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PREFACE

This is an interim report on current studies directed towards the development of hard-
surface airfields on Antarctic glacier ice. It provides a record of information that has been
gathered so far and gives guidelines for future efforts. The work was carried out by Dr. Mal-
colm Mellor, Experimental Engineering Division, USA CRREL, and by Dr. Charles Swithin-
bank, CRREL consultant, under a continuing program of Antarctic Engineering Services for
the Division of Polar Programs, National Science Foundation (OPP §7-001).

Theauthors are grateful to R, La Count and his colleagues in the Polar Operations Section
of DPP/NSF for supporting the work and providing the chartered Twin Otter aircraft. They
arealso grateful for support in the field from CRREL colleagues, from employees of the logis-
tics contractor, ITT AntarcticServices Inc,, from personnel of the U.S. Navy (NSFA and VXE-
6), and particularly from the pilots and mechanics of Kenn Borek Air Ltd. Valuable heip was
provided by the U.S. Geological Survey (air photographs and maps) and by the Technical
Communication Branch at CRREL (typesetting, illustrating, editing, and =0 forth).

The contents of this report are not to be usad for advertising or promotional purposes. Ci-
tation of brand names does not constitute an official endorsement or approval of the use of
such commercial products.
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Airfields on Antarctic Glacier Ice

MALCOLM MELLOR AND CHARLES SWITHINBANK

INTRODUCTION

Theideaof using blue-iceablation areas as Ant-
arcticairficldsisbelieved tohaveoriginated during
the period when Admiral George Dufek com-
manded Operation Deepfreeze (1955-60). An air-
field on the snow-free glacier ice of the Ross Ice
Shelf (Outer Williams Field) was operated ituring
the period 1966-67 to 1970-71. A firm proposai for
use of inland blue-ice areas was apparently made
about 1972 by Col. Joseph Fletcher, a retired Air
Forcepilot who wasatthat timeserving as director
of the Office of Polar Programs in the U.S. National
Science Foundation. The idea was to fly large con-
ventionalaircraft (C-141, C-5), fromSouth America
or from New Zealand, either direct to the interior
of Antarctica or else via Seymour Island or via
McMurdo. A study of the logistic and econonuc
consequences was prepared (Day et al. 1973). In
1973-74, CRREL was assigned the task of investi-
gating the technical feasibility of using blue-ice
areas for runways, focusing on the Pensacola
Mountains as a terminus location for flights from
South America (Kovacs and Abele 1977).

Austin Kovacs and Gunars Abele located a
number of promisingsites, surveying twoof them,
atRosser Ridge and Mount Lechner (Fig. 1). These
sites were never used. In 1986 the concept was
picked up by a private group that had been flying
mountaineers to the Ellsworth Mountains iz small
ski~wheel aircraft. Charles Swithinbank and Giles
Kershaw, who had been interested in blue-ice
areas for a decade, were contracted by Adventure
Network International to locate and reconnoiter
potential blue-ice airfields in the Ellsworth Moun-
tains, Wheel landings were made in a Twin Otter
at two sites. and one of them was subsequently
surveyed (Swithinbank 1987). This site, located
near the Patriot Hills at 80°19'S, 81°20'W, began
operationasanairfield for conventionalaircraftin
November 1987, when a DC-4 commanded by

Captain Jim Smith landed there after a flight from
Punta Arenas, Chile,

In 1987, CRREL was asked by NSF to study the
feasibility of building all-season wheel ranways
from compacted sr.ow on the Ross Ice Shelf near
McMurdo and at the South Pole. For the type of
wheeled aircraft that were being considered (C-
141, KC-10), the study indicated that developaent
of snow runways would be toa risky, and the use
ofbluc-iceablationareas wasoffered asanalterna-
tive (Mellor 1988a). Mount Howe and its neighbor
D’Angelo Bluff were identified as the primary tar-
getareas for asearch; these are the mountains that
are nearest to the Pole, and the USGS 1:250,000
topographiz map showed snow-free moraines at
Mount Howe, thus suggesting the presence of
bare ice.

Charles Swithinbank was contracted to makea
selective search of the SCAR® air photo library in
August 1988. The goal was to identify blue-ice
areas that might be used as airfields to support
South Pole operations. The search was to cover a
regionbetweenlatitudes 84°and 88°S, and between
longitudes 160°E and 120°W. Froman examination
of some 7000 photos, 37 potential runway sites
were found in the designated search areas (Swith-
inbank 1988a). Plars were made for air reconnais-
sance of all these sites, and for ground survey of
the most promising sites.

Ajrreconnaissance of the sites began in Decem-
ber 1988, operating from South Pole station witha
ski-wheel Twin Otter chartered by the U.S. Ant-
arctic Program. The first wheel landing at Mount
Howe was made on 10 December by Twin Otter C-
GKBS of Kenn Borek Air (Calgary). For this and
other reconnaissance flights, operations were di-
rected by Charles Swithinbank and the aircraft
was flown by Brydon Knibbs and BrianMcKinley.

*Scientific Commitive vn Antanctic Rescarch
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Sites at Mount Howe (§7220°, 149750'Wand Mill
Glagier (85%06'S, 167°15°E) were salected as the
prime prospects, and both were surveyad. The
surveys were followed up by engineering inspece
tiong after Maleolm Mallor returned ta Pole in Jan-
vary 1989 with Twin Otter C-F5)1, pilowd by Bob
Allen and Geerge Cox. Altagether, eight wheel
landings were made at Mount Howe, and five
were made near Plunket Point on the Mill Glacier
(Swithinbank 1989-.

Use of blue-ic airfields in Antarctica seems
likely to incroase. In November 1988, Dick Smith
and Giles Kershaw flew from Hobart, Tasthania,
and landed onwheelsatablue-icestrip nearCasey
Station. Atthetimeof writing, the Royal Australian
Air Force (RAAF) is planning flights in standard
whaeled C-130(Hercules) aircraftbetween Hobart
and Casey during the 1959-90 austral ssummer.

In this reporc we draw together currently avail-
able information fora numberof blue-jce sitesthat
have the potential to provide good runways for
conventional whevled aireraft. The report is not
almed atasingle group of specialists, but ratherat
arangeof people with varied interests inthe ques-
tion. Itisintended for plannersandlogistics special-
ists who are concerned with the development of
antarcticaviation, for engineers who may have to
preparerumwaysand facilities, for pilots whomay
use glacier-ice runways, and for scientists who
may find either intrinsic interest or logisticappeal
in blue-ice areas.

BLUE-ICE AREAS

Over most of its area, the Antarctic ice sheet ex-
periences net accumulation. In other words, the
accumulntion of snow each year (by direct precip-
itation, condensationand wind deposition) excoeds
theannual ablation (by evaporationand wind ero-
sion). Thissnow, whichis mostly cold and dry, has
a high reflectance (or albedo) for visible radiation
and thereislittlespectralselection. Thus thesnow-
ficldsappear bright and white in natural daylight.

Scattered over thecontinentare relatively small
areas of netablation, where the annual snow accu-
muiationand someof theinflowing iceareremoved
by evaporation and wind erosion, and sometimes
by melting and runoff. The ice surface in these ab-
lationareasisnormally icethat was formed further
upstream by dry snow compaction in areas of net
accumulation. This ice typically has a porosity of

% or less, with many air bubbles that have diam-
eters of order 1 mm. The ice absorbs and scatters

olarradiation; itsalbedoislower than thatof elear
snow, making thesurfacelook relatively dark, and
itz gpectral reflectance s such that incident white
Bight reflects with a blue tiage. Hence these places
are known as blue-jce arcas.

Maest of the blue-iceablationarcas of Antarctica
awe their existence largely to the mechanical of-
feets of local winds, not to any anomalous
mwarmth” inthe reglonal climate (other thanslight
warming from adiabatic heating of katabatie
winds), In fact, ablation areas are often in close
proximity to, and at the same altitude as, areas of
netsnow accumulation {Fig. 2), Thereisanegative
mass balance because the wind removes more
snowthanitdepesits. WWiththejeesurface revealwd,
the relatively low albedo favars the absorption of
solarradiation, tending toenhancethe evaporztion
rate and, in some arens, to cause either surface
mehtingorthe formationof subsurfacemelt cavities.

Incoastal arens, the controlling wind is likely to
be either a strong and persistent katabatic flow
that is reinforced by steep slopes, as in the aren
around Mawson, or else a prevailing wind that is
funneled by termin features, as in the area down-
stream of the White Island = Black Island gap near
McMurde. Valley glaciers obviously favor both
these effects (Fig. 3). Further into the interior,
wheretheicais verythickand thesurfaceelevation
is high, blue-ice areas are almost always close to
mountains that project through the ice sheet and
disturb the flow of surface winds, which are kata-
baticformuchof thetime. The mountains typically
stand hundreds of metres (or more) above the sur-
roundingice,sothatthey completely penetratethe
turbulent beundary layer for surface winds, and
are much higher than the top of the turbulent dif-
fusion layer which transports most of the wind-
blownsnow. Thusthey tend toblock the horizontal
flow of blowing snow, inducing most of the depo-
sition on theupwind side of the obstacleand form-
ingaturbulent wakeofsnow-freeairon thedown-
streamside. The wind ontheleesideof suchanob-
stacle is typically gusty, sometimes giving fierce
gusts that are followed by lulls as intermittent
vortex-shedding occurs. The wind slrips away
any snotw that might fall during calm weather, and
it erodes the surface of ice that flows in from up-
stream areas, probably almost entirely by evap-
oration.

When ice flows very slowly into one of the lee-
side wind zones, a very thick layer of ice can be re-
moved progressively from thesurface by ablation,
revealing old ice that was formerly at great depth
and bringing to the surface any solids that were




Figure 2. An area of snoiv-free blue ice doionieind of a rock mass. (Photo by Malcoln Mellor, Janary 1989.)

embedded in theice. If the surface of the upstream
accumulationarea has beenstruck occasionally by
meteorites in earlier centuries or millennia, the
meteorites become buried and thus embedded in
the flowing ice mass. When that ice movesinto an
ablationarea, it gives up the meteorites by asort of
distillation process—the ice evaporates, leaving
meteorites behind on the surface.

Blue-ice areas as airfield sites

Unlike the cold, dry snow that covers most of
Antarctica, blue ice has sufficient bearing capacity
to support heavy wheel loads without rutting,
ever at the highest imaginable inflation pressures
for aircraft tires. There is virtually no limit to the
total load that can be supported. While the differ-
ence between a blue-ice ablatiun area and coastal
sca ice ought to be evident, frequent misunder-
standing by those untamiliar with polar regions
obliges us tostate the obvious. Blueiceis solid gla-
cier ice, typically lundreds of metres thick and
resting on solid rock (on an ice shelf it may be
afloat). By contrast, typical sea ice is a thin (<3 m)

viscoelastic plate floating freely on a liquid foun-
dation. Another conuron misunderstanding con-
cerns the texture of the blue-ice surface; some peo-
ple visualize the ice as being like a skating rink,
and they areapprehensiveaboutan aircraft’s ability
tosteerand brake wheaonit. Inreality, the typical
cuspate surface of cold, windblown ice provides
excellent friction for tires, to the extent that rubber
can be burned off the tire if the wheel iocks at high
speed. By contrast, snow-free s2a ice has a slick
surface when temperatures approach tie melting
point (saline surface, radiation absorption).

If ablue-ice area is smooth and level over a suf-
ficient distance, and if the approaches are unob-
structed by high terrain, then that area is highly
suitable foruse as an qirfield, even for aircraft that
have only conventional wheel landing gear.

As wasmentioned earlier, blue-iceablationareas
are few and far-between in Antarctica. Of the rel-
atively few that do exist, most are unsuitable for
use as airfields because they are not smooth, level
and unobstructed. Blue-ice areas typically lie in
close proximity to mountains that project through




Figure 3. Blue ice on a valley glacier (Ramsey Glacier).

the ice sheet. The underlying relief is rugged, and
thus the ice surface may not be flat. It tends to be
disturbed by rolling hillsand shallow valleys which
have horizontal spacings of order 1-10 km. Cre-
vasses arecommoninsuchregions. Whenasmooth
ice surface is found, it may have an overall slope
that is too steep for anairfield site, say > 24 (steep
surface slope is a consequence of relatively small
ice thickness—see eq 2 later). If the area is smooth
and level, at least onesideislikely tobe obstructed
by amountainoraridge. Atlowaltitudes and rela-
tively high latitudes, blue-ice ablation areas may
be pitted with melt ponds and incised by summer
melt streams.

(1)

Inspiteofall these problems, thereareanumber
of blue-ice areas that have the potential to provide
airficlds for conventional transport aircraft. The
best of them are so good that they can prowably ac-
ceptany typeoftransportaircraft witl virtually no
preparation of the surface. Thetrick is to find these
rarities in locations that are useful for supporting
researchand generaltransportoperations. Careful
siteselection is the key to successful airfield devel-
opment.

The first deliberate search for blue-ice landing
fields was made in 1974 (Kovacs and Abele 1977),
whentworunways weresurveyed inthe Pensacola
Mountains. These two sites, a. Rosser Ridge (82°




46S, 53°40'W) and Mount Lechner (83°15°S, 51°
14'W), areabout 420 rautical miles from the South
Pole; they are within com(ortable range of King
George Island (Marsh base). The next majorsearch
took placein 1986 (Swithinbank 1988a); two prom-
ising sites were examined, at Wilson Nunataks
(80°01S, 80*36'W) and Patriot Hills (80°19°S, 81*
20'W). The site at Patriot Hills was surveyed amnl
subsequently developed as un airfield for com-
mercial operations, which began in 1987 (Swithin-
bank 1988b). In 1988 a strip was prepared on
coastal blue ice 6 km east of Casey station and a
wheel landing was made there by a Twin Otter
after a flight from Hobart on 6 November.

U.S. interest in blue-ice airfields was revived in
1988, when a search for blue-ice areas to serve the
South Pole was proposed, with special emphasis
on the area of Mount Howe and D’'Angelo Bluff
(Mellor 1988a). Following a search of the air-photo
archives for the Transantarctic Mountains, air re-
connaissance began in December 1988, Potential
airfields were surveyed at Mount Howe (87°20°S,
149750'W) and near Plunket Point on the Mill Gla-
cier (85°06'S, 167°15' E). In a separate initiative, a
bluz-ice runway site on the Ross lce Shelf near
McMurdo station {77°59'S, 166°32' E) was studied
during the 1988-89 summer.

The formation of blue-ice areas

Not much is known quantitatively about the
developmentand maintenance of blue-ice ablation
areas.

Typical evaporation rates in the cold, dry areas
seem torange up toabout 7 em/yr (3in./yr), with
5 em/yr (2 in./yr) as perhaps a representative
value for fairly vigorous evaporation. If a rate of 5
em/yr (2in./yr) is maintained over a long period,
2 100-m (330-ft) layer can be stripped off in 2000
years. To remove a 500-m (1600-ft) layer, it would
take about 10,000 years.

Flow rates at the surface of the thick ice of the
high polar plateau are probably of order 10 m/yr
(33 ft/yr). If there is a restriction of the flow path
across a broad front, either by asubglacial ridgeor
by emerging mountains, the flow velocity should
tend to increase in order to maintain continuity.
However, where the ice flows past a mountain or
nunatak, theshearing motion producesatransverse
gradient of surface velocity, with almost zero
velocity at the ice/rock contact and relatively high
velocities, possibly exceeding 10 m/yr (33 ft/yr),
out in the free stream. The sluggish ice alongside,
or downstream of, a mountain might be expected
to have flow velocities of order 1 m/yr (3 ft/yr) or

less. This expectation is borne out by movement
surveys which show surface velocities < 1m/yr(<
3 ft/yr) on hiue ice in the Allan Hills (Annexstad
1983).

I the ice flows at 1 m/yr through a blue-ice
ablation arx that is 4-7 km long, its transit time is
of order4090 t0 7000 years. Witha netablation rate
of order 5 cm/yr, this gives enough time for 200to
350 m of i@ to be stripped off the surface,

If the wind-controlled ablation area is much
bigger than a few kilometres in thie flow direction,
then blue ice can be formed and maintained with
higher flow speeds and lower ablation rates than
those mentioned above. In some ablation areas,
especially those at relatively low latitudes, low
altitude, or in coastal zones, the mass economy is
muchmore vigorous thanis thecasein the highin-
terior of Antarctica. For example, near Mawson
the annual net ablation is about 0.5 m/yr (1.6 ft/
yr), which is an order of magnitude higher than in
the inland ablation areas.

In general, if ice flows through an ablation area
of length L at a mean horizontal velocity U, the
transit time # is L/UL If the mean net ablation rate at
the surfaceis A, the total thickness of ice H that is
ablated away during transit is

H=ALJU, )]

When ¢ is of order 10°-10* years, the ice flow
ought to be steady, with an equilibrium relation
between ice thickness I and surface slope a that
represents the maximum ice shear stress t (at the
bed). The relation, whichisstrictly applicable only
where conditions remain uniform for a flow dis-
tance that is at least an order of magnitude greater
than the ice thickness, is

t=p, g hsina (2)

where p; is the mean ice density for the layer and
§ is the gravitational acceleration.

For the ice at Mount Howe, we can estimate the
bed shearstressas about 50kPa, and atMill Glacier
we can take a somewhat higher value, say 80 kPa.
These values are taken from Sheet 5, “Driving
Stresses in the Antarctic Ice Sheet,” of the Scott
Polar Research Institute Glaciological and Geo-
physical Folio. At Mount Howe, the mean surface
slope along much of the main runway is et = 6x10~
rad (i.e. tano = sinat = 6x10~%). If mean ice density
is taken as p, = 0.9 Mg/m®, then the implied ice
thickness /1 is about 940 m (3000 £t). At Mill Glacier,
the slope of the long runway is & = 1.4 x 10~ rad,
which implies an ice thickness of about 650 m
(2000 ft).




Figure 4. Typical rough texture of the ice surface uear Mount Howe,

The blue-ice areas that owe their existence to
strong winds typically (but not invariably) havea
rough surface texture (Fig. 4 and 5). There seemto
betwocommon patternstothietexture, One pattern
is a scalloped surface formed by an array of shal-
low cups that are separated by ripples or sharp-
edged ridges. In plan, the cups appear more or less

aquidimensional, with an equivalent diameter of
order 15 am, or 6 in. (Fig. 5), but there may bea
lincationof theoaverall patterninthewind direction,
The depth of the cups is typically of order 3-5 am
(1-2in.). Theother patternisadistinetly rippled or
furrowed surfage with the depressions, and the
ridgesthatseparatethem, clongated inthe direction

Figure 5. Scalloped ice surface at Mount Howe. The cups are about 15 cm across and the depth, from the bottom of
the cup to the high points of the intervening ridges, is about 5 em. Fresh snozw is lodged on the lee slopes of the cups.

(Phato by Malcolm Mellor, 23 January 1989.)




of the prevailing wind. The vertical relief canbeup
to10em(4in.), with20 cm (8in.) horizontal separa-
tion (Annexstad 1963).

The term “sun cups” has been used to describe
scalloped ablation surfaces,and some glaciologists
have suggested that solar radiation is a dominant
factor in their formation (Annexstad 1983, p. 26).
However, there is no evidence so far that radiation
plays a major role. At Mount Howe, pebbles scat-
tered over the ice by wind showed no signs of
sinking into the’ce in January 1989. The scalloped
ice texturi ai this site is almost certainly formed
and maintained by evaporation in a turbulent
boundary layer.

