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Both construction operations and subsurface ex-
ploration in Antarctica often require rapid and effi-
cient drilling in snow, ice, and frozen ground. In con-
struction, drilling is needed for wells and for emplac-
ing antenna guy-wire anchors, utilit y l)01e5, pile foun-
dations, and bollards for ship (locking. Exploratory
drilling is needed to determine the composition, den-
sity, temperature, and other subsurface physical pro-
perties of various terrains.

The lack of suitable drilling equipment and tech-
niques has hampered construction activities and ex-
ploratory drilling at McMurdo Station and, to a lesser
extent, at inland stations. To remedy this, the Naval
Civil Engineering Laboratory (NCEL) set out to
select and evaluate drilling equipment for antarctic
use and to develop efficient techniques for drilling in
snow, ice, and frozen ground. Between 1966 and 1968,
field tests were conducted by NCEL personnel in the
McMurdo Station area (Fig. 1), where air 	con-
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Fig. 1. Map of the McMurdo Sound region showing study area
(center).

struction program provided the opportunity to test
the equipment under actual operating conditions. The
varied terrain there also permitted testing techniques
appropriate to frozen ground, volcanic rock, sea ice,
fast ice with inclusions of sand and rock, glacier ice,
and deep snow.

Experimental construction drilling was performed
in frozen ground at McMurdo Station, and in snow
and ice at Williams Field and Outer Williams Field.
Most of the exploratory drilling was done on the Ross
Ice Shelf, but some additional work was conducted in
fast ice and ice-rock conglomerate at Elliott Quay in
Winter Quarters Bay. Two basic drilling miiethods
were employed : (1 dry drillIng, which uses coin-
pressed air or mechanical lift to remove the cuttings,
and (2) wet drilling, in which a liquid is used for that
purpose.

This paper describes the equipment used in these
investigations and discusses some of the methods de-
veloped for drilling in snow, ice, and frozen ground.

Drilling Equipment and Accessories

Most of the experimental drilling described in this
paper was accomplished with commercially available
equipment and accessories, although a few accessories
were fabricated in the field to improve certain tech-
niques.

Mobile Rotary Drilling Unit. A commercial rotary
drilling unit (Fig. 2) was used in developing construc-
tion drilling techniques for snow, ice, and frozen
ground. This hydraulically powered unit consists of a
drivehead (inset, Fig.2), a folding 12-foot tower (that
can be tilted from vertical to horizontal for transpor-
tation or for angle-drilling), a gasoline engine, and a
control panel mounted on a hydraulically powered
slide base having 18 inches of movement. The entire
unit can be controlled by a single operator. For niax-
imum mobility at McMurdo, the unit was mounted
on a 5-ton, 4-wheel trailer fitted with high-flotation
tires.

Drill Bits and Augers. Both commercially available
and custom-fabricated augers and bits were used
during the drilling tests. The types employed included
10-, 12-, and 24-inch diameter, continuous-flight, fin-
ger-bit earth augers; a 3-inch-diameter coring auger
6.5 feet (2 in) in length a 1.75-incli-diaiiieter, tn-
cone-roller rock bit; and a 14-inch-diameter, 9-foot-
long tube core drill. All are available from conuner-
cial sources.

The 6.5-foot coring auger (Fig. 3) is patterned
after the standard I-rn SIPRE coring auger, but with
the core barrel extended to 2-ni length for better
drilling efficiency in deeper holes.

The tricone-roller rock bit is normall y used to drill
in medium to hard rock formations. The wedge-
shaped teeth (Fig. 4) cut by exerting highly localized
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Fig. 2. Mobile rotary drilling unit; drivehead and fluid swivel
	

Fig. 5. Tube drill is 9 feet long, 14 inches in diameter.
shown in inset.

* ' 

Fig. 3. The NCEL 2-meter coring auger. Fig. 6. Tube drill's castellated cutting edge, with rock core.

pressure, causing the rock to fracture or spa!1. (This
requires a steady downward pressure on the bit as it
rotates.)

Tube core drilling bits, or tube drills, are normally
used to drill large-diameter holes up to 10 feet deep in
various rock formations that are too hard for augering
but not hard enough to justify more expensive
methods. The tube drill used at McMurdo (Fig. 5)
was fabricated from a 9-foot length of 14-inch-diam-
eter steel pipe. Its castellar cutting edge (Fig. 6) was
faced with tungsten-carbide particles of 1/8— to 1/
4—inch size, set in a brazing alloy matrix. This drill
cuts a 12-inch diameter core that usually jams in the
tube and is removed at the end of each drilling run.
The smaller cuttings are removed with a drilling
fluid.

