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Abstract

Antarctic aviation has been evolving for the best part of a century, with regular
air operations developing over the past three or four decades. Antarctica is the
last continent where aviation still depends almost entirely on expeditionary
airfields and *bush flying, but change seems imminent. This report describes
the history of aviation in Antarctica, the types and characteristics of existing and
proposed airfield facilities, and the characleristics of aircraft suitable for Anfarctic
use. It now seems possible for Anfarctic aviation to become an extension of
mainstream intemationai aviation. The basic requirement is a well-distributed
network of hard-surface airfields that can be used safely by conventional gircraft,
together with good infernational collaboration. The technical capabilities already
exist.

Cover: Douglas R4D Que Sera Sera, which made the first South Pole landing
on 31 Oclober 1956. (Smithsonian Institution photo no. 40071.)

The contents of this report are not fo be used for advertising or commiercial
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PREFACE

This report was prepared by Dr. Malcolm Mellor, Experimental Engineering Division, U.S.
Army Cold Regions Research and Engineering Laboratory, just prior to his death in August
1991. We hope that final efforts to assemble and edit this lengthy and detailed document have
not overlooked or created problems normally caught by his keen editorial eye.

This report started as a much shorter note and grew, primarily because of Malcolm’s long
involvement in trafficability and transportation research in polar regions. His early interest in
gliders, his experience as a pilot and a designer of snow and ice runways, and his decades of
use of specialized aircraft for polar operations account for his enthusiasm in preparing this
work. The commentary and perceptions found throughout the text, as well as the many
photographs taken by Malcolm, some during his early involvement with the Australian
Antarctic program, all reflect his first-hand experience and knowledge.

Malcolm is shown here at the controls of a Soviet IlyushinIl-18D used by the Soviet Antarctic
Expedition.

This report was prepared as part of CRREL's research and engineering efforts in support of
the National Science Foundation’s Antarctic Program.
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Notes on Antarctic Aviation

MALCOILM MELLOR

INTRODUCTION

Antarctic aviation has been evolving for the best
part of a century, but regular air operations devel-
oped only in the past three or four decades (Fig. 1).
Although the concept of a Cooperative Air Trans-
port System for Antarctica (CATSA) was devel-
oped by SCAR in 1976, international collaboration
remained minimal, with a few exceptions such as
the U.S.-New Zealand transport agreement and
the availability of the Chilean runway at Marsh
(Fig. 2). Antarctica is the last continent where avia-
tion still depends almost entirely on expeditionary
airfields and “bush flying,” but change seems im-
minent. In air safety, for example, there is a move
towards international collaboration and coordina-
tion under the Antarctic Treaty.

The aeroplane in Antarctica is now simply a tool
for getting the job done efficiently. In a national
research program, its primary function is to maxi-
mize research productivity by getting people and
equipment into the air and into the field, by reduc-
ing travel time for highly qualified professionals,
and by expediting and safeguarding logistics and
operations. Implicit in this function is a require-
ment for safety, cost-effectiveness and environ-
mental protection.

It is now technically feasible to establish a well-
distributed system of hard-surface airfields, mak-
ing Antarctica accessible to a much wider range of
conventional aircraft and providing links between
stations. Some of these airfields can be developed
at very low cost and with minimal environmental
disturbance, thus opening up air transport possi-
bilities for smaller and less-affluent expeditions
and also for nongovernment groups. Some politi-
cal, regulatory and legalimpediments exist, but the
growth of Antarctic flying by both governmentand
nongovernment entities seems inevitable. It may
therefore be useful to review past trends, to assess
the current situation, and to consider what might

happen in the future, with or without appropriate
planning.

BRIEF HISTORY OF
ANTARCTIC AVIATION

Early history

The first person “offdeck” in Antarctica was Cap-
tain Scoit, who went up to 800 ft (244 m) in a
tethered British Army balloon in 1902 (followed
immediately by Shackleton in a second ascent).
They had gas for only one inflation. In contrast to
the Arcticsituation, this never developed into flights
by free balloons or dirigibles and thus was a tech-
nological dead-end, to the dismay of airship buffs,
who still entertain hopes. The Scott ascent was an
early illustration of the fact that a halloon can't sit
out in the wind and the gas can’t be put back in the
bottle.

True Antarctic aviation was born in Australia. In
1911, Douglas Mawson acquired a 60-hp Vickers
R.E.P.* monoplane. Like most machines of its time,
it had wheels and skis (skids), and it could be
converted to anaero-sledge by removing the wings.
Carrying its pilot, Lt. H.E. Watkins of the British
Army, and passenger Frank Wild, it crashed on the
Adelaide race course before going to Antarctica.
The repaired fuselag - went south and was used as
an aero-sledge at Cape Denison. It was not until
November 1928 that another Australian, Hubert
Wilkins, with American pilot Ben Eielson, made
the first Antarctic flight, using an American
Lockheed Vega for a wheel takeoff from a 2400-ft
(730-m) beach runway on Deception Island.t

* R.E.P.—designed by Robert Esnault-Pelterie (French)
*Some published accountsare confusing. Floats, used briefly
in an early hop, were not used seriously until the following
year. In 1928 two Vegas got airborne on wheels, one witha
heavy fuel load that allowed it to make a 1300-mile flight.




Year C-130 wheel landings on inland blue ice at Mill Glacier.
1990 C-5 fiights CHC-McMurdo. DC-6 flying to Patriot Hills.
An74 landed on wheels at Vostok. DHC-6 flew Hobart-Casey, tanding on whesels.

DHC-6 wheel landings and airfield surveys at Mt. Howe and Mill Glacier.
Standard DC-4 began flying from Punta Arenas to Patriot Hills. IL-76T flying to Antarctica.

Wheel landings and ground surveys at Patriot Hills and Wilson Nunataks (DHC-6).
I1-76TD flying to Antarctica.

Commercial flight from Punta Arenas to Vinson Massif by Tri-Turbo (Kershaw).

FACH starts flying tourists from Punta Arenas to Marsh.

rlights by 1I-18D between Maputo and Molodezhnaya (compacted snow runway).

Chilean rock-fill airstrip opens on King George Island.

Air NZ DC-10 crashes on Erebus, killing 257.

Blue-ice runway surveys in Pensacola Mts. Commercial DHC-6s (Bradley) used by USAP.
[ ~— FAA flies Marambio to Canberra nonstop via Pole. INS introduced .

1980

AN

Marambio Airfield opens.
1970f—<__ Private flights to Pole in light twins (Aztec crashed on return takeoff).
>——/_ First regular winter flights to and from Antarctica.
——~—— USAF began C-141 flights to McMurdo.
RNZAF began C-130 flights from CHC to McMurdo.
LC-130 flies Melbourne-Byrd.
Introduction of USN LC-130s. Aprit evacuation flight made by 321.
FL Turbine helicopters (UH-1) entered Antarctic service.
First ski-wheel C-130s to Antarctica (USAF).
First nonstop transcontinental flight (DHC-3)
— \~— Shont gravel runway built at Marble Point. Survey and site investigation for conventional
runway. Pan Am commercial flight to McMurdo.
C-124 and C-121 entered service. First South Pole landing (R4D). First Pole airdrop (C-124).

First sea-ice runway at McMurdo (R4D, R5D, P2V). Planes based year-round at Mawson and

1960

[

1950 Mirny. PBY in Peninsula.
"Operation Windmill"—extensive use of helicopters.
| ~— "Operation Highjump” armada with aircraft carrier and two seaplane tenders. Ski DC-3s at
Littte America. JATO used. Byrd made second flight to South Pole. Beech 18 with Ronne.
1940 U.S. Ant. Service Expedition used Curtiss-Wright Condor and Staggerwing Beech.

*Schwabenland" expedition used two seaplanes.

| Ellsworth/Hollick-Kenyon fly Northrop from Dundee Is. to Bay of Whales.

[~ —~—— Byrd returns with Curtiss-Wright Condor, Fokker and Pilgrim, plus a Kellett (Cierva)

autogyro—first rotorcraft. Ellsworth/Balchen attempt Antarctic crossing in a Northrop.

British use DH Fox Moth in Peninsula.

1930 Byrd uses Ford 4T, Fokker Universal and Fairchild, all on skis. Ford 4T flies to South Pole.
g Coastal flights by Mawson (DH Moth) and Riiser-Larsen (Lockheed Vega), mainly on floats.

Wilkins uses Lockheed Vegas on floats around Antarctic Peninsula (skis available
but not used).

1920 }—

1910/ Mawson acquires Vickers R.E.P., but it crashes before going to Antarctica.
Scott ascends 800 feet in tethered balloon.

1900 t—

Figure 1. Summary of historic events in Antarctic aviation.
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Figure 3. Ford 4T trimotor used by the Byrd Antarctic Expedition. (Smithsonian Institution photo no.

03914.)

The serious use of aircraft on the mainland of
“real Antarctica” began in 1929 when Richard E.
Byrd used a Ford 4T trimotor (Fig. 3), a Fokker
Universal and a Fairchild, all on skis, for explora-
tion, survey and support of field research. The most
striking accomplishment was a flight over the South
Pole on 28-29 November 1929. At the same time,
flights were being made around the coast of East
Antarctica by Mawson’s expedition (DH Gypsy
Moth) and Riiser-Larsen (Lockheed Vega) (Fig. 4).
Byrd continued to dominate the aviation scene,

going back to Little America in 1934 with a twin-
engine Curtiss-Wright Condor T-32 biplane (Fig.
5), a Fokker F-14 and a Fairchild Pilgrim, plus a
Kellett (Cierva) autogyro (Fig. 6). In the same year,
Lincoln Ellsworth and Bernt Balchen failed in their
attempt to cross Antarctica in a ski Northrop
Gamma, and the British Graham Land Expedition
operated a DH Fox Moth on floats in the Antarctic
Peninsula. In late 1935, Lincoln Ellsworth (Ameri-
can) and Herbert Hollick-Kenyon (English~Cana-
dian)succeeded in crossing Antarcticaina Northrop

Figure 4. Lockheed Vega. (Smithsonian Institution photo no. 15615.)




Figure 5. Curtiss—-Wright T-32 biplane used by the second Byrd Antarctic Expedition. (Smithsonian
Institution photo no. 03902.)

Figure 6. Kellett autogyro used by the second Byrd Antarctic Expedition. (Smithsonian Institution
photo no. 03936.)
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Figure 7. Northrop 2B Gamma. (Smithsonian Institution photo no. 8275.)