Any directionality of the scalloped patternseems
related to wind, not to incidence angles for solar
radiation. Near Mawson, a windy area on thecoast
of East Antarctica, evaporation continues through
the winter at a rapid rate, equivalent to about 25
em/yr(10in./ys), with nosignificant dependence
onaltitude. The texture is maintained through the
dark period, even though the evaporation during
that period .5 equal to, or greater than, the vestical
relief of the texture. At both Mount Howe and
Patriot Hills, analysis of the small-scale relief sug-
gests significantly different surface roughness in
directions parallel and perpendicular to the wind:
direction. However, since the wind direction is
perpendicular to the glacier flow direction, some
of this effect could be due to flow bands in the ice.

Thomas (1979) discussed the scallops that are
formed insolid surfaces by flowing water. Various
erosion phenomena, mainly dissolution features,
were explained in terms of wall turbulence, and a
relation between “wavelength” (“streamwisespac-
ing") and friction velocity was deduced. Data for
the wavelength A were plotted against v/u,, where
vis kinematic viscosity and 1,is the friction velocity,
which is a measure of the surface shear stress. For
data spanning 5 orders of magnitude, the relation
took the form

A=kv/n, (3)

wherekisadimensionless constant. Ashton (1972)
studied ripples on the underside of the ice canopy
in flowing water and found a relation that was es-
sentially the same. Ashton found inverse propor-
tionality between A and the free stream velocity; i,
isusually relatedlinearly tothe freestream velocity.

In the scallop-forming process described by
Thomas, the size and structure of the eddies in the
turbulent flow adjacent to the solid boundary (the
“wall”) determinethesizeand shape of the erosion

features. The eddy structure depends on the shear
stress T at the boundary, as characterized by the
friction velocity i, (n, = Veip, where p is the fluid
density). Theexpectation is thatthe sizeof the scal-
lops will decrease as the flow velocity increases,
but where jce is being evaporated by wind, the
process is too feeble to formstable scallopsin areas
where wind speeds are Jow and, in any event, low
wind speed would not form an ablation zone.
However, incertain types of icetunnels thatexper-
iencegentle convection, largeablation scallopsare
sometimes seen.

Foran Antarcticsite thathas high elevationand
low temperature, a summer season value of the
kinematic viscosity v might be about 1.5x10° m?/
s. Representative values of i1, do not seem to have
been measured for blue-ice areas, but they ought
to be of order 10u,, where s the wind speed
at 10 m height (standard anemomcter). For now,
assume values of i, in the range 102 u, to 2x1072
iy, The value of & in eq 3 was taken by Thomas
(1979) as k = 10", aithough his data suggest that a
somewkat higher value, say up to k= 2x10% could
have been adopted. Rewriting ¢q 3 withu, = Cu,,

ity = k v/Ch= 1.5%10- k/CA €))

in which k/C could conceivably range from 0.5x10°
to 2x10% Taking the mid-range value of (k/C) = 10%,
ity =1.5/A m/s. Substituting the valueA=0.15m,
asitis at Mount Howe and Mill Glacier, then =
10m/s (19 knots), which is a credible value for the
mean annual wind speed at those sites. Using the
lower limit value (k/C) = 0.5x10%, the value it,, = 5
m/s (9.7 knots) could still be credible as an annual
mean wind speed forMount Howe or Mill Glacier.
The upper limit value (k/C) = 2x10%, obtained by
doubling the Thomas valne of k = 10* and
combining it witha minimum valueC= 1072, does
not give a credible value for u,, () ;=20m/sor39
knots is the mean wind speed at Cape Denison,
“Home of the Blizzard").

Ablation rates at blue-ice areas

The natural ablation rate at a blue-ice airfield
siteis of interest fora variety of reasons. If the abla-
tionrateis high, seasonally and annually, operating
problems canbe expected as aresult of differential
ablation, continualloss of prepared surfaces, “pot-
hole” formation, meltwater, and suchlike. If the
ablationrateis very low, surface conditions will be
very stable and, with care, operating problems
should be slight.

An example of strong ablation is provided by
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Figure6. Montihly meanablation rates fora bue-icearea that is subject toztrong ablation (60 mas.l.,
tear Mawson, 67 °36°S, 62°52E) {from Mellor 1961),

the blue ice behind Mawson station in East Ant-
arctica (67°36°S, 62°52'E). At low elevation (60 m,
or 200 ft, as.1.), the average daily ablation rate for
January is about 11 mm of water, orabout 13 mm
of the bubbly ice (Fig. 6). Over the course of ayear,
the surfaceloses about 0.54 m of water, or 0.625m
of the bubbly ice. The ablation rate decreases with
increase of surface elevation; at x height of 365 m
(1200 ft) the annual ablation is only 40% of that at
60 m (200.£t) elevation (Mellor 1958, 1967). In this
area, strongand persistentlocal winds (over 10mé&
meanannual) create the conditions forablatien by
keeping the surface snow-free at all seasons, and
by providing vigorous vapor transportaway from
evaporating and melting surfaces. Relatively low
latitude and aregional slope to the north, together
with therelatively low albedo of bare ice, favor the
abserption of solar radiation. Air temperature is
relatively mild {nean annual up to =11°C).
Anothercoastalarea thathas very highablation
ratesisthewesternsideoftheiceshelfinMcMurdo
Scund. This placeis 10°further south than Mawson
and the mean annual temperature is about 9°low-
er, but summer melting is extreme. The ice is kept
free of snow by valley winds from the southand it
has a low albedo because large quantities of rock
dust are transported from the nearby snow-free
mountains. The area is heavily incised by melt
streams and wind-elongated melt pools. Ablation
measurementsarenotavailable, buttheappearance
of the surface and the abundance of summer melt-
water Jeave little doubt that rates are high.
Coastal patches of blue ice do not necessarily

havehighablationrates. AttheS-1sitenear Casey,
thelong-termablation rateisclose to zero. Around
the former Wilkes station, annual balance rates
haveranged from +6envof waterto-3emofwater
(Cameron 1964).

Typical inland ablation areas, especially those
at fairly high altitude, have low ablation rates. Al
the Allan Hills, some 230 ki (120 nautical miles)
northwest of McMurda station (76°45°S, 159°0'E),
the range is from zero up to about 7 ecm/yr (3in./
yr), witha representative rateof about 4 cm/yr, or
1.6in./yr(Annexstad 1983, Annexstad and Nishio
1979, 1980, Annexstad and Schultz 1982, Nishio
and Annexstad 1979, 1980, Nishio et al. 1982, Cas-
sidy and Annexstad 1981, Whillans 1982). Thessite
elevation is about 2000 m (6600 ft) and the main
icefield has an area of about 100 km? (40 square
miles).

Another ablation area that has received much
studyislocated neartheQueen Fabiola Mountains
at about 72°S, 36°E. Here again the ablation rates
range up toabout7ecm/yr (3in./yr), witha repre-
sentative rate of about 5 em/yr (2 in./yr) (Nagata
1978, Yoshida and Mae 1978, Naruse 1979). The
altitude of thisarea ranges fromabout 1800 to 2300
m (5900-7500 ft).

Thalong-termablationratehas been determined
for an icefield near the Borg Massif, where C.
Swithinbank set some stakes in 1951. These stakes
were remeasured 34 years laterand showed anav-
erage ablation rate of 2.9 cm of ice per year, or 2.6
cm of water per year (Brunk and Staiger 1986).




Fagure 7. Shawicheel Toem Otter b the Sowtle Pole, His was one o0 e Lot ised ton e Pue ne
sureets mp PSS-S, (Photo by Maleoln Mellor, Jamuary 19894

Figure 8. Internal fucl tanks titted inside the cabin of the Ticin Oter for long-range operations. The tice
«ylmdrical cabun tanks can cacl holid 250 0U S gallons o 108 tucl, Qremyg ai extra 3 henss ab 140 Gtots on top ot the
normal operaturg ramge of ot an. Ty mung only Fe nlled 2o the i andor a Feoe Pomat, Lat ane pan? vllod i
e Antarchie to extend the operating nange with et ango Joads. Photo Ba Makeoln Mlor, L 198
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Exploratory surveys at blue-ice areas

Forthe 1974 surveysinthe PensacolaMount: ins,
aground party was landed by a ski~wheel LC-130
on a snow-coversd area at 82°53S, S3'12°W. The
party then traveled to Rosser Ridge and Mount
Lechner by oversnow vehicles. At each site a run-
way line was cstablished and level profiles were
measured. Level readings were taken at 30-m in-
tervals along the length of the runway, and every
few hundred metres a set of readings was taken at
1-m spacing over a 30-m section in order to define
the microrelief. Cross-sections were measured at
the ends of the runway and at the mid-section to
establish the transverse gradients. The old survey
data for Mount Lachner cannot be traced, but most
of the data for Rosser Ridge have been recovered
and placed in a computer file.

For the 1986 surveys at Wilson Nunataks and
Patriot Hills, flights were made in a ski-whevl
Twin Otter from abasecamp at Vinson Massif (78°
28°S, 86°12°W), using fuel that was airdropped
froma C-130by Fuerza Aéreade Chile. A two-man
party was leftat Patriot Hills to make leveling sur-
veys along two potential runways. Microrelief
surveys were made by taking readings at 2-m in-
tervals along three sections, each 8010250 mlong.

For the 1988-89 surveys at Mount Howe and
Mill Glacier, flights were made from the South
Pole in a ski-wheel Twin Otter (Fig. 7, 8). A fuel
cache was laid by LC-130 at 85°12°, 171°54' E.
Ground parties established camps at both sites
and made level surveys. At Mount Howe, longi-
tudinal profiles were measured along: 2) 2 6.9-km
runway, b) a 2.6-km cross-line, c) a 2.3-km cross-
line, d) an 0.8-km cross-line. Microrelief surveys
were made in two orthogonal directions by taking
levels at 2.58-m horizontal intervals. These two
sections were 470 and 180 m long respectively. At
Mill Glacier a longitudinal runway profile was
measured over a distance of 7.3 km and cross-
sections were measured for two cross-lines, one
2.8 km long and one 0.66 km long.

Mount Howe

Mount Howeisin the TransantarcticMountains
with its highest peak at about 87°22'S, 149°30'W. It
is a north-south mountain ridge, about 9 km (6
miles) long, that projects from the ice cap near the
head of the Scott Glacier (Fig. 9). A few small
nunataks just emerge from the ice surface in an
area extending about 5 km (3 miles) to the south of
the main ridge, the highest having an elevation of
about 2710 m (8900 ft). The two highest peaks on
the main ridge have elevations of about 2930 m
and 2790 m (9600 and 9200 ft). On the west side of

-

1n

the ridge is a broad area of bouldery moraine, up
to about 2.5 km (1.5 miles) wide and some 8 km (§
miles) in Jength (Fig. 10-23). If the small nunataks
are ignored, Mount Howe iz the workl’s most
southerly mountain.

The gnowfields to the eastof the ridge dre at an
altitude of approxiny ' Mty 2600 m (§500 ft). The
snow and ice to the wead uf the ridge lies at some-
whatlower elevation, approximately 2400 m (7900
ft) above sea level. To the south of Mount Howe
the surface of the ice sheet has a humpy reliel pro-
duced by the underlying mountains. In this area
there appears to be congiderable variation of the
snow accumulation rate, with the windswept high
points receiving little netaccumulation or, insome
cases, perhaps experiencing net ablation. Large
areas of crevasses exist to the north and east of
Mount Howe, but crevasses to the south appear to
be localized in quite small areas (£ 2 km across).

Limited aerial reconnaissance along the 150°
meridian between Mount Howe and the South
Pole indicates that the noticeable surface reliefand
the agsociated crevasse areas end at about 87°50°S,
i.e.about25 nausical milessouth of themast south-
erly of the exposed nunataks, or 30 nautical miles
south of the main mountain ridge.

At88°Sthesurface relief becomesalmostimper-
ceptible and the snow surface is typical for the
high inland plateau, with sastrugi formed by the
surface winds, Between 86°36'S and 88°47°S there
isa zone where thesastrugi appear to besmalland
without a strongly preferred orientation, sug-
gesting that the Jocal winds in this area are usually
light. This area is probably higher than the South
Pole. Further south, for the last 73 nautical miles
down to theSouth Pole, surface conditions appear
to be similar to thoce which prevail in the area
around Pole station, with mild sastrugi produced
by winds that are generally light.

In the present context, the most significant feat-
ure of the Mount Howe areais a snow-freeice field
that lies immediately to the west of the ridge and
the moraines. This area of blue ice is about 9 km
(20,000 ft) Jong in the direction NNE-SSW. Theice
closest to the moraine is free from crevasses and
snowdriftsand, overall, is remarkably smoothand
flat (Fig. 12 and 18-22). As distance from the mo-
raine increases, patches of drifted snow become
morefrequentand smallcrevassesare encountered
eventually. The prevailing winds blow down from
themountainridge withthecharacteristicgustiness
and vortex-shedding of suchsituations, but under
ordinary conditions this is probably not unduly
hazardous. The wind directioninsummerappears
to be 120° true.
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Figure 9. Location map for Mount Howe. Approximaie aligmments are shown for the nieay oriented 27°
207° true, and for the north-south rinway. (From the USGS map “D'Angelo Binff,” SV 1-10/15%,

1:250.000.)
12




[

. . - . ™
e e

Figure 10. Monnt Hozwe seen from the north (South Pole is straight ahead over the horizon). The rock eaposure on
the right is D*Angelo Bluff. The ice is flowing doienhill towards the camera. (LS. Navy photo for USGS, TMA 8§94
F31 268, 9 December 1961.)
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Figure 11. The Mount Hoie ridge, the moraines, and the blue-ice airficld site. (ULS. Navy pholo for USGS, TMA
891 F33 106, 9 December 1961.)
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Figure 12. A vertical vieie of part of the NMonnt Howe ivefield (abont tica-thirds of the way from the northern end of
the moraineas seen in Fig. 11). Floie bamds, some comtainiz alowe comeentration of dust, can be seenn. Nate the paties
of sastrugi (snoie), which cover nuch of the surface al the botlon o) the picture. (LLS, Naoey plowe o LISGS, TMA
1202 F32 008, 31 Oclober 1963.)
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Figure 12, A vertical vicie of part of the Mount Howe icefield (albont tivo-thivds of the way from the northern end of
the moraineas seen in Fig. 11). Flow bands, some containin alowconcentration of dust, can beseen. Note the patches

of sastrugi (snoiw), which cover much of the surface al the bottom of the picture. (LLS. Navy proete %op LISGS, TMA
1202 F32 008, 31 October 1963.)




Fignre 13. A vieie of the ice sheet lookng soutl trom the somthern tp ot the Mount Howe udge. The rolling iehet of
theicecapsurtacesonhimes ima ~nmln':ludm cLion forabout 40 mandecal niiles O 23k LS, Ny phototon USGS,
TMA 1202 F31 009, 31 October 193.)
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Figrre 14, The Mount Howee icetield, as seen wlen Tooking north o the southentend o e ridge. The e howes awean
tront Hie camera ino e Scoll Glacier, Note the long-icave undudations in the nepeld. U8, Navy phototor USGS,
TALA 1203 F31 (045, 1 Oclober 1903.)
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Figure 15. The Mount Hoie ridge, e moraines and the icefield, looking north. Note the step in the ice surfaceat the
northers end of the airfichd site. (LS. Nawy photo for USGS, TMA 1203 F31 046, 31 Oclober 1963.)
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Figure 16. Northern end of the Mount Howe icefield, looking north into the Scott Glacier. This is likely to be the
approach end of the long rusvay. (LLS. Nawvy photo for USGS, TMA 1202 F33 008, 1 October 1963.)
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Figure 17. First sohecl bunding ot Mount Howe, Note the seale of the surface roughness in reltion to the whelz of
the Tavin Otter, The camend iz facing due sonth. (Phota by Clrles Swithinbank, 10 Decemlvr 1935.)

The useful extent of the ice ficld can be seen
from Figure 11. Approximate distances can be
scaleud from Figure 9. Figure 25 gives a sketch map
of the airfield site, with form lines at 2-m vertical
intervals. Thesurvey lines along which 1988 levels
were taken are plotted on Figures 24 and 25. Bam-
boo marker stakes were set in drill holes at the
locations shown in Figure 24. Each stake is iden-
tified by a number and its exposed length (ice sur-
face totop of stake) was measured on 28 December
1988, so that ablation measurements can be made
later. Measurements of stake heights are given in
Appendix A,

The large-scale surface characteristics of the
site can be seen in the air photographs of Figures
10-16. Flow bands in the ice show quite clearly; in
the color air-mapping photographs, some of these
bands have a brown tinge, presumably due tolow
concentrations of dust particles. On the surface
there is no evidence of preferential ablation on the
flow bands and there are no noticeable changes in
surface elevation associated with the flow bands
(the roughness analysis throws doubt on this per-
ception). The ice that is closest to the moraine ap-
pearstobe unblemished by crevasses, snow patch-
es, boulders, melt pits or melt streams. Further out
fromthemoraine, scattered patches of windblown
snow appear on thesurface. Further out still, an or-

20

derly pattern of closely spaced snowdrifts devel-
ops.
The air photographs also give anidea of where
fixed facilities might be located. The moraine field,
seen clearly in Figures 11-16, is a possible site for
buildings, fuel storage, and suchlike, and it is a
sourceof building material. One possible procedure
would be to construct thick base slabs of boulders,
cobbles and gravel. Another possibility is to build
on piles that are drilled into the jce. The small bluff
at the southern end of the moraine field might be
asite for permanent buildings on rock, possibly in-
cluding a research station and observatory. Some
facilities and picces of equipment could be mounted
on sleds and parked on the ice.

Details of the surface characteristics are seen in
the ground photographs (Fig. 17-23). Figure 18 il-
lustrates the Matness of the ice field and shows
some of the scattered snow patches thatactas tem-
porary ablation shields (thus creating ice bumps).
The dark bluff under the starboard wing of the
Twin Otter in Figure 18 is the place mentioned
above as a possible site for buildings. Figure 19
shows thesmall-scale roughness of the ice surlace,
whichiscovered incup-shaped depressionsand is
also furrowed in the wind direction. This photo
also shows the moraine terrace and the ridge be-
hind. Thetentsareabout 3.3km (11,000 ft) from the




Figure 18, Southern end of the Mount Howe icefield. Note the scattersd patelies of thin suote cover aud the rising
terntin to the south. (Photo by Douglas Chichester, December 19838.)
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Figure19. Survey campon the Mount Howe icefield. Note the small-scale furrowvs which run from upper left to lozeer
right (i.e. parallel to the prevailing wind). The blnck spots in the left foreground ave wind-blown pebbies. (Phofo by
Douglas Chichester, December 1988.)
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Figure 200 The Mount Hoiee dcefichd, looking toicards e northern ed of e ridge. (Phote by Douglos Cliichester,
December 1988.)
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Figure 21, The Mount Hoive icofield, looking north towards the Scol Glacier. The black spots in the vight foreground
are small picces of rock blown vnto the ice from the moraine. (Photo by Douglas Chichester, December 1988.)
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Figure 22, The Mount Howe ieefield, fooking from the moraine foseards D' Augelo Blutf,
tPloto by Douglas Clichester, Docember 193380

Figure 23. Mount Howe icelield, looking SSW. The long runicay witl orientation 207 /27 *true is directed at the dark
bluff just to the right of the fiv.ares. An alternative north-south nvieay would have a climbont passing over e low
saddle that is seen abont ane-eivd of the distance frons the left margin of the picture. (Photo by Charles Swithmbank,
December 1988.)
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Figure 25. Location of bamboo imarkers set up lo quide
Howeicefield leveling survey. Each marker is numbered
in pencil and topped with a green flag.

ridge. Figure 20 show's the continuation of themo-
raine terrace to the norih, and the snow-covered
northern end of the ridge. The small-scale pock-
marks in the ice surface can be seen; a close-up of
this pitting is shown in Figure 5. The small-scale
roughnessis highlighted in the contre-jour picture
of Figure 21, which gives a view looking north,
past the northern tip of the moraine and onto the
mountains that flank the Scott Glacier. Figure 22
shows the size gradation of the moraine material,
with a view across the ice field towards D’ Angelo
Bluff. The rocky moraine material is believed to be
just a thin layer (about cobblestone thickness) ly-
ing on the glacier ice.

