





transported by the fluid through three
rectangular tubes soldered onto the

118 mm (ID) x 121 mm (OD) stainless steel
tube of the core barrel. This rectangu-
lar shape reduces the width of the cut-
ters, and, as a result, the quantity of
chips to be removed. The diameter of the
core is 115 mm and the diameter of the
hole is 143 mm.

RESULTS

Due to some defect in the core
catchers, it was not possible to retrieve
cores, Nevertheless, the centrifuge
device was tested. We obtained a 3 cm
thick hollow cylinder of compressed chips
with a density of about 0.6 Mg m 3. The
regular distribution of these chips along
the tube indicates that it will be poss-
ible to store an amount of chips allow-
ing runs of up to 3 m to be made.

However, the power consumption was
very high because of the speed of the
centrifuge assembly in the fluid. This
speed, causing frictional drag, has to be
reduced. Some laboratory tests need to be
made in order to determine the optimum
value.

CONCLUSTIONS

After this field season in Adélie
Land, it appears that the thermal drill
described here can be modified for deep
drilling. The size of the 4000 m long
cable is compatible with the logistics
constraints. The minimum time needed to
drill to 3500 m may be estimated as
shown in Table 1.

Table 1

Activity 6 m run 8 m run
Penetration

rate (6 m/h) 583 h 583 h
Winching

(at 60 m/min) 568 h 425 h
Accumulated

time spent

at the surface

(est 0.5 h/run) 291 h 218 h
Totals 1442 h 1226 h

These figures (50-60 days) show that
it is .possible in principle to drill to
3500 m in a single summer season.

The electro-mechanical drill used
this year is an interesting device, but
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more tests are needed before its deploy-
ment in a deep drilling operation.

Table 2 shows that the time needed
to drill to 3500 m is very dependent on
the length of each run.

Table 2

Activity 2 m run 3 m run
Penetration

rate (30 m/h) 117 h 117 hn
Winching

(at 60 m/min) 1702 h 1135 h
Accumulated

time spent

at the surface

(est 0.4 h/run) 700 h 467 h
Totals 2519 h 1719 n

Table 2 indicates that 72 -105 days
would be needed to drill to 3500 m with
the electro-mechanical drill,

These results encourage us to build
a thermal drill with a 4000 m cable and
associated winch. If the final tests of
the electro-mechanical drill are satis-
factory, and, especially if the run
length can be increased to over 3 m, we
will then use it interchangeably with
the winch and cable system of the therm--
al drill.
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ICE DRILLING AT
CAPE FOLGER, ANTARCTICA

V.I. Morgan,
A.P. McCray and
E. Wehrle

ABSTRACT

The use of a modified USA CRREL
thermal drill is described and discussed.

INTRODUCTION

Ice drilling undertaken at Cape Fol-
ger, Antarctica, in 1981/82, is a con-
tinuation of an extensive glaciological
investigation of the Law Dome ice cap,
which has been studied since 1957
(Budd, 1970). The boreholes drilled in
1969 were used to study ice deformation
and the core was used to study ice
crystal size, crystal orientation
fabrics, oxygen isotopes and ice flow
properties with depth (Budd and Morgan,
1977). The latest drilling is specific-
ally designed to clarify certain pecu-
liarities in the ice flow which were
observed previously (Russell-Head, 1979).
There appear to be large irregularities
in the magnitude and direction of shear
strains.

The two boreholes lie along a sur-
face flow line, one over a bedrock high
point, the other over a dip in the bed-
rock, 300 m down glacier. Both holes
extend to within a few meters of the bed,
as deduced from the presence of small
rock fragments contained in the lowest
core retrieved from each hole.

THE DRILL UNIT

A modified USA CRREL thermal drill
(Ueda and Garfield, 1969; Bird and
Ballantyne, 1971) was used. The core
barrel has been lengthened and the melt
tank enlargened to allow a 2 m long core

Antarctic Division,
Department of Science and Technology,
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to be taken. The heater head assembly
is that constructed by Russell-Head
(1979) and uses a single element cast
in a copper annulus. This has proven
to be much more reliable than the prev-
ious system of cartridge heaters press-
ed into an aluminum head. The copper
head is slightly larger than the drill
barrel, to facilitate the passage of
the drill in a hole which is closing.

The temperature at the head and the
melt tank vacuum are both monitored.
The head temperature is not critical
with the copper head, since it does not
melt down as easily as the aluminum one
did, but it is a useful indicator of
thermal contact between the head and
the ice, particularly when reaming.

The melt tank vacuum reading shows
up malfunctions in the water extraction
system, failures of which can result in
freezing in of the drill.

An hydraulic motor is used to raise
and lower the drill and an hydraulic
ram, which lowers the cable sheave, is
used to feed the drill when coring.
Better quality cores and a somewhat
faster drilling rate are obtained when
using this feed system.

THE DRILLING OPERATION

Due to the lack of hydrostatic
balance in the hole during drilling,
and the relatively high temperatures
near the bottom of the hole, large
closure rates of up to 1.3 mm/h were
encountered. This introduced consider-
able difficulty during drilling, and



towards the base of the holes, several
reaming runs (in which the drill is oper-
ated at slow feed rate, with both heater
and vacuum pump on) were necessary before
taking each core. Drilling was stopped
in the first hole at 301 m due to low
penetration rates and the danger of los-
ing the drill due to rapid hole closure.
The radar equipment indicated an ice
thickness of 303 m at this site.

In the second hole, after taking a
core containing rock fragments, no pro-
gress was being made, possibly due to
the existence of larger particles, so
drilling was stopped at 344.5 m. The
radar equipment indicated an ice thick-
ness of 350 m at this site. However, the
radar reflection will probably be from
the highest layer of substantial rock
fragments, so the exact bedrock depth
may not have been established.

INSTRUMENTATION

The holes were logged for tempera-
ture, diameter and inclination. A plat-
inum resistence thermometer connected to
a Leeds and Northrup 8078 resistence
bridge gave temperatures to ¥ 0.01°C.
Schaevitz LSRP-5 and LSRP-30 sensors are
used to measure the borehole inclination.
For short period monitoring (of order
50 h) apparent tilts were erratic, poss-
ibly due to settling of the instrument
in the hole. The latest boreholes have
been relogged (1982/83) after periods of
0.5 a and 1 a and inclination changes of
up to 12° have been measured in the low-
er levels (McCray, unpublished).