2B Gamma (one 600-hp P&W Wasp), going from
Dundee Island to Bay of Whales (2100 miles) in 14
days, with four landings en route (Fig. 7). After
landing 25 miles short of their destination, Ellsworth
and Hollick-Kenyon walked to the abandoned
Little America station and werelocated by an RAAF
DH Gypsy Moth operating from Discovery IIL
Ellsworth returned to Antarctica in 1938-39 with a
Northrop Delta and a small Aeronca. In the mid-
thirties, small floatplanes operating from ships of
the Lars Christensen expeditions made excellent
coastal air surveys in Enderby Land and Queen
Maud Land.

WW II to the IGY

After a long period dominated by private en-
terprise, the heavy hand of government fell on
Antarctic expeditions in 1938. Germany sent the
“Schwabenland,” with its two Dornier Wal flying
boats, as a national expedition, and the U.S. gov-
ernment countered in 1939 by forming its first

“Antarctic department” and sending another ex-
pedition directed by Byrd, whose previous trips
had little, if any, connection with the navy.

The U.S. Antarctic Service Expedition flew two
Curtiss-Wright Condors (modified AT-32s desig-
nated R4C-1 by the U.S. Navy) and a Staggerwing
Beechcraft (Model 17) in Antarctica in 1940 (Fig. 8),
and the expedition ship carried a twin-engine sea-
plane. Squabbling over territorial claims continued
during WW II, and in 1944 Britain established the
Falkland Islands Dependencies Survey (FIDS),
which flew an Auster Autocrat in the Peninsula
around 1947.

After WWI, government-controlled expeditions
gradually became the norm. From 1946 to 1948, the
Finn Ronne expedition, which flew a Beechcraft 18
(C-45) in the Peninsula, operated along traditional
lines, but in 1947 the U.S. “Operation Highjump”
sent an armada of ships, including an aircraft car-
rier and two seaplane tenders, producing a large
amount of air photo coverage. Ski-wheel DC-3s

Figure 8. Staggerwing Beechcraft 17. (Smithsonian Institution photo no. 06919.)




Figure 9. ANARE Auster (AOP Series, Mark 6, 145 hp DH Gypsy Major 7) on the pack
ice north of Mawson. A descendant of the U.S. Taylorcraft, this model had a nominal MTW of
1990 Ib (900 kg) and an actual Antarctic MTW of 2200-2400 Ib (1000-1100 kg). The Antarctic
variant had nonstandard oleo legs. Two of these aircraft joined the RAF as VX126 and VX127.
They flew with the Norwegian—British-Swedish expedition in 1950 before transferring to the
RAAF Antarctic Flight as A11-200 and A11-201 for the establishment of Mawson (1954). A11-
200 was pushed overboard from Kista Dan during a storm in March 1954. After a rest with the
Royal Victorian Aero Club, A11-201 rejoined the RAAF for residence at Mawson (1956-1958).
It made a final trip south on floats aboard Magga Dan in 1959 for the Wilkes takeover. (Photo

by M. Mellor, August 1957.)

were flown off the carrier using JATO and were
based temporarily at Little America. One of them
carried Byrd on his second flight over the South
Pole. Highjump also had a JA-1 Norseman. Alto-
gether, Highjump had 19 fixed-wing aircraft and 7
helicopters. The following year another naval op-
eration, named “W:ndmill,” made serious use of
helicopters for the first time around the coasts of
Antarctica.

The era of limited-duration e--editions ended
with the Norwegian-British-Swedish expedition
to Queen Maud Land (1949-1952). They operated
two Auster-VI aircraft (Fig. 9) of the Royal Air
Forcein 1950, a single-engine C-5and a KZIII (both
Norwegian built) in 1951, and a Swedish Air Force
Beechcraft 18R and Saab Safir in 1952. All six air-
craft were carried to and from Antarctica aboard
the expedition’s small ship Norsel.

In the early fifties, plans for an International
Geophysical Year (1957) were hatched, and the
resulting multinational invasion of Antarctica be-
ganin 1954. As things turned out, the IGY initi1ted

the permanent occupation of “real Antarctica” (as
distinct from the Peninsula).

The IGY gave a great boost to Antarctic aviation,
and by 1956 McMurdohad a sea ice runway accom-
modating R4D (DC-3), R5D (DC-4) and P2V (Nep-
tune) aircraft with ski-wheels and, shortly after, C-
121 (Constellation) and C-124 (Globemaster) trans-
ports with conventional wheel landing gear.
McMurdo had its first fatal crash (a C-121) in Octo-
ber 1956. At Mirny the Soviet expedition had an II-
12, two Li-2s (essentially DC-3s), an An-2 and two
Mi-4 helicopters. The Australian base at Mawson
had a hangar housing an Auster and a DHC-2
Beaver (later two Beavers), which flew year-round.
In October 1956 a ski~wheel R4D landed at the
South Pole, where air drops by standard wheel-
gear C-124s had begun. Perhaps the most remark-
able advance was the carrying of passengers and
priority freight from New Zealand to Antarctica by
air in the C-124 and C-121. I.: the Peninsula, FIDS
used a chartered PBY-5 Canso (Catalina) twin-
engine amphibian from 1955 to 1957 for air photog-




b R Lot S s

Figure 10. USN ski-wheel Douglas R4D-8 at McMurdo. A derivative of the original DC-3 (C-47) (first
flown in December 1935), the R4D-8, or C-117D (MTW 31,000 Ib, two 1500-hp Wright Cyclones), was the
military version of the 1949 Super DC-3, or DC-3S. Standard R4Ds first entered Antarctica with Operation
Highjump in 1946-47 (which abandoned six of them on the ice); they first operated for the modern USAP in
1956, and one, Que Sera Sera, made the first Souin Pole landing on 31 October 1956. Two R4Ds crashed in
late 1959, one in November 1961, two in November 1962, two in 1964-65 and three in 1965-66. One was
dropped and destroyed in 1968, the year the DC-3 retired. The landing gear was aweakness in Antarctic flying,
and in 1966 they were restricted to landings on prepared runways or smooth snow. The Australians tooka DC-
3 to Mawson in 1960, but it was destrayed later in the year by fierce winds at the Rumdoodle runway.
Altogether, over 10,000 DC-3s were built in the U.S., with more made in the U.S.S.R. as the Lisunov Li-2.

(Photo by M. Mellor, October 1961.)

raphy; this long-range machine had the capability
of flying useful loads to Antarctica (Fig. 10-19).

As the IGY ran its course, through 1957 and into
1958, high-quality trimetragon photography was
acquired for much of Antarctica, permitting de-
tailed and accurate mapping, and field research
was greatly facilitated by air support. In 1958 the
first nonstop transpolar crossing of Antarctica (1430
miles) was made by a British single-engine DHC-3
Otter flying from Southice to McMurdo.

Post-IGY

After the IGY the most significant milestone for
the USAP was the introduction into Antarctica of
the ski-wheel C-130 Hercules (now designated LC-
130). In 1960 the USAF flew modified A-models
(designated “D”) in Antarctica, and the following
year the U.S. Navy Antarctic squadron (VXE-6) got

its own modified B-models (first called “BL,” then
“F”).* This made it possible to construct and main-
tain major inland stations entirely by air. “New
Byrd” station was built this way in 1961-62, then
the second Pole station (1970-1974). A number of
smaller stations and field camps were built and
maintained using the LC-130, including Siple sta-
tion, 1240 nautical miles (2300 km) away from its
parent base at McMurdo (Fig. 20-23).

Flights between Christchurchand McMurdo were
expanded in the mid-sixties. Flights by standard C-
130s of 40 Squadron, RNZAF, started in 1965, and
standard USAF C-141s began making October and

*In the early sixties the U.S. military services adopted a
common system for designation of aircraft. Previously each
service had its own letter-number designations.




Figure 11. Lisunov Li-2 on skis (no mainwheels) near Mirny. In 1939 the U.S.S.R. began to build the Douglas
DC-3 under license, first using the designation PS-84 and later redesignating the aircraft Li-2 (apparently for B.P.
Lisunov, who seems to have added a window aft of the pilot’s side window). Widely used in WW 11, it was powered
by two Shvetsov 1000-hp radials. The DC-3 and the Li-2 were the last of the big tail-draggers in Antarctica. (Photo
by Charles Swithinbank, 19 January 1964.)

Figure 12. USN Douglas R5D (DC~4 Skymaster, or C-54) at McMurdo. The
USAF also flew C-54s to McMurdo until about 1963. These aircraft operated on
standard wheels between Christchurchand McMurdo. The DC-4 (prototype first flown
in June 1938, production model first flown in February 1942) had an MTW of 73,000
Ib, with four 1450-hp P&W radials. Altogether 1242 were built. (Photo by M. Mellor,
November 1962.)




Figure13. Antarctic Airways DC-4. Some 31 yearsafter the DC-4 began flying toMcMurdo,and almost
50 years after the first flight of its prototype, the same type of aircraft opened commercial service to
Antarctica. A DC-4 of Anlarctic Airways (ANI/Borek) flew between Punta Arenas and Patriot Hills,
carrying climbers and tourists. (Photo by Charles Swithinbank, 22 November 1987.)

~ - - . -

Figure 14. USN ski~wheel Lockheed P2V-7 Neptune. Introduced to Antarctica in 1956, the P2V
long-range patrol bomber was used for aerial mapping photography and geophysical research. Derived
from the original P2 (first flown in 1945), this Navy version eventually had two 3500-hp Wright piston
engines and two 3800-Ibf Westinghouse [34 turbojets, with an MTW of 80,000 Ib. Two crashed in
Antarctica (McMurdo, October 1956, and Wilkes, November 1961), and two assigned to Antarctic
service crashed outside (one in Venezuela in February 1956 and one in California in August 1958).
(Photo by M. Mellor, October 1961.)
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Figure 15. USN Lockheed Super Constellation (C-121] or R7V) on the sea ice at McMurdo. The Super
Constellation (first flown in October 1950) was a derivative of the original C-69 Consteilation (first flown in January
1943). It had an MTW 0f 156,000 Ib and four 3400-hp Wright turbo-compound radials. It carried passengers between
Christchurch and McMurdo in backward-facing seats, with enough room to change clothes in mid-journey. The cruise
speed was 280 knots. The C-121 was the last piston-engine aircraft used by the USAP, being phased out at the end of
1970. An EC-121 (WV-2) magnetometer aircraft landed short and was destroyed at McMurdo in October 1960. In
October 1970, C-121] Pegasus crashed while landing below minimums on the glacier-ice runway at Outer Williams
Field. (Photo by M. Mellor, October 1961.)