In Figures 19 and 21, small stones can be seen
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Figure 25, Skelch map of Howe icefield covering the
same aren as Figure 24, Form lines at 2-m (6.6-f1)
intervals are conjectuml except where surveyed along
the four straight lines. Elevations refer to an arbitrary
datumat the threshold end of the runznay oriented 207
true (Fig. 26).

scattered around on the ice surface. These are ap-
parently transported from the moraine by strong
winds. The pebbles typically have a mass of about
45 g and commonly range in mass from20to 80 g.
Maximum linear dimensions of the pebbles are
typically in the range 30 to 75 mm, and many are
flat and thin. The rock types are mainly fine-
grained metasediments, withsomebasaltand per-
haps gabbro. In December and January there were
no noticeable signs of stones sinking into the ice
undertheinfluenceofsolarradiation. These widely
scattered stones are not likely to affect aircraft
operations, or to cause problems for ice-planing
equipment.

As partof the exploratory sitesurvey in Decem-
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Figure 27. Profile of a cross-line at Mount Howe. This line runs through flag 13 (sce
Fig. 24) and has an orientation of 297°/117°true. The arbitrary datum for the levels
is that for the profile of Fig. 26.
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ber 1988, a 6.9-km (22,600-11) line was laid outas a
possible centerline for a long runway. This line,
with orientation 207%/27°true, i3 less than 2 km (<
6600 £t} from the moraine for much of its length.
The approach i3 completely unobstrueted from
thenorthand the elimbout to thesouth i virtwally
unobstructed, being limitad only by a 1*climb to
clear rising terrain. The profile along thiz line i
given in Figure 26, taking levels from an arbitrary
¢atum at the north end. Over most of the length
the gradientsare wellunder 1%, butthey approach

2% where the line crosses a shallow valley, This
valley is located near flag 9 in Figure 24 and at the
intersection with the shortest cross-line in Figure
25, The tents in Figure 19 are Jocated at flag 9 inthe
shallow valley.

After all the data from the exploratory survey
had been plotted and the form lines of Figure 25
had been drawn, itscemed that it might be advan-
tagoous tolocate the 207°/27° (true) runway further
to the west, up to 0.8 km (2600 f1) west of the line
that was surveyed. This should put it on more
Jevel terrain without materially affecting the ap-
proach and climbout, but it is possible that the
small-seale roughness of the ice might be more of
a problem further out from the moraine.

Although 207°/27° true gives a very long run-
way with excellent approach and climbout, a rea-
way of that orientation would have a prevailing
crosswind. During the December 1988 survey the
wind was consistently from 120° true, averaging
10 knots (5.1 m/s) but rising to 30 knots (15.4 m/
s) on one day. The snowdrift patterns in Figures
11-16 seem to confirm 120°as the usual wind di-
rection, even during periods of blowing snow.

The crosswind component of the long runway
could bereduced by changing theorientation closer
to 180°/360°true. The line might still pass through
the 22-m high point of Figure 25, with the north-
end threshold moved west to the limit of the cre-
vasses and the climbout passing over the low sad-
dle that is seen in Figures 17 and 23.

Runways that are parallel with the prevailing
wind direction can be laid out, but they are rela-
tively short and the climbout is obstructed by the
MountHoweridge. Twomajorlinesatrightangles
to the “long runway” were surveyed, together
with one short line (Fig. 25). Their orientations are
.297°/117°true, which is close to the accepted val-
ue of 120° for the wind direction. The two major
survey lines with this orientation had lengths of
2.64 km (8700 £t) and 2.31 ki (7600 ft). The short
line was 800 m (2600 £t) long. The profiles for these
lines are shown in Figures 27-29.
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On the crozs-line that runs through flag 7, the
usablelengthis eatimated a3 1.97 ki (6460 1), with
the runway terminating 0.67 ki (2200 ft) from the
adgeofthemoraine terrace. The maximum gradient
on this “ranway” is 0.55. On the cross-line that
runs throughflag 13, theusable length isestimated
as 1.6 ki (3250 1), with the ranway terminating
0.71 ki (2330 £t) from the edge of the moraine ter-
race. For these tiwo riuways the requirad elimbout
angle is around 5% The approach from the west is
unobstructed for both these runways, allowing
glide angles as low as 1% For STOL aireraft taking
off into the wind from these rinavays, a left turn
outbeforereaching theridgeshould bewellwithin
safe operating limits.

Mill Glacier/ Plunket Point

The Mill Glacier is a valley glacier in the Trans-
antarctic Mountains, its main p.m lying between
85% and 85°30°S, and between 167% and 171°E. 1t
flows down from the Gmsvenor Mountains, past
Otway Massif, and down between the Dominion
Range anat the Supporters Range, finally joining
the Beardimore Glacier at about 85°S.

Theiceofthe Mill Glacier is remarkably smooth
and crevasse-free over large areas. From 85°5 its
westernsideappears toofferamuch bettersurface
route to the Pole than does the Beardmore Glacier.

Where the Mill Glacier joins the Beardimore,
thereisanareaof smoothand level blueice justup-
stream of Plunket Point, at 85°06°S, 167°15° E (Fig
30). The western limit of this ice field is a large
snow-free rock massif known as the Meyer Desert
(Fig. 31=32). The northernmost extremity of the
massif is Plunket Point. To the east, the area of
smoath jce is bounded by giant rifts in the glacier
surface (Fig. 41). The smooth jce that is suitable for
use as an airfield is over 7 km (> 23,000 ft) long in
the NNW-SSE direction, whichis also the flow di-
rection of the glacier at that location. The usable
width varies fromabout 1 km (3300 1t) at the north-
ern end to about 100 m (330 ft) at the extreme
southern end. The long direction of this ice field
appears to be almost coincident with the direction
of the prevailing wind, which seems to blow from
160° true in sunaner. The altitude of thessite is ap-
proximately 1800 m (5900 ft).

The surface relief of the ice field is indicated in
Figure 33, which gives formlinesat5-m vertical in-
tervals. Figure 33 also shows the position of the
survey lines along which levels were measured.
The positions of bamboo marker stakes, with their
designations, are plotted in Figure 34. The exposed
length of each stake was measured on 6 January
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Figure 30. Location map for Plunket Point and the Mill Glacier. The approximate alignment of the long runway at
Plunket Point is shown. (From the USGS map “Plunket Point,” SV 51-60/8*, 1:250,000.)
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Figure 32. View across the Mill Glacier looking sontlivest, with the Beardmore Glacier on the upper right. The rock
miss in the center is the Meyer Desert, with Plunket Point on the right. The runzvay sile lies imnediately below the

Meyer Desert in this photograph. (LS. Navy photo for USGS, TMA 2186 F31 030, 7 january 1969.)
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Figure33. Sketch map of Mill icefield covering the same
arcaas Figure 34, Formlines at 5-m (16-ft) intercalsare
conjectural excepl twhere surveyed along the three
straight iinez, Elevations refer loan arbitrary datum al
the threshold end of the rumeay oriented 163 true.

1989, so that ablation can be monitored. The ex-
posed lengths of the stakes are given in Appendix
A

Theair photographs of Figiires 31 and 32donot
show any obvious surface features on the ice field
site. The ice surface appears to rise gradually and
steadily towards the south, with nc major surface
relief apart from a convex dropoff where the ice
meets the Jateral moraine. Flow bands can be seen
faintly in Figure31,and more cleatly in the grund
photograph of Figure 35. The color print of this
photograph shows brown flow bands, which pre-
sumably contain low concentrations of rock dust.
As at Mount Howe, there is no noticeable surface
relief associated with the flow bands.
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Figure 34. Location of bamboo markers set up to quide
Mill icefield leveling survey. Ench marker is numbens!
in peneil and toppad witlta green flag.

Figures 3640 show the surface texture of the
ice, which is covered by cup-shaped depressions
about 15 cm (6 in.) in diameter and about 5 em (2
in.) in maximum depth. Figures 37 and 40 show
snow lodged in the pitted surface and smeared
over the ice texture in a few small patches. Snow
patches accounted for less than 1% of the suzface
areainjanuary 1989. Apart fromtheankle-twisting
roughness of the scalloped surface, there are no
noticeable bumps that would affect an aircraft ora
wheeled vehicle (the few snow patches are not
very thick).

The air photographs of Figures 31 and 32 illus-
trate the extent and the relief of the ice-free terrain
alongside the runway site, but they do not give a




Figure 35, Vicwacross the Mill Glacier from Plunket Poind, looking in the divection 77 “true, The bents of the surtey
cantp ean be seen on the right of the picture, The proposed rnweay runs panadiel to the flowe bands, 300 m (1000 f1)
from the tents toweards the cantera. (Phota by Clarles Swithinbank, 9 Janvary 1959.)

Figure 36. Tiwin Otter after a wheel landing at Mill Glacier. Note the scale of the ice ripples relative to the wheels of
the aircraft. The pholograph is taken looking northwvest, with Plunket Point on the left. (Photo by Charles
Swithinbank, 2 January 1989.)
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Figure 37 Surface textureof the Mill Glacicr icetield. This is a diew looking NN across the Plunhet Dot morame,
with e Beardutore Glacier in e backgrownd. (Photo by Malcolm Mellor, 22 January 1989,

FiSlH'('3S The Mill Glacier l'c'('ﬁ("d, IUOLI'HS wesh loweands e s\'h'_l,lt'l Desert, (Phota l’_ll Malcolm Melloa, 22 Iummr_l/
1989.)
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Figure 39, Southern extension of the blujfs seen i Figure 38, tPhote by Mark Parent, Jannary 19593

Figure 40. View to e sonth on e Mill Glacier ninrvay. (Pheto by Malcoln Mellor, 22 Jannary 1989.)
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Figure A1 Qne of tre “giand vipts” that border the Mill Glacier icetield on its castern side., These leabures van be seent
fu e air phiotographs of Figures 31 amd 32, (Photo Iy Mark Pavent, January 1989.)

Figure 42. Survey camp on the Mill Glacier, looking northaest (33071 ne) across e Phuthet Pornt movame, The
far side of the Beardmore Glacier, seen in the backgronnd. is 48 hun (26 wan.) from His comp. The contyal ocerhead,
Jormed by an LC-130, is a reminder that this site lies on the divedd air 1onde from McMundo o South Pole. (Phata by

Charles Swithinbank, Jamiary 1989.)
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Figure 44. Profile of a cross-line on Mill Glacier, This line runs through flag 6 (Fig.
34) and has an orientation 689248 °true. The arbitrary dabum for the levels is that for

the profile of Figure 43.

graphic impression of the scale. This is seen better
in Figures 38 and 39, which show steep snow-free
bluffs rising above the lateral moraine.

Figure 42, which shows a contrail over Plunket
Point, emphasizes that this runway site lies on the

direct flight route from McMurdo station to the
South Pole (the 167° meridian). The straight-line
distance to Pole is about 294 n.m.

During the exploratory survey in January 1989,
a 7.3-km (23,900-ft) line was laid out in the esti-
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Figure 45. Profile of a crazs-livte on Mill Glacier. This line runs Nrough flag 17 (Fig.
34)with an orientation of 73 %253 °true. The arbitrary datum for the levels i that for

the profile of Figure 43.

mated position for along runway. The orientation
of tuis line (shown in Fig. 33 and 34) is 163°/343°
true, Overa7-kmlength, thechange of elevationis
100 m, for an average gradient of 1.4%. The ice has
a smooth slope (Fig. 43), with no major humps or
hollows.

Twaocross-lines were surveyed (Fig. 33 and 34).
The long one, running through flag 6 of Figure 34,
was 2.8 km (9200 ft) long, with an orientation of
68°/248°true. The short one, running through flag
17 of Figure 34, was 655 m (2150 ft) long, with an
orientation of 73°/253° true. The profiles of these
lines are shown in Figures 44 and 45.

During the survey in January 1989, the wind
blew consistently from 160° true, averaging about
10 knots (5.1 m/s). Conditions ranged from com-
pletely calm to a wind of about 30 knots (154 m4).
Snowdrift patterns in the area (see Fig. 31) suggest
that 160° true is the prevailing direction of the sur-
face wind.

The 163°/343° direction gives an exceptionally
long runway thatis parallel tobuth the glacier flow
directionand theprevailing. nd direction. Land-
ings would be made upslope and into wind. In
calmconditions, downslope takeoff would beavail-
able.Onthenormalapproachacrossthe Beardmore
Glacier, shallow glideangles, aslowas 1°,could be
used on a long approach. On a normal takeoff to
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the SSE, a climb angle of 1°would clear the rising
terrain.

Patriot Hills

Patriot Hills is the name given to an isolated
ridgeinthe HeritageRange of the EllsworthMoun-
tains. Theridgeis located atabout 80°20°S, 81°20'W
(Fig. 46). The highest point on the ridge, which
trends WNW-ESE, is at an elevation of approxi-
mately 1250 m (4000 £t). The surface to the south of
the ridge is at an altitude of about 1000 m, or 3300
ft (according to the USGS map, which may giveel-
evations thatareup to250 mtoo high). Theice field
immediately north of the ridge is at somewhat
lower elevation. It has a flat and smooth area seine
2km by 8 km (6600%26,000 ft) in extent around the
position 80°19°S, 81°16'W. The prevailing wind
blows from 206°true, i.e. the smooth ice field is on
the lee side of the rock ridge (Fig. 47). The ice sur-
face has the characteristic ripples, or scallops, of a
cold, windswept ablation area (Fig. 48 and 49).

Two runway lines were surveyed at Patriot
Hills. The Jong line extended for 3414 m (11,200 ft)
in the direction 130°/310° true, i.e. the crosswind
direction. The approaches to this line from either
end are unobstructed. Thereis asteady increase in
elevation along the line, for a total change of 30 m
in a distance of 3.4 km. The overall gradient is




Figure 46. Location of blue-ice #unzways at Patriot Hills. (From the USGS map “Liberty Hills,” SU 16-20/2*,
1:250,000.)
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the lee side. Long-icave rolls in the ive surface can be seen. At the upper 1ight of the photograph, the \ snson Massif
cant be seen 225 knndistant. (LLS. Navy pholo for LISGS, TMA 897 T33 047.)
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Figure 48, First seleel landing by o DC4 al Patriot Hills, (Photo by Charles Sicithinbank, 22
November 1957.)
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Figure 49. Surface texture of the icefield at Patriot Hills, Note the scattered patehes of sastrugi (snow).
The camera is looking in the direction 310°true, with the Patriot Hills off to the left of the picture. (Photo
by Charles Swithinbank, December 1986.)
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Figure 51. Profile along a line oriented 09189 °true at Patriot Hills,

0.88%. The profile (Fig. 50) shows somelong-wave
undulations, which are also visible in the photo-
graph of Figure 47.

Theshorter of the two survey lines (Fig. 51) had
a length of 1767 m (5800 £t) and an orientation of
09°/189° true, which puts it close to the prevailing
wind direction of 206° true. The south end of this
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line is obstructed by the ridge, necessitating a 15:1
glideratio foran approach from the south. The ap-
proaches from the north are completely unob-
structed. Thelineslopesdown fromnorthtoesouth,
changingin elevationby 19 moveradistanceof 1.7
km, with a mean gradient of 1.2%.

ThePatriot Hills airfield isat muchlowereleva-




Figure 52. A camp on the moraine at Patriot Hills, The wind is bloteing snow streamers from
the right=-hand end of the morine towards e distant Teein Olter, (Plhate by Clarles

Swvithinbank, 25 November 1987.)

tion (perhaps 750 m, 0r 2500 £t) than theiceficlds at
Mount Howe (2400 m, or 7900 ft) and at Mill Gla-
cier (1800 my, or 5900 f1). It is about 580 nan, from
the South Pole.

Temporary camps capable of housing up to 40
people have been maintained during stmmer on
thelateral moraine at Patriot Hills (Fig. 52). Tourists
were flownin from Punta Arenas, Chile, ona DC-
4 for transshipment to the South Pole by ski-wheel
Thwin Otters.

Rosser Ridge

Rosser Ridge is an east-west trending rock
ridgeat thenorthernedge of asmall group of nun-
ataks called Cordiner Peaks. The Cordiner Peaks
are part of the Pensacola Mountains, The highest
point on Rosser Ridge is mapped with a height of
1138 m (3734 ).

The ice field that was surveyed (Kovacs and
Abele 1977) lies inunediately north of the ridge at
82°46'S, 53°40'W. Figures 53 and 54 show the loca-
tion and the runway site. The surface elevation of
the icefield is approximately 800 m (2600 ft). The
prevailing wind blows from the east.

The exposed ice surface is covered with small
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cup-shaped depressions (Fig. 55and 57). Theridges
separating the cups are perhaps somewhat less
sharp than corresponding ones at Mount Howe
and Mill Glacier, possibly because of stronger ab-
lation. Some parts of the icefield have a thin and
patchy snow cover (Fig. 56), with somessastrugi up
to 15 am (6 in.) high. There is some evidence that
rock fragments cause melting and sink into theice
(Fig. 58).

Arunway line waslaid outinanapproximately
east-west direction (85°/265° true) and a profile
was measured over a length of 1.5 km (Fig. 59). It
was estimated that a length of 2.4 km (7900 ft) is
available for a runway with this alignment. A
longer runway could perhaps be prepared with
the aid of snow removal equipment. The overall
gradient of the survey line was 0.64, sloping up
from west to east (i.e. upslope is into wind). The
transverse gradient was about 1%. Fora runway in
this position, the approaches are unobstructed at
both ends.

The runway is about 1 km (3300 ft) from the
rock and moraine of Rosser Ridge. There aresome
reasonably level areas for camp construction near
the edge of the ice, and gravel is abundant.
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Figure 53. Location of blue-ice nnrway at Rosser Ridge. (From the USGS map “Cordiner Peaks,” SU 21-25/9,
1:250,000.)
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Figure 54. The icefield and the proposed rumoay at
Rosser Ridge. (Photo from Kovacs and Abele 1977.)
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Fignre 55. Ripplez in the ice 2urface at Rozzer Ridge,
(Photo by Austin Kowwez.)

Figure 56. Thin, patchy sroiwcover on the feeat Rosser
Ridge. (Photo by Austin Kotves.)

Figure 57. Small, snow-filled crevasses near the cast
end of the runtway site at Rosser Ridge. (Photo by
Austin Kovacs.)
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Figure 58, Refroceneryoconite holezon theieefieldat Rozser Ridge. tPhato by Anztin
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Figure59. Profilealong part of the praposad runzeay at Rosser Ridge. (Data provided

by Austin Kowes.)

