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Two access holes were drilled by flame-jet through the
1,380-foot ice thickness of the Ross Ice Shelf. The first hole
was completed on 2 December 1977 after an approximately
9-hour run. The second hole was made about 10 days later
using the same equipment and drilling procedures.

The flame-jet drill is powered by an internal burner (simi-
lar to a rocket engine) whose reactants are compressed air
and fuel oil provided at high pressure. A 600 standard cubic
feet per minute flow of air at 140 pounds per square inch gage
(provided by a standard compressor) was fed into a booster
compressor capable of producing an output pressure of 1,200
pounds per square inch gage. We found that this high a
pressure was not required. Using a 5/8-inch diameter burner
exit nozzle, the initial air pressure (when starting the hole)
was 300 pounds per square inch gage. The pressure at
breakthrough was just over 500 pounds per square inch gage.
This increase in pressure was caused by the back-pressure of
the increased hydrostatic head within the hole.

Two phenomena peculiar to ice drilling were thought
sufficiently serious to warrant special drilling techniques.
First, possible freeze-in in the coldest ice nearest the top of the
hole becomes less of a threat with increasing hole diameter.
Freeze-in time varies as the square of the hole diameter. To
maximize hole size, a drilling speed of only 2 feet per minute
was used in the top 100 meters of ice to produce a hole
diameter of more than 18 inches.

The second problem concerns hole closure by plastic flow
in the warmer ice near the sea below. Time required for this
type of closure varies directly with hole diameter. Because a
hole of double-the-diameter requires four times as long to
produce, it appeared best to drill as rapidly as possible in this
region. A drilling speed of 6 feet per minute was used for the
final 100 meters.

The second access hole was enlarged to an average
diameter of 18 inches by flame reaming using the same drill-
ing equipment and procedures used for drilling the hole. This
hole was kept open for nearly 3 weeks; several additional
flame reamings were required to maintain a minimum hole
diameter greater than 12 inches.

The diameter (measured by caliper) showed large ir-
regularities over the entire hole length. There were many
zones where the diameter was narrow. Heat used to keep
these above the 12-inch limit enlarged the diameter in other
areas of the hole to more than 30 inches. Reasons for the for-
mation of these irregularities are not well understood. They
seem to occur at points where initial minor narrowing occur-
red. Each successive application of heat amplified the
diameter difference between these zones. This may have been
caused by a lack of adequate water circulation within the hole
or by the formation of "cells" by reverse flow of the water
within the large chambers between the restricting diameters.

The density of the water filling the hole during flame drill-
ing is reduced appreciably by the presence of rising gases.
Thus, the hydrostatic head was nearly 300 pounds per square
inch less than the sea pressure of 500 pounds per square inch
gage on breakthrough. Although this imbalance caused us no
apparent difficulty (for the depths drilled at site J-9), it is
doubtful that flame drilling beyond 3,000 feet in solid ice is
practical. Pressure imbalance increases with depth and a
point would be reached where the ultimate effect of hole
closure forces could no longer be restrained.

This project was sponsored by the National Sciencç Foun-
dation under research agreement C-726-11, University of
Nebraska.
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Field work to complete the Ross Ice Shelf Geophysical
and Glaciological Survey (RIGGS) in the 1977-78 field season
was to involve remeasurement of 82 Kehle-type strain rosettes
(Zumberge et al., 1960) planted the previous season in a grid
pattern on the ice shelf (Thomas and MacAyeal, 1977). In
addition it was planned to remeasure detailed strain networks
along two 40-kilometer lines near camp C-16 and along a 35-
kilometer line on Crary Ice Rise (figure). Precise position
fixes were to be made at most of the grid stations by two mem-
bers of the U.S. Geological Survey using a Geoceivei.

Most of this work was accomplished: rosettes at 69 grid
stations were remeasured, and all the detailed work near C-16
was completed. However, problems with the Litton inertial
navigation unit in our Twin Otter airplane caused major
delays. These problems began before the plane arrived on the
ice so that the start of our field activities was delayed by 4
weeks. Thereafter, recurring breakdowns reduced the field
season from a planned 10 weeks to less than 1 month.
Cooperation between our teams and the two excellent pilots
allowed us to work almost continuously during the brief
periods of fair weather and a functional navigation system.