Figure 16. USAF Douglas C-124 Globemaster Il on the seaice at McMurdo. The C-124 (first flown in November
1949) had an MTW of 194,500 Ib and four 3800-hp P& W (Ford) radials; 446 were built. It had nose doors with ramps
and a rear hatch with an elevator, and it could accommodate double-decker loading. The C-124 began flights to
Antarctica on 20 October 1956, and State of Oregon made the first South Pole cargo drop on 26 October 1956, 760
tons of materials were delivered by C-124s for construction of the original South Pole Station. The ride from
Christchurch, New Zealand, to McMurdo was noisy and slow, with a 200-knot cruising speed. A 124 was badly
damaged in a nosewheel landing at McMurdo in October 1956, and another landed short and was destroyed in
November 1956. One crashed near Hallett in October 1958. The 124 was retired from Antarctic service about 1965.
(Photo by M. Mellor, November 1962.)
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Figure 17. ANARE ski-wheel DHC-2 Beaver over Mawson (A95-202 from A95-201). The
standard Beaver had an MTW of 5100 Ib (2300 kg), but these operated at 5600 Ib (2540 kg). The engine
was a 450-hp P&W radial. A95-201 was at Mawson from 1956 to 1958; it returned in January 1959
and was destroyed by a 96-knot blizzard (along with A95-203) at the Gwamm runway in December
1959 (after being ground-flown for two hours). A95-202 stayed at Mawson from 1956 to 1959; it
returned in February 1960 (via Davis) and was destroyed by a blizzard at the Rumdoodle runway in
December 1960. (Photo by M. Mellor, September 1957.)

A WK T .’ﬁ : , L . »M

Figure 18. USN ski—wheel DHC-3 Otter (U-1A) at McMurdo. The STOL Otter was
an all-tin replacement for the Noorduyn (CCF) Norseman (C-46A), a Canadian bush-
flying classic. The Otter (first flown in December 1951, MTW 8000 Ib, 600-hp P&EW
radial) was used in quantity by the USAP. For 1955-56, VX-6 (no “E” in those days) had
four Otters, three of which were destroyed. For 1956-57 there were 10 Otters, and only one
was lost (towind at Little America). Two were lost in 1958-59, one in a low departure turn
(or possibly stall) at Marble Point. Their role in the USAP was gradually taken over by
helicopters, and they were retired from the USAP in 1966. (Photo by M. Mellor, October
1961.)
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b. Piston-engine takeoff run, with the nose high and Aapparently no flaps. Attachment of skis
to the main gear can Just be made oyf.

Figure 19. llyyshin 112D at Vos

tok, 11,500 /(3,490 ) above sea level. The J1-12 (first flown in 1 944, MTW 38,000 ib,
two 1775-np radials) was designed to replace the L
February 1964,

~2 while stifl using the same runways. (Photos by Charles Swithinbank, 5
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Figure20. Ilyushin il-14 at Molodezhnaya. The I1-14 (first flown in 1953, MTW 38,000 Ib, two 1900-hp Shuve:sov
radials) was developed from the 11-12. 1I-14s, mostly with skis, were the backbone of Soviet air operations in Antarctica
for many years. Their use has now been discontinued (the one shown has been pensioned off), for the time being leaving
the SAE without aircraft capable of landing at Vostok and other places in the interior. (Photo by M. Mellor, 15

November 1990.)

Figure 21. Lockheed C-130 Hercules on the sea ice at McMurdo. The standard C-130, on wheels only, first flew
to Antarctica in late 1959. Currently a Hercules of 40 Squadron, RNZAF (illustrated), maintains a passenger and
freight service between Christchurch and McMurdo from October to early December. There are also occasional
Hercules flights to McMurdo by the ltalian Air Force and the RAAF (36 Squadron). In the Peninsula, flights to
Marsh and Marambio are made by the USAF, FACH, FAA and the Brazilian Air Force. The C-130 Hercules
(prototype first flown in August 1954, production model first flown in April 1955) has gune througit many stages
of development. The C-130H has four 4500-hp Allison turboprops, an MTW of 175,000 Ib and a 300-knot cruising
speed. Passenger amenities have remained at cattle-truck standards for over three decades. (Photo by M. Mellor,

November 1990.)
14




Figure 22. One of the first “ski-Hercs,” which were modified A-models, designated C-130D. The first
test version flew tn 1957, and tests were completed in 1958; the machine was in service in Greenland by 1959
and in Antarctica by 1960. Twelve airframes were modified for the USAF in the original contract. Five of them
are apparently in dead storage at Davis-Monthan AFB. It is reportcd that 487 was sold to Honduras and
crashed in the jungle. Number 489 may have been sold to Honduras as a replacement. The author saw one,
without engines, at Lima in 1988, carrying the markings of Fuerga Aerea del Peru and tail number 399. (Photo
by M. Mellor, 1960.)

Figure 23. Lockheed LC-130R Hercules with ski-wheels (XD 01, or Buno 160741). Four of these
machines, plus two of the older LC-130F, make up the USAP fleet of six ski-wheel transports. The
aircra,t are owned by NSF and operated by the USN (VXE-6). The 109th TAG, NYANG, has four LC-
130Hs of more recent vintage. The LC-130 is used in Antarctica to supply inland stations and support
field parties. (Photo by M. Mellor, 3 November 1990.)
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a. Introduced to Antarctic service in late 1966, the C-141 carries passengers and freight between Christchurch and
McMurdo in October and early November. The original C-141A (first flown in December 1963) often “cubed out” below
maximum allowable load, and all were eventually lengthened by 280 in. to C-141B standards. The MTW is 323,100 Ib. It has
four P&W turbofans, each delivering 20,250 Ibf of thrust. The cruising speed is 430 knots, giving a relatively fast trip of about
5.3 hours to McMurdo. (Photo by M. Mellor, 16 November 1988.)

.

b. The C-141 has a rear cargo ramp whick can also be used for air-drops at up to 200 knots. Trimmed 2 ° nose-
up, single loads up to 35,000 Ib can be dropped at speeds between 130 and 180 knots, depending on the aircraft weight.
It can make deliveries to South Pole Station, with maximum platform dimensions 9.2 x 16 x 5 ft (the available load
space is 8.3 x14 x5 ft). The high wing has anhedral, limiting the wing-tip clearance over snowbanks and on rough
surfaces. At MTW the wing-tip clearance is 8.75 ft (11.2 ft empty), the outboard nacelle clearance is 3.75 ft (442 ft
empty) and the clearance for the VHF antenna under the low fuselage is only 8.3 in. The MLG has two pairs of wheels
in tandem on each side (eight total). The nose gear has a pair of wheels. The inflation pressure for the MLG is typically

180-210 Ibffin.2 (Photo by M. Mellor, 18 October 1990.)

Figure 24. USAF Lockheed C-141 StarLifter.
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November cargo deliveries in 1966. Winter flying
remained rare, but in 1967 an annual August fly-in
to McMurdo by LC-130s began (Fig. 24).

In 1964 an LC-130 flew direct to Antarctica from
Melbourne, Australia, landing at Byrd after weather
conditions closed both South Pole Station and
McMurdo (3840 nautical miles in 15.65 hours).

Soviet flights to Antarctica were made in the
sixties by an Ilyushin [I-18D, routed through Aus-
tralia, New Zealand and McMurdo.

For about two decades, from the mid-sixties to
the mid-eighties, there was comparatively little
progress in Antarctic aviation. Earlier innovations
settled into routine, turbine helicopters replaced
piston-engine equipment, the USAP acquired four
R-model LC-130s (converted C-130Hs), and there
was an increase in the number of Antarctic expedi-
tions with some aviation capability. A very large
turboprop transport, the C-133, flew to McMurdo
in 1970. Two private flights were made to the South
Pole in January 1970; one aircraft, Max Conrad’s
Piper Aztec, crashed on the return takeoff. Com-
mercial DHC-6 aircraftbegan work, and onelanded

at South Pole Station about 1974. There was a major
advance in navigationin 1973, when INS wasintro-
duced. A remarkablelong-distance flight was made
in 1973, when an Argentine Air Force (FAA) Her-
cules went nonstop from Marambio to Canberra,
via the South Pole, in 17 hours, 32 minutes. Non-
stop commercial sightseeing flights were run from
Australia and New Zealand, but these ended after
257 people were killed when an Air New Zealand
DC-10 hit Mount Erebus. However, tourist flights
to the Peninsula started to develop in the early
eighties. In 1982, FACH began flying tourists from
Punta Arenas to King George Island by C-130, and
in 1984 the late Giles Kershaw flew fare-paying
passengers as far as Vinson Massif in the Tri-Turbo.

Significant changes began to develop in the mid-
eighties. After more than a decade of development
effort, Soviet engineers brought compacted snow
runways to a limited-season operational state in
1980, and in February 1980, the I1-18D (Fig. 25)
began direct flights between Maputo (Mozambique)
and Molodezhnaya. This was followed in early
1986 with flights by a larger aircraft, a specially

Figure 25, Ilyushin 11-18D of the Soviet Antarctic Expedition (MTW 141,000 Ib; four 4250-hp Ivchenko
turboprops). Chartered from Aeroflot and flown by an Aeroflot crew, the I1-18D carries passengers and light cargo
between Maputo (Mozambique) and Molodezhnaya. This machine (SSSR 74267) has an extended tail cone (like the
anti-submarine version) for magnetic and gravity surveys in Antarctica; it was used originally by Mr. Kosygin when
he was Prime Minister. With a cheerful flight deck, quiet cabin, comfortable seats and two stewards, it is an aircraft
of choice for the Antarctic frequent flyer. Contrary to popular legend, it seems unlikely that the I1-18 (first flown in
July 1957) was copied from the smaller Lockheed Electra (first flown in December 1957), which was a flop until its
1979 rebirth as the P-3 Orion. Both were probably inspired by the larger Bristol Britannia (first flown in August
1952), the last aeroplane to provide real transatlantic comfort. (Photo by M. Mellor, 15 November 1990.)