Mount Lechner

Mount Lechneris a2028-m (6600-ft) peak in the
Forrestal Range. To the west of the mountainis an
ice field which was chosen as a runway site by
Kovacs and Abele (1977). The site is at 83°15°S,
51°14'W, with the ice surface at an clevation of

about 1400 m (4600 f2). Surface winds at the site
seem to blow from the east and the northeast. The
location and situation of the sitz are shown in Fig-
ures 60 and 61.

A runway line was surveyed in a north-south
direction (15°/195°true). The length of the survey
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Figure 60. Location of blug-ice rinzoay at Mount Lechner, (From the USGS map “Saratoga Tabl, . .« 21-25[14,
1:259,000.)
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Figure 61. Acrial vicw of the iceficht at Mount Lechner. Blownt Nunatak isab the loseer right. (Photo from Kowes

and Alxle 1977.)

line (Fig. 62) was 1.5km, buttheestimated available
length forarunway was3km (9800 ft). The general
gradient along the survey line was 0.75%, sloping
up towards the south (i.e. the upslope is in the
downwind direction).

On the normal approach, heading about 15°
true, thereisasignificantobstruction justleftof the
centerline. This is Blount Nunatak, which has a
peak mapped at an elevation of approximately
1630m (5350 ft), i.e. about 230 m (750 ft) above field
elevation. The peak of Blount Nunatak is only
about 500 m left of the surveyed centerline, and
about 2 km (6500 ft) short of the threshold. In other
words, the approach angle must be steeper than

tan™! (230/2000), or 6.6° (glide ratio 8.7:1). To the

» north, which would normally be the climbout di-

rection, there is another, but smaller, obstruction.
This obstruction takes the form of an ice ridge,
with an emergent nunatak rising to about 1450 m
(4700£%), or some 50m (160 £t) above field elevation.
The obsiruction is less then 1 km (3300 £t) from the
end of i runway.

The ice surface at Mount Lechner is unusual in
that it does not have a scalloped or furrowed sur-
face. Where the ice is exposed, it is smooth to the
degree that ice-skating would be possible. The
1974 survey line had an appreciable amount of
snow cover, with snow thickness ranging from
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zero to 20 cm (8 in.). The mean snow thickness
along the runway centerline was 4 cm (1.6 in.).

The location and orientation of a runway at
Mount Lechner could be changed to improve the
approach and climbout, but deeper snow cover
would beencountered and maintenance problems
would increase.

The S-1 site near Casey station

Close to the Australian Casey station (66°17°S
110°32' E) there is ablue-ice runway site known as
5-1 (see Fig. 1).

S-1 was a research site for the former US.
Wilkes station (1956-59), which was handed over
to Australia in 1959. Its location is approximately
66°16'S, 110°42'E, at an elevation of 262 m (860 ft),
some 9 n.m, (16 km) south of Cape Folger, and
about 2.5 n.m. (4.5 km) from the nearest coastline.
The mean annual temperature is about -10.5°C,
compared with =7.7°C at sea level. Blue ice is ex-
posed at the site, with a density of 0.87 Mg/m?
(Cameron 1964). The site is surrounded by areas
thathaveasmallannualnetaccumulation of snow,
and its ablation rate is negligible (not measurable
during the period of U.S. occupancy).

The S-1 area was considered as a potential air-
field site even before Australia took over Wilkes
station, and preliminary site surveys were made
on both snow and ice early in 1959 by Bruce
Coombes of the Australian Department of Civil
Aviation and by M. Mellor. Subsequent runway
studies focused on compacted snow runway con-
structionataplacecalled Lanyon Junction (Russell-
Head and Budd 1989).

Thefirstuse of S-1 as an airfield was in Novem-
ber 1988, when a Twin Otter landed there on
wheels after a non-stop flight from Hobart, Tas-
mania. There are now plans to develop the site for
useby standard Lockheed Hercules (C-130) aircraft
of the RAAF in 1989/90. Two trial flights will
probably be made in early February of 1990.

The runway that was prepared for the Twin
Otter in 1988 was located about 6 km (3/ nm.)
east of Casey station at an elevation of about 300 m
(1000 ft). Therunway wasonblueice, withscattered
patches of snow up to 5 cm (2 in.) deep. On each
sideof therunway were graded strips thatreceived
less preparation. The central runway was 30 m
(100£t) wideand 1.5 km (4920 ft) long. The adjacent
graded strips were each 30 m (100 ft) wide, giving
atotal prepared width of 90 m (300 ft). For the new
strip, considerationisbeing giventoaconstruction
procedure that depends on compacting the thin
snow cover on the hard ice.
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The McMurdo “Pegasus Site”

To the south and west of McMurdo station, a
lobe of the Ross Ice Shelf flows into McMurdo
Sound (Fig. 63). To the east and southeast of Cape
Armitage, the surface of the ice shelf is a net ac-
cumulation area, with a permanent snow cover
that is of great depth. Winds are relatively light in
this area, as evidenced by the name "Windless
Bight” for the arca between Hut Point Peninsula
and Cape Mackay. To the west and southwest of
Cape Armitage, the surface of the ice shelf suffers
very strong net ablation, with intense summer
melting (Swithinbank 1970). This is a consequence
of southerly winds which limit snow deposition
and carry dark-colored dust onto the ice from
Black Island and Brown Peninsula.

The Williams Field skiway, almost due east of
Cape Ammitage, is in the accumulation area, and it
receives about 0.6 m (2 ft) of new snow per year.
The water equivalent of this net accumulation is
about 0.23 m of water. Traveling southwaest from
Williams Field, theannualaccumulation gradually
decreases, becoming zero at the transition from
theaccumulationareatotheablationarea, probably
under the influence of local surface winds (non-
geostrophic) that funnel down from the south
through the gap between White Island and Black
Island. This transition zoneis encountered atabout
longitude 166°35°Einlatitude 78°S. Just to the west
of the transition there s the wreck of an old C-121]
Constellation whichcarried thename Pegasuz. Since
this aircraft, which crashed in October 1970, is the
only landmark, the area immediately southeast of
the wreck is known to us as the Pegasus site.

About 1 km west of the transition, and just
within the zone of net ablation, is the site of the
former Outer Williams Field (OWF). During the
period when OWF operated as a backup airfield
for McMurdo station (from 1966-67 to 1970-71),
its nominal location was approximately 77°57.7°S,
166°28.5°E . According to old U.S. Navy drawings,
theelevation of theice surface wasabout 19t (5.87
m) above sea level, and the ice thickness at the site
was approximately 114 ft (35 m). If accurate, these
figures imply alow mean density for the ice (0.855
Mg/nv). Theice was moving slowly in the direction
WNW at about 95 ft/yr (29 m/yr). The ice surface
sloped down to the NNE at about 3 ft/mile (0.57
m/km); this is a gradient of only 0.06%.

When the field was first established (1966-67),
the main runway was meant to bealigned with the
prevailingwind, inadirectionapproximately 155°/
335° true. There was also a crosswind runway
aligned with the storm wind direction. No record
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Figure 64. Smooth ice surface revealed by removing a thin snozw cover with a 15-ft bulldozer blade at the
Pegasus site. (Photo by Maleolm Mellor, November 1988.)

of the exact orientation has been found, but it was the horizontal plane). Eventually, lenticular water
perhaps about 040°/220° In 1967-68 the main  cavities develop and they grow, in both vertical
runway was realigned about 15° closer to north- and horizontal extent, untilmid-January. Paigere-
south, i.e. to about 170°/350° true. Drawings for  ported diametersupto10-15m, depths 0f0.5t01.0
the 1970-71 season indicate that it was changed m (assumed to be below ice surface), and ice cover
again, to about 004°/184°. thicknesses decreasing fromabout40emto7 emas
The ablation area where OWF was located the season progressed. During re-freezing the
proved tohaveanunusualand disconcerting char- trapped water expands (about 8% by volume), the
acteristic: subsurfacemeltcavities forminJanuary, ice cover over the cavity heaves, and a cracked ice
creating hummocks in the ice surface when they hummock is formed. Paige gave the size of these
refreeze during the following winter (Paige 1968). hummocks as 2-8 m in diameter and 0.3-0.6 m
The icesurface in this area usually remains at sub- high at the site of OWF.
freezing temperatures throughout the summer, The1988 proposal foranew airfield at the Pega-
partly because of the persistent flow of cold air sus site (Mellor 1988a) called for one or more run-
from the south. However, solar radiation is strong ways to be laid out immediately east of the snow/
onclear days in December and January (up to 10.5 ice transition instead of using the OWFsite, which
J/m?), and the albedo of the bare ice is relatively is west of the transition. In other words, whereas
low (Paige mentions 0.48 for very blueice). Radi- ~ OWFwasjustin theablation area, the Pegasussite
ation thus penetrates through the cold surfaceand wastobejustinside theaccwmulationarea. Thein-
into the ice, where the radiant energy isabsorbed, ~  tentwasto maintain a thin snow cover over theice
allowing internal melting to occur. At the time of in order to limit ablation problems.
the study by Paige (1968), melting at OWF began A reconnaissance of the Pegasus site was made
inmid-December, typically ata depth of 40 cm (16 by Mellor in November 1988 and again in January
in.) or more. The melting initiates, or perhapscon- 1989, Stakes were drilled into the ice to mark the
centrates, in scattered patches (it is not uniform in snow/ice transition in November (brown and
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Figure 65. Bulldozed sieath at the Pegasus site, Jantary 1989, To the left of the fresh swath can be seen the
trace of a sicatl cat in November 1938, but subsequently filled-in woith drifting snoie. (Photo by Malcolmn

Mellor, Jannary 1989.)

white checkered flags) and January (black flags).
In November, the ice hummocks described by
Paige for OWF could be seen on the bare ice at the
transition. They were typically up to 04 m(16in.)
high, andsomecollapsedunderthebulldozertracks,
leaving fragment-filled depressions up to 0.15 m
(6in.) deep. Long swaths were bulldozed through
thethinsnow cover, paralleltothe transition inside
the snow-covered area and in zig-zags across the
transition (Fig. 64,65). More hummocks were found
under the thin snow cover (0.1 m, or 4 in) and it
was asswmed that this was winter extension of the
accumulation area. In Jant vy the transition ap-
peared to have retreated ea  ward by a few hun-
dred metres but in some places there was hardly
any change. Bulldozing tests were repeated, and
subsurface melt cavities were found underbareice
and under the thin (0.1-mor4-in.) snow cover near
the transition (Fig. 66, 67). The 35-ton (32-tonne)
LGPD-8dozerwasareliabledetectorof thecavities,
whichweretypically upto10m(33 it) in diameter,
with thedeep part about 4 to 6 m (13-20 ft). Theice
cover over the water was 0.1 to 0.15 m (-6 in.)
thick. The air bubbles in the ice were large, some
several millimetres in diameter, suggesting local

n

melting around the original small bubbles. The
total depth, from general ice surface to the deep
part of the cavity, was 0.25 to 0.46 m (1018 in.),
which is less than the depths reported by Paige for
OWF, As the snow cover becamwe thicker with in-
creasing distance from the transition, the melt cav-
ities became smaller and fewer. In areas where
there was0.25100.3 m (10-12in.) of snow over the
ice the bulldozer ceased toreveal evidenceof melt-
water, Because it is hard to imagine significant
penetration of solar radiation through more than
0.1 m (4 in.) of snow cover, it is suspected that the
snow over the melt cavities was of recent origin.

Since the albedo and the extinction coefficient
for snow are both high, it would be surprising if
subsurface melt cavities could form undera stable
snow cover thatis 0.1 m (4 in.) or more thick. Paige
(1968) indicated that a layer of ice chips with an
albedo of 0.76 and a thickness of 3 am (1.2 in) or
more was sufficient to prevent the formation of
melt cavities. For now, we are assuming that the
melt cavities formed in bare ice that was covered
by new snow justbefore theJanuary reconnaissance
(there was a lot of snow at McMurdo during the
1988/89 sunumer).




Figure 66. Subsurface melt cavity broken open by a budldozer blade, This cavity (0.43 m total depth with
@ 0.15-m ice cover) was under a patel of thin snowe i a part of the Pegasus transition area selere the
proportion of snozw to bare iee was about 6040, (Photo by Malcolm Meilor, 17 Jamary 1989.)

Further investigations of the Pegasus site are
scheduled for 1959/90. The intention is to lay out
arunway just inside the accumulationarea, where
a snow cover can be maintained throughout the
summer. The runway will have to be plowed in
late winter for the start of the flying season, and
snow will probably have to be blown or pushed
backontotheice fromtimetotime during summer.
Any hummocks that are encountered will have to
be planed flat. One of the primary goals is to de-
velop procedures for preventing the formation of
melt cavities.

AtOWF, melt cavities were detected by towing
a heavy load cart up and down the runway. The
present intention is to prevent cavity formation,
but to detect water pockets at the Pegasus site we
propose to acquireadual antenna radar unitof the
type used earlier in this general area by Kovacs et
al. (1982). The equipment will be towed along the
runway in a series of paratlel sweeps until the full
area of the runway is covered. One design goal is
to achieve a wide search path and to travel as fast
as is reasonably possible. Preliminary discussion
witha CRREL consultant (S. Arcone, pers. comm.)
suggests that an appropriate system would be an

impulse-type subsurface radar, such as is manu-
factured by the GSSI Company in Hudson, N.H.
The control unit of the standard radar can operate
two antennas at once, which helps in covering a
wide search path. Each antenna unit contains sep-
arate transmit and receive antennas. The recom-
mended antenna units are GSSI Model 3102; when
placed on ice, these usually radiate a short 2- to 3-
cycle wavelet witha frequency spectrum centered
near 400 MHz. The estimated beam width inice is
about 70°, so that eachantenna coversa 1-mswath
atadepth of 0.7 mand a 0.5-mswath at a depth of
0.35m. Withatransverseseparationof 1 mbetween
theantennas, there would be continuous coverage
across a 2-m swath at 0.7 m depthand two swaths
of 0.5 m with a 1-m gap between them at 035 m
depth. A realistic goal might be detection of water
pockets when they reach a diameter of 1-2 m at
0.35 m depth. At a towing speed of 2 m/s (4.5
mph), data could be collected at a density of 13
echoscans for every metre. The antennas can be
carried by a dielectric sled (imetal-free) and need
not be shielded from the weather. The control unit
and the tape recorder should have an operating
environment where the temperature is no lower
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Figure €7. Subsurfuce melt cavily broken open by a bulldozer bladea short distance southeast of the Pegasus
wreck, At H time, the proportion of this snazw cover lo bare ice was about 50/50. The naximum total depth
of the opened cavily was adout 046 nrand the ice that covered it was about 0.15 m thick, In all the cavities
that were broken open, the water level seemed too high when compared with the thickness of the original ice
cover, perhaps becanse the bulldozer dropped a lot of snoto from its blade when the cavity broke open. (Photo

by Malcolm Mellor, 17 January 1989.)

than 2°C (35°F), but the equipment will operate
down to~5°C (23°F). One or two operators would
be needed. Microwave detection of cavities under
pavements was studied by Kovacs and Morey
(1983). Kovacs (pers. conun.) hasaspecial antenna
breakout box which permits the operation of five
antennas side-by-side, covering a scanning swath
that could be 6 m (20 ft) wide or more.

The ice shelf calves occasionally, producing
major changes in the position of the ice front. In
1947theicefronttothesouthwestof Cape Armitage
was much further south than the present position,
almostas farback asthe currentlocationof Pegasus.
Insitinganewairfield and camp facilities, periodic
calving has to be taken into account.

SURFACE ROUGHNESS OF BLUE ICE

Blueiceablation arcas on glaciersand icesheets
arenot perfectly smoothand level, likeundeformed
first-year sea ice. They have overall gradients,
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gentle waves and troughs, and small-scale surface
irregularitics.

Unlesstheablationareais onafloating iceshelf,
an overall gradient is to be expected, with an in-
verse relation between gradient and ice thickness
(see eq 2). At the areas that are suitable for use as
airfields, the overall gradient in the flow direction
can be expected to be approximately 1% (£0.5%).
Another type of surface disturbance produced by
glacier flow takes the form of either long-waveun-
dulations, theirlong axes usually perpendicularto
the flow direction, orarolling hill-and-valley relief.
Theseundulationsand humpsrepresentasubdued
expression of thesubglacialterrain; the wavelength
is typically of order 10°m at sites that are suitable
for runways, and the trough-to-crestamplitude is
quite small (in the range 1-10 m).

On a smaller horizontal scale, there are surface
roughnesselements produced by preferentialabla-
tion. Atsites whicharecold, dryand windy, theice
surface is commonly covered by a regular pattern
of small (=15 em diam, =3-5 cm depth) bowl-
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Figure 68, Microrelicfof the ice surface at Patriot Hills, This profile is in the direction

130%310° true.

shaped depressions (see “The Formation of Blue
Ice Areas” and Fig. 5,37, 49, 55). This scalloping of
thesurfaceisbelieved tobe caused by evaporation
into the turbulent boundary inyer. There may also
be small-scale furrows that form parallel to the
wind direction (see Fig. 19), with a transverse
spacing of 0.5 m (1.6 ft) or less. At some sites, the
surface texture consists of small elongated bumps
and valleys running parallel to the wind direction,
with a maximum vertical relief of 5 to 10 cm (24
in.) and atransverse spacing of about 20 em (8in.).
Ata wider and less regular horizontal spacing
there are isolated bumps, typically gentle mounds
wherethewidthisgreaterthan10times theheight.
At the cold, dry sites, these bumps seem to be as-
sociated with thescattered snow patchesthataccu-
mulate on the ice from time to time. The snow
cover blocks ablation (evaporation) from the ice
surface so that, when the snow eventually disap-
pears by erosion and/or evaporation, the ice that
it covered is elevated relative to the surrounding
ice.
Atsiteswherethereisbothstrongselarradiation
and wind-transport of rock particles onto the ice,
cryoconite holes can form in summer. Pebbles
and/ordust pocketsabsorbradiation, melt theun-
derlying ice, and sink into a small puddle of water,
which itself then becomes a preferred absorber of
radiation. The water-filled holeeventually refreez-

esasaplugofrelatively elearice, sometimeslifting
and cracking the surface as the trapped water
freezesand expands. Inother circumstances, some
liquid water can be lost from a cryoconite hole
(perhaps by wind action orby drainageintoather-
mal crack), so that the refrozen hole leaves a small
depression.

Ablation areas thatareat low elevation and rel-
atively low latitude can experience strong sum-
mer melting, to the extent that melt streams and
lakes form. So far, areas of this nature have not
been considered as sites for airfields, although
landings have been made on refrozen melt lakes in
various parts of Antarctica.

An ideal airfield site is one where the natural
surfaceissmoothenoughtoacceptstandard trans-
port aircraft, without a need for any significant
surface preparation. The ice field near Plunket
Point on the Mill Glacier appears to come close to
this ideal. However, most sites arelikely toneed a
certain amount of preparation, even if it only
amounts to minor snow removal or snow groom-
ing. Toassess the roughness of ice surfaces in their
natural state, microrelief surveys have been made
and the resulting profiles have been analyzed for
comparisonwithsnilitary specifications for various
classes of runways.

