
was spread over the drill stem filling most of the ledges and
holes. The rock appears to be basaltic in composition and strongly
faceted indicating subglacial transport over a considerable dis-
tance (Ridky personal communication). Thin sections of the
rock will be prepared, and it will be examined by electron
microscopy for evidence of micro-striations.

The clast and mud appear to be equivalent in composition:
a mixture of fine and coarse gravels. The mud may well have
been formed when the high-pressure hot water broke and
dissolved numerous subglacial clasts. Analysis of the biogenic
composition of the mud and clast is underway at the Byrd
Polar Research Center at Ohio State University. No younger
than upper Miocene have been identified in the samples (Scherer
personal communication).

This research was supported under National Science Foun-
dation grant DPP 86-14407.
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Hot-water drilling on the Siple Coast

W. L. BOLLER and J. M. SONDERUP
Polar Ice Coring Office
University of Nebraska

Lincoln, Nebraska 68588-0640

The Polar Ice Coring Office's (PICO) drilling this season
focused not on the traditional electromechanical ice core drill-
ing but rather on hot-water drilling. The drilling activities in-
volved two projects in support of investigations by the University
of Wisconsin at Madison and the National Aeronautics and
Space Administration. A record number of seismic shot holes
were drilled on the Siple Coast, and a unique sample of glacial
till mud was retrieved from a deep access hole through the
Crary Ice Rise.

At Downstream B, PICO was assigned the task of providing
a grid of hot water shot holes in support of C.R. Bentley,
University of Wisconsin (Bentley, Anandakrishnan, and Roo-
ney Antarctic Journal, this issue; Bentley, Blankenship, and Mo-
line, Antarctic Journal, this issue). The PICO technicians arrived
at the Downstream B camp on 21 November, 1987. Two days
were spent setting up the equipment. An Air Force pallet had
to be substituted for the Maudheim sled which did not show
up on the put-in flight. A Tucker Sno-Cat was used to tow the
pallet of drilling equipment which consisted of two 80-kilowatt
heaters, a high-pressure pump, a hose reel, a generator, a 150-
gallon (550-liter) storage tank, and several drums of antifreeze
and fuel. The two heaters were first used to generate water
on the surface in the 150-gallon (550-liter) storage tank, then
later used to heat the water to 95°C on its way down the drilling
hose. The high-pressure pump and full-flow nozzle provided
the drilling punch. A flow rate of 12 gallons (44 liters) per
minute provided a 4-inch (10 centimeter) hole, 17 meters deep
in 6 to 8 minutes. Once a steady routine was established, a
complete cycle (melting the required amount of water, drilling
the shot hole, packing up to move, and moving 360 meters
down the line), could be completed in 40 minutes.

The line had been established and flagged prior to PICO's
arrival by S.T. Rooney and D.D. Blankenship of the Wisconsin
group. The actual shot hole drilling began on 23 November—

with numerous difficulties. Several heater transformers burned
up and a short length of hose was ruined. With repairs made
and the system functioning properly, the drilling took place
over the next 10 days. Drilling was conducted along a grid that
consisted of a straight line of 100 holes (360 meters between
holes), with four crosslines of 10 holes each, for a total of 140
holes. Besides this grid, the crew (W.L. Boller, W.A. Bachman,
and S.R. Bretz) did an additional small grid for a student's (G.
Moline) project. This consisted of 20 holes in one line, and
brought the total number of shot holes for the season to 160.

In the next few days, we filled the last 20 shot holes with
salt water. Electrodes were lowered and frozen in as we went.
The traditional hot-tub party was held that evening, then we
dismantled the system and loaded it on a pallet for the flight
out.

The second PICO project involved hot-water drilling at Crary
Ice Rise for R. A. Bindschadler, National Aeronautics and Space
Administration (Bindschadler, Koci, and Iken, Antarctic Jour-
nal, this issue). Our office was assigned the task of drilling two
holes to bedrock for installation of thermistor cables. The PICO
field team consisted of B.R. Koci, W.H. Hancock, and J.M.
Sonderup. R.A. Bindschadler and A. Iken, ETH-Zurich, per-
formed a survey of the area and assisted with the drilling.

A new hot-water drill and winch were designed and built
by PICO for this project. The winch was wrapped with the
maximum 600 meters of hose. The pump produced 190 pounds
per square inch (13 bars) of pressure at a flow rate of 22 gallons
(85 liters) per minute. This allowed a drill rate of approximately
0.4 meters per minute, creating a hole diameter of 10 to 12
inches (26 to 28 centimeters). Water was recirculated from a
water well 40 meters below the surface, pumped to the surface
by a submersible pump.

Heat was provided by six heaters (2 Alladin and 4 Hotsy
heaters, of 350,000 British thermal units each) connected in
parallel. The inlet water temperature at the heaters was 20°C
and the outlet temperature was 90°C. The water temperature
at the drill was approximately 86°C.