DISCUSSION

Eight boreholes have now been drill-
ed approximately along a flow-line run-
ning from the dome summit to Cape Folger
on the Law Dome. The holes near the
edge, extend well into Pleistocene ice
and the latest two penetrate practically
to bedrock. Research is presently con-
centrated on climatic change as interp-
reted from the oxygen isotope data. Ice
dynamics studies are in support of this
research.

For the future, an improved thermal
(or mechanical) drill, capable of drill-
ing in a fluid filled hole, would allow
a borehole to be drilled from the dome
summit to bedrock where the ice thickness
is about 1300 m. This is a particularly
favorable site, as absolute dating may
be obtained from the seasonal signal in
the 6§80 variations that are locked in
because of the high accumulation rate
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(approximately 1 m/a).
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AN IN-SITU SAMPLING THERMAL PROBE

B. Lyle Hansen and Leendert Kersten
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Abstract

Philberth's thermal probe concept
and Aamot's pendulum steering technique
have been incorporated in a new design
which passes a portion of the meltwater
formed at the tip of the probe through
its interior where various parameters
such as conductivity can be continuously
monitored in high pressure cells. The
telemetry system and probe design will
permit the addition of other in-situ
measurements.

A simple DC measurement system pro-
vides precision measurement of the ice
temperature and changes in the
inclination of the probe during freeze-
in periods at selected depths in the ice
sheet.

Introduction

In 1979, the Polar Ice Coring Office
(PICO) undertock the development of an
in-situ sampling thermal probe the
design of which would: minimize the
possible occurrence of the difficulties
encountered by previous probe users,
include a telemetry system to permit
measurements while advancing under power,
provide means for making various
measurements on the meltwater flowing
from the tip of the probe through high-
pressure sample cells within the probe,
and provide a simple DC measurement
system and the transducers necessary to
measure changes in the orientation of
the probe due to the flow of the ice
sheet during freeze-in periods while the
cooling curve of the probe is being
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measured.

The probe is pendulum stabilized;
its center of gravity is below the 16.5
cm diameter upper hotpoint which
controls the advance rate (Figure 1).
The lower hotpoint and the body of the
probe have a diameter of 12.7 cm. The
overall length is 3.45 m and the weight
of the probe in air is 150 kg.

The lower 2.11 m segment of the
probe is a hermetically-sealed, thick-
walled, non-magnetic stainless steel
chamber at atmospheric pressure which
is designed to withstand an external
pressure of 5x107 N/m? or "pascals"
caused by the overburden of 4000 m of
ice plus a peak over pressure which
exists temporarily during the refreezing
of the meltwater. This chamber contains
the two hotpoints, transducers, high-
pressure sample cells and the telemetry
equipment.
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Figure 1. Thermal probe designs



The upper 1.32 m segment of the
probe contains about 3 km of miniature
coaxial high-voltage cable tested to
withstand 3000V DC immersed in water;
this segment is open to the ice/water
environment.

Most of the exterior cylindrical
surface of the probe is covered with a
Nichrome V ribbon heating element
sandwiched between fiberglass-reinforced
epoxy layers. The purpose of this
heating element is to melt the ice
around the probe when starting up after
a freeze-in period. It provides a power
density of 0.3 watt/cm? of exterior
surface area. Tests have shown that it
melts the probe free in ice of -L0°C
temperature in approximately one hour,
the interior chamber temperature at
melt-out being about 20°C.

History

In 1962, Karl Philberth (1962) de-
scribed the concept of he and his brother
Bernhard for a thermal probe to measure
the temperature inside of an ice sheet.
The outstanding characteristic of this
probe was that the wire for the trans-
mission of electrical power to it and
signals from it payed out of the
advancing probe and became fixed in the
refreezing meltwater above it.

In 1962, Philberth's (1964) con-
cept of a mercury steering-ring to
stabilize the vertical course of the
thermal probe was successfully tested
at Jungfraujoch, Switzerland.

In 1964, the development of the
Philberth thermal probe was undertaken
at USA Cold Kegions Research and
Engineering Laboratory (CRREL) with the
assistance of K. Philberth.

In 1965, the first Philberth
probe built at CRREL was tested at Camp
Century, Greenland (Aamot, 1967). An
insulation fault destroyed one of the
two conductors, and contact with the
probe was lost at a depth of 90 m.

In 1966, a second probe was tested
at Camp Century (Aamot, 1967). This
probe was stopped at a scheduled depth
of 259 m. Readings were taken to observe
the rate of cooling and the rise of the
hydrostatic pressure due to refreezing of
the meltwater. An attempt to restart
the probe was unsuccessful because there
was insufficient heat in the coil section.

In 1968, the third and fourth
Philberth (1976) probes were launched at
Station Jarl-Joset, Greenland. The
cartridge heaters in the third probe
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short-circuited at a depth of 218 m, and
again in the fourth probe at a depth of
1005 m. Temperatures were measured at
depths of 218, 615 and 1005 m. The
fourth probe was successfully stopped at
615 m, allowed to freeze-in for the
temperature measurement, and then
restarted on its way.

Two thermal probes with pendulum
vertical stabilization have been
launched in Antarctica (Aamot, 1970).

In 1971, a CRREL pendulum probe was
launched at South Pole Station by John
Rand (1971). It failed at a depth of
6 m, probably because the coil was
inadvertently overheated by operating at
too high a power level in the porous
firn.

In 1973, the Australians (Morton
and Lightfoot, 197-) launched their
thermal probe at a site 80 km south of
Casey Station where it reached a depth
of 112 m when it failed, probably due
to inadequate insulation on the stepping
switch. The temperature at that depth
was measured.

Design Features

To minimize the possible occurrence
of the difficulties encountered by
previous probe users, PICO undertook the
analysis and design of a hermetic seal
for the cartridge heaters, which pre-
viously were not hermetically sealed and
could have caused moisture to enter in
the insulation around the heating element
and/or the oxidation of this heating
element itself, resulting in a reduction
of the wire diameter.

