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Introduction: Investigations of geophysics, geo-

chemistry, and biology beneath thick layers of water 
ice are of broad interest for understanding planets [1-
3], moons [4-6], and possibly minor planets [7,8].  
Particularly topical examples include ice-volcano in-
teractions on Mars [1,2], possible melting and water-
transport at thermal fronts in the Europan ice shell [4], 
and probable water lenses within and beneath the 
Enceladan ice shell [5,6]. 

In each of these examples, there exist systems on 
Earth that are usefully analogous. Subglacial volcanoes 
and flood-outflows in Iceland provide geomorphologi-
cal, mineralogical, and remote-sensing analogs to puta-
tively glaciovolcanic formations on Mars [1,2].  Brine 
transport within Antarctic ice shelves may offer a way 
to study similar transport hypothesized to occur be-
neath Europan chaos regions [4].  And, water in Ant-
arctic subglacial lakes likely contains large quantities 
of dissolved gases [9], which therefore may be analogs 
to a hypothesized 'Perrier Ocean' on Enceladus [10].  
Thus investigation of terrestrial subglacial water sys-
tems would be important even if new planetary mis-
sions were unconstrained, because many questions that 
can be investigated only on Earth sharpen the ques-
tions we ask elsewhere in the solar system. 

Thermal Melt Probes for Subglacial Access: 
Even on Earth, however, subglacial observation is cur-
rently severely limited by practical limitations on de-
ploying instruments beneath hundreds to thousands of 
meters of ice – existing ice drilling and coring rigs 
capable of reaching those depths comprise tons of 
equipment and fuel, and are operated by crews of sev-
eral (or more) people over periods of days to months 
[11]. This situation can be improved greatly through 
modernization of thermal melt probes, which were 
pioneered in the 1950s and last used widely in the 
1970s [12,13].   

Thermal probes melt their way autonomously, ver-
tically down through ice at speeds of meters per hour.  
An electrical wire, which spools out from the vehicle 
as it travels, connects to a modest generator and te-
lemetry transceiver on the ice surface.  Water above 
the vehicle refreezes, so the transit is one-way down-
ward – which is entirely suitable for scientific aims 
involving measurements beneath, rather than in, the 
ice. Modern electronics and materials now enable ro-
bust and sophisticated measurements with relatively 
small, and thus logistically light, melt probes. 

The APL-UW Ice Diver: We have developed and 
field-tested a subscale prototype, 7 cm-diameter ther-
mal melt probe using pendulum steering [12] and a 

parabolidal melt head (which offers high thermal effi-
ciency, based on theoretical work by Shreve [14]). For 
brevity, we refer to the series of thermal melt probes 
beginning with this prototype as UW Applied Physics 
Laboratory (APL) Ice Divers. The head and tail of the 
probe contain commercially available electrical-
resistance heaters placed in precision-machined mount-
ing holes; precision machining ensures good heat 
transfer and prevents heater failure from overheating.  
We have thus far experienced no heater failures. 

Electrical power for this first prototype is supplied 
by a single, 1.6 kW generator (Honda EU2000i), which 
is widely known for reliable operation in polar condi-
tions.  We step the output AC voltage of the generator 
up to 480 V with a transformer and rectify it to DC to 
power the probe.  We employ a fully grounded system, 
as well as established high-voltage operational proce-
dures, and have thus far operated without incident.  

We use analog thermistors to sense temperatures of 
the copper melt head and rear pendulum-flange, to-
gether with thermostatic circuitry to maintain specified 
temperatures in each location – typically circa 20C in 
the front melt head and 15 C in the back.  We control 
temperatures by switching power to banks of heaters in 
each location on and off, with a fixed time interval 
(typically 0.2 sec) for sampling that allows for syn-
chronization with communications. 

Instrumentation of this initial prototype is limited to 
an accelerometer by which we measure the orientation 
of the probe with respect to vertical, presently with 
accuracies of a few degrees.   

We tested probes initially in 1-m-thick ice-blocks 
in an APL cold room, and then at APL research camp 
on sea ice in the Beaufort Sea in April 2011.  Three 
prototype probes melted through 2 m of (saline) sea ice 
at temperatures of about -15C within 45-60 minutes, 
using approximately 1250 W of electrical power from 
a single generator. In early June of 2011, we tested one 
probe on Easton Glacier, on the flank of Mt. Baker, 
WA, at an elevation of approximately 1500 m and sur-
face temperatures slightly below 0 C. All field equip-
ment – the generator with fuel, transformer, launch 
tube for initial orientation of the probe at the surface, 
the probe, and a laptop computer for data collection –
were transported on two snowmobiles without using 
sleds.  We ran the system for 3 hours, during which the 
probe traveled through 7 m of seasonal snow and 3 m 
of glacial ice.  All temperatures were again stable, 
electronic performance was nominal, and probe tilts 
varied within a narrow range of few degrees.  All indi-
cations were that the system could operate indefinitely 
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under these conditions, but we ended the test before 
glacial ice could freeze back in behind the probe, so as 
to avoid its loss. 

Upcoming Greenland Field Test: Supported by a 
Major Research Instrumentation development award 
from the National Science Foundation, we are now 
building a larger prototype probe, to operate at a higher 
power level of approximately 5 kW for penetration of 
ice up to 1 km thick.  This protoype includes a pressure 
transducer and data-telemetry to a surface-recording 
package, for observation of basal water pressure 
through time.   

Our first field test of this new prototype will occur 
in July 2013, at a study site for supra-glacial lakes [15] 
on the flank of the Greenland Ice Sheet near 67.2N, 
49.5W.  Ice thickness at the site is approximately 980 
m.  We plan to operate for approximately 1 week and 
will test the vehicle at increasing speeds through the 
ice, with the aim of demonstrating penetration to 
depths of 500-980 m.  Lesssons learned will be applied 
in a second field test scheduled (and supported) in 
2014.   

Demonstration of inexpensive, logistically light ac-
cess beneath hundreds of meters of ice will enable new 
investigations of a variety of terrestrial subglacial sys-
tems analogous to sub-ice systems elsewhere in the 
solar system.  Development of instrumentation and the 
resulting observations will be the basis of future work 
using the APL Ice Diver system. 
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