The drill system, which contained an instrumentation pack-
age designed and built by W.H. Hancock, would measure hole
diameter, inclination, depth of drill, water temperature inside
and outside the drill, and inlet water temperature. All mea-
surements were displayed and recorded on a Compaq portable
computer.
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Field operations began with an air drop of fuel and lumber
on 19 November followed by an LC-130 put-in on 21 November
of PICO personnel and equipment. All equipment was trans-
ferred to the first drill site on 22 November. Set-up and testing
of the drill equipment took until 3 December. Drilling began
on 4 December but was stopped due to the inclinometers in-
dicating the drill was angled. We resumed drilling the next
day even though we still received readings that the drill was
angled. It was assumed that the inclinometer reading was wrong,
so drilling continued. Bedrock was reached at 370 meters after
18 hours of drilling.

The camp was then moved approximately 15 kilometers to
the second drill site on 7 and 8 December.

Drilling of the second hole began 15 December and the ice/
bed interface was reached at 480 meters after 20 hours of drill-
ing. After drilling through the ice, the drill buried itself in the
sub-glacial material and when raised to the surface, till samples
were recovered.

All equipment was moved to the landing area 16 and 17
December. Three LC-130 flights brought equipment and per-
sonnel back to McMurdo on 18 and 19 December.

The Polar Ice Coring Office is supported under National
Science Foundation contract DPP 83-18538.
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A modern radar
for ice-sheet sounding

KENNETH R. DEMAREST, GARUDACIIAR RAJLJ,
and RICHARD K. MooRE

Radar Systems and Remote Sensing Laboratori
University of Kansas Center for Research, Inc.

Lawrence, Kansas 66045-2969

Radar sounders have been an important tool in antarctic
research for many years, yielding information about ice thick-
ness, layering, and bedrock surface characteristics. A new very

-high-frequency ice-sheet sounding radar has been developed
at the University of Kansas and field tested at the Siple Coast
Downstream B (154°0'W 84°12'S) from both a sled and an air-
craft. D.I. Rummer, E.J. Zeller, C. Raju, and C. Davis from
the Radar Systems and Remote Sensing Laboratory of the Uni-
versity of Kansas Center for Research, Inc., were in the field
from 19 November through 22 December 1987.

The University of Kansas radar was designed to make full
use of state-of-the-art radio frequency and digital technology.
The radar operates at a frequency of 150 megahertz and uses
coherent integration (also called stacking) and pulse expansion/
compression (also called chirp) techniques to produce the
equivalent of 450-kilowatt 59-nanosecond pulses (correspond-
ing to a 5-meter resolution in ice) with an output radio-fre-
quency amplifier rated at only 20 watts. The receiver of this
radar also features a sensitivity time-control system that alters
the receiver gain dynamically throughout the receive cycle so
that the receiver can be operated with peak sensitivity during
the weak signal portions of the returns (such as internal lay-
ering and bottom echoes), but yet does not saturate the system
during the strong signal returns (such as at the ice surface).
This sensitivity time-control characteristic is fully program-
mable and can be tailored to the specific environment being
tested.

The radar is completely computer driven. The computer used
in the 1987 field season was a Compaq II, with a NEC color
monitor and a "Bernouli Box" disk system for mass storage.
The system software is completely menu driven. From the
menu, the operator can vary the number of coherent integra-
tion samples (nominally 256), change the pulse repetition fre-
quency (useful when converting from sled to aircraft operation),
and change the type of graphic display. Two types of graphic
display are available in real time—images and "A scope." In
the image mode, a time history of the amplitude vs. depth vs.
time is displayed. In the "A scope" mode, amplitude vs. time
plots of single records are displayed. These "A scope" plots
are useful because they show the actual pulse shape of the
reflections of the various layers within the ice, from which the
roughness of the layers can be deduced.

The total volume of the radar, excluding the antennas, is
approximately 35 cubic feet (3 cubic meters). It is housed in
two standard racks, and the total weight is roughly 300 pounds
(140 kilograms). The receiver and transmitter are packaged
separately in rugged metal boxes. The number of intercon-
nection cables necessary between the computer, transmitter,
and receiver have been engineered to a minimum.

The sled-mounted configuration of the radar is shown in
figure 1. For the 1987 field season, separate transmitting and
receiving antennas were mounted above a mobile hut, which
was hauled by a Tucker Sno-Cat. The radar can also be con-
figured with a single antenna that is mounted on a Nansen
sled towed behind a Sno-Cat, Spryte, or similar vehicle in
which the electronic units are mounted.

Figure 2 shows the antenna mounts for the University of
Kansas radar on a Twin Otter aircraft. Here, separate transmit
and receive antennas were mounted under the wings, each
consisting of a four- element dipole array.

The field test data from the 1987 season demonstrated the
sucessful operation of the radar. Both ground and aircraft trav-
erses were made along the well-defined "Z line" so that com-
parisons could be made between echoes obtained from the
University of Kansas radar, the University of Wisconsin radar,
and the U.S. Geological Survey radar. The records obtained
from both the ground and aircraft traverses very clearly showed
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