For part of the season a group of geophysicists from the
University of Wisconsin at Madison occupied new stations,
principally in the western part of the ice shelf. Whenever
possible strain rosettes were planted at these new stations.
Stations that have been reoccupied and those that may be
remeasured in the future are shown in the figure. Major gaps
in the data exist downstream from the Byrd Glacier and on
Crary Ice Rise; other gaps doubtless will be revealed during
data analysis.
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The Ross Ice Shelf, showing positions of strain rosettes.
(C.l.R. Is Crary Ice Rise.)

The field party consisted of M. Hyland, M. Jordan, D.
MacAyeal, and R. Thomas from the the University of Maine
at Orono. D. Chun and R. Wilson of USGS operated the
Geoceiver, and S. Hansen of the University of Copenhagen
drilled 11-meter holes for firn cores and temperature
measurements. We are indebted to our cook, D. Johnson, for
once more providing us with excellent meals, radio com-
munications, vehicle maintenance, and general bonhomie.

The research was supported by National Science Founda-
tion grant DPP 76-23047 AOl.
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The geophysical program of the Ross Ice Shelf Geophysi-
cal and Glaciological Survey during 1977-1978 (RIGGS iv)
brought to completion work started during the 1973-1974
season and continued during the 1974-1975 and the
1976-1977 seasons (Bentley, 1976; Bentley et al., 1974;
Bentley and Jezek, 1977; Clough and Robertson, 1975). The
University of Wisconsin geophysical crew (Greischar, Shab-
taie, and Albert) arrived in McMurdo 8 December 1977.
Before deployment to the field, a gravity tie was made to
South Pole Station, the latest in a series of measurements to
determine the secular increase of gravity (Bentley, 1971).

The geophysical program on the ice shelf began with gra-
vity and radar sounding profiles and a seismic-surface-wave
experiment soon after arrival of the field crew at station Q-13
(77°57'S.179°55'E.) (figure 1). During the last week of
December, five remote field sites were occupied with support
of the Twin Otter airplane (figure 2). Gravity measurements,
radar sounding of ice thickness, and seismic sounding of
water depth beneath the ice were made at all sites. In addi-
tion, studies of seismic and radio-wave velocities within the
ice shelf were made at two of these sites and an electrical
resistivity profile was completed at one (see table). Early in
January, airborne radar sounding was made along 1,800
kilometers of flight lines (figure 1). The inertial navigation
system of the Twin Otter operated well and sighting of survey
sites from the air generally was successful, thus providing a
strong tie to the ground-based sounding network.

When not flying, and after the surface-glaciological party
had moved with the Twin Otter to station C-16 (81° 12'S.
170°30'E.) (see figure 1) on 9January 1978, the geophysical
group continued more detailed experiments around Q-13
base camp. The measurements made near Q-13 included:

1. A seismic surface-wave experiment, carried out with
shot sizes of 0.5 to 22 kilograms, shot depths of 1 to 5 meters,
and shot-detector distances of 1.5 and 10 kilometers. This ex-
periment was completed as an investigation of seismic-wave
velocities in the upper 70 meters of the ice shelf independent
of refraction shooting.

2. Continuous radar-sounding profiles along the axis of,
and perpendicular to, an interesting surface topographical
depression approximately 5 meters deep and 2 kilometers
across, which is located 10 kilometers grid west of Q-13. The
profiles indicate the depression is centered over a very large
bottom crevasse or rift that extends upward to only 70 meters
below the surface.

3. A gravity line 45 kilometers long, running grid east-west
through Q-13. A negative anomaly of close to 34 milligals
was found about 20 kilometers grid west of Q-13. Two addi-
tional gravity lines of approximately 10 kilometers each were
completed to the grid NW. and grid SW. to see if the gravity
low extended closer to Q-13.
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