Two approaches were investigated:
(a) hermetically-sealed cartridges were
fabricated and tested with very satis-
factory results -- their production was
difficult to achieve and very expensive;
(b) normal off-the-shelf cartridges
were purchased —- after insertion in the
hotpoints, these assemblies were baked
out at 120°C for approximately one hour
prior to final assembly of the lower
segment of the probe. Since the interior
of the probe is evacuated and refilled
with an inert gas the heaters need not
be hermetically sealed. Test results
have indicated a sufficiently acceptable
performance.

The cartridge heaters in the upper
and lower hotpoints are operated at
50 percent of their rated wattage. At a
maximum operating voltage of 1325V DC
and a current of L.07 amperes, the total
heating power of 5400 watts is so



divided that 1350 watts are dissipated
in the upper hotpoint and L4050 watts in
the lower hotpoint.

The entire 2.11 m lower segment of
the probe is hermetically sealed by a
combination of a U-type Variseal and a
pair of O-rings; this provides redundancy
but also the needed assurance of adequate
sealing (Figure 2).

LOWER HOT INT
Y[/ 170/ B9BY N7/

A = BACK-UP RING
B = O-RING
C = UTYPE VARISEAL

i et
HOT POINT BODY . . |
VSR - A A A

Figure 2. Hermetic sealing method of

the instrument chamber

The miniature coaxial high-voltage
cable consists of a solid center con-
ductor insulated with an extruded
copolymer of ethylene and tetrafluoro-
ethylene (DuPont's TEFZEL) covered with
a braided silver-plated outer conductor.

The center and outer conductors are
dead-soft annealed copper. This should
permit a 20 percent elongation due to
movement of the ice before the cable
ruptures.

The dielectric strength is tested
by immersing the complete coil in tap
water at room temperature and applying a
difference of 3000V DC for four hours
between the center conductor (cathodic =
negative) and the surrounding water --
any breakdown constitutes a failure.

The specified cable diameters and
values measured on a sample are shown
in Table 1. The maximum DC resistance
of the center and outer conductor at
20°C are 0.033L4 Q/m and 0.0295 ©/m,
respectively. The maximum specified
loop resistance of 0.0629 Q/m exceeds
the 0.057 9/m measured on a 50-m sample.

The characteristic impedance, %o,
and propagation constant, y, were
calculated at frequencies of 100, 1000,
10,000 and 100,000 Hz to confirm the
capability of transmitting a continuous
stream of data to the surface while
advancing the probe under power.

The telemetry system is powered by
a string of Zener diodes in series with
the heating elements. The DC output
voltages of the transducers are con-
verted into pulses in the audio
frequency range. These variable-
frequency pulse trains are sequentially
transmitted over the coaxial cable to
the surface monitoring station which
consists of a Hewletit-Packard 1222A
oscilloscope and 5316A universal
counter, a Fluke 1720A controller-
computer, a Fluke 2020A printer and
signal processing electronics. The data
is gathered, analyzed and then stored
on floppy disks (S%-inch diameter) for
future use.

This probe, like all of its
predecessors, contains a rotary selector
switch, but the significant difference
is that this switch has a much higher
dielectric strength of 3000V DC and a
current carrying capacity of 17 amperes.
The switch is actuated by reversing the
polarity of the DC voltage feeding the
coaxial ceble. Its use permits:

(a) the application of power to any one
or selected combination of heating
elements, (b) measurement of the
resistance of the heating elements or
various thermistors, (c) measurement of
the voltage or charging of the battery
pack used to energize the transducers
for DC measurements, (d) measuring the

Table 1.

Specification of Miniature High-Voltage Coaxial Cable

with TEFZEL Insulation

Specified Cable Diameter

Center +
Conductor 0.805-0.823 mm (0.0320

Over 1.245-1.321 mm (0.0505 *
Insulation

Overall 1.727-1.829 mm (0.070 £ .002 inch)

- .000L

Measured Diameter

003 51eh)  0.823 mm (0.0324 inch)
.0015 inch) 1.245 mm (0.0490 inch)

1.748 mm (0.0688 inch)




DC voltage outputs of the inclinometers,
compass and pressure transducers.

The pressure transducer, a Schaevitz
P763-0001A, measures the pressure of the
meltwater. A conductivity cell of in-
house design measures the conductivity
of the meltwater as it advances through
the probe.

The inclinometers, Schaevitz LSRP-
14.5, are calibrated at -30°C for opera-
tion over the range of 0°C to -55°C.
They are in a 90° x-y axis offset stack
with a Z-axis alignment.

The compass is a Norwegian-made
Aanderaa Model 1248 rotating, permanent
magnet unit.

The coil section which contains the
coaxial cable, unlike all previous
probes, is placed atop the upper hotpoint
(Figure 1). The PICO prototype thermal
probe uses a CRREL coil section, but
future probes will use a customized coil
section. This consists of individual
sections, each of which contains 550 m
of coaxial cable and is 29.2 cm long.
The advantage of the sectioned coil
segment is the reduction in cable cost
and winding cost. A specially-designed,
collapsible mandrel is available for the
orthocyclic winding of the coaxial cable
(Lenders, 1962).

Performance

The performance of the prototype
probe has been tested at the PICO
laboratory in ice conditions ranging
from -50°C to -25°C.

The penetration rate in ice at a
temperature of -25°C is 1.6 m/hr. The
penetration rate is controlled by the
upper hotpoint. The calculated power
distribution of 1/4 to the upper hotpoint
and 3/4 to the lower hotpoint ensures
the proper vertical pendulum steering of
the probe. The Australian probe also
utilizes a similar power distribution
(Morton and Lightfoot, 197-).

The CRREL coil to be used on the
prototype was frozen in ice at a
temperature of -L0°C. The coil was freed
after one hour at a current of L amperes.

The wall heaters on the exterior
of the probe's instrument and coil
sections are designed to provide
sufficient heat for a complete melt-out
after the freeze-in period. The designed
flux density of 0.3 watt/cm? , at a
current of 3 amperes, melts the probe
free from the -40°C ice in approximately
one hour.

Tests which must be completed

122

before launching the prototype

include: (a) overall systems pressure,
(b) flowrate of meltwater through the
probe when penetration is controlled by
the upper hotpoint, and (¢) calibration
of the conductivity cell.
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ABSTRACT

A description is given of the deep
thermal core drill being used at Vostok
Station, East Antarctica. A report on
the drilling progress is also given.