Figure 26. Ilyushin II-76 TD taking off from the compacted-snow runway at Molodezhnaya. Similar in configuration
and performance to the C-141, the lI-76 T (MTW 375,000 b, four Soloviev turbofans, first flown in March 1971) is well adapted
for operation from substandard airfields. Compared with the C-141, it has twice as many mainwheels, bigger tires and much
lower inflation pressures. (Photo courtesy of Vladislav Piguzov, November 1990.)

modified II-76TD (Fig. 26-28). A snow-ice runway
was also built at Novolazarevskaya. In 1988 an An-
74 (Fig. 29) landed on wheels on a compacted snow
runway at Vostok. The first winter flight from
South Africa was made in August 1991, when the
[1-76 TD evacuated 172 people from a ship that was
trapped in the ice.

By the mid-eighties, private enterprise and
nongovernment aviation activity had taken root
again (commercial shipping never did disappear
from the scene). Using the runway at Marsh as a
stepping stone, commercial Twin Otters (DHC-6)
were operating as far south as the Ellsworth Moun-
tains. In 1987 and 1988, tourists were carried to
Patriot Hills in a DC-4, which landed on blue ice
with standard wheels (Fig. 13). Early in 1988 the
first commercial tourists went to the South Pole,
transferring from the DC-4 to Twin Otters at Patriot
Hills. In 1989 the DC-4 was replaced by a DC-6. The
Twin Otters continued to ferry tourists, climbers
and adventurers, also supporting (off-camera) a
number of adventurous exploits filmed for televi-
sion. Much of this activity was organized by Ad-
venture Network International (ANI), using Kenn
Borek Air for the flying. Both are Canadian corpo-
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rations. In 1988 a privately owned Australian DHC-
6 (Smith and Kershaw) flew from Hobart to Casey,
landing on wheels. It then flew extensively for
ANARE around East Antarctica, crossed Antarc-
tica to Cape Evans, and dropped in twice at South
Pole Station before departing for Chile. The USAP
was an early user of commercial aircraft. Starting
about 1974, Twin Otters from Canada (initially
Bradley, then Borek) worked under contract, pro-
viding support for science and, in 1988-89, airfield
development studies at Mount Howe and Mill
Glacier.

The use of commercial helicopters, pioneered by
Australia, was common by the end of the eighties.
Greenpeace made regular visits to Antarcticain the
late eighties, using small helicopters for short sorties.

In the USAP a desire to use large conventional
aircraft over a long operating season revived inter-
est in runway technology, taking into consider-
ation potential sites on all types of ice, snow and
rock. In 1989, a very large transport, the Lockheed
C-5B Galaxy, made two flights from Christchurch
to McMurdo, and there was a repeat with three
flights in October 1990 (Fig. 30, 31). Wheel landings
were made by LC-130s on inland blue ice, and an
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Figure 27. Ilyushin II-76 TD on the compacied snow runway at Molodezhnaya. The MTW of the II-76TD is 30%
iigher than that of the C-141B, but the overall length is about 10% less. The MLG has two units in tandem on each side.
Each of these units has four whecls on a single axle, giving a total of 16 wheels for the MLG. The nose gear consists of two
pairs of wheels, one on each side of the oleo leg (four wheels total). The tire pressure can be varied in flight between 36 and
73 Ibffin.2 (2.5-5 bar). (Photograph by Viadimir Nazarov, November 1990.)

Figure 28. Front view of the Ilyushin 1I-76 TD at Molodezhnaya. Like the C-141 the wing has anhedral. The wing tip
clearance is greater than that of the C-141—about 15.6 ft (4.74 m) unloaded. The aeroplane is powered by four Soloviev
turbofans, each rated at 26,500 Ibf of thrust (30% more than the C-141). The width of the mainwheel assembly can be seen
on the starboard side (the MLG and nase gear have twice as many wheels as the C-141). This particular aircraft has been
modified for Antarctic service with passenger seating, soundproofing, galley and in-flight working area. (Photograph by
Viadimir Nazarov, November 1990.)
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Figure29. Antonov An-74 (MTW 76,000 Ib; two Lotarev turbofans) of the Soviet Antarctic Expedition. The
An-74 was developed from the An-72 (first flown in December 1977), specifically for polar operations (according to
a Soviet colleague, “it is an An-72 painted red” ). SSSR-72003 made the first wheel landing and takeoff on compacted
snow in the high interior of Antarctica, at Vostok in November 1988. This white-knuckle feat has not been repeated
so far. The aeroplane made ruts 20-30 cm deep and finally got off on the third try. (Photo by M. Mellor, 27 November
1988.)

Figure 30. Lockheed C-5 Gai::y of MAC on the sea ice at McMurdo. At an MTW of 840,000 Ib, very thick ice
(> 8 ft) is needed if the aeroplane parks for any length of time. The aircraft currently operates to McMurdo only in
early October, when the sea ice is near its maximum thickness and is still very cold. The C-5 (first flown in June 1968)
got off to a shaky start but came into its own after 1981, when new wings were retrofitted to the original C-5A;
deliveries of the C-5B started in 1986. The MLG has two triangular units, each with six wheels, on each side, for a
total of 24 wheels. The nose unit has four wheels. The C-5 is driven by four GE turbofans, each developing 43,000 Ibf
of thrust. The cruising speed is 450 knots, making this the fastest aeroplane in current Antarctic service, as well as
the largest. (Photo by photographer’s mate Oirk Meenen, USN, 3 October 1990.)
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Figure 31. Lockheed C-5 Galaxy disgorging cargo through the hinged nose (19 ft wide by 13.5 ft high) at
McMurdo. Thereisalsoatail ramp (19 ft wide by 12.9 ft high), which can be used for airdrops. The maximum payload
is just over 130 tons (118 tonne). The swept wings have 5.5 °anhedral. After landing on ice that is almost 8 ft thick,
the aircraft is unloaded, refueled and sent back north without delay. Even so, there is measurable deflection of the sea
ice during unloading (several inches, or around 0.1 ). In recent years the C-5 has delivered UH-1IN helicopters and
a DHC-6 Twin Otter for early-season operations. (Photo by photographer’s mate Oirk Meenen, USN, 3 October 1990.)

experimental wheel runway on glacier ice was
built near McMurdo. The LC-130 remains the basic
workhorse, providing support within Antarctica
and also a capability for all-season air access to the
continent (a midwinter medical evacuation was
executed in June 1991).

France moved decisively in recent years, and a
paved rock-fill runway is now nearing completion
at Dumont d'Urville, offering a new route from
Hobart to Antarctica. BAS has built a rock-fill run-
way at Rothera, with the intention of opening a
new access route from the Falklands.

Australia experimented with snow runway con-
struction near Casey in 1983-84, and in 1989-90 an
attempt to build an operational runway came close
to completion. Flights from Hobart with conven-
tional C-130s are envisaged.

If currentactivity isany guide, Antarcticaviation
has plenty of history still in the making.

EVOLUTION OF
EQUIPMENT AND FACILITIES

Aircraft

Fixed-wing aircraft have to function both as fly-
ing machines and surface vehicles. Inthe early days
of flying, the aeroplane was adapted to the operat-
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ing environment by fitting it with wheels, floats or
skis. These were often interchangeable options for
the same machine. With small, slow aeroplanes,
drag was notan overriding concern, so that wheels,
floats or skis could be left to dangle in the breeze.
Hybrid landing gear, such as ski-wheels or am-
phibious floats, could be improvised at modest
cost, permitting takeoff and landing to be made in
two distinctly different environments.

Prior to WW I, all Antarctic flying depended on
adaptation of the machine to the environment.
Wheels could be used on smooth, snow-free sea ice
or on smooth beaches. Floats and flying-boat hulls
could be used on open water that was not too
rough. Skis were used on smooth snow and ice.
Skis were not expensive: steam-bend some ash,
add a couple of bungee cords, and use a coal shovel
for the tail ski.

After WW II, most of the newer multi-engine
aircraft had retractable gear; cruising speeds were
higher than for the old aircraft, stall speeds tended
to be higher, and takeoff distances had increased.
Ski-wheels could still be fitted and partially re-
tracted, but relatively costly engineering was called
for. Long oleo legs were ill-suited for resisting ski-
drag and sideloads. As transport aircraft became
larger and faster, ski drag, bothin the air and on the
snow, became more serious, and the cost of ski-
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Figure 32. Ski-wheel DHC-6 Twin Otter of Kenn Borek Air at the South Pole. The Twin Otter
(first flown in May 1965; MTW 12,500 Ib; two 652-hp P&W turboprops) has been used in Antarctica
by a number of countries for a variety of purposes, from logistics and field support to mapping
photography and aerogeophysical work. Landing gear options include standard wheels, oversize “tundra
tires,” hydraulic ski—wheels, fixed “penetration skis” and simple skis without wheels. In 1988-89 C-
FKBG and C-FS]B (shown) operated from South Pole Station for reconnaissance, test landings and
surveys at blue-ice sites in the Transantarctic Mountains. (Photo by M. Mellor, 22 January 1989.)

Figure 33. Ski~wheel Dornier 228-100 of the German Antarctic Expedition at South Pole Station. The
Dornier 228 (first flown in March 1981; MTW 12,600 1b; two 715-hp Garrett turboprops} serves similar
purposes to those of the Twin Otter; it is faster (maximum cruising speed of 231 knots at 10,000 ft, 199 knots
at sea level), but it needs a bit more room for taking off and landing. (Photo by W. Tobiasson, January 1990.)
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wheel modification became higk, especially if the
development cost had to be recovered from just a
few aircraft. The C-130 was the largest aircraft tobe
fitted with retractable ski-wheels. The original ski
installation was first test-flown in 1957 and com-
pleted in 1958; twelve modified aircraft were deliv-
ered to the USAF in the first order. In its present
form the C-130 ski-wheel modification is not a
simple retrofit but rather a major modification of
the gear and airframe (Fig. 32-42).

For aircraft bigger and faster than the C-130, ski
modification seems unattractive and probably pro-
hibitively expensive. Ski modification of the C-141
has been proposed and rejected a number of times.
Hydraulicski-wheelsonlargeaircraftrepresentan
additional source of maintenance problems. Modi-
fication is still feasible for aircraft around 6 tonne
gross, but the cost can be very high when the
market for modified aircraft is very small.

