
nd, both permanent and transients, at each site un-
doubtedly influences the aerobiological contamination
quotient.

Although the data are not complete and monitor-
ing of personnel and habitats has not been of suffi-
cient duration to make a comparison, there is grow-
ing evidence that people's presence in Antarctica has
nonvisibly as well as visibly altered some areas. Micro-
bial sensors continue to be 'a valuable tool for deter-
mining impact on this continent's ecosystems.

This research began under National Science Foun-
dation contract C-585 to the California Institute of
Technology (Jet Propulsion Laboratory), and con-
tinued under National Science Foundation grant
GV-40602 to the Darwin Research Institute.
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The physical impact of DVDP drilling
at site 4, Lake Vanda

'C. H. HENDY and R. HOLDSWORTH
Antarctic Research Unit

School of Science
University of Waikato

Hamilton, New Zealand

In November 1973, the Dry Valley Drilling Project
(DvDP) drilled a hole in the deepest portion of Lake
Vanda (site 4), Victoria Land, penetrating 10
meters of sediment before striking bedrock. Because
of the extreme clarity (mean half thickness for visible
light is 15 meters) and the unusual temperature and
chemical stratification of the Lake Vanda waters
(Armitage and House, 1962; Wilson and Wellman,
1962; Angino et al., 1964; Hoare, 1968) and of other
lakes in the dry valleys (Angino et al., 1962; Hoare
et al., 1964; Shirtcliffe and Benseman, 1964; Hoare
et al., 1965; House et al., 1966), Lake Vanda was
monitored for any physical or chemical aberrations
that may have been caused by drilling activities. This
paper describes physical aberrations of the lake caused
by the drilling.

Temperatures were determined by using co per
constantan thermocouples with the reference jun4tion
in a mixture of water and ice. The resulting potertials
were measured with a Tinsley (model 314D)
potentiometer to ±1 microvolt. Water opacity was
determined by using a pair of matched light de-
pendent resistors (LDR) (model RPY584) in a b dge
circuit; the ratio of light reaching the variable d pth
LDR to that reaching the reference LDR at 10 m ters
below the ice was determined. Measurements Were
usually made through a hole in the perennial ice 15
meters south of the drill rig, at 1-meter intervals. On
a few occasions, however, 5-meter intervals were
used. Light intensities also were measured by using a
selenium cell (Weston model 406-202).

The only observed physical aberration of lake
Vanda was a marked increase in the opacity of the
waters between 61 and 65 meters in depth see
figure 1). This seems to have been caused by the
accidental loss, on October 14, 1973, of 20 me ers
of drill casing that fell to the lake bottom. Prio to
starting drilling at site 4, the extinction coeffic en
reached a maximum of 0.3 meter- 1 at 63 to 64
meters in depth. Within a few days of the drilling
accident the extinction coefficient of this layer of
maximum opacity had risen 'to 0.95 meter'; this
represented a threefold increase in opacity. When
drilling ended, however, opacity rapidly decreased
so that, by December 2, the layer of maximum opacity
had an extinction coefficient of 0.4 meter-' (but
the layer had broadened slightly). The increase in
lake opacity led to a change in the distribution of
absorption of solar energy within the water column.
Before drilling started, the light reaching a depth of
65 meters was 2 percent of that at a depth of 10
meters. Shortly after dropping the casing, the light
level at 65 meters in 'depth dropped to 0.04 percent.
But by the time monitoring ended 2 weeks later, the
light reaching 65 meters in depth had risen again to
0.4 percent of that at 10 meters in depth. It remains
to be seen how long the increased opacity will'e-
main in the 'lower levels of the lake, but with t 
rapid clearing observed between November 19 ad
December 1 it is probable that it will decrease to
below detectable limits before the 1974-1975 season.

On several occasions, rhythmic fluctuations were
noticed when making temperature, opacity, ad
conductivity measurements in the vicinity of 0
meters in depth. As these fluctuations had a pen d
of several minutes and could be accounted for by a
vertical displacement of several centimeters, it is
likely that they were caused by internal waves with
the density-stratified lake.	

LDrilling operations at Lake Vanda had little phys
cal impact on the lake except for increasing the
opacity below 60 meters in depth. If this does not
quickly return to its previous state, a slight change
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Figure 1. The turbidity of Lake Vanda (path length is 1 meter).
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Figure 2. DVDP campsite in the dry valleys.
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DVDP 1973-1974 personnel

(New Zealand)

Early season

C. Hendy
R. Holdsworth
P. Kyle

Mid season

J. Rothery

Late season

M. Chapman-Smith
P. Luckman
B. McKelvey
D. Northey
B. Sissons

(United States)

Early season

K. Cartwright
I. Friedman
R. Pochon
J . Rinehart
G. Smith
S. Treves

Mid season

R. Donlan
J. Guilfoyle
F. Morelli
E. Pruss

Late season

G. Ankenbaur
H. Brady
R. Cameron
E. Decker
H. Harris
B. Markely
L. McGinnis
M. Mudrey
S. Porter
R. Smith
J . Wrenn

Drill personnel

(New Zealand)

Early season

P. Fowler
J . Gupwell
J . Hoffman
A. Oliver
B. Webster

All season

B. Calder
D. Murphy
I. Nelson
L. Oliver
M. Williams
M. Wing

Late season

M. Chapman-Smith
R. Colliver
R. Cooper
G. Kendell
J . Stark
M. Tunnicliffe
B. Whitley
D. Willets

Scientific personnel

(Japan)

Early season

N. Nakai
T. Toni

Mid season

H. Morikawa
K. Nakayama
S. Oono

Late season

H. Kurasawa
K. Watanuki
Y. Yoshida

in the heating pattern (Wilson and Wellman, 1962;
Hoare, 1968) would occur and the zone of maximum
temperature could rise slightly. It is unlikely, how-
ever, that there will be a major change in the thermal
stratification of the lake.

Provided that the engineering problems encoun-
tered in 1973-1974 when drilling at Lake Vanda can
be overcome, there is little chance that detectable
changes in the physics or the chemistry of other dry
valley lakes will be caused by drilling through and
under their waters. We think that similar monitor-
ing programs, however, should be done at future DVDP

lake sites.
We thank Dr. A. T. Wilson, University of Waikato,

and Dr. R. A. Hoare, Water and Soil Division, N.Z.
Ministry of Works, for their advice and criticism of
our project. We also thank the Antarctic Division,
N.Z. Department of Scientific and Industrial Re-
search. This project was assisted by personnel of the
U.S. Antarctic Research Program.
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