Drilling Fluids. Both the tricone hit and the tube
drill require a circulating fluid to remove cuttings.
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Fig. 4. Tricone-roller rack bit.
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When the tube drill is used, the fluid, usually water,
is pumped down the drill rod at a rate of 80 gallons
per minute (gprn). The fluid is deflected by the
top of the core, flows down the inner diameter of
the tube, and washes outward across the cutting
edges.

When the ground temperature is above freezing,
air, water, or a water-based slurry is usable, but in
frozen ground or ice, fuel oil, antifreeze, brine, or
similar liquids should be used. When the tube drill or
the 4.75-inch-diameter tricone bit is used, the large
annular space around the 2.25-inch-diameter rod
requires a viscous liquid, preferably with an uphole
velocity of about 200 feet per minute (fpm). If corn-
pressed air is used, an uphole velocity of about 6,000
fpm is needed.

Because of the small annular space around the tube
drill, air or liquid can be successfully used in drilling
as deep as 9 feet, the length of the tube drill. At
greater depths, the space between the 2.25-inch-diam-
eter drill rod and the 15-inch-diameter hole requires a
liquid with the highest possible viscosity.

A self-priming tubular mud PUfll) with a rubber
volute was chosen for wet drilling because it is
suitable for pumping various liquids as well as mud,
dirt, and fine gravel without damage to its parts. The
pump is belt-driven by a 2-cylinder, air-cooled gaso-
line engine equipped with an electric starter. The
maximum delivery rate is 84 gpm, with a minimum
discharge pressure of 225 psi. The assembly, which
includes a discharge pressure regulator, pressure
gauge, and a low-point drain, was mounted on a 48-
by 66-inch, 2-wheel trailer.

Drilling in Snow and Ice
Exploratory drilling for density, temperature, crys-

tallographic, and other subsurface studies requires
good core recovery. Exploratory core drilling to
depths in excess of 50 or 60 feet in snow and ice is
difficult without adequate power-driven equipment,
and is not frequently attempted in glaciological re-
search. Data from greater depths can seldom be ob-
tained because of equipment, labor, and transporta-
tion limitations.

Construction drilling in snow or ice usually requires
relatively shallow holes of various diameters, de-
pending upon the purposes. As the recovery of cores
for scientific purposes is generally of little interest,
almost any augering method will suffice, as long as the
cuttings can be easily removed.

Core Drilling. Most exploratory core drilling in
snow and ice is performed with the standard 3-inch
diameter SIPRE coring auger that is 1 meter (3.
feet) long. For deeper coring, 1-meter extension rods
are connected with shear pins. This auger is well
adapted for hand drilling, but as the hole depth in-

creases, pulling up the auger to extract the core be-
comes extremely time consuming and laborious. A
1—hp electric motor can be used with this auger to
increase drilling speed, but this does not reduce the
time and labor required in retrieving the auger.

The NCEL 6.5-foot, or 2-rn, long version of the
SIPRE coring auger is more efficient because longer
cores are obtained on each run, but the problem of
removing cuttings, which are produced with both
augers at a rate of 7 to 8 cubic inches per linear inch
of hole, remains unchanged. (Cuttings normally
occupy about one-third of the barrel length in a full
auger core: overdrilling causes the cuttings to spill
over the top and jam the barrel when an attempt is
made to pull the auger.)

Tube Drilling. The 14-inch-diameter tube drill
was found satisfactory for both exploratory and con-
struction drilling. With seawater used to remove cut-
tings, this drill is highly efficient in ice, where the
drilling rate is about 1 fpm. In sea ice up to 9 feet
thick, a continuous core can be obtained that is equal
to the thickness of the ice. This core normally remains
afloat in the hole, from which it can he removed
with a rope snare or ice tongs. In fast ice containing
rock debris, the core usually remains in the tube, and
removal requires a combination of pushing, prying,
and pounding with a sledgehammer.

Although the tube drill does not function well in
snow because the cutting edges quickly become iced
over, holes up to 9 feet deep—one tube length—can
be drilled bv down pressure alone. (The use of a
drilling fluid is unsatisfactory in snow because of
absorption and slush formation.)

