crjbs ano hearers to elevate the buildings above the snow and permit free ventilation beneath them 
(see Cold Regions Science and Engineering monograph III-A2c) . 

Living quarters, offices and other working spaces were provided in T-5 prefabricated panel 
buildings, 16 ft wide by 76 ft long. Other buildings of similar construction housed special equip
ment. The nuclear reactor was enclosed by a steel-framed structure set in a wide trench roofed by 
Wonder arches. Both rigid and Oexible tanks for the storage of glycol and diese'l fuel were set in 
special small trenches. 

The camp was intended to be ventilated, and cooled in summer, by air drawn from the pores 
of the ice cap through specially made .. air wells:' Stale air, including exhaust from the reactor's 
airblast coolers, was to be discharged to the surface. However, the air wells performed inade
quately and air extractors were not installed in the trenches. The camp's water was supplied from 
a deep well, where' snow was melted and ponded in situ, using heat from a steam line fed from a 
boiler above (see monograph III-A2d). Normal camp wastes were discharged to a sink melted down 
into the snow, and low-level radioactive waste from the power plant (e .g ., contaminated coolant) 
was run into a separate hole about 300 ft from the nearest point of the camp. 

The main power source for the station was the PM-2A nuclear power plant, a pressure-water 
nuclear reactor with gross thermal power of 10000 kw, giving net electric power of 1560 kw from the 
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Figure 19. Sections of Wonder arch double-corrugated roofing being fitted over 
a trench at Camp Cen tury. 

turbo-generator. The output of direct steam heat was 1,000,000 Btu/ hr, providing an ample 
supply for ice melting in the water well. Standby power was supplied by three 300-kw conven
tional diesel generators. 

Ice Cap Stations of the DEW Line Eastward Extension, DYE-2 and DYE-36 

The eastward extension of the DEW line involved the construction of four new early warning 
radar stations in Greenland. Two of these s tations, DYE-2 and DYE-3, were built on the ice cap 
in 1959-60. Construction was accomplished by the U.S. Army Corps of Engineers for the U.S. Air 
Force , and civilian consulting engineers and contractors were employed. 
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Figure 20. Typical trench cross sections at Camp Century. (a) undercut 
trench with 9-ft-span arch roof, (b) undercut trench with 16-ft-span arch roof, 
(c) nuclear reactor trench with 40-ft-span arch roof, (d) feedwater trench 

with Wonder arch roof. 
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Owing to the inaccessibility of the sites, all men, materials and equipment (about 6500 tons 
to each site) were airlifted from Sondrestrom Air Base in C-130 aircraft equipped with ski-wheels. 
As a result, all design and construction planning was limited by the operational capabilities of 
the aircraft, i.e., 9 x 9 x 41-ft cargo space and 15-ton maximum weight. 

The westerly ice-cap station, DYE-2, is at approximately the latitude of the Arctic Circle, 
about 160 nautical miles east of DYE-l, a rock-based station near Sondre Strom Fjord. The site 
elevation is about 7600 ft above sea level and the area was initially flat. Mean annual air tempera
ture is about +5F, and annual snow accumulation is approximately 3 ft. The site is virtually inac
cessible from Sondrestrom by surface vehicles owing to severe and extensive crevassing. 

The easterly ice-cap station, DYE-3, is at roughly the same latitude as its neighbor, and 
about 100 nautical miles farther east. It is approximately 170 nautical miles from DYE-4 on the 
east coast of Greenland. The site elevation is approximately 8600 ft and the original surface was 
relatively flat. Mean annual temperature is about -4F, and annual snow accumulation is 4 to 5 ft. , 
Like DYE-2, the only reasonable access is by aircraft. 

The two stations are identical. Each consists of a main composite building, survival build
ings (three skid-mounted vehicle storage structures), and bulk diesel fuel storage. 

The composite building has two stories and a mezzanine. It is a pitched-roof building about 
130 ft square surmounted by a radar tower (Fig. 21). Four 3D-ft-diameter tropospheric scatter 
antennas are mounted on the outside of the composite building and housed -in enclosures for pro
tection against icing and electronic interference. The main structure houses electronic equipment, 
workshops, offices, diesel-electric generators, snow meIter, recreation and living facilities for 23 
men. The building is clad with prefabricated insulated metal panels, which are attached to the 
steel frame. 