Kovacs and Abele (1977) measured the micro-
relief in very short sections at various positions
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along their main profiles for Rosser Ridge and
MountLechner, applying powerspectrumanalysis
overthecomplete profiles. Non-uniformsampling
intervals complicate the analysis and the form of
the output from this work is hard to interpret. A
different procedure hasbeenadopted for therecent
work.

Swithinbank (1987) measured three microrelief
profiles at Patriot Hills, taking levels at 2-m inter-
valsalong lines that ranged in length from S0 mto
250 m (Fig. 68-70). At Mount Howe, Swithinbank
(1989) measured microrelief profiles by taking
levels at 2.58-m intervals along two lines of length
180 mand 470 m (Fig. 71, 72). No microreliefmeas-
urements were made at Mill Glacier.

Analysis and characterization
of surface roughness

The microrelief profiles have been analyzed in
order to compare the natural roughness of the jce
surface with military specifications for the rough.
nesslimitson varioustypes of runways (Appendix
B). The overall slope of each profile was first re-
mioved by linearregression, leaving theoscillations
about the general line of slope.

Two techniques were used in order to develop
relations between “bump height” and wavelength:
a) Fourier, or power spectnun, analysis and b) a
tvo-point maximum bump height technique (see
App. B for details). The power spectrum analysis
gives an average of the bump height for each
wavelength and therefore tends to underestimate
the amplitude of the most extreme bump that is
likely tobeencountersd. By contrast, themaximum
half. -wclc bump height technique gives conserva-
tive, orworst-case, estimatesthat tend toex Naggerate
the roughness of the ice. Given the quality of the
data that are currently available, neither method
gives meaningful estimatesof critical wavelengths
where bump amplitude is intense. The analysis
canotresolvetheroughnessatwavelengthsshort-
er than twice the sampling interval of the level
survey.

Figures73and 74 giveenvelopes for therelation
between bump height and wavelength according
to the power spectrum analysis. For each site,
curves are given for the into-wind direction and
the erosswind direction. It so happens thatat both
sitestheinto-wind directionisapproximately trans-
verse Lo the jce-flow direction, while the cross-
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direction, The rough direction is across the flow lines and

wind directionisapproximately paralleltotheice-
flow direction. A remarkable feature of Figures 73
and 74 isthestrong directionality of thelong-wave
roughness at both Mount Howe and Patriot Hills.
At both sites the smoothest direction is the cross-
wind (glacier flow) direction. At Patriot Hills, the
short-wave roughness (<20 m, or <70 ft) is less in
thewind direction thanin thecrosswind direction,
as noted earlier by Swithinbank (1987). At Mount
Howe, the roughness for wavelengths less than 20
m (70 ft) seems to be about the same in botl: direc-
tions. However, some people who have walked
the site get an impression of greater roughness in
the crosswind direction, perhaps because the iso-
lated bumps tend to streamline along the wind di-
rection.

Figures 75 and 76 give extreme bump height as
a function of wavelength according to the maxi-
mum half-cycle bump technique. By this method
the bump estimates are consistently bigger than
those givenby the power spectrum method. Atthe
shortest wavelengths, the difference is great—
about an order of magnitude. For both sites the
long-waveroughnessisstill greaterin the wind di-
rection (i.e. the cross-glacier direction). At short
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into wind.

wavelengths (<20 m) the extreme bump height is
about 0.12-0.22 m (5-9 in.) at Mount Howe and
about 0.1-0.22 m (4-9 in.) at Patriot Hills.

U.S. military specifications for aircraft runways
(MILSPECMIL-A-8863B(AS), 6 May 1987) express
the maximum acceptable bump height Aasa func-
tion of the bump wavelength 2, typically in the
form

A=A+k\ (5)
where Aand kare constants that depend on the re-
quired quality of the runway (see Fig. 77). In this
relation, abumpisassumed tohaveshape thatcan
bedescribed by acosine function. Although Figure
77 implies that the maximum acceptable bump
height fora paved runway tends tc zeroasA tends
to zero, the relation can probably be ignored for
wavelengths smaller than the footprint length for
theaircrafttire. Forexample, withA=015m(6in.),
there is no real problem (apart from tire noise} if A
=1/3=0.05m (2in.).

When the MILSPEC envelopes are compared
with the Fourier spectral distributions for Patriot
Hills and Mount Howe (Fig. 78 and 79), it is seen
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Figure 75, Extreme bump height at Patriot Hills according to the two-point method.
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thatthe “long runway” ateachsite hasaroughness
that is within the limits for “semi-prepared” fields
at short wavelengths and within the limits for
“paved runways” at long wavelengths.
Comparing tne MILSPEC envelopes with the
“extreme bump” distributions for Patriot Hills
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Figure 79. Comparizon of the Fourier analysis for
Mount Howe swith military specifications for airfield
roughness limils.

and Mount Howe (Fig. 80 and 81), the roughness
exceeds the limits for semi-prepared fieldsat short
wavelengths, but it stays more-or-less within the
limits for unprepared fields.

According to the available field data and the
two types of analyses, the roughness at Mount
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Figure80. Comparisonaftheextreme-tumpanal-
ysiz for Patriot Hills with militery specifications
Jor airfichd roughness limils.

Howe is notsignificantly different from thatat Pa-
triot Hills, where theicesurface isbeing used fairly
regularly by a DC-4.

Surface preparation to reduce ice roughness

At a well-chosen blue-ice site the long-wave
roughness (Fig. 78-81) is well within the limits for
“semi-prepared fields” (Fig. 77) and in certain di-
rections it may be within the limits for paved run-
ways. Comparisons for Patriot Hills and Mount
Howe are given in Figures 78-81. The average
short-waveroughnessmay alsobe within the limits
for semi-prepared fields (Fig. 79), but the most ex-
tremeshort-wave bumps, whichappeartobemore
intimidating duringa ground inspection, approach
the specified limits for unprepared fields (Fig. 80,
81). Perhaps of more significance is the possibility
of encountering some isolated bumps that do not
show up in microrelief surveys and subsequent
analyses, If there is any question of the adequacy
of the surface forlandings and takeoffs, then some
kind of surface preparation has to be carried out.

Oneeasy stepis toremoveisolated snow patches
from the runway periodically. This takes away the
bumps created directly by thesnowand it prevents
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the formation of ice bumps by preferential abla-
tion. On a typical windy day, snow removal from
ablue-ice runway should be easy. With a suitable
operating sequence, the wind will carry away the
snow once thesintered patchis disaygregated and
dislodged from the surfaze. A snowblower is the
ideal tool. A runway broom mightalso be suitable
for the job, but it may be too specialized to justify
purchase and delivery for thisapplicationalone. A
less expensive broom would be a rotary-broom
attachment forasmall tractor. An acceptable nlter-
native for snow removal would be a scarifier, or
possibly a light snowplow blade or grader blade
fitted with a serrated edge. If a runway is laid out
across an area that has a substantial snow cover,
say 50% coverage or more, then a snowblower
would certainly be more suitable thanascarifier or
blade. The strategy with a blower is to start on the
upwindsideoftherunway (assuminga crosswind
component), maximizing the casting distance by
taking advantage of the wind.

To remove ice bumps of any wavelength there
aretwobasic problems: 1) tocut therelatively hard
ice, and 2) to plane the surface as flat as possible.

Ice bumps can be scraped down in increments




bysuccessivepassesof avery sharpserrated grader
blade or scraper blade. The carrier vehicle must
haveinherent pitch stability arservo blade control
in order to avoid vertical oscillations that could
amplify the surface roughness. The objection to
scraping with fixed cutters is the high forceon the
blade. A self-propelled wheel vehicle may not
have enough traction, even with chains; a towed
vehicle has to be able to withstand high pulling
force and its prime mover has to develop a large
drawbar pull,

To estimate the pulling force for a fixed-blade
scrapermaching, assume thatwell-designed drag-
bit teeth can cut fee with o specific energy con-
sumption of 100 in.-Ibf/in3 e, Ibf/in), orabout
0.69 MJ/m?, This value is based on tests of various
ice-cutting machines, from small rotary drills to
large rotary saws and milling deams, The specific
energy E_is the energy needed to remove unit
value of ice or, alternatively, the cutting power P
divided by the volumetric removal rate for the ice

H
E=Pli . ©)

1€ the scraper blade removes 1 in. (25.4 mm) of ice
acrossabladewidthof 101t (3.05 m) whiletraveling
at2mph (176 {t/min, or0.894m/s), theice-cutting
process consunes 64 horsepower (47.7 kW), Fora
2-mph forward speed, thistranslates toahorizontal
resistance of 12,000 Ibf (6 tons, or 53.4 kN). To this
must be added the pulling resistance of the carrier
vehicle, which should be about 10% of the vehicle
weightifitisski-mounted. Thus, to takea 1-in. (25-
mm) skim off'the ice, we require a drawbar pull of
about 7 tons (62 kN). If the drawbar coefficient of
thetowing vehicleis0.25, that vehicle has toweigh
about 28 tons (25 tonnes) in order to develop the
necessary drawbar pull. This is about the size of a
Caterpillar D7H dozer or a 973 loader. If a scraper
blade suddenly runs into a high spot, so that the
cuttingdepthincreases abruptly, thentheresistance
increases sharply and a highimpulsiveload canbe
thrown onto the system. Breakage of the carrier
frame or the blade mount can result.

Forblade widthsother than 10 ft and for cutting
depths other than 1 in., the power and the towing
resistance change in direct proportion to blade
width and cutting depth.

The static forces and the towing demands can
be reduced by using a planing machine that has a
powered rotary drum for milling the ice bumps.
Ideally, this would be a self-contained machine
witl its own power source, self-propulsion, and a
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capability for producing aspecified surface profile
(e.g. by laser control). However, it could be some-
thing simpler, such as a rotary-drum miller fitted
to a long carrier frame and towed by a tractor.
To develop some technical specifications for o
power planer, we again assume a specific energy
consumption of 100 1bf/in2 (0.69 MJ/m?), and
again set a design spead of 2 mph (176 ft/min;
0.594 m/s) for the planing operation (i.e. one pass
down a 10,000 ft runway every hour). To remove
al-in. (25-mm) ice layer across a drum width of 10
ft (3.05 m) the power constmed is, as before, 64
horsepower (47.7 kW), However, the horizontal
forceonthemachineismuchlowerthaninthecase
of the scraper blade. Fora fixed seraper blade, the
cutting power P has tobe supplied by a horizontal
force F traveling at horizontal velocity U, i,

P = FU. )

For arotary miller, the cutting power P, is supplied
by the drum torque T with a rotation speed of f:

P, = 2xfl. (8)

Thecalculationofthe horizontal resistance todrum
motion is fairly complicated (Mellor 1977b), but
for present purposes we can assume sharp cutting
teeth, shallow cutting depth relative to drum
radius, and an upmilling drum, obtaining an esti-
mate of the horizontal resistanceas approximately
equal to T/R, where T is torque from eq 8 and R is
the drum radius.

In principle, drum torque T can be reduced
without limit simply by increasing the rotational
speed [ Inreality, however, the specific energy for
cutting increases as the chipping depth decreases
(producing ever-finer cuttings) and an increasing
amount of power is consumed in accelerating the
cuttings to high tangential velocities and thus im-
parting kinetic energy. Practical experience indi-
cates that the tangential velocity of the cutters on
the milling drum should be kept within the range
300t0 1000 ft/min (1.5 to5 m/s). Thustheestimate
of horizontal resistance F is

F=T/R=P,/2nfR 9

inwhich 2rfR is the tangential tool speed, likely to
be in the range 300 to 1000 ft/min (1.5 to 5 m/s).
This means F is likely to be of the order of 2000 to
7000 1bf (9.4 to 31 kN). The total towing resistance
foraski-mounted device mightbeabout4 tons (3.6
tonnes) so that, witha tow vehicle that has a draw-
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Figure 82, Special conical bit developed by NCEL for use on ice-cubting machines.
(From Engineering Manual for McMurdo Station.)

bar coefficient of 0.25, the necessary drawbar pull
can be developed by a vehicle weighing about 16
tons (14.5 tonnes). This is about the size of a Cater-
pillar Challenger, a D5H dozer, or a 943 loader.

The required drum power is directly propor-
tional to the cutting depth and the drum width.
However, the towing resistance does not increase
in proportion to the cutting depti. The drum can
mill to greater depth in a single pass without sig-
nificantly increasing thetowing force. The estimate
made above will suffice for any chipping depth
that is likely to be needed at a good runway site.

Thenext step is to develop some kind of picture
of a power planer for use at blue-ice runways.

A milling drum of large diameter is desirable
theoretically, but we have to set a practical limit.
Asadesign goal, we can specify 4-ft (1.2-m) diam-
eter, with anacceptable lower limit of 3-ft (0.91-m)
diameter. The required rotational speed fdepends
on the drum diameter D, measured to the tips of
the cutting teeth. It is suggested that fshould be in
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the range
f=300/xD to 1000/xD rev/min

when Disin feet. Inother words, with a 4-ft-diam-
eter drum, the required rotation speed is in the
range 24 to80 rev/min. Witha3-ft-diameterdrum,
the required rotation speed is in the range 32to 106
rev/min.

The actual available cutting power at the drum
should beabout 6.4 hp per footof drum width. The
input drive power needed to operate the drum is
greater, depending on the efficiency of the trans-
missionsystem (high for mechanical, fairly low for
hydraulic).

Ideally, we would like to have a very wide
drum to minimize the number of passes needed to
cover the width of the runway, but again there are
practical limits. A width of 12 ft (3.66 m) is a real-
istic, but slightly optimistic, design goal. The min-
imum useful drum width is about 8 ft (2.44 m).

The drum has to be fitted with cutting teeth in




Table 1. Characteristics of some rotary-drum planers that could be adapted for planing ice sur-

faces. (Compiled by D. Garfield.)

Bontag Drsxer  Calerpillar  Calerpillar Speichee Brvent Bowe
MPHIN SP7St RR-230 PR30 KL SN, e f38 1 auger

Operating wi (ib) 33,3000 5340 39,30 57,000 15,500 2,246
Shipping wi (L) 32,360
Overali width in) 120 0 16 182 et 12 [
QOverall hwight Gin o 120 103 126 1 "7
Height (less rops) tin) {1} W 3 126 2H 40
Overalt length tin) 336 M6 N7 2 2 240
Wheels or tracks wheels wheels wheels tracks wheels wiwwls
Ground clearae (i) i) 15 2
Engliwe Detroitdiesel  Detroit diesel Catadiened  Catddiesdd 471 GM diesel - Canvmins diesed
Horsepower/rpm HH/210 222100 3352210 45072100 177/25K
Electrical system (V) A el 2} 1
Propuldion system hydrostatic hydnntatie hydesstatic hydastatic hydoostatie hydrostatic
Min/max sponds

Working (fpm) 0176 0/120 07200 /176 wr 0128

Travel (mph) ouny 07242 u/15 02 M TAVA] ans
Fuel capacity (gal) 120 170 m 200 ™
Hydraulie capacity (gal) L] 78 53 ol W
Rotor keation rear middle middie middle front from
Drive type hydrautie hydraulic  nwchanieal awxxhaniesd  nwchanieal hvdrautic
Drun dianweter (in. 8 37 43 40 3 N
Cutting width {in) I} ] Y4 144 122 168
Cutting depth (in) 12 7 13 n
Rotor spead (rpin) Hto 135 013 MY Swis o 140
Type of teeth bullet bullet bulkt bullet
No, of teeth 167 135 188 JEL}
Cross slope adjustment yos yes w available n yos
Up/climb willing upmiiting upmiliing — upmilling  vpmilling  upmilling upmilling

such a way that there is complete and efficient re-
movalof theice. Therelevant design principlesare
well understood (Mellor 1975). The teeth them-
selves must be sharp tools set on the face of the
drum at appropriate angles. Again the relevant
principles have been studied (Mellor 1977a). In
practice, it is unlikely that a milling drum will be
designed and built specially for this project. The
drumwill probably beamadification ofan existing
commercial preduct, with receptacles to accept
commercial “bullet bits.” For ice-cutting, the stan-
dard bullet bits should be replaced by specially
sharpened conicalsteel bits (Fig. 82). Carbideinserts
are not necessary for cutting clean ice.
Anexperimental machine with a milling drum
for planing ice surfaces was designed and built by
theU.S. Naval Civil Engineering Laboratory in the
early sixties (Gifford 1964, 1966). Some years later
acommercial pulvimixer made by the former Bros
company (SPRM-84B Rota-Mixer) was modified
for ice-chipping and used by NCEL for mainten-
ance of a runway on glacier ice at the old Outer
Williams Field near McMurdo station in 1969 {see
Engincering Manual for McMurdo Station, 1979 revi-

sion, p.10-12,20-23). Anexperimental ice-plaring
machine was also built by CRREL in the early six-
ties (Frankenstein 1963). In the early seventies,
CRREL experimented with rotary-drunt graders
for planing frozen ground (Mellor 1972). These
machines, built in Germany and England, were
forerunners of the present-day convmercial road
planers. CRREL then designed and built a large
milling drum attachment for heavy bulldozers,
the primary purpose being the grading of frozen
ground forroadsand runways(Garfield and Mellor
1976). One of the present authors also designed a
heavy-duty ice cutter for preparing roads across
rough sea ice in 1972, and a modified version was
built by the Sun Oil Company.

When proposals for blue-ice runways were put
forward in 1988 (Mellor 1988a), it was expected
that there would be asubstantial budget for the ac-
quisition of special-purpose machines, including
ice planers. Thus the initial emphasis was on self-
propelled power planers (see Table 1), with large
scrapers as an alternative (see Table 2). For a
power-planer, vatious types of commercial road
planers were considered, and some modifications




Table 2. Chazacteristics of some towed scrapers that could be adapted for plan-
ing ice. (Compiled by D, Garfield.)

Mikin  Mikin Miskin - Miskin Miskin Migkin

S spsdin SP412 NIA) Si313 SP-318
Querall length tin) ] 26 236 87 2857 287
Overall whith (in) S $h § 18 A8 241
Overall wight {in) ) L 21l o ] LY
Weight (It) 7925 8457 WS 1295 12,942 16,566
Culting whlth tin 9% 0 e 15 8 216
Bucket caps (vl LY 12 15 15 17 24

st (in) L3 8 I

No, hyvdrauliccinenitz ' 3 3 3 3 3 3
Suggested DBHP W s [k 1Y L] 1
Laser kevel available  available  available  available  avallable  available
Ripper m available  avallable  available  available  available
No.of shanks 1 n W 16 L]
Ripper chearanee (in) Y9 9y Yy 9 9
Toath comtrixtion 2ednswide handenad steel

of standard machines were examined with the aid
of CaterpillarInc. (Mellor 1968b), The mostappeal-
ingmachinesinthestudy groupweremadifications
of the Cat PR-450 pavement profiler, either with a
standard 8-ft drum or with a special 12-ft-wide
drum, and the Cat RR-250 road reclaimer with
only minor madifications. Conparable machines
from other manufacturers were also considerd
(Table 1).

In1989, these plans were cut back, partly in the
interest of economy and partly todevelop adevice
that would be transportable by air. Interest then
switched to modification of a “detachable” snow-
blower, a commercial item that is normally fitted
to a front-loader for snow plowing. For work on
glacier ice, the unit would be center-mounted ona
snow plane or similar carrier vehicle.