Auger Drilling. Continuous flight augers with dia-
meters of 10, 12, and 24 inches are suitable for
drilling to depths of 10 feet in snow, and for drilling
through annual sea ice where complete penetration is
possible in a single drilling run. Removal of cuttings is
a problem in deeper holes. For example, auger cut-
tings in deep snow have a granular, "sugary" texture
that is free-running and difficult to retain on the
auger flight.

iricone Bit Drilling. The 4. 75-inch-diameter tn-
cone bit was used to drill in the fast ice at McMurdo's
ice wharf, in sea ice at Williams Field, and in glacier
ice at Outer Williams Field. The penetration rate for
the tricone bit in ice is 6-8 fpm with cold seawater as
a drilling fluid. As ice is impermeable, the cuttings
are washed to the surface and present no problem.
This bit is most efficient when water is used as a
drilling fluid, but compressed air is adequate if pro-
vided in sufficient quantity.

Although the only samples yielded by drilling with
a tricone bit are cuttings washed to the surface, seven
exploratory holes drilled in Elliott Quay in this
manner provided good subsurface information be-
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cause of the strong contrast between ice and the layers
of basaltic sand and gravel that occur at various
depths.

The tricone bit also was used to drill through the
Ross Ice Shelf (McMurdo lobe on Fig. 1) near Wit-
hams Field. To eliminate the need for a casing and
drilling fluid, a coring auger was first used to drill
through the 60 feet of permeable snow at this loca-
tion. After changeover to the tricone bit, hot water
(approximately 200° to 210°F.) was used as a drilling
fluid to melt the ice cuttings as they formed, thus
preventing possible jamming. Similarly, when the tn-
cone bit was used to drill through glacier ice at Outer
Williams Field, warm water (40° to 50°F.) alleviated
the problem of cuttings and insured against freeze-up.

Drilling in Frozen Ground

Drilling in ground that is either permanently or
seasonally frozen presents problems that are not
usually encountered when drilling in unfrozen soil
and solid rock. These problems are caused by the
wide diversity of soils and soil textures, variations in
ice content, and the low subsurface temperatures that
require spccial and expensive low-freezing-point
drilling fluids.

At McMurdo, the black, basaltic surface soil thaws
to depths of 8-24 inches during the summer. Organic
matter is absent, but silt is found in varying amounts
beneath the windswept lag gravel. Relatively few var-
ieties of permafrost occur below the annually thawed
layer. The most common consists of angular, basaltic
rock particles of all sizes frozen, together with varying
amounts of ice (Fig. 7). For ease of discussion, this
material is here termed ice-rock conglomerate. An-
other form consists of basaltic bedrock containing ice
in joints and other voids.

A knowledge of seasonal ground temperatures at
various depths can be valuable in determining freeze-
point requirements for drilling fluids, potential
heat-flow conditions beneath buildings, and freeze-
back rates for structural members emplaced in per-
mafrost or ice. Figure 8 shows three representative
ground-temperature profiles obtained at McMurdo
Station during the summer of Deep Freeze 68. The
49°F. temperature attained at the 1-foot depth on
December 30, 1967, coincides with the maximum sea-
sonal intensity of solar radiation and demonstrates the
high heat absorptivity of the black, basaltic soil. Below
2 feet, the ground temperature remains under 32°F.
throughout the season; consequently, water or mud in-
troduced below that depth freezes rapidly, especially
in small-diameter holes. If not promptly used, any
hole drilled with a freshwater drilling fluid must be
pumped out before the column of water freezes, ne-
cessitating redrilling.

U.S. Navy Photo

Fig. 7. Specimens of frozen ground and "ice-rock conglomerate"
from McMurdo Station.
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Fig. 8. Representative air-ground temperature profiles at McMurdo
Station. Note the marked displacement of the mid-summer

(December) curve with depth.

Selecting the best method for drilling in perma-
nently frozen ground depends upon the nature of the
permafrost and the purpose of the hole. For construc-
tion drilling, the best method is that which will most
efficiently produce a hole of the desired depth and
diameter. Exploratory drilling requires subsurface
data obtained from core sections that are as complete
and uncontaminated as possible. The extraction of
such cores from the wide variety of frozen soils en-
countered in the Arctic and Antarctic is difficult be-
cause of many factors involving drilling equipment,
soil texture, ice content, and ground temperatures.
Where good cores are difficult to obtain, holes of suf-
ficiently large diameter will allow examination and
sampling along the sides.

Tube Drilling. The 14-inch-diameter, 9-foot-long
tube coring bit overcomes many of the problems en-
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countered in both construction and exploratory
drilling in frozen ground. A large-diameter construc-
tion hole is produced in one or two runs, and most of
the material from the hole is removed as a solid mass,
facilitating disposal. Good subsurface information is
easily acquired in exploratory work as an uncontami-
nated, 12-inch-diameter core is obtained. In addi-
tion, the large diameter hole permits access for fur-
ther examination and sampling of the walls.