The Soviet Antarctic program never had ski-
wheel modifications of modern aircraft. Following
early use of the Li-2 and I1-12 on skis, most of the
multi-engine ski flying was done by the Il-14. How-
ever, this old aircraft has now been retired from
service.

Facilities for takeoff and landing

The alternative to modifying the aircraft to suit
the environment is the converse: modifying the
environment to suit the aircraft. The latter has been
the worldwide solution since the days of grass
fields and flying boats, and it seems inevitable that
Antarctica will follow the trend.

In the early days of Antarctic aviation, wheel
undercarriages were practical only for snow-free
first-yearseaice inspringtime or forsmoothbeaches
of sand or fine gravel. They were used only rarely.
Most of the coastal flying was done on floats, using
smooth stretches of water in protected inlets or in
the pack ice. In a few cases around the time of WW
I1, seaplanes were launched from ships by catapult.
For inland flights, skis were the only practical
landing gear. Although it is possible to land and
take off from soft snow on floats or on a flying-boat
hull (it has been done in Greenland with PBY
Catalina and Grumman amphibians), it is not safe
or practical, particularly on hard, wind-sculptured
snow (the gear is unsprung). Floats and skis were
readily interchangeable (ANARE used float and
ski-wheel switches up to the late fifties).

Since the IGY, most aircraft operating within
Antarctica have had ski-wheels, and since 1947
JATO has been available for some military aircraft
to assist takeoffs at high latitudes, with heavy loads
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orin “draggy” snow. However, in the windy parts
of Antarctica, the hardness and roughness of the
snow surface has remained a problem, even for
large machines like the LC-130. In some areas of
East Antarctica the sastrugi are too big to permit
safe takeoff by any fixed-wing aircraft (with the
possible exception of an STOL plane in a brisk
wind), and injudicious choices of open-field land-
ing areas have damaged or destroyed a number of
aircraft. Over the years the combination of rough
snow and JATO has proved particularly nasty.
However, the mounting brackets for JATO bottles
on the C-130 have now been strengthened, which
solved the problem for this aircraft. To avoid dam-
age and to reduce wear and tear on the aeroplane,
snow surfaces used for ski landings are groomed
with some kind of drag or snowplane.

Most conventional aircraft flying to Antarctica
fromNew Zealand havelanded on first-year seaice
or smoothed multi-year ice, a case of finding an
environment that is suited to wheeled aircraft. The
only required modification of the environment,
snow plowing, can be regarded as minor, provided
someone else is doing the plowing. The operating
season for annual sea ice is limited and sometimes
unpredictable—from midwinter to Christmas at
the most. There have been various attempts to
provide wheel runways by milling the bumps off
perennial sea ice and ablating glacier ice, but for
reasons given later, these runways did not come
into regular use over the long term.

In the late fifties and early sixties, the U.S. made
strenuous efforts to develop compacted snow run-
ways for wheeled aircraft, bothin Greenland and in
Antarctica. Theresults were not quite good enough
for practical application, but by 1980 Soviet engi-
neers achieved limited success at Molodezhnaya
and elsewhere, landing heavy aircraft early in the
season and late in the season (avoiding the Decem-
ber-January warm period).

A conventional rock-fill runway at Marble Point
was proposed in 1956, and a short gravel runway
was built in 1957. Detailed site investigations were
made in 1957 and later years, an environmental
impact statement was prepared in 1979 and up-
dated in 1984-85, and further site studies were
made in 1988-89. However, a major runway has not
yet been built at that location. The first major con-
ventional runway, Marambio, was builton Seymour
Island by Argentina about 1970. A second conven-
tional runway, Marsh, on King George Island, was
opened by Chile in 1980. France is currently en-
gaged in a heroic project at Dumont d’'Urville,
constructing a rock-fill runway by linking small
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DHC-2 Beaver (Mk 1) ——____ |
Lockheed Vega —
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Auster (Alpha)
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Figure 34. Maximum takeoff weights for a range of modern aircraft, and comparison with aircraft that are of historic

significance in Antarctic aviation.
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FRONT MAIN GEAR

REAR MAIN GEAR

Figure 35. Simple skis, which save weight
and drag and are satisfactory for small
aircraft operating only on snow and ice.
The Angry Ant had skis, ski-wheels andfloats.
It had a shotgun-cartridge starter, could run
on mogas and could fly backwards in astrong
katabatic wind. (Photo by M. Mellor, August
1957.)

Figure 36. Dornier 228 outfitted for Ant-
arctic service. In normal service it has re-
tractable gear, but for Antarctic service the
gear remains extended, with retractable skis
over the wheels. A sleek molded fairing, remi-
niscent of a racing bobsled, minimizes aero-
dynamic drag. (Photo by photographer’s mate
Craig Peterson, USN, December 1990.)

AIR SPRING ACTUATING CYLINDERS

NLG AXLE

SUPPORT ARM

AIR SPRING
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Figure 37. Ski-wheel modification of the C-130
landing gear (not to common scale). The main skis are
20 (5.1 m)longand 5.5 ft (1.7 m) wide. The nose ski is
10t (3m) long and 5.5 ft (1.7 m) wide. The complete ski
set weighs 2.8 tons (2.5 tonne). With full bearing in soft
snow, the contact pressure is ubout 4 lbf/in.2 (28 kPa).




coastal islands. Britain is also building a new rock-
fill runway at Rothera. A site for a rock-fill runway
was located in the Joubin Islands, near Palmer, in
1988, and there are sites for conventional runways
at Vestfold Hills and Bunger Hills.

In 1973-74 there was a systematic search for
inland ablation areas, termed “blue-ice” areas, that
could be used as airfields. Two places were found
in the Pensacola Mountains, but they were never
used. A similar search was made in the Ellsworth

Mountains in 1986. Two sites were surveyed and
one of them, Patriot Hills, was brought into use for
conventional aircraft in 1987. Since then, this natu-
ral airfield has been used by conventional DC-4
and DC-6 aircraft. In 1988-89 the USAP reconnoi-
tered blue-ice airfield sites in the Transantarctic
Mountains, and two weresurveyed. Atone of these
places, on Mill Glacier near Flunket Point, wheel
landings were made by LC-130s in 1990. The other,
at Mount Howe, has not yet been used by large

Figure 38. Quersize tires on a DHC-6 Twin Otter (in Greenland, not
Antarctica). (Photo by M. Mellor, August 1989.)

a. Auster being swung aboard Thala
Dan by the ship’s boom. (Photo by
M. Mellor, February 1958.)

Figure 39. Float planes used in Antarctica. Small aircraft, say up to 12,500 Ib MTW, can be fitted with floats fairly easily,
permitting summer coastal operations almost anywhere around Antarctica. Because of the likelihood of strong winds, open
moorings are not safe. Seaplanes need to be lifted aboard ship or beached on adolly (amphibious floats add weight and complication,
without significant benefits in Antarctica). Spray icing is not much of a problem in summer, but precautions against corrosion

have to be taken, as for all saltwater floatplanes.




Figure 39 (cont’d).
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b. DHC-2 Beaver being lifted aboard
KistaDan.(Photoby M. Mellor, Janu-
ary 1957.)

¢. DHC-3 Otter on floats (in Labra-
dor). (Photo by M. Mellor, August
1984.)

d. DHC-6 Twin Otter on floats (in
Labrador). (Photo by M. Mellor, Au-
gust 1984.)




aircraft (at least eight wheel landings have been
made by DHC-6s). These inland blue-ice areas are
quite remarkable in that the unmodified natural
environment permits all-season operation of un-
modified conventional aircraft.

Additional airfield sites have been identified.
They include areas of ice-free rock suitable for
conventional runways, inland blue-ice areas, pro-
tected stretches of smooth perennial sea ice, and
coastal ablation areas where snow can be com-
pacted over hard sublayers. Compaction of cold,
dry snow in the high interior is technically feasible
for selected aircraft, butitmay be a few years before
the required investment is made. The present indi-
cations are that a well-distributed system of run-
ways for conventional aircraft can be established in
the near future at relatively little cost.
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Figure 40. Wheels of the C-130. The
four main wheels (56 x 20.0) are usually
inflated to 96 Ibffin.? for operation at high
takeoffweight (e.g. 155,0001b). This gives
anormal tire deflection of 32%. For opera-
tion from unpaved airstrips, the inflation
pressure can be reduced until the maxi-
mum permissible deflection of 39% 1s
reached, at which stage the tire contact
area has increased to 28% above normal.
At high takeoff weight (e.g. 155,00 Ib) the
lowest permissible inflation pressure is 75
Ibffin.2 With a gross weight of 100,000 Ib,
the inflation pressure can be reduced to 45
. Ibffin.2 The nose gear (39 x 13) inflation
- pressure stays the sume at 60 Ibffin.2
- (Photo by M. Mellor, December 1988.)

Figure 41. Wheels of the llyushin Ii-
18D. Theeight 3-ft-diameter main wheels
(930 x 305 mm) carry about the same
gross weight as the four larger main wheels
of the C-130. The standard inflation pres-
sure is 114 Ibffin.2 (85 Ibffin.2 in the 700-
x250-mm nosewheels). Inprinciple, side-
by-side wheels are preferable to wheels in
tandem on a snow runway, since multiple
passes of a wheel over soil or snow tend to
cause progressive damage and rutting.
(Photo by photographer’s mate Craig
Peterson, USN, November 1990.)

Navigation and
radio communication

In the early days of Antarctic aviation, naviga-
tion depended essentially on traditional nautical
techniques. For along time the procedure remained
basically dead reckoning and pilotage, using simple
instruments (magnetic and gyro compasses, air-
speed indicator, chronometer and drift sight), with
periodic astronomical checks (bubble sextant and
sun compass). With much of the flying limited to
clear weather, “eyeball navigation” could be used;
on a day with CAVU, visibility is phenomenal in
the clear air of Antarctica. Simple RDF, and later
ADF, was used for homing on signals transmitted
from a base station or an expedition ship.

