
contained recommendations for improvement of safety
procedures. An example of a constantly recurring, pre-
ventable accident was foreign substances, particularly
fuels, in the eyes. Recommendations by the Safety Office
resulted in the requirement for the wearing of safety
goggles during many operations, a practice previously
neglected.

The safety statistics for Deep Freeze 79 showed an
encouraging trend. Six non-aviation, lost-time accidents
occured in McMurdo during the 1978-79 season com-
pared to 14 during the previous season. However, the
accidental death of a U.S. Coast Guard petty officer
crushed by his overturned forklift pointed out the in-
creased need for caution at all times.

Contractor support

ROBERT L. MURPHY

Antarctic Support Division
Holmes & Narver, Inc.

Orange, California 92668

During the 1978-79 season, Holmes & Narver, Inc.,
furnished support to 305 scientific grantees involved in
94 separate research programs in Antarctica. To provide
the required support and to accomplish the necessary
construction tasks, the company had to increase its over-
all staffing level to about 226 employees, a level one-
third higher than in the previous season and higher than
in any of the company's 11 seasons in Antarctica.

All field camps were established either on or ahead of
schedule during the 1978-79 season. In addition, the
dome C camp was reopened and operated to support
several core drilling and glaciological programs. A new
camp was constructed near Darwin Glacier, in the
Transantarctic Mountains, to provide a base for helicop-
ter-supported activities in glaciology, geology, and other
disciplines.

There was increased construction activity at McMurdo
Station. Two new two-story dormitories, each having a
50-person capacity, were erected on the former site of
old Jamesway shelters. Several old structures were
demolished to make room for planned new construc-
tion. Among these was the old Acey Deucey club, which
was moved to temporary quarters in the old theater
building.

At Williams Field, a few miles from McMurdo Station
on the Ross Ice Shelf, Holmes & Narver completed the
first part of a two-phase effort to assemble the new mod-
ular, relocatable airfield complex. When completed next
season, this complex will provide living and working fa-
cilities for 155 airfield support personnel.

On the slopes of Mount Erebus, within easy climbing
distance of the crater rim, a new semipermanent shelter
was erected. This prefabricated facility will provide a
haven for scientists working around and in the volcano.

The old United States Antarctic Research Program
(USARP) garage underwent interior remodeling, thereby
increasing its capability to support the scientific vehicle
fleet. In addition, the snowmobile annex was completed
and a much-needed fresh coat of paint was applied. The
equipment inventory in the Berg Field Center was ex-
panded to provide a larger selection of support items.

Holmes & Narver, Inc., employees raise the framing for one
of the new dormitories at McMurdo Station.

At Amundsen-Scott (South Pole) Station, the ground
control facilities were relocated to new quarters. The
meteorological function was taken over by Holmes &
Narver from the New Zealand weather service. A field
survey revealed that the dome is settling towards the
sewer outfall; corrective action to extend the sewer is
being planned. South Pole Station's team included the
first woman, a physician, to winterover at this station.

The new replacement facility at Siple Station was com-
pleted on schedule. When the summer season came to
an end, all scientific and support systems there were
operational and the scientific community anticipated a
productive winter with the new facilities at their disposal.

Prior to the commencement of the austral summer,
iJv Hero underwent her most extensive overhaul in sev-
eral years at the Argentine shipyard at Puerto Beigrano.
Effective 1 December 1978, the subcontract operation
of it/v Hero was concluded and the research vessel was
placed under the direct operation of Holmes & Narver.

The strained political relations between Chile and Ar-
gentina over the Beagle Channel resulted in the decision
to temporarily divert iJv Hero's base of operations to
Montevideo, Uruguay. However, the increased ocean
transit time meant that the number of trips planned had
to be reduced. Unfortunately, this necessitated the cur-
tailment of some science programs. By midsummer, the
political situation had eased and Ushuaia, Argentina,
again became the base of operations.