INTRODUCTION

In 1980, at Vostok Station, East
Antarctica, drilling of a new, deep bore-
hole was begun. Special low temperature
liquid was developed and used to fill the
bore hole to maintain its wall stability
during drilling and subsequent logging
operations.

The main objective of the first
stage of deep drilling at Vostok Station
in 1980-81, was the full scale trials of
new equipment and procedures for thermal
coring in liquid filled holes in very
cold ice. A new thermal, cable suspended
drill, designed at the Leningrad Mining
Institute, was tested. It was built as a
mobile rig and transported to Vostok
Station by sled-tractor train.

DESCRIPTION OF THE EQUIPMENT

The mobile drilling installation
(PBU-2) is a heated drilling facility
with a heated metal tower extending 7 m
above the roof of the building. The rig
is sled mounted. In the shelter, there is
an electrically driven hoist (10 kW), an
electrical control panel for the drills
and winch, 2 diesel electric generators
(16 kW each), a water heating unit as
well as lighting and heating equipment.
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There are three electro-mechanical
cables.

The KEMMP-6 is 22 mm in diameter
and weighs 1400 kg/km. There are three
copper cored power cables (each core is
4 mm® in cross-sectional area) and three
signal cores (each 0.75 mm? in cross—
sectional area),

The KG-7 cable is 16.5 mm in dia-
meter and weighs 890 kg/km. There are
seven power conductors (each 2.5 mm? in
cross-sectional area).

The KG-2 cable is 11.5 mm in dia-
meter and weighs 400 kg/km. It has a
central copper conductor 4 mm? in cross-
sectional area.

Depending on the power rating of
the separate units and the cable losses,
the heater units are operated at 40-
1000 V AC or DC, at 50~2500 Hz.

Drilling of the first 112 m was
carried out using a TELGA-14M core drill
(Korotkevich and Kudryashov, 1976)
designed for coring 180 mm ¢ dry holes.

Drilling beyond this depth was
carried out using the TBZS-152M core
drill (Fig. 1). A hydrocarbon based
liquid, the concentration of which was
regulated according to the temperature,
was used to fill the hole below the
firn-ice transition. It provided the
required hydrostatic pressure to inhibit
hole closure.

The annular heater of the core
drill operates at 3.0-3.5 kW, producing
a drilling rate of from 2.0-2.5 m/h.

An average run is 2 m. Mean core and



hole diameters are 110 mm and 154 mm
respectively.

Although perfect balance of the
ice pressure is unlikely, no obvious
difficulties resulting from any hole
closure at pressures of from 2 to 4 MPa
were experienced. All the systems and
units of the drill (the heater, the melt
water sections core lifters and pressure
gages) proved reliable and efficient.

15

vossssnsmamar.

Figure 1, The TBZS-152M thermal core
drill. (1) Heater ring (2) Core lifter
(3) Core barrel (4) Drain adapter (5)
Water pipes (6) Heater power cable

(7) Water heater (8) Tank (9) Water pipe
(10) Pump adapter (11) Pump (12) Elec-
trical section (13) Cable termination
(14) End cap (15) Electro-mechanical
cable.
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During drilling, a number of new
techniques were developed and tested.
These included an automatic down winch-
ing system, a system thyristor control
of the heater power and new cable
construction and termination.

Early in 1981, after a depth of
1500 m was reached, the drilling contin-
ued using the TBS-112 HF core drill
with a high frequency power transform-
ation which significantly reduces cable
power losses and allows more power to be
available for melting ice (up to 5 kW).
The hole diameter was reduced to 112 mm.
The drilling rate of the new drill
increased to 3.5 to 4.0 m/h and early in
1982, the Vostok N/3G hole was 2000 m
deep.

This hole was logged for tempera-
ture, bore hole geometry and some physi-
cal and mechanical properties adjacent
to the hole wall.

Core recovery was 99.9 % and qual-
ity was high.
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ABSTRACT

Three drill units suitable for
drilling in temperate ice are described.
They are an electro-thermal corer, an
electro-thermal spike and a hydro-therm-
al drill. The function and field use of
these units is briefly discussed.

INTRODUCTION

Many mountain glaciers in mid lati-
tudes and some glaciers on the Arctic
Islands may be considered as temperate.
The temperature below a surface active
layer is at or close to the melting
point. During the summer, an intensive
melting occurs and free water may be en-
countered both at the surface and in the
body of the glacier.

The thickness of these glaciers is
mainly between 100 m and 500 m, but
occasionally thicknesses of 800 m or
more may be encountered.

In the accumulation zone, there may
be thick firn layers while in the abla-
tion zone,moraine and other deposits
may be found in various concentrations.

DESCRIPTION OF DRILL UNITS
The Electro-thermal Core Drill ETB-1

An electro-thermal core drill,
model ETB-1, (Fig. 1) was developed for
core drilling in temperate ice (Morev,
1972). It consists of an annular bit or
shoe attached to the lower end of a core
barrel, to which are attached a set of

core grippers. At the upper end, there is
an end cap assembly and a spring loaded
cable termination.

The ETB-1 differs from the ETB-3
unit (Morev, 1974) by the absence of the
piston, the double core barrel and the
filler tube.

After the drill has been lowered
into the hole, the power is supplied to
the drill heaters, causing melting of
the ice there. The advance rate of the
cable is controlled by the tension on
the cable that is measured by means of
a block balance. The power load on the
drill heaters is controlled by means of
the voltage controls on the operators
panel, When the bore hole becomes contam-
inated with debris, the speed of drill-
ing is seen to be reduced. To restore
the speed, it is necessary to clean the
bore hole bottom. To do this, a conical
nosed heater unit is lowered to the base
of the bore hole on the next run, and a
conical hollow is melted into the ice.
The debris then collects in this conical
space and most of it may be brought up
still trapped at the top of the next
core. During such coring operations, the
hole is usually filled with melt water
which prevents hole closure.

The drill has the following specifi-
cations:

Outer diameter of shoe, 108 mm

Inner diameter of shoe, 84 mm

Bore hole diameter, 112-120 mm

Core diameter, 78-82 mm

Length of drill, 1.5-3.5m
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Figure 1. ETB-1 electro-thermal core
drill., (1) Heater shoe. (2) Core barrel.
(3) Core grippers. (4) End cap assembly.
(5) Cable termination unit. (6) Spring.
(7) Electro-mechanical cable.