After the IGY, traditional methods were supple-
mented by use of the navigation radar to locate




Figure 42. Wheels of the Antonov An-74. The four main wheels (1050 x 400)
carryabout halfthe weight ofa C-130. It is understood that the tires have a standard
inflation pressure of 114 Ibf/in.2, which can be reduced to as low as 71 Ibffin.2 It is
estimated that a snow runway can support this aircraft if the snow density reaches
or exceeds 0.58 Mg/m3. When the first wheel landing was made at Vostok, the snow
runway was said to be not much over 0.45 Mg/m3, and the aircraft dug ruts 20~
30 cm (8-12 in.) deep, making takeoff a desperate affair. (Photo by M. Meilor, 27

November 1988.)

islands, coastal features and icecap features (nota-
bly crevasse fields, which paint characteristicshapes
on the screen). Navigation charts improved as
Antarctic mapping progressed. Systems such as
Loran and Omega were not available, and pressure
field navigation remained a dubious procedure in
the absence of rcliable weather charts. Nondirec-
tional radio beacons (NDBs) were installed atsoine
places for homing and directional checks.

The most dramatic advance was the introduction
of INS (inertial navigation system), which gives
precise position, distance, speed, track, heading
and course deviation. Radar fixes and celestial
position lines are still plotted as a matter of pru-
dence on military aircraft, but the INS gives virtu-
ally everything a navigator could wish for. GPS
(global positioning system) is coming into use in
Antarctica as the constellation of available “Block
11" satellites increases. Eventually there will be 21
active satellites, with three spares in orbit. In the air
navigation mode, GPS gives position, bearing, dis-
tance, track, ground speed, estimated time to des-
tination or waypoint, and course deviation. This
capability is available with compact equipment at
low cost. Integration of U.S. and Russian naviga-
tion satellites offers further improvements, and
even without restricted DOD “P-code,” high-accu-
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racy fixes can be achieved by differential tech-
niques, using a base station and a moving receiver.
GPS will replace the older electronic navigation
systems, i.e. Transit (Sat/Nav), Loran C, Omega,
Decca, some of which did not extend to Antarctica.

Polar grid navigation is used routinely for flights
south of 60°S latitude, using appropriate chart pro-
jections and overlays. U.S. aircraft operating be-
tween New Zealand and McMurdo use specially
prepared strip navigation maps.

Landing aids are few and far between in Antarc-
tica. Runways and skiways at U.S. stations have
standard daylight runway markers——originally
black panels set at 1000-ft (305-m) intervals and
marked to indicate the distance remaining. There
are also “low-visibility” markers at the approach
ends of the primary runways. The McMurdo pri-
mary runwauys have the U.S. Navy Expeditionary
Approach !ighting System, which consists of ten
rows of approach lights and five sequenced strobe
lights. A Portable Runway Lighting System is also
installed, with white lights at 500-ft (152-m) inter-
vals. McMurdo and Soutl. Pole Station have airport
surveillance radar (ASR), precision approachradar
(PAR), TACAN and NDB. Approaches can also be
made using the internal navigation radar; reflec-
tive panels or steel fuel drums make good targets,




but the equipment can also pick up plywood mark-
ers (Fig. 43-45).

U.S. runways in Antarctica are designated by
grid heading. Grid heading is true heading minus
west longitude or plus east longitude. It is under-
stood that the orientations of Russian Antarctic
runways are given as true directions. Some run-
ways in the Peninsula follow the usual magnetic
heading convention.

Radio communication evolved gradually, paced
by developments in the world at large. WW 1II
broughtthe mostrapid development of radio equip-
ment. The IGY increased the number of stations
with the potential to communicate with aircraft.
One of the special problems of Antarctica is “pre-
cipitation static” induced either by ice particles
blowing across a ground antenna or by an aircraft
flying through, or near, airborne ice particles. The
problem is bad for MF/HF but less severe for VHF
and UHF, so that it is no longer a major problem.
However, another special Antarctic problem s still
unsolved. Periodic solar flares disturb the iono-
sphere, particularly in zones girdling the magnetic

Distance Marker Panel
(typical)

Low Visibiiity Markers
Located Between
Distance Marker Panels

pole, causing “radio blackouts” that, for safety rea-
sons, can bring long-range air operations to a halt.

Emergency location transmitters, or EPIRBs, can
now be received by satellites in near-polar orbit,
activating the COSPAS-SARSAT location and noti-
fication systems.

Aviation weather services
Until the IGY, Antarctic aviators had very little
weather information. The IGY provided a ring of
stations around the coasts of Antarctica, with a few
S inland stations, and also an
o international arrangement
/‘\7 for sharing weather observa-
« tions (there was an “Antarctic
Weather Central” during the
1GY). There are now a few more
stations, but the distribution is
hopelessly inadequate for the prepa-
ration of detailed weather maps cov-
ering an entire continent. Because un-
certain forecasts have to err on the side
of caution, valuable flying time is lost to

Figure43. Daylight markers installed on major U.S. Antarctic
runways and skiways. Midsection markers at South Pole Station
are now 500 ft apart instead of 1000 ft. Closely spaced mesh panels
have been added at Williams Field.
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b. South Pole Station.

Figure 44. Arrangement of radar targets set out as approach aids at Williams Field and
South Pole skiways. Originally these targets were empty fuel drums. Now buried, the drums
have been replaced by reflective mesh markers at Williams Field. As yet there is no replacement
at South Pole, but the wreck of LC-130 XD317, about one mile off the end of the skiway, makes

a good approach marker for 02.

predicted bad weather that never develops. How-
ever, unmanned automatic weather stations, first
tried after the IGY, now perform and transmit quite
reliably. As the network of installations expands,
weather maps and terminal forecasts should im-
prove. Perhaps the most important single piece of
data is surface pressure, although temperature
serves almost as well at inland sites. AWS installa-
tions (Fig. 46) are currently concentrated around
the Peninsula and in the sector between 170°W and
120°E.

Weather satellites with real-time downlinks di-
rect to Antarctic stations are now an enormous
help, giving information on cloud cover, cloud
temperature, movement of systems, estimates of

31

upper winds and, in some circumstances, surface
winds.

The weather forecasting services of Australia,
New Zealand, Chile, Argentina and South Africa
receive some data from Antarctica and the sub-
Antarctic islands and try to extend their standard
synoptic charts as far south as possible by interna-
tional agreement. With the widespread availability
of satellite communication and facsimile services,
Antarctic weather charts can be integrated with
those for the outside world. Ship reports and trans-
missions from data buoys in the southern ocean are
helpful.

The U.S. Navy maintains Antarctic weather of-
fices in Christchurch and at McMurdo. South Pole
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B Future progress in forecasting probably depends
on more observing stations and on a better under-
N standing of the dynamics of the Antarctic atmo-
Sequence NS sphere .
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sz e ¥V q500n For practical purposes, all flights to Antarctica
must depart from a country in the southern hemi-
_ sphere or from a far-south island (Fig. 47). Given
the need to marshal passengers and freight and to
service equipment, northern hemisphere countries
S-S need a “forward base” in a far-south host country.
The southern extremities of Africa, Australia,
sz wsr New Zealand and South America are obvious de-
parture points (Table 1). South America extends
Threshold Lights farther south than any other major land mass,
(@8 fthom runway)  Sesz—se=———p while the Antarctic Peninsula, at much the same
\ 150 ft longitude, extends farther north than any other
SN adia L part of Antarctica. The shortest air routes are thus
Runway such legs as Punta Arenas to Marsh (660 nautical

miles), Ushuaia to Marambio (also 660 nautical
miles) or Falkland Islands to Marsh (648 nautical
Figure 45. Expeditionary Approach Lighting System, miles). However, terminal weather in the Penin-
as installed on the primary runways at McMurdo. sula can be very unfavorable. The least favorable

[——300 ft—

Figure 46. Automatic weather station at the Pegasus site. The basic AWS measures
barometric pressure, air temperature, relative humidity, wind speed and wind direction
at a height that is initially 3 m. Newer versions may include an extra temperature
measurement at 0.5 m and snow temperatures 1 and 3 m below the surface. A new AWS
at the south end of the Pegasus runway measures ice temperatures at depths of 0, 0.5,
0.10, 0.20, 0.40, 0.80 and 1.6 m. (Photo by M. Mellor, 23 January 1990.)
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Table 1. Potential Antarctic departure points (arranged in order of decreas-

ing latitude).
Approximate
Longest great circle
runway distances
Approximate ft Nautical
Departure point coordinates (m) Route possibilities* miles km
Ushuaia, Argentina 54°28.8'S 5,299 USH—Marambio 660 1,223
68°10.8 W (1,615) USH—Patriot Hills 1,570 2,909

Punta Arenas, 53°00°S 9,153 PUQ—Marsh 660 1,223
Chile 70°51'W 2,790 PUQ—Patriot Hills 1,647 3,052
Mount Pleasant, 51°494'S 8,497 MPN—Marsh 648 1,201
Falkland Islands 58°26.6' W (2,590) MPN—Rothera 1,018 1,886

MPN—Patriot Hills 1,796 3,328
Rio Gallegos, 51°37'S 11,647 RGL—Marambio 857 1,588
Argentina 69°19' W (3,550) RGL—Patriot Hills 1,753 3,248
Invercargill, 46°25'S 5,597 IVC—McMurdo 1,887 3,497
New Zealand 168° 19'E (1,706)
Dunedin, 45°46'S 5,610 DUD—McMurdo 1,927 3,571
New Zealand 170°12'E (1,710)
Christchurch, 43°29'S 10,790 CHC—McMurdo 2,067 3,830
New Zealand 172°32'E (3,289) CHC—Dumont d'Urville 1,743 3,230
Hobart (Tas.), 42°50'S 7,386 HBA—Casey 1,846 3,421
Australia 147°31'E (2,251) HBA—Dumont d’Urville 1,440 2,668
Melbourne 37°40'S 12,000 MEL—Casey 2,078 3,850
(Tullamarine), 144°51'E (3,657) MEL—Dumont d'Urville 1,744 3,232
Australia
Cape Town, 33°33'S 10,502 CPT—Molodezhnaya 2,240 4,151
South Africa 18°13.2E (3,201) CPT—Mawson 2,552 4,729
Perth (WA), 31°56'S 11,300 PER—Casey 2,070 3,836
Australia 115°58'E (3,444) PER—Davis 2,553 4,731

PER—Mawson 2,814 5,215
Maputo 25°55'S 11,910 MPM—Molodezhnaya 2,573 4,768
(formerly Lourengo 32°34'E (3,630)

Marques), Mozambique

*Standard airport codes are used for commercial airports. In the USAP, Christchurch is ZCH,
McMurdo is ZCM, South Pole is NPX, Byrd is NBY and Mill Glacier (Plunket Point) is MGZ.

land mass in terms of distance is southern Africa;
Maputo to Molodezhnaya is 2573 nautical miles,
with Cape Town to Molodezhnaya a bit shorter at
2240 nautical miles.