At Palmer Station, the small boat area adjacent to the
dock was improved with precast concrete beams to per-
mit the easier launching of Zodiac inflatable boats. In
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addition, the painting of the exterior of the station's
buildings was completed.

Communications between Holmes & Narver's cor-
porate office in Orange, California, and Palmer and Si-
ple stations in Antarctica were greatly improved by the
acquisition of base station equipment and establishment

of a direct radio link by way of the ATS-3 satellite.
Holmes & Narver completed the 1978-79 season—its

busiest to date as the support contractor in Antarctica—
without any of its employees suffering a serious accident.

These activities were supported by National Science
Foundation contract C-793.

Burial of high-level and long-lived

radioactive wastes in Antarctica:
A reappraisal

ERNEST E. ANGINO

Department of Geology
University of Kansas

Lawrence, Kansas 66045

The safe and proper disposal of high-level and long-
lived radioactive wastes is a major problem of both na-
tional and international importance. Consequently, Ant-
arctica's isolation from human activities and the bio-
sphere, as well as its aseismicity, make it attractive as a
possible burial site for radioactive wastes. Accordingly,
I have undertaken a reappraisal of the issue of antarctic
disposal principally in terms of the geology of the con-
tinent and also the subantarctic islands. In doing so, I
have not limited by attention to the rock types—salt,
basalt, and granite—commonly considered for radioac-
tive burial sites.

The concept of polar interment for such wastes has
been discussed in some detail by Angino, Dreschhoff,
and Zeller (1976), Zeller, Saunders, and Angino (1973),
Zeller, Angino, and Saunders (1976), Haefeli (1961),
and Philberth (1961, 1959, 1958). Opposition to the
concept has been raised on both scientific grounds
(Weertman, 1973) and political grounds (Heg, 1976).

The main scientific opposition is based on the fact that
we lack knowledge of the detailed physical and chemical
reactions that could occur between the wastes and the
ice and within the ice sheets as a function of regulation,
pressure, and time. Nevertheless, the discovery of the
presence of lakes beneath the ice sheet (Oswald and Ro-
bin, 1973) and recently developed data on sub-ice mor-
phology (Drewry, 1975a, 1975b, 1976; Robin, Drewry,
and Meldrum, 1977) offer compelling reasons for re-
considering the concept of ice burial from a scientific
perspective.

In reappraising the subantarctic islands, I determined
that these islands are not suitable for serving as burial
sites. The reasons are principally that the majority of the
islands may have appropriate rock types but they are
volcanically active, whereas the remaining islands simply
lack the proper rock types.

Within the continent of Antarctica, however, several
areas warrant consideration for the purpose of straight-
forward subsurface burial in ice-free areas. The well-

known areas of granite and basalt, fully discussed in two
classic volumes on antarctic geology (Adie, 1964, 1972)
are not covered here, but two other areas do deserve
mention.

The Wohlthat Mountains (77° 1 5'-72° 15'S/i 1°-I 5°E)
contain the largest known anothosite massifs in Antarc-
tica. The area in the vicinity of the Conrad Mountains
includes a large ice-free area, where the mountains are
largely a gneiss and schist series with massive anothosite
intrusives. The second area is that of the Dufek Massif,
a stratiform gabbroic mass that may be the largest such
intrusion in the world. Both of these areas offer the
advantages of remoteness from human activities and
isolation from the biosphere.

Another major advantage of Antarctica as a burial
area is its unique aseismicity (Evison, 1967; Kogan, 1973;
Adiç, 1972). No earthquake greater in magnitude than
5.3 on the Richter scale has ever been recorded, and
even the one of that intensity is questionable (Evison,
1967). East Antarctica has remained an essentially stable
continental shield since the Devonian (Evison, 1967).

Personally, I hope that Antarctica is never used for
the disposal of radioactive wastes, but I recognize that,
so long as the waste disposal problem remains and the
community of nations puts off a solution, the geology,
remoteness, and isolation of the continent will continue
to attract attention to Antarctica as a potential burial site.
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