GROUND FACILITIES

At inland blue-ice areas, most of the ground
facilities can be placed onrock or onmoraine. Bed-
rock poses nosignificant problems for construction
and maintenance. The moraines in these areas are
not expected to be much affected by ablation, and
semi-permanent installation can be built on pads
of rock-fill and gravel gathered locally. The re-
quired thickness for a gravel pad is expected to be
small, perhaps as littleas 0.3 m, or 1 ft.

Fixed facilities set directly on the ice should be
kept toa minimum, since they will tend to produce
differentialablation, either causing melting insum-
mer or becoming elevated on glacier tables. How-
ever, buildings or facilities could beset on elevated
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platforms that themselves are supported on piles.
Runway markers will probably be required; these
can be framed plywood sheets elevated above the
icesurfaceonstout timber supports that have been
set in drill holes.

If aircraft are to stay at an inland airfield for
more than a few hours, tie-downs will be needed,
and itmight beadvisableto provideascreen fence.
Tie-downspresent ho problens; strong iceanchors
can be set in drill holes as required. For smaller
aircraft an open-mesh barrier, with upwind guys,
could be built.

The level of facilities and staffing will depend
on the operating scheme for theairfield. If the field
is used only as a freight-transfer depot for a brief
period each year, simple facilities should suffice.
Minimumservices mightinclude weather reports,
emergency firefighting capability, and emergency
medical facilities. Electronic Janding aids are not
essential if incoming aircraft candivert toanalter-
nate.

Someactivities willin vitably take place onthe
ice, e.g. cargo handling, fuel transfer and runway
maintenance. Toavoid problems from contanmina-
tion or littering of the ice surface, strict discipline
should be enforced. Any spills should be cleaned
up without delay.

Some blue-ice areas ar too far from rock ex-
posures to permit construztion onrock or moraine
(e.g. the Pegasus site), At such places it is likely
that permanent structures will have pile, pier, or
post foundations (movable buildings on sleds can
also be used). There is no lack of bearing strength,
but structures need to be separated from the ice to
preventheattransfer, and elevation eases the prob-




lems of snow drifting, A more serious concern is
how to limit the buildup of meltwater and other
fluids below and around the buildings, Even with
very good insulation, snow that accumulates
against,orontop of, buildings willmeltinsumnw,
refreezing on the fce surface. It will prabably help
tohavethe buildingssited ina permanently snow-
covered area so that the snow reduces the albedo
of thesurroundings and provides someabsorbing
capacity for spills and meltwater, However, it still
may be necessary to have periadic removal of
contaminated snow and maintenance cutting of
ice stalagmites.

Watersupply canbe provided by in-situmelting
of theiceinsubsurfacee -ities, which need not be
very deep in impermesble ice. With appropriate
planning, empty water supply cavitiescanbeused
for disposal of sewage. At the Pegasus site, where
the shelf is only 35 m thick, sewage can be dis-
charged directly into the sea. Some of the solid
wastes (paper, wood, plastics) can be burned ina
high-temperature incinerator. Wastes that cannot
be burned (thick metal, glass) can be compacted
for shipment to an approved disposal site.

Atsomeof theinland blue-iceareas thereareno
drainage systems for the disposal of liquid wastes
and netablation precludes the use of burial pits for
solid waste. Ideally, all wastes should be removed
from the site, a procedure that may be feasible
when large aircraft are seturning empty from a
smallairfield facility. If iocal disposal is necessary,
burnable trash can be consumed in an incinerator,
preferably a high-temperature shipboard type.
Wastewater, or at least the sewage component of
wastewater, should dischargeintodisposable con-
tainers. Non-burnable solid waste should be com-
pacted and packaged for disposal. Containers of
frozen wastewater and packages of solids can be
taken toanaccumulutionarea for burial, or possibly
taken to a suitable crevasse near the downstream
limit of the ablation area. The remnants of fuel in
thecontainers used for refueling aircraft can prob-
ably be salvaged and filtered for use in the station
heaters, generators and vehicles.

GROUND TRANSPORT

At this stage, some blue-ice sites are seen pri-
marily as freight transfer depots, not as final des-
tinations. Some sites, e.g. Pegasus site and Casey
S-1, are final destinations, intended to serve per-
manent stations via local ground transport.

Atblue-icesites, conventional four-wheel-drive

vehiclescanbe used on flatareas wherethereisex-
posad ice ora thin snow cover over hard ice (studs
or chains might be needed). {f conventional
wheeled vehicles can be used they arc faster, less
expensive and easier to maintain than tracked
vehicles.

Infavorablesituations, itmay be possibletouse
wheeled vehicles beyond the limits of the airfield
site. At McMurdo, a direct ice road between the
mainstationand the Pegasussiteshould be feasible
from late winter until mid-December, crossing
first-year sea ice (7-8 ft, or 2-2.5 my, thick), old sea
ice (say 20 ft, or 6 m, thick), and the ice shelf itself
(up t0 120 {t, or 35 1y, thick). A road across the sea
icecould beused foralonger period, perhaps until
late January, givensuitable vehicles and ice-moni-
toring facilities. The problems of mid-sununer
roads on the sea ice include the following:

a) The land/ice transition becomes difficult.
(Tide cracks become active; melting and flooding
intensifies. Bridges of some kind are needed.)

b) There is a danger of breaking through the
first-yearseaice. (Amphibious vehicles, or vehicles
with flotation, may be needed. Frequent scanning
of ice thickness, preferably by subsurface radar, is
certainly needed.)

¢) Puddles and potholes can form on the road.
(Wheeled vehicles may heed traction aids, suchas
chains.)

d) The first-year ice usunlly breaks out in late
summer, moved by strong local winds or by
penetration of long-wave ocean swells. (Ob-
servation, forecast and warning services are re-
quired.)

The alternative for wheeled vehicles traveling
between McMurdo station and the Pegasus site is
a variant of the present road system which goes to
the Willinms Field skiway via Scott Base. An ice
road canbe plowed out forsomedistancenortheast
from the Pegasus site, but for much of the way to
Pram Point a compacted snow road would be re-
quired.

In general, wheeled vehicles are unsuitable for
useoutside the Eanits of a blue-icessite. Tracked ve-
hicles and sleds (or possibly tracked trailers) are
the logical choice.

For travel between the Pegasus site and
McMurdo station, fast sled trains running to Pram
Point should be suitable, both for freight and for
passenger service. The Caterpillar Challenger,
which has a novel rubber-belt track system, is
geared to tra el at a top speed of 18.2 mph (29.3
km/hr). It should be able to maintain 15 mph (24
km/hr) over a dragged suow trail between the




Pegasus site and Pram Point. The distance is close
to 13 miles, giving a trip time of about 50 minutes.
AtPramPoint, passengersand freight would trans-
fer to wheeled vehicles, the passengers to buses or
vans, the palletized freight to trucks. Large sleds
provideasmoothride; withaheated cabinand bus
seats, passengers would travel in comfort.

For passengers and priority freight traveling
between the Pegasus site and McMurdo station,
summer travel on the direct route across sea ice is
tempting, but potentially hazardous. Hovercraft
can provide all-season service on the direct route,
butthe vehiclesareratherexpensive, Forthe period
when the ice shelf is intact but rotting, wheeled or
tracked vehicles with limited amphibious capa-
bility could be used; if the vehicle breaks through
theice it floats until it van be retrieved. The' BV 206
mightbeasuitableamphibious vehicle for passen-
gers and light cargo.

Theground transport considerations for Mount
Howe are of a very different nature, since Mount
Howe is seen as a support facility for the South
Pole station. The idea is to fly heavy freight and
fuelto Mount Howein conventional aircraft, while
passengers and priority freight continue to be de-
livered to Pole by ski-wheel LC-130aircraft. Freight
and fuel are intended to go by ground transport
from the Mount Howe depot to Pole, a straight-
line distance of some 160 nan. The obvious choice
is to use sled trains over a well-marked trail. The
Caterpillar LGP D-8, which was developed for
polar use 35 years ago, would still be an excellent
workhorse for this job, but new auichines of this
type are not available. The alternative is to use
another kind of steel-track construction tractor,
such as the LGP D7H, or else a tractor with higher
speed potential, such as the Challenger. A realistic
goal for sustained travel speed is perhaps 8 mph
(13 km/hr). With a straight-line distance of some
185 statute miles and some extra distance to snake
between crevasse areas in the first 35 miles of the
trip, the idealized trip time might be about 24
hours. Witha wannigan formessing and berthing,
no stops are needed for eating or sleeping, but
some kind of maintenance stops are likely. A
realistic trip duration is therefore two work days
and one night. Allowing for loading, unloading,
maintenance and crew rest, one round trip per
week seems realistic. Science projects could be
integrated into these journeys, and Mount Howe
itself could be a useful research site.

At this stage Mill Glacier is thought of as an
emergency alternate for Mount Howe (it has very
smooth ice and a very long runway directly into
wind). The airfield is probably too far from the
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South Pole to be attractive as a staging dupot.
Howuever, Plunket Point might be attractive as a
base for research.

CONCLUSIONS AND
RECOMMENDATIONS

Antarctic ablation areas can provide airfields
for large conventional transport aircraft, and the
cost of development should be very low.

So far, only a foew good airfield sites have been
discovered and surveyed, but it seems likely that
there are enough suitable sites to provide a well-
distributed system of Amtarcticairficlds forus2 by
conventional aireraft,

Currently, the main barriers to rapid develop-
mentofsuchasystemareunfamiliarity and conser-
vatisn on the part of aircraft operators, However,
innovative operators are expected to make more
use of blue-ice airfields in the future, and others
can probably be wonoverby site visitsand ground
inspections.

The Twin Otter (12,500 b, 60-knot stall) can
Jand with standard wheels at many blue-ice loca-
tions in Antarctica. For larger aircraft, and aireraft
without STOL capability, there are at least six
known sites that can be developed as glacier-ice
airfields. The first to be used operationally was
Patriot Hills, where landings have been made on
the natural ice surface by a Douglas DC-4, an old
low-wingacroplane whichis not particularly well-
suited for rough field operation.* A Douglas DC-
6istobeused in 1989-90, so there canbenoserious
doubt that the icefield at Patriot Hills is usable by
military tactical transports such as the C-130.

According to our preliminary surveys and
analyses, the surface roughness of the iceficld at
MountHoweisverysimilartothatoftheoperating
airfield at Patriot Hills. Actually, the Fourier
analyses for the long runway at each site suggest
that Mount Howe is a bit smoother than Patriot
Hills. This suggests that Mount Howe might be
usable in its natural state by the C-130, especially
if tire pressures are reduced from the standard 96
Ibf/in However, we have developed plans for
planing the ice in order to bring it closer to the
quality of a paved runway.

Theicefield near Plunket Point, on the Mill Gla-
cier, ought to be usable without any preparation

*The GCH is a civilian version of the WWI C-54 Skymaster;
Douglas delivered the last one in 147, The DC< has the
advantageofamoderate wing-loading (S01bf/ftmax.)and low
stall speed (under 80 knots with landing flaps).




otherthaninstallation of runway markers. Itshould
be a useful place for familiarization and training
flights.

The place known to us as the Pegasus site can
provideanall-season wheel runway forMcMurdo
station, butitwill requiresome preparation (plow-
ing and planing) and there will be a continuing
need for some maintenance work (sustaining a
thin snow cover). The main objection to this siteis
the length of the journey to McMurdo station
when the sea ice cannot be used for direct travel,
The attractionis that it can provide all-season cap-
ability for conventional aircraft at a morn-or-less
permanent location. Annual deplayment and de-
mobilization on the sea ice could be eliminated,
periadic relocation of the Williams Field facilities
would become unnecessary, and there would be
no need to rely on the LC-130 for transport to and
from New Zealand. The runway site is close to
$SSI No. 18 (White Island), but not prohibitively
$o. (The letters SSS1indicate a Site of Special Scien-
tificInterestdesignated underthe Antarctic Treaty

Recommendations. Thedesignation of SSSINo. 18
is due to expire on 31 December 1991.)

Itis suggested that the USAP should adopt the
concept of using glacier-ice alrfields for conven-
tional aircraft. By supplomenting the transport
operations with readily availableconventionalair-
craft of various types, the specialized skiswheel
LC-130aireraft would have much more thme to fly
the missions where their unique capabilities are
essential. For routine freight-hauling inmid-sum-
mer, a conventional atreraft can lift more payload
than a ski version of the same aireraft.

Surveys and construction experiments at the
Pegasussiteare recommended., A simplejee-plan-
ing machineshould beacquired as soonas possible,

Steps should be taken to develop airfields at
Mount Howeand Mill Glacier. Pilots of VXE-6 and
MAC should be given the opportunity to make
ground inspections at these sites, to experience
landings on theice, and tomake trial landings with
light loads at Mill Glacier. Automatic weather
stations should be installed at these sites.
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APPENDIX A: SURVEY DATA FOR PATRIOT HILLS, MOUNT HOWE AND MILL GLACIER
(From Swithinbank 1987 and 1989.)

Patriot Hills
RUNWAY 27 ELEVATION PROFILE

Distance Reduced level Gradient Transversg_g;adlent

m n per cent per cent
0 0.00
121 +0.48 0.40
310 2.43 1.03 +0.08
508 3.27 0.42 +0.54
7058 4,92 0.84 +0.48
820 7.05 1.8% -0.05
942 9.40 1.93 -0.29
1078 11.47 1.52 +0.02
1259 12.09 0.34 +0.73
1421 14.14 1.27 +1.03
1540 15.80 1.39 +0.27
1712 15.81 0.01 +0.13
1905 17.32 0.78 ~0.16
2047 18.67 0.95 -0.28
2204 20.00 0.85 +0.46
2350 21.90 1.30 +0.73
2484 23.97 1.54 +0.81
2634 25.86 1.26 +0.39
2812 26.29 0.24 +0.64
3003 26,33 0.02 +1.67
3137 27.32 0.54 +2.32
3343 29.22 1.22 +2.0%
3414 30.00 1.10 +2.00

RUNWAY 33 ELEVATION PROFILE

Distance Reduced fevel Gradient Transverse gradient

m m per cent per cent
0 0.00

105 -0.28 -0.27 ~0.61
297 +1.03 1:..68 -0.93
448 3.03 1.32 -0.93
591 4.71 1.17 -0.65
721 6.63 1.48 -0.15
824 8.63 1.94 -0.19
924 10.57 1.94 -0.46
1041 12.44 1.59 -0.25
1184 13.99 1.08 +0.17
1326 15.34 0.95 -0.08
1470 16.65 0.91 -0.25
1621 17.66 0.67 -0.09
1767 18.85 0.81 ~0.81
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RUNWAY 27 MICRORELIEF SURVEY

RUNWAY 27 MICRORELIEF SURVEY

800 m from threshold.

Direction 09

Direction 27

800 m from threshold.

Reduced level
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MICRORELIEF SURVEY OFF RUNWAY 27

800 m from threshold
In sastrugl direction (345° magietic)
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Mount Howe

HOWE RUNWAY 09 (207°true, 057°grid)

1 (on steep ice slope)
2

e~y ¢ v S L

10
11
12
13
14

16
17
18
19
20

21

Reduced
Distance ~Tevel Flag
(m) (m)
0 0.0
82 +1.7§
168 2.99
336 4.65
484 3.88
630 €.49
856 7.10
1080 7.1%
1408 8.40
1707 10.21
1807 11.69
1892 12.49
1997 13.52
2191 14.09
47 12.41
2589 12.82
2747 12.73
2895 15.48
3036 18.25
3046 18.43
3258 20.97
3334 21.40
3420 21.69
3520 22.23
3825 22.57
3839 22.77
3960 22.15
4075 21.60
42886 20.47
4576 19.03
4927 17.98
5107 17.38
5236 16.91
5450 15§.77
5720 14.46
5922 14.00
6044 13.56
6321 11.54
6407 9.92
6528 7.49
6657 5.69
67417 4.51
6816 1.29
6888 2.1

(at edge of moraine)
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HOWE CROSS LINE through flag 7 (180°megnetic, 297°true, 147°grid)

Reduced
Distance ~level Flag
) my
0 +6.935
218 6.41
e 9.21
425 10.78 1A
606 12.68
874 13.52 7B
830 14.32
1085 16.37
1170 17,59 7C
1326 18.04 7D
1748 18.3§ 17E
2049 17.24
341 16.17
2642 13.83 (into small crevasses)

HOWE VALLEY LINE from flag 9 (180°magnetic, 297°true, 147°grid)

0 12.82 9
218 13.54
282 14.30  9A
363 15.53
504 16.93 9B
799 17.80 9oC

HOWE CRCSS LINE through flag 13 (180°magnetic, 297°true, 147°grid)

0 15.70 (backsight to edge of moraine)
289 17.31
421 18.41 13A
520 19.53
632 20.60
712 21.71
896 22.77 13C
1009 23.02 13D
1178 23.48 13E
1292 23.59
1448 22.66 13F
1522 22.12
1598 21.25 113G
1724 20.33
1991 18.54
2047 18.36 13H
2216 18.02
2312 18,95 131 (at crevasses 30 cm wide)




HOWE MICRORELIEF SURVEY

Reduced levels (m) 2.58 m apart along 090°magnetic from flag 11

(Read columns down and from left to right)

Level Level Level Level Level Level Level Level Level Level

,ﬁ?