To minimize buildup of snowdrifts, the underside of the building is elevated 19 ft above the 
snow surface on eight pairs of columns. Two 350-ton hydraulic jacks attached to each pair of 
columns permit raising and leveling of the entire building to compensate for snow accumulation and 
foundation settlement. The design calls for maintenance of a 15 to 20 ft space between snow surface 
and the bottom of the building. The system necessitates equal distribution of column loads. 

The substructure consists of column footings, transverse trusses between opposite column 
pairs, and under snow timber enclosures around the structural members.11 Each footing consists of 
two 36 WF beams crossing a grillage of eight 33 WF sections, which itself rests on a 25- x 31-ft 
mat of 6- x 12-in. timbers. Th~ timber mats. were at a delth of a~out 30. ft a.t th.e time of construc
tion. Maximum allowable bearIng pressure IS 4000 Ib/ ft , and thIS loadmg IS lIkely to ~e approach
ed only under full-wind load conditions (150 mph). 

The building itself is attached to the protruding columns by means of elaborate connections, 
to allow for ,a 30-ft total lift and possible differential settlement adjustments over a 10-year period. 
Lift is applied at the columns during jacking, and eccentricity of column load is reduced by splitting 
the columns, supporting the principal building trusses between the two elements of the double col
umn, and locating the jacks in this space. 

The composite building is assembled around four modified Warren trusses which span 120 ft 
between columns. The upper floor is supported at the level of the bottom chord and the lower floor 
is suspended on hangers. Two trusses on each end of the building and perpendicular to the princi
pal trusses resist wind loads and transmit them to the columns. 

Diesel fuel for the six 150-kw generators is stored in four 100,000-gal under snow tanks at 
each site. This capacity allows a 13-month supply to be held. Each tank is 30 ft in diameter and 
20 ft high. Tank roofs are designed for a load of 36 ft of snow, the estimated accumulation after 
10 years, and the shells are designed to resist a hydrostatic pressure of 10 Ib/in. 2 Each tank has 
a timber raft foundation at the same level as the foundations of the main structure. 
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Figure 21a. DYE-2 under construction. 

Figure 21b. DY E-3 nearing completion. The dome surmounting the composite building houses the 
surveillance radar, and dielectric windows on the side housings cover the tropospheric scatter 

communications antennae. 
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Fuel is pumped to the composite building, one pipeline being kept in use and a second one 
being held in reserve as standby line. Flexible connections are provided between tanks and lines 
and between lines and building. This compensates for differential settlement, and also allows for 
jacking of the main building. 

Sewage is collected in a sump in the composite building and discharged periodically in short
duration surges. It is carried by gravity flow through wood-stave pipe and deposited in a sewage 
sink 500 ft from the building. 

Water is provided by snow melting equipment. A dragline loads a hopper and snow is lifted 
into the building by a snow blower. Water from the melter is stored in a 3000-gal tank for distribu
tion by a hydropneumatic system. 

The skid-mounted survival buildings and vehicle shelters are moved from time to time to pre
vent complete burial by snow. 

Although designed to minimize snow drift accumulation, the DYE stations do generate l arge 
snowdrifts (see monograph III-A3c) and there is a continual expenditure of effort involved in bull
dozing away the drifts and spreading the spoil over a wide area. The stations have continued to 
operate successfully with periodic jacking to maintain elevation. The foundations, which in 1960 
were about 30 ft below the surface, were almost 60 ft below the surface in 1967 as a result of snow 
accumulation. The structural performance of the stations has been described and analyzed elsewhere!1 

United States IGY Stations in Antarctica9 

In 1956 and 1957 the U.S. Navy designed and built four lOY research stations on permanent 
snowfields in Antarctica. Two of these stations, Little America V and Ellsworth, were built near 
the seaward margin of ice shelves. The remaining two, Byrd and South Pole (Amundsen-Scott), 
were situated in the deep interior of the continent. 

All four snowfield stations were built directly on the snow surface, with the understanding 
that burial would ensue as new snow accumulated and drifted. A standard type of prefabricated 
building was used at all stations. It was a 20-ft-wide building with a module length of 8 ft; the 
typical finished length for individual buildings was 48 ft. The prefabricated panels, insulated to 
give a heat transfer coefficient ("U" factor) of 0.085, were 4 ft x 8 ft x 4 in., and they were fitted 
with splined joints and wedge clips for rapid connection to each other. Steel roof trusses fitted 
into wedge-shaped recesses in the wall panels to give both roof support and lateral rigidity. De
sign loads included 125-lb/ ft2 snow load and 100-mph wind forces. A 20- x 48-ft building could 
be erected by hand labor in two hours using a four-man crew. 