New Zealand was the first place to be used for
regular flights to Antarctica, and Christchurch (Fig.
48) still handles the bulk of the traffic. Christchurch
to McMurdo is quite a long flight (2067 nautical
miles); Invercargill is a bit closer (1887 nautical
miles), but it has a shorter runway and less favor-
able weather. Christchurch to Dumont d'Urville is
a shorter trip at 1743 nautical miles.
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Australia is probably the best departure place for
East Antarctica. Hobart is the closest airport, 1440
nautical miles from Dumont d'Urville and 1846
nautical miles from Casey. Melbourne (Tullama-
rine) is further away but has a longer runway; the
distances from Dumont d’Urville and Casey are
1744 and 2078 nautical miles, respectively. Perth is
notideally situated, being quite far north, but Perth—
Casey is only the same distance as Christchurch-
McMurdo (or Melbourne-Casey).

The big gap south of the Indian Ocean can be
narrowed by airfields on sub-Antarctic islands.
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Figure 47. Location of Antarctica relative to surrounding land masses.

Runways are technically feasible for Marion Island
(South Africa) and Iles Kerguelen (France).

Ports of entry in Antarctica

Aviation seems to have been an afterthought in
the siting of many major Antarctic bases (Fig. 2). In
the Peninsula, Marambio and Marsh were clearly
well chosen from an aviation standpoint, and the
attraction of efficient air service is evidenced by the
profusion of stations that have grown up on King
George Island. By contrast, Palmer is poorly situ-
ated for access by air, either from the outside or
from McMurdo. A long skiway or conventional
runway or both canbe built nearby, but the sites are
logistically unattractive. McMurdo Station is on a
site chosen by Scott as a far-south seaport. It is still
a good seaport but not at all favorable for airport
construction.

There are now only two conventional runways
offering all-season access, both of them (Marsh and
Marambio) at the tip of the Peninsula (Table 2).
There will soon be two more rock-fill runways,
Rothera (also on the Peninsula) and Dumont
d’Urville. However, both of these are short strips,
3000 ft (915 m) and 3600 ft (1100 m) long, respec-
tively.

Apart from McMurdo the runway built by Chile
near Teniente Rodolfo Marsh base is the nearest
thing to an Antarctic international airport, han-
dling military and civil aircraft of various nation-
alities on a regular basis. It is a gravel strip, 4300 ft
(1300 m) long, with runway lights, VASI, VOR/
DME and NDB. The field elevation is 135 ft (41 m),
and the approaches are unobstructed. The field has
firefighting equipment, bulk Jet A1, a maintenance
hangar and meteorological services.
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Figure 48. Airport at Christchurch, New Zealand, an advance base for the USAP.
Christchurch International (Harewood) has a long runway and generally good weather. It is within
reasonable range of McMurdo and Dumont d’Urville. There are commercial facilities for servicing
aircraft, and the USAP maintains a hangar and facilities for its aircraft. A large Antarctic Center
adjacent to the airport opened in 1990. Among numerous other functions, it houses the USAP
passenger terminal and clothing distribution center.
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Table 2. Antarctic airfields. These runways (= 1 km) now exist

or are under construction.

transports (C-130, C-141 and, recently,
C-5) are made in October and Novem-

. Approx. ber, and the runway closes because of
Lot Type of C;’O'd‘""')” lﬁeltd‘ Longest summer deterioration in mid-Decem-
tion nuay approx. elevation runay ber. Normal operations by the heaviest
Marambio gravel 64°14'S = 650 ft 4,134 ft aircraft cease in mid-November. An
56°36'W  =200m 1,260 m experimental wheel runway was be-
Marsh gravel 62°11'S  135ft 4282 ft ing developed nearby on the Ross Ice
58° 57 w 41 m 1’305 m Shelfln 1989'90 a.!\d 1990'91- MCMuIdO
has PAR/ASR and TACAN and a full-
Rothera gravel 2;: 03; sv near sea 39(1";0 fe time weather forecasting service.
eve m Flight-following service s provided by
Dumont asphalt paving  66°40'S =16 ft 3,600 ft Auckland Radio north of 60°S and by
d’Urville over gravel 140°01'E =5m 1,100 m MAC Center (in McMurdo) south of
o .
McMurdo (A)annualseaice 77°52'S  (A)sealevel (A)10000f OO - Bulk fuel (previously JP-4, soon
167°08' E 3,000 m to be all ]P-8) is dfeh\{ered annually by
(B) groomed snow (B)139f(?) (B)10,000ft  a tanker, being distributed from large
skiway 42m(?) 3,000 m storage tanks to the various runways
(C) experimental, €204 (C; 12000ft by expedient pipelines. Emergency
sfiow over 6m /660 m servicesareavailable duringair opera-
glacier ice R . .
tions, with a trained crash crew and
Molodezhnaya compacted 67°40'S 810 ft 9,200t firefighting equipment on relatively
snow 45°S50E U7m 2800 m fast tracked vehicles. There is a signifi-
Casey snow compacted  66°17'S = 860 ft 8,000 ft Fant maintenance_ capability., but ma-
over ice 110°42E  =260m 2,440 m jor scheduled maintenance is carried
Patriat caral P15 2500 07) 12008 out in Christchurch. There is no emer-
atno natura . [4 . _
Hills blue ice 8I°16W  750m(?)  3410m gency altemate for McMurdo in Ant
arctica; when the weather deteriorates,
Novolazarevskaya compacted 70°46'S 9,060 ft incoming flights return to New
SNOW over ice 11°50'E 2,760 m Zealand.
South Pole groomedsnow  90°003  9300ft  14,000ft Molodezhnaya is the Russian port of
skiway - — 2,835 m 4270 m entry, having a 9200-ft (2800-m) wheel
Vostok o 8°28'S  12.800 f 9,840 f runway of compacted snow 20 km east
osto compact i ’ . of the main station. The runway is
SNOW 106°48'E 3,900m 3,000 m . A
maintained year-round but closed from
Mill Glacier natural 85°06'S 5,900 ft = 24,000 ft mid-December until 1 February be-
blue ice 167°15E 1800m  =7300m  cayge the snow becomes too soft. The
Mount Howe natural 87°20S  790f  =22600f  Dnormal operating season is September
blue ice H9°50W 2400 m =6,900m to early December and early February
Rosser Rid ural 02°46S 26004 7900 & until mid-March. The strip has been
osser Ridge natura : =/ - n
blue ice S°40W  800m ~2400m used successﬁ.xllybyll 18Dand II-76 TD
aircraft. Russian transports tend to be
Mt. Lechner natural 83°15'S 4,600 ft = 9,800 ft well adapted for soft-field and rough-
blue ice 51°14'W 1,400 m =3,000 m

field operation. The II-76, comparable

McMurdo carries most of the air traffic into Ant-
arctica. It has a skiway (Williams Field) that can be
opened for use by ski-wheel LC-130s at almost any
time of year, provided there is suitable weather.
Regular winter flights are made in August. Will-
iams Field, which also has a crosswind skiway,
cannot be used by conventional aircraft. A runway
for wheeled aircraft is prepared on first-year sea ice
each year in September. Flights in by conventional

in size and configuration to the C-141
(the 76 TD is 30% heavier than the 141 at MTW), has
MLG inflation pressures varying from 36 to 73 1bf/
in.2(2.5to 5 bar), whereas the C-141 MLG, with half
as many wheels, has a normal inflation pressure of
180 Ibf/in.2 (12.4 bar) or more. The II-18 has an
inflation pressure of 114 1bf/ in.2 (7.9bar), about the
sameas the C-5. Molodezhnaya has simple landing
aids, weather forecasts, emergency services and
fuel.




The alternate for Molodezhnaya is Novolazarev-
skaya, which has a 9100-ft (2760-m) runway of
compacted snow and bare glacier ice. It is not re-
garded as a good runway.

An 8000-ft (2440-m) experimental wheel runway
was prepared near Casey in 1989-90. It was built in
a coastal ablation area that apparently has exposed
blue ice, meltwater ice (“superimposed ice”) and
snow containing ice lenses. The intention was to fly
standard C-130s from Hobart, probably early and
late in the summer season. If it operates, the field is
expected to have TACAN, a limited supply of Jet
A1 and some firefighting equipment.

The only port of entry that is not on the coast is
Patriot Hills, located in the Ellsworth Mountains,
1647 nautical miles from Punta Arenas, 1570 nauti-
cal miles from Ushuaia and 1796 nautical miles
from the Falklands. This is a natural blue-ice area,
with up to 11,200 ft (3,410 m) available for wheeled
aircraft in the normal crosswind direction and 5800
ft (1770 m) in a direction close to the prevailing
wind. Wheeled aircraft using the field have in-
cluded a DC4 and a DC-6. Summer camps have
been maintained by Adventure Network Interna-
tional (AND), but there is no permanent year-round
settlement at the site. As far as is known, the field
has no facilities, and fuel has to be flown in.

Aircraft in current use

On the most heavily traveled route, Christchurch
to McMurdo, most of the scheduled flights are
madeby C-130s, either standard C-130s of 40Squad-
ron, RNZAF, or LC-130s owned by NSF and oper-
ated by VXE-6, USN. In recent years the NSF fleet
of LC-130s (F and R models) has been supple-
mented for part of the season by newer LC-130H
aircraft of the 109th TAG, New York Air National
Guard (NYANG). The standard “Kiwi Hercs” op-
erate in October, November and early December,
when the sea ice runway is in service (12 flights in
1989, 14 in 1990). The LC-130s operate the route
when only the skiway is available at McMurdo.
Whenever possible, the LC-130 makes wheel take-
offs from the sea ice runway, as this permits it to lift
about 8000 Ib (3600 kg) of extra cargo and fuel.
Standard C-130s from 36 Squadron, RAAF, and
from the Italian Air Force occasionally fly to
McMurdo (five RAAF and three Italian flights in
1989; four Italian flights in 1990). For the C-130 the
flight duration for the 2060-nautical-mile trip to or
from McMurdo is typically just over eight hours,
depending on winds (the theoretical “no-wind”
time is 7 hours, 50 minutes).