.08 0 13 0.21 0.29 0.41 0.46 0 53 0.75 0.73 0.89
0.08 0.16 0.24 0.3 0.51 0.45 0.5¢ 0.66 0.74 0.77
0.04 0.17 0.26 0.38 0.46 0.48 0.59 0.67 0.83 0.79
0.08 0.13 0.26 0.37 0.41 0.56 0.64 0.72 0.75 0.77
0.10 0,17 0.25 0.35 0.42 0.58 0.74 0.74 0.82 0.84
0.08 0.18 0.29 0.37 0.45 0.53 0.62 9.71 0.81 0.85 ,

The same along 180°magnetic from flag 11
0 +0.04 +0,04 #0.52 +0.22 +0.52 +0.70 +0.76 +1.10 +1.44 +1.63

0 0.08 0.04 0.21 0.26 0.47 0.73 0.76 1.13 1.48 1.60
+0.01 0.12 0.05 0.17 0.29 0.48 0.75 0.78 1.14 1.48 1.61
0.01 0.19 0.05 0.13 0.29 0.50 0.74¢ 0.82 1.17 1.40 1,51
0.05 0.20 0.09 0.08 0.28 0.50 0.73 0.80 1,15 1.43 1.52
0.06 0.10 0.15 0.11 0.30 0.53 0.78 0.83 1.46 1.5§
0.06 0.10 0.21 0.12 0.35 0.55 0.80 0.87 1.43 1.57
0.08 0.10 0.10 0.11 0.38 0.57 0.83 0.91
0.04 0.09 0.06 0.19 0.41 0.61 0.83 1.00
0.02 0.10 0.07 0.20 0.44 0.67 0.80 1.05
0.02 0.15 0.13 0.20 0.45 0.74 0.78 1.03
0.05 0.09 0.21 0.19 0.48 0.80 0.83 1.01

Pt gt Pt Pt Pt P Pt b P Pl Pt b b
-

ORI DI PD B CI DI 1D b 1t b 9t Pt
G0 GO OO OO OO ™= GO N © W L L ¢t
-t
L]

P
s

0.04 0.06 0.30 0.22 0.52 0.76 0.84 1.00 1. 1.50
0.04 0.08 0.24 0.21 0.55 0.70 0.80 1.03 1. 1.50
0.06 0.12 0.13 0.21 0.55 0.65 0.7§ 1.01 1. 1.54
0.04 0.07 0.14 0.21 0.51 0.67 0.73 1.01 1. 1.61
0.07 0.07 0.22 0.22 0.50 0.68 0.73 1.04 1. 1.63
0.07 0.06 0.24¢ 0.23 0.51 0.64 0.73 1.10 1. 1.66
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Mill Glacier

MILL RUNWAY 36 (003°magnetic, 163°true, 329°grid)

Reduced Reduced
Distance level Flag Distance Tevel Flag
(m) {m) (m) (m)
0 +2.66 3654 48.43
Y 134 0 1 3780 50.40 12
321 +2.64 3821 $0.89
334 2.80 2 4040 52.89
504 5.68 4165 54.06 13
) 633 8.50 4230 $4.66
684 9.52 3 4427 $7.20
823 11.44 4523 59.04 14
985 13,59 4585 60.13
1011 13.9§ 4 4699 61.64 15
1176 16.32 4817 62.27
1347 19.04 5038 64.83
1363 19.30 5 5188 67.95
1519 22.03 5286 70.61
1614 23.56 6 §305 71.211 16
1677 24.60 5391 73.45
1839 27.08 5526 76.43
2010 29.39 5573 7.21 17
2056 30.04 Y 5695 19.17
2176 31.89 5831 81.33
2341 34.71 5992 83.48 18
2418 35.86 8 6037 84.03
2543 37.12 6233 86.67
2678 38.45 9 6423 88.56
2753 39.18 6467 89.17 19
2953 41.37 6595 90.88
3095 43.55 10 6778 93.16
3131 44.21 6964 95.59
3305 46.45 11 7167 98.20
3414 46.57 7295 99.93 20
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MILL CROSS LINE through flag 6 (268°megnetic, 068°true, 234°grid)

Reduced

Distance level Flag

(m) (m)

0 11.64 (backsight to edge of moraine)

98 13.5%

232 15.46

259 16.05 8\
381 18.74

456 21.26 6B
621 22,88

648 23.56 6

918 24.686

934 24.78 6C
1127 25.06 6D
1393 25.39
1398 25.63 GE
1423 24.40 6F
1657 23.94
1718 24.39 6G
1974 25.24
2213 24.89
2563 23.45
2794 23.30 (at giant rift)

MILL CROSS LINE through flag 17 (273°magnetic, 073°true, 239°grid)

0 63.90 17A (on steep ice slope)
62 66.75
149 70.14
190 71.81 17B
225 73.13
299 75.80 17C
3717 77.21 17
537 79.07 17D
622 81,72
650 83.99
655 84.57 (at giant rift)
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NTION STAKES

1. Exposed longth of stakes placed at
{ount Howe on 28 Dacember 1988,

i
ﬂ;( %ﬁl %‘,}l “:mm

150 133
1 148 3A 150
3 160 1B 147
4 147 13C 150
$ 149 1D 148
6 149 BE 143
1 146 1IF 161
8 158 3¢ 147
9 145 134 18§
A 147 14 148
C 148 13 183
10 149 16 147
11 15§ 17 163
12 145

2. Exposed length of stakes placed at
Mil)l Glacier on 6 Januvary 1984,

Height Height

Fla em Fla em

"ﬂl 148 'TI‘ 146
3 185 19 154
4 127 20 189
$ 152 6A 147
8 150 4:] 155
7 152 6C 160
8 152 6D 152
9 145 6E 145
10 150 6F 154
11 147 8G 156
12 147 17A 143
13 150 178 148
14 152 17C 158
15 144 17D 147
16 146 17E 136
17 147
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APPENDIX B: ANALYSIS OF SURFACE ROUGHNESS AT BLUE-ICE SITES

ROBERT H. WILLS

Introduction

Ameasureof roughnessis needed to evaluaten
runway's condition and its suitability for use by
various types of alreraft. Estinnates of roughness
can 2is0 be used to compare, as in this report, the
attributes of different sites,

Raw elevationtraversedataareshownin Figures
B1 and B2 for the Mount Howe and Patriot Hills

Veekcal Exrraticn {e)

=
o

0.5

sites. Measurements were taken at regular 2.38-m P iy 9
intervals for the Mount Howe dataand 2.0-min- > 00
tervals for the Patriot Hills data. It can be seen that
itisdifficult to visually evaluate bump heightand a5 R . .
wavelength from raw elevation data. 0 w 0 ¥ e
Military Specification MIL-A-8863B defines an Wodzoecst Distance ()
envelope of maximum bump height versus wave-
length for the categories of unprepared fields,
semi-prepared fields and paved runways (Fig.
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Figure B2, Rawelevation data for Patriot Hills traverses.
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In arder to compare field measurements to this
standard, itisnecessary todevelop data processing
techniques for determining bump height versus
wavelength fromtheraw data. Twwotechniquesare
investigated here: Maximum Half-Cycle Bump
Height and Fourier Analysis.

Maximum bump height

One way to measure maximum bump height
versus wavelengthiis to find the maximum height
difference in the field data for various horizontal
spacings. Thismay beconsidered a peak-to-trough
or two-point measurement, 50 the corresponding
wavelength is equal to the spacing times two.

The algorithm is:

For spacing = 1to N-1,
For ezch (N-Spacing) case

Find the maximum difference in height

(absolute value)

Output: Wavelength = Spacing x2

Output: the Maximum Value for this

wavelength

Theresultsofsuchananalysisareshownin Figures
B4 and B5.

The salient points are that there is a significant
change in roughness with direction for both sites.
Traverses runningacross theice-flow directionare
rougher. The two 130°/310°T traverses at Patriot
Hills showed reasonable consistency.

Fourier analysis

The raised cosine bump shape used by MIL-A-
8863B suggests that the elevation data can be
analyzed as the superposed sum of cosine-shaped

Max, Bump Height {m)
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bumps of different wavelengths. This decomposi-
tionofadataseriestoaset ofweights forsinusoidal
(or equivalently, complex exponential) basis fune-
tionsis known as Fouricramlyziz. Methods ofanal-
yzingintensity or power versus wavelengthorfre-
quency are known as spectml analysiz,

Theelevation data, x(n), may be represented by
the weighted sun:

N}
M=l Y Nek) e RN,
N knQ

Thespectral coefficients, X(k), may be found frony:
N-
NCk) =S x{u)eRpNa,
Hay)

This form of analysis, however, cannot be used
directly as the effects of finite input data length
and superimposed slopes onthedata cause distor-
tienofthespectral estimate. The Fourier transform
also has the property of giving poorer (noisier)
spectral estimates forlongerinputsequences. (The
varianeeof thespectralestimate inereases with the
input sequence length.)

To overcome these problems:

1. The input data are generally de-trended to
remove any underlying slope.

2. The data are split into many sub-sequences
whosespectraareaveraged to reduce the variance
of the estimate.

3. Each sub-sequence is windowed (multiplied
by araised cosine or other envelope) to reduce the
effect of the ends of the sequence.

or
% o3
0 L 3
0 20 40

Wavelength (Arbitrary)
Figure Bo. Speetrum of synthelic test dala.

This methodology was proved withasynthetic
data set that consisted of two sine waves superim-
posed onalinear ramp. The output of the Fortran
spectralanalysis program (withtwosub-sequences
being averaged) is shown in Figure B6. The two
sinusoidal components are clearly visible. Less
averaging results in narrower peaks, but more
noise when analyzing real data. The peak ampli-
tudes correspond to the test sinusoid amplitude of
0.5, or a peak-to-trough bump height of 1.0.
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Figure B7. Bump height spectra for Mount Howe traverses.
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Analysis of the Mount Howe and Patriot Hills
data using this technique gave the results shown
in Figures B7 and BS. Theseshow quite close corre-
spondence withthemaximumbump heightanaly-
sis. The indicated bump heights, being averages
rather than maxima, are lower in value.

Discussion

The two-point maximum bump height tech-
nique is a straightforward measure of the worst
case bump height. Using this measure, both the
Mount Howeand Patriot Hillssites appear tomeet
theMIL-A-8863B(AS)specification forunprepared
fields in the ice-flow direction and, for all but the
smallest wavelengths, in the cross-flow direction.

The spectral technique gives similar results,
withalltraversesanalyzed in this manner meeting
the specification. As it is an average rather than a
maximum measure, it will naturally show lower
values, The spectral intensity is of interest as it is a
true representation of the mechanical excitation
given te a vehicle traversing the runway. (It is
equivalent to the spectrum of an electrical wave-
form exciting an electronic circuit.)

A problem with the spectral technique is that
the amount of averaging applied (i.e. the number
of segments that the input data are divided into)
greatly affects the result. Little or no averaging re-
sults in noisy spectral estimates with false peaks
and dips. Too much averaging results in a highly

smoothed version of the spectrum. (There isan in-
herent tradeoff between noise and reselution.)
There are no obvious spectral peaks in the data
that would indicate the presence of periadiestrue-
tures.

MIL-A-8863B(AS) specifies maximum bump
heights, so the two-point maximum technique is
the most appropriate of the two for this use.

One problem with the maximum technique is
that asingle high point can dominate the measure
of roughness of the surface. For example, n 0.5-m
measurement on an otherwise flat surface would
show0.5-mbumpheight forall wavelengths. Also,
the specification assumes a cosine rather than a
two-point bump shape. Because of this, the two-
pointmaximumtechnique will generally overesti-
mate the surface roughness with respect to the
MIL-A-8863B(AS) specification.

Thereareotherwaystomeasuresurfacerough-
nessthatcould beinvestigated. Forexample, using
amaximunt three-point measurement may better
approximate a cosine bump. Averaging the abso-
lute two-point height differences could provide
another approach. In the end, it is the aircraft and
its response to runway roughness that matters.
From this viewpoint, wheel acceleration and the
path of a wheel traversing the surface become sig-
nificantand indicatea possibledirection of further
research.
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APPENDIX C: METEOROLOGICAL CONDITIONS TO BE EXPECTED IN SUMMER
IN THE TRANSANTARCTIC MOUNTAINS

AUSTIN W, HOGAN

Executive summary

1. 1 have reviewad my notebooks, papers and
photographs relating to conditions obzerved In
the vicinity of the Transantarctic Mountaing. [ do
not have any specific surface observations at
Plunket Pointor Mt. Howe; the observations noted
are intended to provide insight and reference to
meteorological conditions which may Impact on
establishing a wheeled aireralt runway at high
southern latitudeinthe TransantarcticMountains,

2. This work is heavily influenced by Schwerd-
tleger (1984), and some eredit is due him for every
jdea and analysis expressed.

3. Flight Following records (P,, P, P, reports)
were archivad for several years, and 3t least twwo
years' records are available from the NSFA Met
Detachment. These would provide an extended
series of wind, temperatureand cloud observations
madeabove the Trangantarctic Mountaing. Obser-
vations from Beardmore South Camp (BMG) may
also be arzhived; POC: LT Vayda, Naval Suppornt
Force, Antarctica (NSFA).

4. Bob Writner of Seripps has archived satellite
photos showing down-glacier katabatic flows in
the Transantarctic Mountaing since 1985 and has
prepared a paper en the subject.

5. The sources of the data used in the following
report are notebooks recording my surface obser-
vations at South Pale (NPX) and Beardmore South
(BMG); airborne observations from instrumented
aircraft XD03 (147131) in Jan 77, Oct/Nov 77,
Nov/Dec 78, and Oct/Nov 80; P, P, P, reports
provided by LCDR M.S. Foster, NSFA, 1980; and
soundings provided by NOAA/NWS(NPX, South
Pole) and NSFA (ZCM, McMurdo). Some of this
information has been previously published.

6. It is my opinion that good flying weather,
equal to that at South Pole, will be present on most
“summer” days (mid-November through early
February) at both Plunket Point and Mt. Howe.
Some strong winds may occur in spring (October
through early November). Reduced visibility and
lowered cloud bases may accompany advection of
“warm highs” onto the Ross Ice Shelf and/or
Marie Byrd Land in summer, reaching Mt. Howe
onsome occasions. An enhanced Antarcticscience
capability may accompany establishment of an
airfield at either of these sites. Flights over the
Transantarctic Mountains in spring of 1977-78 in-
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dicated that stratosphere-troposphere exchange
ismountain-enhancad inthisarsa, providing aceess
to atmospheric circulation and air chemistry re-
search sites (ozone hole ete.) not attainable from
McMurdo.

7. It would probably be possible to conduct a
eritical analysis of potential hazardous flying
weather at these sites based on existing data. Sta-
tioning automaticweather stationsat or near these
gites would provide verification of the analysis.

Introduction

The Transantarctic Mountaing are a “climate
divide” within Antarctica. They act as a barrier,
separating the extremely cold and dry continental
Antarctic (¢A) air from the maritime Antarctic
(mA) air of the Ross Ice Shelf and sea-ice-coverad
arcas, and from maritinwe Polar (mD) air of the sur-
rounding seas (Dalrymple 1966, Schwerdtfeger
1984). These air masses may gently mix while
passing over the interior of Antarctica, but rarely
appearatthesurfaceasa fronton the polar plateau.

Schwerdtfeger (1984, also many individual
papers) deseribes precipitation enhancement on
the Antarctic Peninsulaand on the windward side
of the Transantarctic Mountains due to “barrier
winds.” The mountains form a nearly impassable
barrier to the cold, stable air within2 km of the sur-
face, and the momentum of the wind flowing to-
wardsthe mountainscausesliftand turning, which
produces cloudinessand snowfall before themoun-
tains and a surface wind flow parallel to them.

Additionally, strong katabatic winds may flow
down the slopes and onto the shelf at the base of
the Transantarctic Mountains (Mather and Miller
1967, Swithinbank 1973, Parish and Bromwich
1987). Theseare seen, asaresultof adiabaticheating,
in IR satellite images, and seem to occur most
frequently when a low center is seaward over the
Ross Ice Shelf near Ross Island.

The two proposed high southern latitude aero-
drome sites are indicated in Figure C1. The eleva-
tion of the Mt. Howessite is approximately 2.4 km,
and that of Plunket Pt. is approximately 1.8 km.
There appears to be only occasional snow accum-
ulation at these sites. This is probably the result of
persistent subsident flow from the Sout* Polar
Plateau, similartothecirculationinthedr . a:leys
farther north. The question we seek to .nswer is
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Figure C1. Winds observed in mid-troposphere (520- to 400-1ab leiels: over Anturclica in November, during
instrumented meleorological flights. Repetitions data aze not plotted. The Transantarctic Mountains cor.stitute
boundary between tie continental Antarctic (cA) atid mazitime Avtarctic (nA) air masscs.
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whether the apparently benign summer weather
obzerved at Plunket Pt., Mt Howe and nearby at
Beardmore South Camp beging sufficiently early
inspringtofacilitateestablishinga wheelad alreralt
aeradromecapableofcarrying ouitlogistiesupport
to seientific activitiez on the South Polar Plateau.

Analysis

‘The center of n Global Navigation Chart (GNC
26) showing the location of Mt. Howeand Plunket
Polnt i3 providad for reference (Fig. Ct). Mid-
tropaspheric windg, observed at the 500- and 400-
mb levels during continental transects by instre-
mented meteorological lightmissions 01977 and
1978(Hogan 1986), areplottad. Tropagphericwinds
inland of the Transantarctic Mountains (i.e. over
the Polar Plateau) are usually weak, and flow par-
allel to the (45°W-135°E seridian of longitude.
The troposphere is generally eokl, dry, stable and
slightiy subsident, providing theelear, cold surface
associated with the Polar Plateau and the ¢A air
maszs (Hogan 1986). Troposphwrie wire2 over the
Ross fce Shell andt Marie Byrd Land, seavo~rd of
theTransantarcticMountaims, aremuchmors vari-

able with respect to both direction and spend, as
organized systems (usually cold lows or warm
highs, according to Schverdtfegar) are frequently
abletogpread over thislowerlying area. Aslighily
more temperate A air mass Is generally found
over the ice shelf, orseaward of the Tranzantarctie
Mountaing.

Examination of the winds along the McMurndo
(ZCM) to South Pole (NPX) flight track (165°E
longitude) indicates variability of wind direction
fnvthe vieinity of Plunket Point. Althoughonly two
transects are plotted in Figure Cl, a chronology of
navigators’ reports taken at the reporting points
"Papa One" (79*}H'S, 166*50°E), "Papa Two"
(83%57°5, 166°50°E) andd “PapaThree” (58°19°5, 166*
50'E) by M.S. Foster in 1980 showad a weak front
to be present in 50% of cases (Anon. 1988). A cross
sectionof wind and temperaturealong 165*Etaken
inearly November 1977 s given in Figure C2. Tius
crozssectionshows thedissimilarity between ZCM
aned NPX atmospheric structure inspring, and the
indistinet “front” separating the alr masses.

The existence of a persistent “front” between
cA and mA alr imasses at the 500- 0 400-mb levels
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Figure C2. Cross-sectional analysis of winds and potential temperatures along 165°E longitude from
McNurdo to South Pole, Novenber 1978. The slope of the isotherius indicates air imass difference. Con-
current soundings from Melirao (ZCM) ard South Pole (NPX) show differing vertical temperature

vrofites in the . ir masses.
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over the Tranzantarctic Mountaing scems well es-
tablished. Reportsof fine, benign sumnser weather
by most fiekl parties in the Transantarctic Moun-
taing indicate that this frontis not only dry, but de-
coupled from the surface over the mountaing, as it
is ovr the Polar Plateau.

Surface and aircraft ebzervations of meteoro-
logical conditions in the vicinity of Plunket Point
and Mt. Howeare tabulated in Attachments T and
2. Datedcloudplr  ~raphsarethesourcesfsome
of these abservations. Persistent banks of water
clouds were observed on the “southern” horizon
(i.e. inthe dateline direction) from Soutl Pole dur-
jng cloud physics experiments corducted in 1974,
1975 and 1977 (Kikuehi and Hogan 1976, 1979,
Sato etal. 1981). Frequent heavy contrailing by in-
bound and outbound aireraft wasalsonoted along
the 165°E flight track. Examination of South Pole
(NPX) upper air data on several of the days when

2

these clouds were observed showen Jiud flow
along the International dateline in the . <tropa-
sphere but only a slight influence at the sarface of
the plateau, Alreraft abservations and photes of
the Beardmore/Plunket Point arca at this time
(mid-1970s) showed it to be snow-free during
mid-sunmer. The same area was obzervad from
theairtobecaverad with deep, freshsnow onb Jan
1984 en route to South Pole, concurrent with other
uausual meteorological events that polarsummer
(Egan and FHogan 1986),

Mt Howeliesoff theusualairtrack. Benignsur-
faceconditions wereobserved inland of the Trans-
antarctic Mountains on mest of the continental
transects of 1977-78. Blowing snow was observed
onthesurfaceat §7°S, 174* Eon?Nov 1977, although
windsat lightaltitudewereweak. Strong katabatic
flows down the glaciers of theseareas wereseenin
infrared satellite images during the flight experi-
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ments of 1978 and 1980. Stratosphere-troposphere
exchange was found to be limnited to the air above
mountain ranges (Robinson et ai. 1983, Hogan
1986) in these experiments as well.