The tube drill is very efficient to depths of 9 feet in
frozen ground and ice-rock conglomerate. Once set
up, its drilling rate is 6 feet per hour. Although its
efficiency progressively decreases with depths greater
than 9 feet, 18-foot holes are fairly easy to drill, and
holes to 60 feet deep are possible if care is taken to
prevent jamming.

During the summer, the tube drill performs most
efficiently when either fresh water or seawater at tem-
peratures near 32°F. is used as a drilling fluid. This
produces a clean, constant-diameter hole slightly
larger than the tube drill. Water warmer than 32°F.
melts the frozen soil or ice-rock conglomerate, thus
producing holes up to 24 inches in diameter. The
melting process causes a great deal of rock debris to
cave into the hole, but if the hole is kept clean, the
warm-water method can be used to produce large-di-
ameter holes up to 6 feet deep.

Compressed air can be used with the tube drill for
holes up to 8 or 9 feet deep if it is provided at the rate
of 600 cubic feet per minute. At depths greater than 9
feet, the annular space between the drill rod and the
hole is so large that cuttings cannot be blown out of
the hole. Also, compressed air introduces heat into the
hole; this, combined with heat from drilling friction,
melts the permafrost into a dense, sticky mud that
quickly freezes if drilling is stopped for any reason,
possibly trapping the drill unless it is removed imme-
diately.

When water is used as a drilling fluid, about 2
hours are required to drill 6-foot-deep holes for utility
poles, bumper posts, and bollards in the ice-rock con-
glomerate at McMurdo Station. This time period in-
cludes positioning and setting up the drill rig and
pump. Excavation of similar holes by air hammer
requires two men 1 or 2 days, depending on local
conditions. Excavation by jet burner takes less time
but leaves a large, bowl-shaped hole that is muddy or
watery, and poorly suited for use.

Tricone Bit. The tricone bit, used with either water
or compressed air to remove cuttings, is effective in
most varieties of frozen ground. Seawater at tempera-
tures near 29°F. is adequate for deep drilling because
it freezes slowly and does not cause the sides of the
hole to melt and cave in. This is especially important
in ice-rock conglomerate where melting may cause
rocks to fall into the hole above the bit, wedging it in.

Compressed air is not suitable for drilling to depths
greater than 10 feet unless the air is cooled to 32°F.
or lower. As with the tube drill, warm air and fric-
tional heat will melt the permafrost into a mud that is
not easily blown out of the hole and that quickly
ref reezes when drilling is stopped.

Experimental drilling with the tricone hit was at-
tempted in the solid basalt at McMurdo Station. This
rock is exceptionally hard, and it was found that the
drilling rate with compressed air was too slow for
practical use.

Conclusions
The tube coring drill is suitable for drilling large-

diameter construction holes and for subsurface explo-
ration in ice, ice-rock conglomerate, frozen ground,
and solid rock. Efficiency decreases as hole depth ex-
ceeds 9 feet, but depths UI) to 60 feet can be
achieved by taking care to prevent jamming. The
tricone bit is suitable for rapidly drilling siuuahl-diatut-
eter holes to great depths in all of these materials
except solid rock. Augering is practical only in snow or
clean ice to depths of approximately 10 feet.

An ample supply of drilling fluid is most impor-
tant in deep drilling with either the tube drill or the
tricone bit. If drilling fluid is lost or exhausted unex-
pectedly, the suspended cuttings quickly settle around
the bit and jam it in the hole. When completing a
coring run or stopping to add drill rod, it is inupor-
tant to run the drill string up and down a few times
to allow all suS1)enCl('d cuttings to wash down around
the bit and settle at the bottom of the hole.

Further Work in Progress
Present work is directed toward improving the

techniques for construction drilling in Antarctica,
with emphasis on increased maneuverability of the
drill rig and higher penetration rates in ice-rock con-
glomerate and frozen ground.

Errata in vol. IV, no. 2: on p. 49, the caption for the para-
chutist photo should read January 11 vice January 9 on p
52, five pilots should have been cited in connection with the
long-distance helicopter flight. On the flight to Hallett, one
helicopter was piloted by Lt. Comndr. T. Ch ider and Comndr.
D. Eldridge, the other by U. P. Thomas and IA. E. Freeman.
IA. (jg. ) J . Wilson arrived at Hallett by LC-]M, and on the
return helicopter flight, he replaced Lt. Couodr. Chulder, who
went back to MeM urdo aboard the Hercules. (Also see foot -
note 3 on page 150 of this issue.)

Erratum in Index to vol. II: the page citation for " Para-
rescue team " should read 74-76 vice 274-276.
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