Length of core, 1.0-3.0 m
Drill weight, 15-40 kg
Power intake, 1-3 kW
Drilling rate, 2-6 m/h

The electro-mechanical cable is a single
core, armored type with a diameter of
8.6 mm. Power is transmitted through the
core and the armor. A manual or electric
drive winch is used to feed the cable
which is normally 500 m long. For this
depth drilling, a generator of about

4 kW is sufficient.

The Electro-thermal 'Needle'" Drill

This unit, shown in Fig. 2, was
developed for hole drilling without core
recovery. It consists of a conical heat-
er bit attached to a pipe by means of a
coupling nut and connector. To the upper
end of the pipe is attached the cable
termination assembly which is surrounded
by the spring loaded hole centering de-
vice. Power is transmitted through the

RC

Figure 2. Electro-thermal "Needle" drill.
(1) Conical heater bit. (2) Central pipe.
(3) Coupling nut. (4) Connector.

(5) Cable connector assembly. (6) Spring
loaded hole centering device. (7) Elec-
tro-mechanical cable.

core and the armor of the cable. If clay
and sand accumulate significantly at the
base of the hole, the heaters may over
heat and burn out.

The drilling rates should be monitor-
ed constantly, and the heater power
varied in direct relation to the drilling
speed. The tension in the cable is con-
trolled by means of a block balance.

The drill has the following specifi-
cations:

Drill bit diameter, 40 mm
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Bore hole diameter, 42-55 mm
Length of drill, 1.5-2.0 m

Drill weight, 5-7 kg
Power intake, 1-3 kW
Drilling rate, 6-18 m/h

Core and bore hole drilling in
temperate glaciers of the Caucasus,
Pamirs, Polar Urals and Spitzbergen has
been carried out since 1970 (Suhanov,
et. al., 1974; Zagorodnov and Zotikov,
1981). Several tens of bore holes have
been drilled to an accumulated length of
7 km. This includes more than 1 km of
cored hole. Generally, holes were drilled
to bedrock, the maximum depths being
368 m for cored holes and 586 m for un-
cored holes.

The Hydro-Thermal Drill

For the rapid drilling of shallow
(20 m) holes in clean or contaminated
ice, a mobile hydro~thermal drill was
constructed (Fig. 3). The holes may be
needed for installing ablation cables,
or for measuring the thickness of ice
mounds.

7
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Figure 3. Hydro-thermal drill unit.
(1) Water tank. (2) Sled resting on ice
or snow surface. (3) Weather protection
housing. (4) Gasoline blow torch.

(5) Control valve. (6) Pipe leading to
the drill head. (7) Drill tip, 1.5-2 mm
diameter. (8) Water return pipe.

(9) Piston pump for providing water
pressure. (10) Inlet water filter.

(11) Pump filter.

The drill has been successfully
tested on the Pamir Glaciers and on var-
ious ice mounds in Eastern Siberia.
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It consists of a tank mounted on a sled
and protected by a heat insulating hous-
ing, inside of which is mounted a blow-
torch that burns gasoline. Water is
heated in the tank and pumped via a
flexible hose to the drill tip. On the
return stroke of the pump, water in the
hole is transferred back to the tank for
reheating. The use of the two filters
shown in Fig. 3 is very important to
prevent the clogging of the drill and
the pump while drilling in contaminated
ice.

The weight of the unit is 30 kg.
The drilling rate is about 1 m/min at
a water flow rate of from 7 to 10 m/s.

FUTURE DEVELOPMENTS

There are plans for further improve-
ment of the electro-thermal equipment,
firstly, to make it possible to drill
in contaminated ice without wasting
excessive time cleaning the base of the
bore hole, and, secondly, to recover an
oriented core and a core not saturated
with water from the melting of the firm.
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EQUIPMENT AND TECHNOLOGY FOR CORE
DRILLING IN MODERATELY COLD ICE

V.V. Bogorodsky and
V.A. Morev

ABSTRACT

The equipment for thermal coring in
ice as cold as approximately -30°C is
described. Ethyl alcohol is used as the
hole filler and its use together with
glycerol is discussed.

INTRODUCTION

Glaciers in which the temperature
is not lower than about -33°C are con-
sidered to be moderately cold. All polar
glaciers, with the exception of the in-
terior parts of the Antarctic Ice Sheet,
fall into this category.

The depth of dry holes drilled in
glaciers is restricted by the plastic
properties of ice, which cause hole
contraction. For successful drilling in
such glaciers, it is necessary to fill
the holes with fluid to compensate for
the hydrostatic ice pressure. A solution
of ethyl alcohol mixed with water was
found to be a suitable filler. This solu-
tion permitted the use of light weight
drilling equipment and improved the
quality of the core.

DRILLING EQUIPMENT

The ETB-3 electro-thermal core

drill was developed for drilling in
moderately cold ice. It is shown schem-
atically in Figure 1. It consists of the
annular heater shoe fixed at the lower
end of the two concentric barrels which
are fitted with three core grippers.
A piston slides inside the inner (core)
barrel, which is initially filled with
the anti-freeze solution by means of an
inlet nozzle. At the upper end of the
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drill is a spring loaded cable termina-
tion. The drill is suspended in the
hole by means of a single conductor
armored electro-mechanical cable. power
is transmitted through the central
conductor and the armor (Morev, 1972;
1974).

The drill operates in the following
way. The piston is set in its lowest
position and the core barrel is filled
with an ethyl alcohol-water solution
of required concentration before the
drill is lowered into the hole.

When the drill shoe is in contact
with the bottom of the hole, the power
is applied to the heaters causing the
shoe to melt an annular space in the
ice. The core passes into the core
barrel and moves the piston upwards.

As a result, the solution is expelled
from the inner barrel through holes

in the upper end. It percolates down

the space between the concentric barrels
to the base of the hole where it mixes
with the new melt water.

When the core barrel is filled with
core, the winch is suddenly reversed,
and the jerk causes the core grippers
to become engaged with the core which
then breaks across. After raising the
drill to the surface the operators put
the drill on a tilting table where the
core is removed and the barrel refilled
with new anti-freeze solution. The
drill is then ready to be lowered back
down the hole.