In October and early November there are sched-
uled flights by C-141s between Christchurch and
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McMurdo (18 in 1990; the number has been as high
as27 inasingle season). Theseare standard wheeled
aircraft from the USAF Military Airlift Command
(MAC) that land on the sea ice runway. The C-141
can carry heavier and longer payloads than the C-
130, and it is faster (430-knot long-range cruise),
typically making the journey in about 5.3 hours.
The aircraft flies down, refuels and returns to
Christchurch the same day. By reducing the pay-
load the C-141 can fly to McMurdo and, if the
weather there is below minimums, return to
Christchurch without landing (“PSR overhead”).
Two trips to McMurdo were made by the C-5, the
largest U.S. military transport, in October 1989, and
three flights were made in early October 1990.
Standard C-130s may be used by Australia be-
tween Hobart and Casey, and by France between
Hobart and Dumont d’Urville. The original choice
for the run to Dumont d’Urville was the Transall C-
160, but this was changed, apparently on the basis
of cost considerations (being ashort-range aeroplane,
it is not an ideal choice for trans-ocean flights).
Soviet flights between Maputo and Molodezh-
naya were made first with the Il-18D, then also with
the II-76TD. The D denotes long-range capability
(“dal’'nii”), a useful attribute on a flight of 2570
nautical miles with no real alternate. The aircraft are
owned and operated by Aeroflot, through a charter
arrangement with the Ministry of Civil Aviation.
Inthe Peninsula, standard C-130s are used by the
Argentine and Chilean air forces for flights to
Seymour Island (Marambio) and King George Is-
land (Marsh). The USAF has flown C-130s from
Punta Arenas to Marsh and taken the C-5 as far as
Punta Arenas. ANThas flown fromPunta Arenas to
Marsh and Patriot Hills with a DC-4 and, more
recently, a DC-6. These old piston-engine aircraft
are not chosen for their technical attributes but
because they are inexpensive. The British Antarctic
Survey (BAS) has acquired a DHC-7 (Dash 7),
which is to have ski-wheel modification, both for
internal flights and for passenger and cargo flights
between the Falklands and Rothera (with skis, the
gear will not be retractable). Over the last 20 years
or so, ski-wheel DHC-6s and other ski-wheel ex-
pedition aircraft have been ferried with long-range
tanks and light payloads between South America
and the Peninsula. In October 1990 a DHC-6 was
carried to McMurdo in the C-5. German Dornier
228sarealso ferried to Antarctica via the Peninsula.

TYPES OF ANTARCTIC AIRFIELDS

The following notes are summarized in Table 3.




Table 3. Airfield options for Antarctica.
Part A: Construction and maintenance.

Environmental impact of

Type of aurfield Site characteristics  Construction method Maintenance Examples construction aiid maintenance
Unprepared open Any deep and level  None required. None. Throughout Antarctica.  None.
field. snowfield or snow

Groomed skiways.

Compacted snow
runways (deep
snow).

Compacted snow
on hard ice.

Snow-free
glacier ice
(blue ice).

First-year sea
ice.

cover, provided
roughness is not
extreme.

Any deep and level
snowfield or snow
cover.

Deep perennial
snowfield that is
level and has low
accumulation rate.
Summer temperature
approaching 0°C
desirable.

Transition zone be-
tween accumulation
and ablation areas
(crevasse-free).
Snow cover on sea
ice.

Smooth, level areas
of net ablation,
usually kept free of
snow by cold local
winds.

Undisturbed, land-
fast annual sea ice.

Grading, dragging,
chaining to smooth
the surface. Compac-
tion in soft-snow
areas. Runway
markers.

Summer compaction
at sites where snow
becomes cohesive
without suffering ex-
cessive ablation. No
fully acceptable meth-
ods for construction
on cold, dry snow.

Depending on site
conditions:

(a) Bulldozing to
plane ice surface

and mix snow.

(b) Spreading snow
uniformly.

(c) Compacting and
grading.

(d) Surface grooming.

None required at the
best sites. Minor
planing to remove
scattered bumps at
some sites.

Snow plowing.
Grading and grooming
of thin snow cover
desirable.

Periodic repeats of
of initial proce-
dures—at least
annually.

Conversion of annual
accumulation to hard
pavement.

Annual re-grading.
Periodic surface
grooming.

None required at
ideal sites. Annual
removal of scattered
snow patches at
some sites.

Periodic snow re-
moval. Frequent ice
thickness measure-
ments for safety
checks.
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Full-time summer oper-
ation, regular mainte-
nance: Williams Field
(10,000 ft), South Pole
(14,000 ft). Irregular
operation, occasional
maintenance: Palmer
(5,000 ft), Byrd (10,000),
Neumayer (3,300 ft),
Rothera, Fossil Bluff,
Arturo Prat, Carvajal.

Molodezhnaya (9,200 ft)

Novolazarevskaya
(9,100 ft) Pegasus Site,
McMurdo (12,000 ft, ex-
perimental). Casey
(8,000 ft, experimental).

Patriot Hills (11,200
ft), Mill Glacier
(24,000 ft), Mt. Howe
(22,600 ft) (to be de-
veloped). Mt. Lechner
(9,800 ft), Rosser Ridge
(7,900 ft). Potential
sites near Mawson
(16,000 ft), near Mt.
Cresswell, and in the
Fimbulheimen and
Ser-Rondane Mts.
(10,000 ft).

McMurdo (10,000)—
early Oct to mid-Dec.
Syowa (3,300 ft)—
operated Jan. only.

Insignificant at temporary
skiways if all markers and
materials removed. Potential
for irretrievable liquid spills
at permanent skiways. All
visible evidence soon
disappears.

Compaction process per se is
innocuous. Potential for
irretrievable liquid spills.

All visible evidence soon
disappears.

Solids remain at, or near,
surface. Liquids mix with
surface snow layer. Melt pits
can form. Cleanup relatively
easy. Accumulation or abla-
tion restores cleaned site to
original condition.

All solids remain on surface.
Non-volatile liquid contami-
nants disperse but remain on
surface. Melt pits can be
formed. All disturbance and
contamination easy to clean
up. Evaporation then restores
site to pristine condition.

All evidence of site occupa-
tion removed by ice breakup.
Solid materials and wastes
left on the ice undergo un-
controlled “dumping at sea.”
Cleanup inhibited by hasty
evacuation at end of season.
Site usually evacuated before
seals appear.




Table 3 (cont'd)

Part A. (cont’d).
Environmental impact of
Type of airfield Site characteristics ~ Construction method Maintenance Examples construction and maintenance
Multi-year Land-fast sea ice Planing to smooth  Snow plowing. None in current use. Soilds and non-volatile
sea ice. that is more than the surface. Snow Annual planing. Past use at McMurdo. liquids remain on surface.
one year old (thick,  plowing. Potential site at Efficient cleanup is feasi-
low salinity, rela- Bunger Hills. ble. Possible disturbance
tively rough surface). of seal activity.
Conventional Level or gently- Ripping, scraping, Minor snow plowing.  Marsh (4,240 ft). Permanent alteration of
rock-fill runway  rolling ice-free drill-and-blast, Maintenance of drain- Marambio (4,000 ft). local landscape and minor
(paved or un- terrain with un- rock crushing, age ditches. Under construction at alteration of surface drainage.
paved). obstructed ap- screening, dumping, Dumont d’'Urville Waste removal necessary but
proaches. grading, paving, (3,600 ft) and Rothera easy. Possible minor effect
or drainage. (3,000 ft). Site available on bird habitats. Coastal
Closely-spaced for 10,000 ft runway at construction unlikely to
coastal skerries. Marble Point. Potential have adverse long-term
sites near Palmer (Joubin effects on seals or penguins.
Islands, 7,350 ft), at
Vestfold Hills (10,000 ft)
and Bunger Hills
(10,000 ft).
Rock fill over Almost stagnant Scraping, hauling, Pothole filling, re- None in use or Alteration of local landscape
glacier ice. glacier ice withlow  dumping, grading.  grading, restoration proposed. —could last for decades
ablation rate, level Lateral drainage. of shoulders. Re- after abandonment. Waste
surface, and nearby cutting of lateral removal necessary. Liquid
source of rock fill. drainage channels. spills could be irretrievable.
Alternatively, flat-
lying moraine on
glacier ice.
Manufactured Flat, level site with Grading to close Recovery and re- None in use or Runway has no significant

landing mats.

Type of airfield

Unprepared open
field.

Groomed skiways.

Compacted snow
runways (deep
snow).

low inherent bearing
strength (deep snow).

tolerances. Hand
assembly of panels.

installation to
accommodate snow
accumulation.

proposed.

Part B. Operational considerations.

permanent impact if all im-
ported materials are eventu-
ally removed. Potential for
irretrievable liquid spills.

Operational limitations

Special aircraft re-
quired. Landings should
not be made on very
rough snow.

Special aircraft re-
quired. Reduction of
takeoff weight when
snow is “draggy.”

Probably limited to
aircraft with fairly
low tire pressures and

Merits

Zero site costs. Wide-
spread availability.

Low site costs. Wide-
spread availability of
sites.

Reasonable availabil-
ity of suitable ter-
rain. Moderate cost

low ACN/LCN. At “warm” at favorable sites.

sites, may not be usea-
ble in mid-summer.
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Disadvantages

Special aircraft
needed—very high

cost for large air-

craft. Can be hazardous.

Special aircraft
needed—very high
cost for large air-
craft. Takeoff per-
formance reduced.

Borderline tech-
nology with little
safety factor for
bearing strength.
Probably not avail-
able for all-season
operation.

Appropriate aircraft

Robust and relatively slow
aircraft with skis. STOL
aircraft. Tactical trans-

ports.

Ski planes.

Aircraft with soft, large-
diameter tires on wide-
spaced multi-wheel
assemblies.




Type of airfield

Table 3 (cont’d). Airfield options for Antarctica.
Part B (cont’d). Operational considerations.

Operational limitations

Merits

Disadvantages

Approprinte aircraft

Compacted snow
on hard ice.

Snow-free
glacier ice
(blue ice).

First-year sea
ice.

Multi-year sea
ice.

Conventional
rock-fill runway
(paved or un-
paved).

Rock fill over
glacier ice.

Manufactured
landing mats.

At “warm” sites, may
have to close for
wheel traffic in mid-
summer.

Crosswinds and/or
turbulence at some
sites.

Weight limits set by
ice thickness and
temperature. Short

operating season—late

winter to ear