For foundations, longitudinal timber sills were laid on the snow surface parallel to the long 
walls of buildings but well outside the wall lines. The gap between a pair of sills was spanned by 
transverse open-web s teel trusses, which transmitted the weight of the building to the footings and 
at the same time provided an air gap to prevent heat transmission to the snow. Maximum design 
bearing pressure for the footings was 4 Ib/in. 2 

Each station required a small auroral observatory and rawin (radar theodolite) dome which 
could be kept above the snow surface . Hence the aurora building and the rawin dome were mounted 
atop station buildings on extensible telescopic columns made from 6 in.- and 7-in.-diameter alumi
num tube. They were guyed to deadmen in the snow to withstand 100-mph winds. 

To provide connecting corridors and storage space after burial, wooden frames were con
structed and covered with chicken wire and burlap. These frames were built from 2- x 4-in. and 
2- x 10-in. lumber in widths of 4, 8 and 20 ft. 
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Buildings were heated individually by oil-fired, forced hot air units. For fire protection, heat 
sensors, alarms, and hand extinguishers were supplied, and it was assumed that fire could not 
spread between buildings. Intake and exhaust fans were fitted for positive ventilation, and insula
ted stacks carried flues anu exhausts to the surface. Carbon monoxide detectors were installed. 
Water was produced by a number of snow melters which normally utilized waste heat from diesel 
generators, space heaters, and the galley. Modified oil-fired asphalt kettles were available to meet 
heavy water demands. Waste water was discharged into wells melted down into the snow, and sim
ple pit-type latrines were used. 

Notes on the individual stations are given below. 

Little America V 

Little America V was built early in 1956 about 3 miles in from the seaward edge of the Ross 
Ice Shelf near Kainan Bay, a site in the same general vicinity as Byrd's earlier Little America 
stations. The floating ice shelf is about 700 ft thick at the site, surface elevation is between 100 
and 150 ft, the mean annual temperature is -12F, and normal snow accumulation rate is about 22 

. inches of snow per year. 
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Figure 23. Little America V early in 1957. (Official U.S. Navy photo.) 

Supplies were delivered to the edge of the ice shelf by ship and moved to the site by tractor 
and sled. 

The base consisted of 15 buildings, 2 towers, miscellaneous shops, and covered storage areas 
(Fig. 22 and 23). Some distance away from the main group of buildings lay a 6000-ft runway and two 
additional buildings. 

When Little America V WaS evacuated in 1959 there was as much as 8 ft of snow lying over 
the rooftops, which themselves had been about 10 ft above the snow surface at the time of construc
tion in 1956. The condition of.the base had deteriorated considerably in the three years of occupa
tion as a result of snow drifting and heavy snow loads. 

Ellsworth Station 

Ellsworth Station was "built on the Filchner Ice Shelf early in 1957. The site, which was 
accessible by ship, was on the floating shelf 115 ft above sea level. The mean annual temperature 
of the site was -~2F, and normal accumulation rate there was about 23 inches of snow per year. 
Thus site conditions were almost identical to those at Little America, even though the two stations 
were on opposite sides of the continent. 

The station was virtually a twin of Little America, consisting of 15 buildings, 2 towers, and 
miscellaneous shops and covered storage areas laid out as shown in Figure 24. 

Like other stations of its type, Ellsworth was soon covered by drifting snow and it suffered 
accordingly. In 1959 custody of the station was handed over to Argentina; which operated it until 
1963. 
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Figure 24. Layout of Ellsworth IGY Station on the Filchner Ice Shelf, Antarctica. 

South Pole (Amundsen-Scott) Station 

South Pole Station was built at the geographic South Pole at an altitude of over 9000 ft. Mean 
annual temperature at the site is -56F and the normal accumulation rate is about 7 inches of snow 
per year. The main construction was accomplished between November 1956 and January 1957. All 
men and materials were airlifted to the site from McMurdo Sound, a distance of about 850 miles. A 
combination of ski landings, parachute drops, and free drops. was employed for delivery. 

The building complex was erected on the surface using methods and materials broadly similar 
to 'those used at Little America and Ellsworth. The original station consisted of five panel build
ings, which were combined with covered storage areas and additional simple structures to give the 
base layout shown in Figure 25. 