The auxiliary equipment includes a
winch with electric motor drive, a
plumb bob and dynamometer (for measur-
ing cable tension) and a counter for



Figure 1. Schematic diagram of the
ETB-3 electro~thermal core drill.

(1) Heater shoe. (2) Nichrome heater
wire winding. (3) Outer barrel. (4) In-
ner core barrel. (5) Core grippers.

(6) Sliding piston. (7) Inlet for in-~
jecting anti-freeze into the core barrel.
(8) Spring loaded cable termination
assembly. (9) Electro-mechanical cable.

measuring the length of the cable in the
hole.

The overall drill length is only
0.7 m longer than the core barrel. The
use of small sized (8.6 mm diameter)
cable meant a reduction in the size,
weight and power rating of the hoist.
Further, the utilization of the melt
water for back filling the holes reduces
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the amount of special filler needed.
At present, we believe that this
drilling equipment is the lightest and
the most effective. The cores and the
holes can be used for most common
studies.
The drill specifications are:

Heater shoe outer diameter, 108 mm

Heater shoe inner diameter, 84 mm
Hole diameter, 112-120 mm
Core diameter, 78-80 mm
Core length, 1-7 m
Drill weight, 25-180 kg
Power consumption, 1-4 kW
Drilling rate, 2-6 m/h.

The concentration of the solution
used for drilling depends on the ice
temperature, and may be determined from
the nomograph shown in Figure 2. This
nomograph shows that when filling the
drill with 96 % ethyl alcohol, the
coldest ice that may be safely drilled,
has a temperature of -33°C. This condi-
tion restricts the use of the ETB-3
drill.

In glaciers with a positive temp-
erature gradient (temperature increas-
ing with depth) the concentration of
the alcohol solution decreases with
depth. The resulting density structure
prevents liquid convection and ensures
a long term life of the hole.

Observations at the Vavilov Dome
(Severnaya Zemlya) were conducted at
several bore holes for 2-3 years. A
small quantity of ice crystals was al-
ways present in eutectic solution.

The ice slush crystals were suspended
in solution and partly sticking to the
wall of the hole. It was observed that,
provided the temperature gradient was
positive, the crystals do not float up
or form shuga (slush) plugs.

With an inverted temperature dis-
tribution convection of the liquid and
the subsequent formation of shuga plugs
is possible.

Convective fluid movement starts
when the reversed temperature gradient,
dT/dz reaches a critical value given
by (Ostroumov, 1952; Krige, 1939):

dT/dz = c*v k /g B R* (1)

where T 1s temperature,
z 1is depth,
C 1is a characteristic parameter,
vV 1s the kinematic viscosity
of the fluid,
K 1is the thermal diffusivity of
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Figure 2. Nomograph for the estimation of solution concentration of ethyl alcohol

to be mixed with melt water.

the hole fluid,

g 1is the acceleration due to
gravity,
B is the coefficent of volume
expansion of the fluid and
R is the bore hole radius.
The coefficient B is determined
from the difference of eutectic solution

densities as a function of temperature.
The diffusivity of the solution is
determined by the method described by
Ostroumov (1952) using the relationship
between the heat capacity of the ice
and the solution at the eutectic point.

Using equation (1) values of the
critical gradient have been computed for
different temperatures. The results,
which yield conservative estimates, are
shown in Figure 3.

There were no problems encountered
with drilling using the alcohol-water
solution even with reversed temperature
gradients 30-50 times the critical one.
However, in these cases, some slush
formation was observed some time after
the drilling was completed. At Lomonosov
Plateau (Spitzbergen) where the reversed

temperature gradient is 6000 times great-

er than the critical one problems were
encountered during the drilling.
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Figure 3. Plot of critical gradient

versus temperature of the solution.

For long term bore hole life, where
a reversed temperature gradient exists,
a loading fluid, such as glycerol,
should be added. The quantity of glycer-
ol that should be added depends on the
temperature distribution in the hole
and may be estimated from the nomograph
given in Figure 4. The maximum quantity
of the glycerol should be released at
the point of minumum ice temperature.
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Figure 4. Nomogram for the estimation of the required amount of glycerol to be add-
ed to triple solutions (ethyl alcohol-water-glycerol). Each curve corresponds to a
percentage glycerol to be added (0,1,2,3,4,5 %) according to the temperature

distribution in the hole.

The glycerol can be added to the
drill chamber during one of the core
runs.

SUMMARY OF DRILLING

The ETB~3 drill has been used to
core more than 10 holes in different
Arctic and Antarctic glaciers since
1972. The cumulative depth exceeds 5 lm.
A recent use was in the core drilling
through the Ross Ice Shelf at site J-9
(Zotikov, 1979).
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LIQUID FILLERS FOR BORE
HOLES IN GLACIERS

V.A. Morev and
V.A. Yakovlev

ABSTRACT

An evaluation is made of the diff-
erent types of liquid fillers that
could be used in bore holes in glaciers.

INTRODUCTION

Liquid bore hole fillers are used
to compensate for the hydrostatic press-
ure exerted by the ice during and after
drilling. Fillers may be either hydro-
phobic or hydrophyllic.

PROPERTIES OF FILLERS

Liquid fillers should meet the
following requirements:

(1) Their freezing temperature should
not be warmer than the glacier tempera-
ture.

(2) Their density should be equal to or
greater than the density of glacier ice
but it should be less than the density
of water.

(3) The viscosity of the filler should
not interfere with the motions of the
drill.

(4) The fillers should be non-toxic and
they should not lead to contamination of
the environment or the ice core.

(5) Their electrical conductivity should
be low.

(6) They should be easy to handle and
safe to work with under all conditioms.
(7) They should be easily available and
inexpensive.

The hydrophobic fillers, which are

The Arctic and Antarctic Institute,
Leningrad, U.S.S.R.

petroleum based, should be loaded. The
known loading liquids such as trichloro-
ethylene and tetrachloromethane are toxic
and strong solvents. If used, they should
be handled with special care. The safety
measures required are not always feasible
in the field.

The hydrophyllic, or water based
solutions, are found to be most suitable
for £illing bore holes. A number of diff-
erent salts were studied (NaCl, CaCl,
and MgCl,) as well as liquid hydrocarbons
(alcohols, glycerol and ethylene glycol).
It was found that methyl alcohol is the
most appropriate filler, but its toxi-
cant properties preclude its safe use.

