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ods and computer programs as in 1986 (Thorning &
.Hansen, 1987). By October 1987 all profiles were repro
. duced in hard copy, digitized and processed to migrated
ice~thickness data. However, the data have not yet been
gridde~ into maps, as it is the intention to compile cl
combined data base of EMR data from 1985-1987, and

, -

scrutinize this for internal consistency before producing
improved maps of ice-thickness; subglacial relief and
hydrological potential.
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ConstruGtion ,and testing ofa lightweight radar -for ice-thickness
determinations on glaciers jn the Påkitsoq area,

central West GreenlaIid
Leif Thorning and Egon Hansen

Although the helicopter-borne EMR surveys de~

scribed in Thorning & Hansen (1988) .resulted in excel
lent results from most of the catchment area of interest
for the hydropower plant planned for Jakobshavn, there
are still some local areas, such as the glacier lobes and
ice-falls; where no meaningful data could be obtained.

'In the autumn of 1986 it was decided to construct a
monopulse ice radar for use in such areas.

Construetion -

. The instrument was constructed at GGU using a sub
contractor for the high voltage power supply. The prin
ciple of the ice radar and good advice on its construction
is given in Hodge (1978), which we followed closely.
The principle and main components are shown in fig. 1.

The instrument consis~s of two separate parts: the
transmitter and the receiver.

The transmitter contains a 750 V DC power supply
and a circuit containing four transistors. These are
brought to avalanche and pulse with a repetition rate of
approximately 6 kHz over a load of 400' ohm. The
choice of output frequency is then made through the
choice of antenna length.

The signal from the receiver antenna is fed into an
oscilloscope. The signaion the oscilloscope shows the
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direct pulse through air (used for triggering the sweep)
and the reflected pulse delayed in proportion to the
distance travelled through ice (fig. 2). The two-way
travel time is calculated as the delay time for the arrival
of the reflected pulse read off the oscilloscope plus the
tra~el t.ime· for the direct pulse through air. For docu
mentation a photograph is taken of the oscilloscope
screen and its setting using a camera with date/time
backpanel.
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Fig.!. Principleof the mono-pulse ice radar. F9r explanation,
see text.



Several sets of antennas were constructed for differ
ent frequencies, in half-antenna lengths of 1.25, 2.5, 5,
10, 20, and 40 m, corresponding to peak frequencies of
40, 20, iO.5, 2.5, and 1.25 mHz. Each antenna is a ' .~

resistively-loaded, centre-fed dipole, identicai and sym- ~

metric about the feed point.' The antenna wire with ~
interspersed resistors was eIiclosed in a plastic tube with 5
test points at 'the ends to check for continuity. The ~

. antennas were flexible and easy' to handle,even at the ~
low temperatures prevailing on the ice. The power sup- ' , ~
ply was from rechargeable batteries for both transmitter ~

and receiver.' ~

.Velocities for radio waves were chosen at 300 rnI~s in
air and 168 m/~s in ice.

119

r DFlECT,PULSE THROUGHAFl

. , " r PULSE,REFLEC!ED FROM BE6R~CK :

EXPANDEOVEW OF REFLECTED PULSE (5x)

Field work 1987

.As part of the glaciological work in the Påkitsoq area
(Thomsen, 1988) and the condnuation of the EMR
surveys, the last of which took place in April 1987,
(Thorning et al., 1986; Thorning & Hansen, 1987;
Thorning & Hansen 1988) ~ a program was planned for

.detailed measurements around drill sites and on the
glacierlobes to'test the instrument:and produce useful .
data for the hydrological work. Besides using ,the ice

. radar at different localities and on different types of ice,
a series of experiments using different frequencies, dif
ferent transmitter-receiver distances, profiling and ex
panding spread around a fixed common midpoint were
planned to demonstrate the capabilities and limitations
af the equipment on the Greenland Inland lee. Howev
er, as itturned out, much time was wasted an equip
ment· failures manifesting themselves in burned-out
components inthe high voltage supply circ\lit. Thus,
only a limited partof the program could be carried out.
It w~s, however, enough to demonstrate the usefulness
af the ice radar, and to get same ideas an how to
improve GGU's version. The work was based atthe
camp an the Inland lce shared with the GGU glaciol
ogist working in the area (Thomsen~ 1988).

Diseussion o/ results .

Work wascarried out in three areas.
In the area adjacent to the first hole drilled through

the ice (Olesen & Clausen, 1988), tlie ice thickness of
approxiroately 300 ro fitted well with both the results
from the EMR surveys and from the logging af the hole.
The returned signal was weak, but easily recognizable.

The second area was' near a drainage system in a
depression in the ice surface where the drilling ran into
difficulties, probably due to material of same sort in the
ice at approximately 270 m depth and same 60 m above

2 ,3 4 5
DELAY TIME; (J' sec)

Fig. 2. Example of recording (redrawn from photo) .

the bedrock. Here transmitter-receiver (T-R) distance
was varied from 50 to 200 m and all 'frequencies were
tried. Although the direct pulse was always well de
fined, no reflected pulse could be recognized in the
fieid. Presumably, the material (sand, gråvel, rock ?)
which gave difficulties for the drilling, also completely
scattered the radar'waves and diminished the retuming
_signal to below the noise level. This does not mean that
'it is impossible 'to obtain data from such an area in the
future., The 'contamination' af the ice may varylocally,
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Fig~ 3. Position of profiles on the surface of the glacier into lake
187. Transmitter-receiver distance 100 m. The circ1ed points
are positions af stakes. Contours and points show elevation of
surface.
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Fig. 5. Sections constructed from the ice rl.ldar measurements.
Profile positions indicated on fig. 3.