It was expected that drifting snow would build up to roof level quite rapidly, but it was thought 
that thereafter many years would elapse before the roofs became buried to any extent, since snow 
accumulation is very slow at the Pole. This did not prove to be the case, and in 1960 the roof was 
covered by up to 6 ft of snow; this represents a rate of accumulation almost an order of magnitude 
higher than that prevailing on the surrounding undisturbed snowfields. However, although some dam
age was caused by snow loads the station remained in relatively good condition. In 1962 a contin
uing program of repair and renovation was initiated: snow loads were relieved by excavation, build
ings and corridors were repaired and remodeled, and new additions were built and covered by 
protective Wonder arch. The s tation is still (1967) operating, but it is expected to be, replaced by 
a new facility at some future date. 



30 

NEW 
GARBAGE HOL E 

METHODS OF BUILDING ON PERMANENT SNOWFIELDS 

TUN NE L 

ANTENNA FARM 

QU ARTERS 

QUARTERS 

[ STORE 

OLD 
GARBAGE HO L E 

20 4 0FT. 

SHOP 

'" z · 
:::> 
m 

]1 

~ 
o 
z 
Vl 

Figure 25. Ori ginal l ayout of South Pole Station. 

Figure 26. South Pole Station 3 years after construction. (Official U.S. Navy photo). 



METHODS OF BUILDING ON PERMANENT SNOWFIELDS 

w 
a: 
~ 
(/) 

- - - - ___ -_- =:-:_l..J 
3 00' TUNNEL TO TRASH DU M P 

>
W 
..J ..J 
..J ..J 
<t « 
!!) I 

. (/) 

W (/) 
a: w 
~ ;:;; 
(/) en 

RAWIN 

o 
I 

:~---~-- 1 
i u:; i 
: ~ ~ : 
: I 
I I L ___ , I 

w (/) 
~ :J 

I I 
I I 
I I 

: I 
I I 
I I 

AU ROR A t 

TOWER a:~11 
o 0 -- 0 
a.. I tf) ~ m 

00 « 
«I..J 
wo. 
Ien 

STORAGE 

t. 

)
LEGS OF 

AURORA TOWER . 

t 

L ___ -, 

L , 

I 

---- -- ---- ------ ---- --ll ~~ 
I I GARAGE 

,... , 
I I 

L ... ' DIESEL FUEL 

fY TANKS 

LJ 

20 40 FT. 
, I 

I I 
I I 
I I 
I I 

: I 
I I 
I I 

r- ...... I 

: r -t~: 
I ~ _ J 

! ~ ~:FLL~~~~N 
Ll r L...,- 'r-' SH ELTER 

LJ 

Figure 27. Layout of the original Byrd IGY Station ("Old Byrd"). 

Byrd IGY Station 
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The original Byrd Station was built early in 1957 on the Antarctic ice cap at latitude 800 S, 
longitude 120o W, and at an elevation of about 5000 ft. The mean annual site temperature is -18F 
and the annual accumulation rate is about 15 in. of snow. Building materials were carried out to 
the site from Little America by heavy sled trains hauled by Caterpillar LOP D-8 tractors. 

Construction methods were basica:lly the same as at other laY stations, and the station con
sisted originally of 11 buildings, 2 towers, and miscellaneous shops and covered storage areas, 
with connecting tunnels between the buildings. The station layout is shown in Figure 27. 

The problem of drifting snow was acute at Byrd .Station and buildup continued until, in 1960, 
there was 8 ft of snow above the roofs. The buildings and corridors deformed and cracked under 
the snow loads, uneven settlement occurred, and leakage of melt water was a problem. Some re
medial action was taken and heavy shoring timbers were placed throughout the station. However, 
the base was in poor condition and construction of an entirely new station began in 1960. "Old 
Byrd" was finally abandoned when the new station was commissioned in March of 1962. 
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Figure 28. Byrd IGY Station a few months after construction. (Offici al U.S. Navy photo. ) 

"New" Byrd Station 

The present Byrd Station is an under snow complex built as a replacement for the original IGY 
station on a site some 6 miles away from the old base. It has permanent accommodation for 60 men. 
Designed by the U.S. Navy Bureau of Yards and Docks, it was constructed by U.S. Navy Seabees 
during the Antarctic summers of 1960-61 and 1961-62. Men, materials and equipment were flown to 
the site from McMurdo Sound, about 900 miles away, in LC-130 Hercules aircraft equipped with skis 
and wheels. Like its predecessor, the station is primarily a base for, scientific studies sponsored 
by the National Science Foundation. 