As an alternative, ethyl alcohol was
chosen as the filler. The density of its
eutectic solutions lie between the den-
sitles of ice and water. Its viscosity

is sufficiently low that winching opera-
tions are not adversely affected by the
presence of the hole fluid. The use of
this fluid does not lead to contamination
of the environment, nor does it appear

to compromise any of the bore hole or
core studies. Thermal drills used in
conjunction with an alcohol-water solu-
tion are easy to operate, light weight
and reliable. The efficient use of the
melt water to back fill the hole obvious-
ly lessens the amount of filler solution
required to be transported to the drill
site.

It is known by measurement that the
filler poured into the bore hole will
achieve the temperature of the surround-
ing jce in 7-10 days. In those glaciers
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where the temperature gradient is posi-
tive, the solution density increases with
depth. This precludes convection in the
solution and promotes a longer bore hole
life,

If the temperature gradient in the
ice (and hence the bore hole) is any-
where negative, then this section of the
fluid column is liable to undergo con-
vection. This may be accompanied by
shuga (slush) formation. In order to
stabilize this section of the bore hole
by maintaining a constant density or by
increasing it slightly, glycerol should
be added.

The properties of the solution to
be used are determined in the following
way. The freezing temperature is determ-
ined both from reference data and from
laboratory tests. The densities of the
eutectic solutions may be calculated
from Mendeleyev's (1934) formula:

P = Py, + D(20-t) - E(20-t)2 (1)

where D and E are empirical coefficients,
t dis the solution freezing temperature
and p,, is the solution density at 20°C.

The solution density values obtain-
ed from equation (1) were determined
experimentally to third place accuracy.

The freezing temperatures and dens-
ities of triple solutions were also
obtained experimentally.

Figure 1 shows the dependence of the
freezing temperature of the ethyl alco-

hol-water solution on its concentration.

Figure 2 shows the dependence of
the density of the ethyl alcohol-water
eutectic solutions on the solution temp-
erature.

Figure 3 shows the dependence of
double and triple solution viscosity on
temperature.,

APPLICATIONS

In temperate glaciers, the pure
melt water becomes the filler. However,
the upper layers of the glacier may
loose heat and freezing of the upper
borehole water may take place. If it is
necessary to preserve the hole, the up-
per 10-20 m should be cased and this
part of the hole should be filled with
an anti-freeze liquid.

In cold glaciers with a positive
temperature gradient, the water~alcohol
solutions prolong the holes life. In
glaciers with a complex temperature
distribution, triple loaded solutions
are recommended, to ensure that they
have constant or increasing density with
depth.

Alcohol-water fillers have particu-
lar applicability when thermal drills
are being used.
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SELECTION OF A LOW TEMPERATURE FILLER
FOR DEEP HOLES IN THE ANTARCTIC ICE SHEET

B.B. Kudryashov
V.K. Chistyakov and
V.M. Pashkevich

and

V.N. Petrov

The Leningrad Mining Institute,
Leningrad, U.S.S.R.

The Arctic and Antarctic Research Institute,

Leningrad, U.S.S.R.

ABSTRACT

The development of a suitable low
temperature liquid filler for the 2000 m
deep hole at Vostok station, Antarctica,
is described.

INTRODUCTION

In deep drilling through the East
Antarctic Ice Sheet it is essential to
maintain stability of the hole wall
under increasing hydrostatic pressure
and pressure. The amount of hole closure
expected is primarily determined by the
ice rheology and temperature as well as
the duration and type of drilling.

The filler should meet certain
requirements:

(1) The freezing temperature should
not be higher than -60°C.

(2) It should not deteriorate when
in contact with ice.

(3) It should be water immiscible.

(4) It should have low viscosity
at low temperatures.

(5) It should be easy to handle,
safe to work with, easily available and
inexpensive,

Experimental studies of a number of
hydrophyllic (alcohol-salt solutions)
and hydrophobic liquids (immiscible with
water) indicated the limited use of the
former since they tend to interact with
the ice if great care is not taken.
Hydrophyllic liquids can be used conven-
iently when thermal drilling at tempera-
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tures down to about -30°C.

For deep drilling in the East Ant-
arctic Ice Sheet at temperatures near
~-60°C a special low temperature filler,
developed at the Leningrad Mining Insti-
tute, was used.

FILLER PROPERTIES

The filler is hydrocarbon based
and its density may be varied from
0.880 Mg m~® to 0.920 Mg m~® by the
addition of a loading material. Due to
its low viscosity and high immiscibility
with water, the filler kept the lower
bore hole free of slush. The 2000 m
deep hole at Vostok station was drilled
in 1981-82 with the use of the LMI
filler. No significant hole contractions
were recorded.

USE OF THE FILLER

The filler level in the hole should
not be less than about 100 m from the
top of the hole, since the filler will
permeate the firn. To be very economical
this level may be set even lower, prov-
ided hole closure is not significant.

To calculate the filler density
required to take account of the changing
ice properties with depth and tempera-
ture, an analytical expression was de-
veloped. It is derived from an equation
for the wall strain rate.

The final operational equation
(Salamatin, et al., 1981) is:



Pg = p; = 10°n(gH) "} (Ar)~1/n Xy
(Zn Ry/R)~/1 (1)
where p and P; are the densities of

the drilling solution and the ice
(Mg m™?),

H is the depth of the hole (m),

Ry and R are the initial and
current hole radii (mm),

n is the dimensionless power
index in the flow law,

A 1is the parameter in the flow
law which is dependent on the phys-
ical properties of the ice
(MPa™™ s™1y and

t is the time elapsed (s).

Calculations made using this ex~
pression (1) for the Vostok station
conditions are in good agreement with
the field drilling results in the No. 3G
hole in 1980 (Fig. 1).

Referring to Figure 1, the drilling
down to 1415 m was made with incomplete
balance of the ice pressure. The upper
levelsof the filler (density 0.810
Mg m” ') was maintained at fron 200 to
450 m below the surface, The hole dia-
meter was measured periodically. Also,
the drilling rates were watched care-
fully. These observations indicated that
wall contraction did not exceed 0.5-1 mm.