bedroclclice or water/ice interface; at present the former
possibility is favoured. The resuIts will be added to the
EMR data base, and improve map accuracy in this area.
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Based on the experiences with the monopulse ice
radar, technical improvements have been planned.
More detailed work will probably be attempted next
year on the lobe of the glacier into lake 187, aimed at an
accurate mapping of the bedrocklwater surface below
the glacier. Methods for data reduction will also tie
.refined.
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and it may be a question of moving the equipment
around, until a place is found where the signal gets
through. Unfortunately, there was no time to do this in
1987.
. The third area, the lobe of the glacier into lake 187,

yielded the most promising results. Here 2 km of pro
files with a T-R separation of 100 m gave good, clear
return signals at all measuring points. The antenna
length was 20 m corresponding to 5 mHz, a frequency
often quoted in the literature as suitable for this type of
environment. In fig.3the position of the profiles on the
glacier is shown where point C is at stake 2.l.

The calculated two-way travel time cannot be directly
converted into ice thickness, because it cannot be as
sumed that the return signal comes from below the
midpoint. For each position of the transmitter and re
ceiver the re'fIected signal may come from any point on
an ellipsoid with transmitter and receiver in the focal
points. A program has been made folIowing Blatter
(1987; personnal communication, 1987), which calcu
lates and plots this ellipse in the vertical plane of the
profile for each measurement position (fig. 4). If no
other information is available, the envelope of these
ellipses probably represents the best estimate of the
upper limit of the bedrock relief. However, alternative
interpretations are possible, as indicated on fig. 4. More
detailed measurements using other geometries and sam
pling intervals may well limit the ambiguity. signifi
cantly.

Using thissimple approach thecross-sections (fig. 5)
were constructed giving ice- thicknesses' of 70-50 m.
These represent the first estimates of the ice thickness
of ihis glacier based on directmeasurements, but they
are not yet sufficiently detailed to determine the charac
ter of the bottom of the glacier, Le. whether it is a

o 200 400 600 BOO

LENGTH ALONG PROFILE (m)

Fig. 4. Example of plot of refiection ellipses for profile CD in
fig. 3. The two tops (at 100 and 600 m) would be an equaIly
correct interpretation (shown with stippled line).
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Test drilling with a hot water jet at the Inland Ice margin,
Pflkitsup, central West Greenland

Ole B. Olesen and Anders Clausen

A new hot water jet driII was tested on the Inland Ice
margin north-east of Jakobshavn. A total of 2436 m was
driIled and data on drilling performance is presented
together with the prelimiriary interpretation of borehole
logging.

Introduetion

One of the main problems in assessing potential water
sources for hydroelectric power plants using meltwater
from the lnland lce is the deIineation of the drainage
basin. In the case ofthe proposed project atPaakitsup
AkuIiarusersua this deIineation has been attempted by a
combination of surface topography and drainage sys
tems, radio-echo soundings, mass balance measure
ments, ice dynamics and present theories on the internal
drainage of glaciers (summarized by Thomsen et al.,
1986).

The subglacial or engIacialdrainage of glaciers, par
ticularly where. temperatures are below the pressure
melting point is not very well understood. From both
practical and scientific considerations it therefore
seerned reasonable for GGU to starfresearch using the
basin at Paakifsup Akulia'rusersua as a test area:
Among important aspects of this reseårch are the mon
itoring of hydrostatic pressure variations within the
drainage system, tracer experiments and subgIacial and
surface topographic mapping. This requires the installa-

. tion of gauges at different levels in the ice, the injection
of tracers and withdrawal of water from specified loca
tions'and spot checks on the accuracy of the radio-echo
soundings made in the area. The only practical way of
aeeomplishing this programme is by drilling, and it was
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therefore decided that GGU should either buy or devel
Op its own drill.

Equipment

As no ice-eore samples were required and a regular
borehole diameter was unimportant, it was decided to
use a hot water jet to penetrate the iee. Thinype of
drilling is the fastest and most reliable method 'and has
been widely, used in the Alps (Iken et al., 1977). We had
an opportunity to examine the Swiss system at the Swiss ..
Federal Institute of Technology (ETH) in Ziirich and
used it as a basis for our own drill.

The basicprinciple consists of pumping watet through
a heating system and into a hose with a rigid driII tip
with a nozzle. The hot water from the nozzle meltsthe
ice in front of it and flows baek up the driII hole. All the
main elements in the system are commercially available,
but the aetual fitting and mounting of the different
components is unique to this system. The central part of
the drill consist of two units, a power unit and a heating
unit (fig. 1). The power unit is a 6 kW four stroke
gasoline engine with reduction gear connected with an
0.4 kW 220 V generator and a piston pump capable of
delivering 18 Umin. of water with a pressure of up to 100
bar. Fuel eonsumption is 2.5 Uhr and the total weight of
this unit is 79 kg. The heating unit is a water circulation
coil with an oil burner (modified for using jet Al tuel).
The airblower and oi! pump are driven by a flexible axle

, from the power unit, and eurrent for the ignition is
'drawn from the generator. Fuel consumption is 11.6 Uhr
corresponding to 113 kW and the weight is 127 kg.
During drilling the two units can be usedsepatately(to