Byrd Station is based on the same principles as Camp Century, Greenland. It consists of a 
network of relatively shallow tunnels containing prefabricated buildings and other items of equip
ment (Fig. 29). While most facilities (e. g. , quarters, mess, galley, workshops, offices, power plant, 
storage rooms) are housed inside the tunnels , some small .buildings (aurora tower, balloon pavilion, 
rawin dome, radio noise laboratory) are elevated above the ever-rising snow surface on extensible 
columns. Access from the tunnels to elevated buildings is provided by vertical steel-lined shafts. 
A few facilities which require freedom from electromagnetic disturbance (e.g., radio noise, VLF, 
and ionospheric laboratories) are located at some distance from the main station without subsurface 
communication. 

The tunnels (Fig. 30) were constructed by the " cut-and-cover" method. Trenches were 
excavated rapidly and precisely to a depth of about 25 ft by a Swiss Peter rotary snowplow. There 
were two prinCipal types of trench cross section: wide trenches with vertical walls for roofing by 
30- and 40-ft-span Wonder arch (Fig. 31), and narrower undercut trenches (as in Fig. 18 and 20) for 
roofing by 14-ft-span corrugated steel arch. Timber sills were laid on prepared snow abutments for 
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Figure 30. Corrugated steel arch being erected over 30-ft-wide trenches at 
Byrd Station. (Official U.S. Navy photo. ) 

Figure 31. Interior of a typical 30-ft-wide trench at Byrd Station , Antarctica. 
The trusses are part of the foundation system for interior buildings. (Official 

U.S. Navy photo. ) 
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the support of roof arches. Snow from the excavations was blown over the arches as a backfill to 
give a finished snow cover of 2 to 3 ft on the arch crown. 

Inner buildings were prefabricated structures of the T-5 type (see Fig. 18). Standard width 
of buildings was 20 ft, and standard height was 12 ft (excluding height of foundation). The modu
lar panels were 4 ft wide; they consisted of outer plywood skins with 2Y2 in. of glass fiber insula
tion between . Building foundations consisted of two longitudinal timber sills spanned by open
web pressed steel joists . 

Conventional diesel generators were installed for power supply, although provision was made 
in the plans for subsequent conversion to nuclear power. The buildings were fitted individually 
with oil-fired , hot-air space heating units, with provision for conversion to electrical heating in the 
event of nuclear power becoming available. Annual consumption of diesel fuel for electricity, heat
ing and vehicles is of the order of 400,000 gal. 

Buildings are ventilated by air drawn in from the tunnels, and warmed air exhausted from the 
buildings into the tunnels is removed to the atmosphere above by exhaust fans set in risers which 
penetrate the arch crowns. 

Water is provided by a snow melter which uses waste heat from the diesel generators. It is 
distributed to the buildings in the central camp area in insulated and electrically heated pipes. 
Sewage is carried from the buildings by gravity flow in insulated pipes. From a central sump it is 
discharged by pumping into a well melted into the snow. Two wells are used alternately to assure 
prompt freezing of the sewage. 

The station has been managed with reasonable care, and tunnel temperatures have been 
maintained at an acceptably low level. However, disturbance of the snow surface above the camp 
provoked snow drift accumulation, and by 1966 the arch crowns were covered by up to 30 ft of 
snow; i.e., the snow accumulation rate in these places was four times as great as would be ex
pected from the normal accumulation rate (or the area. This accelerated loading produced a con
sequent acceleration of tunnel closure rates, and it is expected that the steel arches will have to 
be removed from some tunnels to permit maintenance cutting in the near future. Some arches have 
already failed (1967). 

The new Byrd Station was designed and constructed in a competent manner, and it has been 
operated with reasonable care. The site was a favorable one for undersnow installations, and so 
the performance of this station can probably be regarded as representative for the particular design 
concept. 

Small U.S. Stations in Antarctica 

During and after the lOY a number of small temporary stations were operated during the sum
mer seasons as part of the U.S. Antarctic program. Their purposes included weather reporting for 
air operations, field research, and accommodation for construction crews. These snowfield sta
tions were typically composed of Jamesway huts or trailers , perhaps supplemented by wood-frame 
and plywood structures, and only rudimentary facilities were provided. While they represent satis
factory solutions to a particular kind of housing problem, they are of no great engineering interest. 