REFERENCE

Salamatin, A.N., V.K.Chistyakov, D.N.
Dmitriyev and V.M. Pashkevich (1981)
Theoretical analysis and experimental
studies of hole wall deformation,
Antarctica. Committee Reports. vol. 20,
Moscow.,

138

TIME (MONTHS)
6 9

0 3 12 15
0.0 ) LS lllllllal LEBLBBLE 0
/J_b—‘\[“/.‘l-/__soom 1~
o
= 1 s
Zo.s- b—’l‘/l/—"___ 1s=
= 900 m i E
. a 1 @
._ m—
&,I.OL b 3Gom
N 0%
N 4
'.5' ) T N Y N N T T NN N VRN N N G A |
Figure 1. The calculated and observed

liquid pressure in the No. 3G bore hole
during the 1980 Vostok station opera-
tions. Curves (a)- the calculated and
required pressures for depths of 500 m,
900 m and 1300 m. Curves (b)- the observ-
ed pressure values for depths of 500 m,
900 m and 1300 m. Curve (c) is the dril-
ling progress plot.



NEW EQUIPMENT AND
TECHNOLOGY FOR DEEP
CORE DRILLING IN COLD GLACIERS

V.V. Bogorodsky, V.A. Morev,
V.A. Pukhov and V.M. Yakovlev

ABSTRACT

A new electro-thermal drill, ETB-5
was developed from the model ETB-3, for
the purpose of coring in glaciers which
contain ice colder than -33°C. The unit
and its functioning principles is de-
scribed.

INTRODUCTION

The powerful and reliable electro-
thermal drill, ETB~3 (Morev et. al.,
1981) is used for drilling in ice when
the temperature is not lower than -33°C.
The upper layers of the central east
Antarctic ice sheet have temperatures
as cold as -57°C. The attempted deploy-
ment of ETB-3 under these conditions
would require a considerable increase in
core barrel diameter, and, accordingly,
excessive quantities of electrical power
and liquid fillers. Instead, for optimum
dimensions of core and hole, using rea-
sonable power levels, the ETB-5 drill
was developed.

THE DRILL UNIT

Figure 1 is a schematic diagram of
the ETB-5 drill unit. It consists of a
drill heater shoe attached to two con-
centric barrels, the inner one of which
serves as the core barrel. Above the
shoe, are the three core grippers. A
lower piston moves within the confines
of the core barrel. Above, there is an-
other set of concentric barrels, the in-
ner one of which contains the upper pis~
ton which is connected to the first by
a connecting rod. There are two sets of

The Arctic and Antarctic Research
Institute, Leningrad, U.S.S.R.

fluid filling nozzles, one set for each
chamber and a set of inlet ball valves.

At the top end there is an end cap
assembly and a spring loaded cable term-
ination.

The drill is suspended in the hole
by a single cored armored cable (KG-1-40-
180) with a diameter of 8.6 mm. Power
applied to the drill heaters, varies
from 3 to 4 kW. Energy losses in a 4 km
long cable amount to 3 to 4 kW. The max-
imum power consumption would therefore be
up to 8 kW (supplied at 600 to 800 V).

The core barrel may be made 1.5 m
to 3 m long, as is the case with the
ETB-3 drill to which it is analogous in
principle.

WORKING PRINCIPLE OF THE DRILL

The first step is to fill the upper
tank and the core barrel with anti-freeze
solution of the required concentration,
the pistons being set at their lowest
position. After lowering the drill to the
base of the hole and switching on the
power, the melting process at the annular
drill face commences. During this pro-
cess, the core lifts the pistons, as a
result of which, the solution is expelled
from the core barrel and travels down the
space between the concentric barrels to
the lower drill hole area, where, after
mixing with the melt water, it produces
the first solution. (If the core barrel
is filled with 96 % alcohol, then the
resulting lower solution has a strength
of about 50 % alcohol).

As it is expelled by the rising
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Figure 1.

Schematic diagram of the
ETB-5 electro-thermal core drill.

(1) Heater shoe. (2) Lower double tubes.
(3) Core grippers. (4) Piston with rings.
(5) Lower fluid filling inlets. (6) Upper
double tubes. (7) Upper piston with
rings. (8) Upper fluid filling inlets.
(9) Inlet pressure valves. (10) Fluid
discharge openings. (1l1) Connecting rod.
(12) End cap assembly. (13) Spring and
cable termination assembly.

upper piston, the upper fluid is forced
through the space between the barrels
and out the openings (10) shown in Fig.
1. By means of the inlet valves (9), the
original, lower solution is now extract-
ed from the hole by suction and collect-
ed in the lower end of the upper chamber,
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In this way, an anti-freeze solu-
tion of the required concentration is
distributed more evenly along the length
of the barrel. As a result, un-necessary
excess melting of the bore hole walls
and the subsequent dilution of the anti-
freeze solution is minimized. Excessive
dilution and cooling of the solution
could lead to shuga (slush) formation.

FIELD TESTING OF THE UNIT

The drill was tested on a glacier
of Severnaya Zemlya. It is now being
tested at Komsomolskaya Station in east
Antarctica, where the near surface
temperature is -53°C. The drill equip-
ment sent to Komsomolskaya includes a
heated shelter, mounted on a steel trans-
port sled. The total weight of the equip-
ment including the sled is about
18,000 kg. The shelter contains a 16 kW
diesel power unit, a cable winch with a
drum capacity of about 5 km of cable
and an electric drive with a power of
7 kW. Above these units there is a tower
9 m high. Other items include a control
panel, and a dynamometer. Hot water heat-
ing is by excess heat from the diesel
generator and there is natural and art-
ificial ventilation.

After its extraction from the hole
the drill is placed on a table and the
core removed. The chambers are then re-
filled with anti-freeze solution. These
procedures are carried out in a special
unheated cabin where the core examina-
tion and analysis is also performed.

The dimensions of the drill shelter are
3.5m x 8 m and of the unheated cabin
2.5mx 5 m.

To provide vertical holes, the
cable is kept under tension. This is
controlled by partially activating the
spring in the end cap of the drill. The
tension may be measured using the dyna-
mometer or using sensors installed in
the spring assembly. Due to the lower
weight of cable in fluid, it is possible
to control the cable tension entirely
using surface equipment down to a depth
of at least 2.5 km. Tensometers may be
used when the sensitivity of surface
instrumentation is inadequate.
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