Iproposed tostudy thisexchange, and examine
thenature of this katabaticdown-glacier flow, andd
was ableto dothe experiment at Beardmore South
Camp (BMG)in October-November 1985. larrived
at BMG as a member of the opening party at 1000
CUT 26 October 1985. Thesnow surface wasanex-
tremely fine-grained wind crust, and settling of
this crust into the previous winter's depth hoar
was nearly continuous. Camp elevation was baro-
metrically established as 1845 m (6050 ft) above
mean sea Jevel. Other estimates have placed the
campat 1815 maltitude. Recently (December 1988),
LCDR Leninski, VXE6 Herc Ops Officer, placed a
field party near this site and recorded 5700:£100 ft
{1740 m) at 84.01°S, 164.12°E inertial, Similar vari-
ations exist in the published elevations of Plunket
and Mt. Howe.

T examined the snow, firn and depth hoarina
pit abcut 1 km south (true) of camp to avoid
possibledisturbances. Theannual stratawere quite
apparent, separated by distinct depth hoar layers
representing the cooling season (March~July). The
crusts were extremely hard and fine-grained. 1
wasable to mark the crusts with lumber crayon for
photos. I uncovered 10 depth hoar layers in the
upper meter. The temperature at 1-m depth was
~39°C. I extracted cylinders from each layer and
melted and weighed them. Themean accumulation
was 10.7 cm of snow, yielding 3.6 cin water, per
year over the period 1976~1985. I drove a pipe an
additional 4 m below the pit fioor and lowered a
thermistor into the hole, Pit strata and tempera-
ture profiles are given in Figures C3 and C4. Tem-
peratures of -39.5° to ~40.0°C were measured
below the pit floor. As this temperature was quite
constant with depth below 1 m, Iinterpret it as
representative of the annual mean temperature of
the location.

Figure C5shows the mean annualinstrumental
temperatures measured at Plateay, Vostok, Dome
C (AWS) and South Pole (NPX) plotted against
station elevation. A dry adiabat (9.8°/km; passes
through the points representing Plateau, Vostok
and South Pole; the Beardmore South snow tem-
perature also lies along this adiabat. Points repre-
senting Siple, and Byrd (NBY) are also shown.
They receive warmer mA more frequently, and do
not lie on the dry adiabat.

Consideration of Figure C5 indicates that sta-
tions at elevations of 1700 m (5700 ft) and abovein
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Figure C4. Temperature profile
from BMG suotw pit and in hole
driten103.5m. Near-constant kem-
pemtieresof-39.5°C H).5 %observad
belote I mareinterpreled toindicake
sean annual temperalure.
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Figure C5. Mean annual temperatures at seoeral Antarctic
stations (from Sclrverdtfeger 1985) plotted against station
clevation. Thelineisadryadiabat (9.8 °Cfkm). This indicates
that BMG primarily rceives cA air subsiding from the
polar platean. This is inagreementwith thesmallanmal ac-
cumulation of snow shown in Figure C3.
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BMG a few hours Inter,

the Transantarctic Mountains are almost continu-
ously under theinfluence of the cA air mass, asare
the plateau stations. Precipitation is very slight,
due to the downslope subsidence of the air from
the cA source or: the plateau to the station, The sta-
tions in west Antarctica and nearer the coast more
frequently receive mP air and consequently lie
along a warmer adiabat with a lapse rate nearer
moist adiabatic.

On 29-30October 1985, strong downslope kata-

batic winds and blowing and drifting snow were
experienced at Beardmore South. Surface winds
were sustained at more than 20 m/s for several
hoursduring the period. Satelliteanalyses of similar
events havebeen noted by Swithinbank (1973) and
Writner (pers.comm.). Blowing snow was observed
distantfromcampatothertimes during the period.
Katabatic winds at this time show as dark streaks
in the satellite image (Fig. C6) at around 84.3°S,
170.0°E, in the upper part of the glacier.




Discussion

TheSouth Poleand BeardmoreSouth field camp
temperatures appear to lie along a dry adiabat,
Cloudiness over Mt. Howe coincides with tropo-
spheric flow along the dateline at South Pole. This
indicates that the number of flying days at South
Pole per season are probably quite close to the
number of flying days to be expected near Mt.
Howe or Plunket Point. Two major questions can-
not be uniquely answered from this analysis:

1. Does katabatic flow down glaciers in the
Transantarctic Mountains accelerate air at their
originsatthe adgeofthe plateautospeads sufficient
to cause blowing snow? How late into the “sum-
mer” flying season will these winds persist?

2. Does occasional upslope flow along the date-
line result in lower-based cloudiness at Mt, Howe
(or Plunket Point) than at South Pole?

It will be necessary to extract some additional
summer camp, satellite and pilot report data and
perhaps obtain dedicated automatic weather
station or satellite data to properly answer these
questions.

Conclusions and recommendations

1. Flying weather at Mt. Howe and Plunket
Point should be very similar to that at South Pole.
However, with a short flying season small differ-
ences might be operationally significant.

2. A dedicated satellite study is a possible tech-
nique for anaiysis of the frequency of katabatic
winds which might halt aerodrome operations.

3. Automatic weather station surveys would
provide a unique calibration of the frequency of
strong winds, riming, clouds, and fogatthestations
relative to satellite and regional synoptic data.

4. An additional meteorological benefit of a
Transararctic station is that it lies under a region
of stratosphere-troposphere exchange in spring
(Fig. C8). Establishment of such a station would
facilitate such exchange studies, which can rarely
be accomplished at McMurdo or South Pole.
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Attachment C1

Observations extracted from field notes. Entries are in Coordinated Universal Time (CUT) unless other-
wise noted. Photos are dated 35-mum slides. Grid directions originate at north, defined as the Greenwich
Meridian.

Flight observations and photos, 23 Jan 1974: Supercooled water clouds were observed over the Ross Iee Shelf
from McMurdo to near the foot of the Beardmore Glacier. The Beardmore Glacier and Plunket Point were
clear, with an exposed (snow-free) band of rock paralleling the glacier. Ice crystal clouds were observed
over the Polar Plateau. Upon landing at the South Pole at 0930 CUT, 23 Jan 1974, the ice crystals appeared
as a low avercast.

10 Jan 1975: Observations made on a flight from McMurdo to South Pole found supercooled water clouds
over the Ross Ice Shelf, and clean air from Beardmore Glacier to the South Pole. Bare rock was again ob-
served along the Beardinore.

11 Jan 1975: A sky observation made at South Pole at 1130 CUT, 11 Jan 1975, showed altostratus over the
interior plateau (grid north) and on the horizon in the vicinity of Mt. Howe, although it was clear directly
overhead.

12 Jan 1975: An altostratus and altocumulus bank was watched on the horizon near Beardmore and Mt.
Howe while conducting cloud physics experiments, 0900-1200 CUT, 12 Jan 1975.

15 Jan 1975: A C-130 (JD 130) generated a persistent spreading contrail along the flight track, from the
horizon over the Transantarctic Mountains to the South Pole.

17 Jan 1975: An altostratus bank was observed on the horizon over the Transantarctic Mountains at 1000
CUT, 17 Jan 1975.

17 Jan 1975: Cirrostratus originated froma C-130 contrail spread over the South Polar Plateau, from thearea
of the Transantarctic Mountains, covering ¥, of the sky by 1625 CUT, 17 Jan 1975.

17 Jan 1975: Two new contrail clouds on horizon. Surface wind 155° grid at 05 knots at 2040.

20 Jan 197° * Wostratus on southern horizon over Trunsantarctic Mountains at 1155.

23 Jan 19; wtratus on southern horizon at 1338.

23 Jan 197¢ lure spreading up from direction of Beardmore. Large Cs bank there; clouds dissipating
before reach...; stution. Wind 130° grid, 06 knots, temperature -29°C at South Pole surface.

24 Jan 1975: Cirius on southern horizon.

24 Jan 1975: Cirrus spreading toward South Pole from south, at 1600 CUT winds above Polar Plateau are
140° grid at 09 m/s (from general Ross Sea direction).

25 Jan 1975: Sky %, covered by As. Opening is around 120° grid, wind shifted 190°-90°--120° grid at surface
around 1000, speed diminished and air temperature increased 2°C in one-half hour.

27 Jan 1975: Liquid water clouds spreading over station from grid south—%,, As at 1530.

28 Jan 1975: As bank to grid south, southern horizon obscured.

29 Jan 1975: Straight line clouds on grid south horizon look like contrails, but there are no airplanes on the
ice.

1 Feb 1975: Nearly clear but Cs or As on south horizon. This condition continues.

2 Feb 1975: Persistent contrail from C-130 remains on grid south horizon.

3 Feb 1975: Clear over South Pole, except few bands on grid south horizon.

4 Feb 1975: Clear over South Pole but fog bank on grid southeast horizon.

Acrial observations
Thereporting points along the McMurdo-Pole flight route are designated as Papa One, Two,and Three;
the locations are:
; = 79°34'S,166°50°E
83°57°S, 166°50°E
P, 88°19’S, 166°50°E

e
o
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Aircraft observations, November 1977

0047 7Nov77 79°Sx161°E

0127 82°Sx160°E
0200 84°Sx160°E
0530 87°Sx174°E
0553 85*Sx173°E
0636 81°5x169°E
0505 8Nov77 81°Sx161°E
0516 82°Sx161°E
0541-0542 84°Sx161°E
0555 85°Sx160°E
0604 85.5°Sx161°E
0654 89°Sx161°E
1019 82°Sx171°E
0538 10 Nov 77 80°Sx159°E
0620 83.5°Sx159°E
0638 84°Sx159°E
o0

0745 89*S

1029 85°Sx169°E
1120 81°Sx170°E
1148

1603 20 Nov 78 86.5°Sx167°E
1103 21 Nov 78 83.5°Sx166°E

1144
1224
1312
134
1345

86°Sx167°E
89°Sx163°'W
87°Sx71°W

85.5°Sx64°W

3 Jan 83: Flight 1o South Pole
Ross Ice Shelf cloud-covered.
Much cioud around Transantarctic Mountains.

Beardmore visible, St on flanks of mountains, water clouds over Polar Plateau.

5 Jan 84: Flight to South Pole
Deep cloud bank over Ross Ice Shelf, tops at 20,000 ft.

Some water clouds over Transantarctic Mountains.
Deep, fresh snow visible along glaciers,
Very deep hoarfrost layer on the surface on arrival at South Pole.

14 Jan 84: Surface observation at South Pole
Blizzard. Winds 015° at 20 kt, gusting 22.

Visibility one-fourth mile at surface.
Lower tropospheric flow along northwest grid direction.

Beginning of very warm period.

17 Jan 84

Solid deck below Papa One.

Clear over Ross Ice Shelf and mountains. Over Transantarctic
Mountains wind 240° at 15 kt at 500 mb level.

%, Cs scattered above Papa Two, wind light and variable at flight
level.

Blowing snow below. Cs ahead at flight level.

Very slight turbulence noted.

Over solid As deck.

Peaks and nunataks protruding through unbroken low cloud deck.
Nimrod Glacier, Papa Two.

Very clear below, no clouds or blowing snow, sharp view of
Beardmore Glacier, P, wind 340° grid at 05 kt.

Blowing snow visible on surface, wind 160° at 18 kt at flight level.
Ice fog, blowing snow on surface below.

Entering top of ice crystal layer, 1400 ft AGL over Polar Plateau.
Peaks protruding through cloud deck, wind light and variable at
flight level.

Wind 266° at 18 kt at 20,000 ft.

Wind 139° at 17 kt at 20,000 ft, enter moister air.

Papa Two wind 167° at 21 kt, very slight turbulence noted.

Over Beardmore, wind 157° at 10 kt, clear below.

Just above ice fog (or Cs) layer at 2370 ft AGL over Polar Plateau.
Aircraft contrails heavily on ground after landing.

Clearing at edge of plateau, wind 350° at 08 kt.

Low cloud deck beginning below, unbroken over northern shelf,
tops at around 10,000 ft.

Mt. Erebus and smoke plume protruding above cloud deck.
Wind 105° at 11 kt.

Wavy, near lenticular As; slight turbulence near Beardmore.
Diffuse deck just above surface on Polar Plateau.

Very thin deck on surface.

Over crevassed area; clear but Cs deck ahead.

Nunataks ahead, Cs thickening.

A real snowstorm, dendritic snowflakes, several inches of fresh snow on ground, ~20°C, wind 330° at 04

kt.
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Attachment C2
Boardmore Glacier Camp “Beardmore Sonth” Put in 1300/26 Oct 85

0000

0130

0000
0030

01s

2100

2115

0445
2345

0230

0435

2040

0115

0550
0045

27 Oct 85

28 Okt 85

290ct 85
29Cct 85

30 Oct 85

1 Nov 85

2Nov 85

3 Nov 89

Surface wind 160° grid at 10kt temperature -30°C. Most mountain tops in clear, ¥, AsCs
clouds.

Remarks: Surface wind aligns with light winter drifting around Jamesways, which are
aligned N-5 grid. Ice shelf cloud-covered, clouds intrude up-glacier slightly fronyshelf.
Clear over plateau.

-25°C, wind 270° grid at 3 ki, strong mirages visible in all quadrants. As overshelf, ¥, Cs
overhead. South Pole reports same. Mirage up-canyon towards plateau. Willy Field
closed at McMurdoe due to bad weather.

Nearly calm. Temperature~20°C in calms, ~27*C in wind runs. Cloud deck over Ross Iee
Shelf, Waveclouds over mountains. At2145 a large wave clowd forms and blowing snow
is visible coming downslope. The wind accelerated to 12-17 kt, then at 2200, nearly calm
again. A large lenticular cloud or fog bank is “parked” near the plateau.

Calin at BMG, Some standing wave clouds around mountain peaks, streaks of cloud are
coming off plateau, and ice crystal patches appear “parked” upslope.

Blowing snow across the basin to grid southeast. Wind here is 180° grid at 3 kt ia the
upslope direction.

Wind 360° grid at 7-12 kt, occasional blowing snow; fog or mirage-in basin, lull here,
williwaw visible across the basin.

-19°C, wind rises from calm to 060® grid at 12 kt. Williwaw begins here. Sustained wind
340° grid at 24-35 kt by 0600; gusts may have reached 40 kt.

Y. overhead, blowing snow at surface. 24 kt sustained wind with guste 935 Strong wind
continues through 1500.

~28°C, wind 240° grid at 5-7 kt, few waves and cap clouds on peaks. As creeping up-
glacier from shelf. No surface accumulation of blowing snow, evenin tracks. Dowuslope
wind is apparently associated with cessation of “onshore” wind from shelf at base of
glacier.

~29°C, 330° grid at 03 ke, '/, As over peaks, deck over shelf extends well above horizon.
No snow accumulation downwind of camp from blowing snow. Some loose snow in
tracks. No extension of existing drilts. Baro rose 0.19 in. Jast 12 hours t0 28.50 in.

Dig snow pit to winter 1976, 10 depth hoar layers in 1 meter. Spectacular wave and
cumuliform clouds all sectors.

~26°C, 240° grid at 07 kt, ¥, AsCs translucent clouds, aligned ulong axis of mountains.
Blowing snow visible over ridge to grid east. McMurdo town was in condition one this
morning.

Aircraft landed. The aircraft did not produce a contrail until reaching cloud base after
takeoff. -40.2°C, scattered AsCs. Snow pit day. Much mirage. AcCs spread over BMG
from shelf.

Sun’sdisk visiblethrough AsCs clouds. Asquite thickover shelf. Low ceiling onshelfend
of basin, -30°C, 340° grid at 05 kt.

-25°C, 360° grid, 05 kt, 28.30 in, Hg, CcCs passed 2 hours ago. Looked like mid-latitude
warm front. Jet? Vortex break? Stiil cloudy wverhead, but blue east and west.

~20°C, 135° grid at 05 kt, snciving lightly. Needles, dendrites and occasional graupel fall
from fairly high cloud base. Cloud deck appears solid, but sun shafts are visible.

135° grid at 10 kt, -22°C, visibility less than 1 km. Snow blowing in air but not drifting
at surface.

Snow stops. This light snowfall covers more tracks than previous blizzard.

-23°C, 180° grid at 01-03 kt, %,, AsCs overcast, thickening.

Light snow, -23°C, visibility 3 km, 180° grid at 01 kt.
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Figure C7. Surface winds over Antarctica (fromMather and Miller 1967). This shows
flow from the plateau dominating Mt. Hoive aren, Plunket Pt and BMG, in agrecment
with Figure C5.

95




270

Figure C8. Isopleths of upper tropospheric ozone concentration observed over Antarctica,
November 1977 and November 1978. Mountain-induced mixing over the Transantarctic
Mountains produces the strongest ozone exchange into the troposphere over Antarctica.




Reardmore South Camp

1. The 6500 ft elevation of Beardmore Camp is high enough
above the ice shelf to bte characterized by good weather and
bypassed by most low pressure systems.

2, Overcast low cloud layers on the Ross Ice Shelf and
over Beardmore Glacier are often confined to the base of the
Transantarctic Mountains. The same cloud mass over the Plateau
becomes either broken or scattered. This information is useful
to pilots because Beardmore Camp often can be more easily
approached from the Plateau than from the Ross Ice Shelf.

: Thumb Rules

a. BReardmore Camp is protected between two mountains
with mostly light and variable winds.

b, Kestrictions to visibility are rare. Beardmore
rarely gets snowfall after November in the summer season.
c. CGloud 1layers are often 3000 scattered, 8000

scattered and 14000 scattered,

d. ‘tog developing in the lower valleys to GRID south
normally will not move in unless winds are steadily blowing up
the glacier, Similarly, a steady downslope wind will cause fog
developing on the Plateau to move over Beardmore Camp.

e. fA low pressure system along the mountain base will
sometimes cause an upslope wind from GRID south.

f. A ridge built into the Ross Sea can steer 1low
pressure systems over the mountains towards the Plateau. This
system combined with orographic lifting of the clouds is a
cause for saow and fog.

9. Inclement weather moves in rapidly and barometric
pressure changes rapidly.

Plateau Station

1 Plateau Station was established in December 1965 and is
locat at 79928 's 40035 £ at an elevation of 11,500
ft. It has not been regularly occupied since 1967. Plateau
Station is characterized by good weather with low temperatures,
mostly clear skies and rare occasions of poor visibility below
174 m3,,

2. Prevailing winds are GRID northwest to northeast.
These winds are primarily katabatic and make up 75% of the
observations. Wind speeds average between 6-9 kt. Minimum
surface temperatures are above -54°C between mid-November to
mid-february. Average temperatures and temperature ranges are
given below.

Figure C9. Page from McMurdo forecast guide giving insight relative to Beardmore area.
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A facsimile catalog card in Library of Congress MARC format is reproduced
below.

Mellor, Malcolm
Airfields on Antarctic glacier ice / by Malcolm Mellor and Charles Swithin-
bank. Hanover, N.-H.: US. Army Cold Regions Research and Engineering Lab-
oratory; Springfield, Va.: available from National Technical Information Service,
1969.
v, 105 p., illus,, 28 cm. (CRREL Report §9-21.)
Bibliography: p. 69.

1. Airfields. 2. Antarctica. 3. Blue ice. 4. Cold regions. 5. lce. 6. Ice runways. 7.
Land ice. 8. Polar cap. 9. Polar regions. 10. Runways. 1. Swithinbank, Charles. 11,
United States Army. 1§, Corps of Engineers. IV. Cold Regions Research and En-
gineering Laboratory. VI, Series: CRREL Report 89-21.