In recent years, it has been found that the requirements for scientific bases in remote regions 
of Antarctica can sometimes be satisfied most expediently by small temporary stations designed to 
be carried to the site, and later recovered, by cargo aircraft. Thus a new type of compact' 'pack
aged" station has been developed. Basically, the station consists of an assemblage of fully-fitted 
building units, of the house trailer type, which can be transported by air. 

Eights Station. Eights Station was built in the austral summer of 1962/ 63 at a site in West 
Antarctica located 75'1.4' S, 77'1.0' W. It lies close to the former summer research station Sky-Hi, 
a temporary Jamesway camp which became an emergency cache and shelter for Eights when the 
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new station was built. The site elevation is approximately 1500 ft and the mean annual tempera
ture is --13F. The accumulation rate is about 3 to 4 ft of snow per year. 

The basic station units were 8- x 8- x 27-ft skid-mounted "vans." These factory-built units, 
which were essentially similar to house trailers, were shipped completely fitted with electrical 
wiring , stoves, cabinets , and basic furnishings The vans were flown to the site in LC-130 Her
cules aircraft from McMurdo Sound, a distance of 1550 miles . Eight of the basic van units were 
arranged at the site into two parallel ranks of four vans each, and the 8-ft~wide space between was 
fitted with roof and floor This gave a single building complex with outside dimensions of 120 ft x 
24 ft, and accommodation for 11 men, A small aurora observatory was set on top of the composite 
building at one corner, and three separate small buildings were erected at some distance from the 
main building, 

The station was designed so that it could be disassembled and repositioned on the surface 
if snow loads became excessive . However , after two years of operation the snow loads on the 
buildings were relieved by excavating the surrounding snow and placing protective Wonder arch 
over the station. In late 1965 , three years after construction, the station was abandoned. Scien
tific equipment was removed, but the buildings were left in place. 

The annual resupply demand , which was met by airdrop and ski landings, amounted to about 
480 tons of fuel and 150 tons of supplies. 

Plateau Station ? Plateau Station was built in the austral summer of 1965/ 66 at a site which 
experiences severe environmental conditions. The location is 79'1.5 ' S, 40'{30 ' E, and the site 
elevation is 11,900 ft above sea level. The mean annual temperature is about - 74F . The accumu
lation rate is very low - about 4 in. of snow per year. The station is a research base housing 8 men. 

The main station building was formed by arranging four factory built' 'van" units as shown in 
Figure 32, fitting floor and roofing panels between the two pairs of vans, and adding aurora tower 
and balloon inflation units . Each van was 8Y2 x 8Y2 x 36 ft overall, so that it utilized to the full 
the available space in the cargo bay of the LC-130F Hercules aircraft The vans were built from 
wood~frame panels with plywood skins. Rigid 3-in .-thick polyurethane foam was used as a panel 
core, and l,4 in. of cork was placed between the studs and the plywood sheeting. There was no 
throughQnailing , The panels were clad on the outside with aluminum sheeting, and vinyl wall 
covering was fitted to the interior of the rooms . The " permawalk" area between the vans was 
formed by placing 36-ft c long floor panels and 8- x 8-ft roof panels, all of which connected by 
" Camlock" connectors . The vans were completely fitted out before they were flown to the site. 

Since the snow at the site was very soft, it was compacted by running a Traxcavator back 
and forth before the foundations were laid The foundation consisted of a grid of 2- x 12-in. and 
6- x 8-in. timbers . 

Electrical power for the station was provided by two 75-kw Caterpillar diesel units, super
charged to compensate for the high site elevation. The engine coolant passed through a liquid-to
liquid heat exchanger which normally fed the liquid-to-air space heating loop for the buildings; this 
system is estimated to reduce the station fuel consumption by 10,000 gal/yr (about 20% of esti
mated normal fuel consumption) . The coolant heat exchanger also heats the fuel, which otherwise 
would have the consistency of jelly under winter temperatures. Heat fr om the diesel exhaust is 
used to melt snow for the station water supply. 

An emergency camp was built 1000 ft from the main station. This consisted of a single van 
containing generator, kitchen and toilet, and also a special 16- x 32-ft Jamesway hut. The emer
gency camp was activated during the first winter at Plateau as a result of difficulties with the main 
generators . 
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Figure 32. Floor plan of Plateau Station, Antarctica. 

The station was built in three weeks by a 10-man work crew. Construction personnel and mem
bers of the wintering party were acclimatized at the South Pole (9200-ft elevation) for 10 days be
fore going to Plateau Station, which was not pressurized. 

Byrd V LF Substation. The Byrd VLF Substation is a small research facility located about 
13 miles from the main Byrd Station. It consists of three vans of the type used at Eights and 
Plateau Stations, with a "permawalk" between them (Fig. 33). The station composite building and 
the fuel "bladders" are covered by a Wonder arch, 35 ft wide and 100 ft long. 

The station was built early in 1966. A few weeks after its completion, uneven settlement 
occurred when a cavity was melted under part of the building, presumably as a result of warm air 
leakage. 

Russian Inland Stations in Antarctica 

In addition to its major bases near the coast of Antarctica, Russia has operated a number of 
research stations in the deep interior of the ice sheet since 1956. These interior stations include: 
Vostok (78°27' S, 106°52' E), which was built in 1957 and is still operating; Komsomolskaya (74 ° 
05'S, 97 °29' E), which operated from 1957 to 1959; Pionerskaya (69°44' S, 95°30' E), which opera-
ted from 1956 to 1959; and Sovietskaya (78°24' S, 87 °35' E), which operated from 1958 to 1959. All 
of these were at high altitude sites, at surface elevations between 9000 and 12,000 ft. All the sites 
were cold, with mean annual temperatures in the range -38 to - 72F. 

All the Russian inland stations consisted of an assemblage of fully-built small housing units 
which had been hauled to the site by tractor trains. Originally, each building unit measured 15.4 x 
8.2 x 6.9 ft (4.7 x 2.5 x 2.1 m), but larger buildings with over 215 ft2 of floor area were produced later . 
On site the buildings were placed in a rectangular pattern, presumably using their traveling runners 
as foundations, and a space was left between them. In this space, which had an area of 237 ft2 
(22 m2), floor beams and floor panels were laid and other panels were used to roof the space. The 
recent U.S. packaged stations in the Antarctic were obviously inspired by the Russian inland sta
tions. 

The number of house units supplied for the original construction of the inland stations was 
from 3 to 6, but it is believed that later additions were made. The original Vostok station had 6 
mobile units, 5 of them in a single roofed cluster and one separated for auroral studies. 
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Figure 33. Byrd VLF Substation, Antarctica. 

It is understood that Vostok had four 9-kw generators. Heat from the coolant fluid was used 
for space heating and snow melting. 

Since Vostok experiences extremely low winter temperatures - down to -125F - special suits 
are provided for outside work at the station. These have 40-watt electrical heating for hands, 
chest and feet and for the face mask which tempers inhaled air. The heater is powered by a sil ver~ 
zinc battery which operates for 6 hours at temperatures down to -112F. 

French Ice-Cap Stations 

French expeditions have built scientific stations on the ice caps in Greenland and Antarctica. 
Although the projects have been small in scale, the approach has been imaginative. 
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Figure 34. Site plan of the French Station Centrale, Greenland. 

Station Centrale, Greenland 

This station was built in 1949, mid-way between the east and west coasts of Greenland at 
approximately 71°N latitude and 10,000 ft altitude. It consisted of a minimum number of-"hard" 
buildings, which were assembled roof-deep in 9-ft-deep pits (Fig. 34), together with unheated cham
bers excavated in the snow and left without lining or framing. The whole complex was made inter
connecting by tunnels dug through the snow. The station layout is shown in Figure 34. 

After the station was abandoned, the deformation of the excavated tunn~ls and chambers 
progressed unchecked, and eventually the increasing snow load on the buried station broke the pan
~ls and frames of the "hard" buildings. In 1960, with more than 30 ft of snow above, the station 
dould still be entered but was unusable, although the buildings had been reported in good condition 
the previous year. 

Stations Dumont and Jarl-Joset, Greenland 

In 1956 a small wintering station, Station Dumont, was set up at latitude 71°20 IN, longitude 
33°55 'W. All supplies were parachuted or free-dr9Pped, and the four men who established and 
manned the station were themselves dropped by parachute. A single prefabricated building, with 
sandwich panels of aluminum and "Dufaylite," was erected." The site was e.vacuafed in 1957. 

In 1959 the same site was reoccupied and a new wintering station, Station Jarl-Joset, was 
built (the old building 'was reported in good condition) for the International Glaciological Expedition. 
The principal building was a cylindrical two-story house with a hemispherical roof (Fig. 35). This 
building was constructed from lightweight prefabricated panels with some metal framing. The diam
eter was 23 ft and the height 19 ft. "It was assembled in a hole 19 ft deep and 33 ft in diameter. 
Three other buildings were erected beneath the surface, and unheated chambers and connecting 
corridors were made by excavating and roofing with surplus materials from air-drop operations. The 
excavation work was accomplished with a small rotary snow plow, the Peter Junior. Figure 36 shows 
the layout of the station, and also gives deformation measurements made over a 6-month (winter) 
period. A 4.5-kw wind generator provided electrical power (Fig. 37). The base was evacuated in 1960. 
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Figure 35. Metal and plastic I< igloo" building for Station J arl-J oset, Greenland. 
(Expeditions Pol aires Francaises photo by Jacques Masson. ) 

!> 

Station Charcot, Antarctica 

During the lOY, a small scientific base, Station Charcot, was placed on the Antarctic ice cap 
in Terre Ad~ie. A semicylindrical metal hut, broken into ski-mounted segments for haulage to the 
site, was taken out by light oversnow vehicles. After assembly it was allowed to drift over, its 
metal skin and hoop reinforcing providing resistance to snow loads (Fig. 38). The station operated 
from 1957 to 1959. 

Antarctic Construction by Other Nations 

Over the past decade several other countries have built stations on the permanent snowfields 
of Antarctica. Some of these bases, such as the British Shackleton and Southice Stations, have 
been simple facilities which were occupied for a very short time. Others have been larger stations 
which have managed to survive in some form for 10 years or so. Few technical details are avail
able to the writer, but for the sake of completeness the following notes are appended. 
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Norway Statton 

Norway Station (70°30' S. 02°32' W) was built on an ice shelf in 1957. It is understood that 
simple surface construction was adopted. In 1960 it was taken over by South Africa. at which time 
there was 18 ft of snow· over the station and the buildings were beginning to fail. It was replaced 
by a new station. SANAE. in 1962. 

SANAE (South African National Antarctic Expedition) 

This replacement for Norway Station was built 12 miles from ~he ice front and near the old 
station. It houses about 22 men and consists of a number of pr~fabricated buildings arranged in a 
single row but separated by snow filled spaces 10 ft or mor.. ~ wide. The buildings are linked by a 
300-ft-long passageway. The largest building is 72 x 20 x 8 '" and there are three buildings each 
40 x 20 x 8 ft. There are six smaller buildings. By 1966 it was reported that 20 ft of snow layover 
the station. 

Rol Baudoutn Station (700 26 1'S, 23°19 1 E) 

This Belgian station was built on an ice shelf in 1957/58. By 1964 the original buildings 
were covered by about 25 ft of snow and were badly damaged. The base was reconstructed in 1964 
and by 1965 was covered by 3 ft of snow. Some "subsidence" was reported. 

Halley Bay (75°31 I1 S, 26°.361 W) 

The British station at Halley Bay was established on an ice shelf in 1956. It houses about 
16 men. and buildiIts have been added from time to time so that there are now buildings at various 

.'. 
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Figure 37. 4.5-kw wind generator at Station Jarl-Joset, Green
land. (Expeditions Pol aires Francaises photo by Jacques Masson. ) 

Figure 38. The living hut [or Station Charcot, Antarctica. The 
metal-skinned hut is hooped with ribs to resist snow loads. 

(C .N.P., Sous-Comite Antarctique photo by R. Guillard.) 
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levels down to a depth of 50 ft. The deepest buildings are being crushed, and it is expected that 
the base will have to be completely rebuilt on a fresh site in 1968. The site shifted about 31;2 
miles as a result of ice shelf movement during the first 10 years of its existence. 

General Belgrano Station (77°59' S, 38°44' W) 

General Belgrano Station was established on the Filchner Ice Shelf by Argentina in 1956. It 
is still operating and it is believed that buildings must have been replaced progressively. A spe
cial type of building was developed for sites such as Belgrano; it is a semicylindrical modular 
structure, 24 ft wide, and it has points of Similarity to the Jamesway and Quonset huts. The semi
circular ribs, which are deSigned to resist heavy .Snow loads, are covered successively by aluminum 
sheeting, polystyrene foam, waterproof canvas, and corrugated steel. 
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