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Engineering and Social Change
Dean Chauncey Starr of the Engineering College,

University of California, Los Angeles, said recently
that he thought the engineer was today's true social
revolutionary . Whereas in the past, social change may
have been a function primarily of political, philos-
ophical, or humanitarian thought, Dean Starr believes
that it is created today primarily by the engineer. In
some cases, technology has outstripped man's ability
to adjust to change; it is here that the social role of
the engineer is most exposed.

The role of the engineer as an agent in social
change is nowhere better demonstrated than in Ant-
arctica. Our past progress, our present social relation-
ships, and our future prospects in Antarctica are func-
tions of technology. That this is true is illustrated by
con' idering that man's day-to-day experience in Ant-
arctica extends back only 70 years to the winter of
1898, when Belgica was entrapped in the Bellings-
hauen Sea. Her crew became the first men to cope
with the severe climate of the south polar winter.
They had no radios, no electric power for either sci-
ence or amenities, and no hope of rescue by any
means other than their own. Today, by contrast, men
live in comfort year around at the coldest place on
Earth.

In 1928 1 about 30 years after Belgica's entrapment,
the engineer's revolutionary role in Antarctica had
become clearly apparent with the operational use of
aircraft, tracked vehicles, and far-reaching communi-
cations on the first Byrd expedition. In other areas
---management and financing—change had not yet
become apparent. The Byrd expeditibn still depended
on the solicitation of much private support, in con-
trast to the government support now in effect. In
1928 and 1932, one took what one could get and was
grateful for it. One oldtimer told me that the donated
supply of a breakfast cereal was so abundant that the
clog kennels were floored with it.

In the 40 years since the first Byrd expedition, the
antarctic engineering revolution intensified, changing
the whole pattern of activity on the Continent. Now,
we successfully work throughout the winter in com-
parative comfort in the interior of the Continent, al-

1 Based on a talk given at the opening session of the Second
Antarctic Construction Seminar, Naval Construction Battalion
Center, Davisville, Rhode Island, May 7, 196B.

though we have sometimes come close to disaster and
hardship when our equipment or its maintenance has
failed. In the austral summer, we place parties all
over the Continent virtually at will.

This revolution has also brought changes which are
not beneficial. Wastes are visible at many antarctic
stations. At McMurdo, for example, smog became a
problem a few years ago. On some occasions, smoke
from burning trash has reduced visibi l ity on the Wil-
liams Field runway. Life style on the expedition has
also been affected by specialization and by growth.
Tragically, many individuals at McMurdo have
become alienated from the program's objectives.
Many sailors and officers involved in the support of
the operation are so far from the "front-line" that
they have no identification whatsoever with the scien-
tists in the laboratories and aviators and scientists in
the field.

Parallels Between Antarctic and North
American Development

Our experience in Antarctica will not seem unusual
if we compare it with events that have taken place on
other continents. Through such an examination, we
can learn to plan new engineering for the future. In
the history of American cities, one finds certain paral-
lels between the development of McMurdo Station
and the growth of cities such as Pittsburgh, Pennsyl-
vania, and Louisville, Kentucky. In the period be-
tween 1780 and 1820, these frontier cities served as
staging areas for man's further travel into the North
American interior. In a brief 40-year period, frontier
trading gave way to well-organized business and the
phenomenon of suburban development. The records
of the cities reveal problems of waste disposal, street
construction and lighting, and fire protection. In this
same period, construction along the river fronts pro-
ceeded with no thought for scenic protection; other
patterns of land use, which are apparent today when
one visits Pittsburgh or Louisville, emerged in this
early period.

The struggle in this period of frontier urban-
ization is paralleled in developments at McMurdo
Station in the 13-year period of our tenure. We also
have struggled, sometimes vainly, in our effort to im-
prove community services and utilities, often under
restrictions created by our earlier construction deci-
sions and outmoded planning principles. We have
been somewhat unappreciative of our "million-dollar
view" of the Royal Society Range, having obscured it
with a maze of telephone poles and wires which of-
fends the eye of the most insensitive person.. The his-
tory of Pittsburgh and Louisville shows that a contin-
uing planning effort should have been adopted at the
outset. The future could not then be predicted, much
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as we could not in 19 ,55 predict the future of Mc-
Murdo Station. But we are not now in the position of
the early town fathers in Pittsburgh, for we have some
notion of our future in Antarctica. Indeed, we have
opportunities today that the planners in North Ainer-
ica would find a source of envy.

Antarctic Planning Today
and the New Engineering Challenges
We did not believe at the time of the IGY that we

would be in Antarctica for more than, three or four
years. Little America V and the central core of pre-
sent-day McMurdo were designed as "gold rush"
towns. When the new Byrd Station was built in 1961,
we knew that the antarctic program would continue
for some time, but the decision to extend the program
had been so recent that a really effective analysis of
our requirements at that station was not possible.
Today, Byrd Station provides visible evidence of the
evolving program management. Palmer Station is the

first station which truly bears the imprint of our new
opportunities in planning.

Planning can be done more easily for Antarctica
than for most other areas of the world. Dr. A. P.
Crary, who until recently was Chief Scientist of the
Office of Antarctic Programs, has pointed out that
there are no pressing demands of private interests to
contend with in the Antarctic. 2 There is no need for
crash programs, although some programs seem to
take on that appearance at the last minute. Further-
more, there is a store of planning information, avail-
able. Perhaps most important, there are relatively pre-
cise figures available for the cost of the various sup-
port services. When a new scientific program is con-
templated, the logistic costs can be considered. Our
plans are updated annually, giving planners the op-
portunity to regroup when they fail.

There are also some difficulties in planning for Ant-
arctica. Some problems relate specifically to the mis-
sion of the National Science Foundation (NSF),
which is responsible for the coordination and funding
of the scientific activity. NSF is a nonoperational
agency supporting basic research; while our plans
may call for certain projects, we cannot hire scientists
to carry them out. Instead, we must hope that our
plans will be a true reflection of academic and gov-
ernmental scientific interests. Otherwise, we must
hope that some persuasion may bring the opportuni-
ties to the attention of qualified workers. Another fea-
ture of our planning is that both the Office of Ant-
arctic Programs and the U.S. Naval Support Force,
Antarctica operate on level budgets. In planning, a
level budget is painful, for it means that any innova-
tion necessitates the curtailment of funds for a pro-
ject already in progress. Budgetary restrictions can also
be advantageous, however, for they provide an oppor-
tunity to weed out the moribund. Coordination of our
two budgets is particularly important. It would be
unwise, for example, for NSF to curtail programs
which were at the same time receiving renewed lo-
gistic emphasis by the Navy.

Our five-year plan for the period 1968-1972 is now
in effect. What does it mean from the standpoint of
engineering? First, it is clear that by the mid-1970s,
we will operate only three permanent year-round sta-
tions—Palmer, Pole, and McMurdo. By then, Byrd
Station will be 12 to 14 years old; its maintenance
costs will have increased greatly, probably to the point
where the station no longer will be economically
useful in its present large size. Portable, temporary
stations like Plateau may be in continued use, but will
have short occupation at any one location. New in-
strumentation such as the radio ice-thickness sounder
will lead to extended use of remote-sensing aircraft.
Submersibles and other vehicles will have been intro-

2 Antarctic Journal, vol. III, no. 1, p. 10-14.
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duced. Automatic stations are certain to be in opera-
tion by virtue of the perfection of isotopic power sup-
plies, communications through synchronous satellites,
and other spinoffs of the space age.

Exciting new investigations that heretofore have
been technically impossible to conduct will become
feasible. One of the most important of these—sam-
pling by remote techniques beneath the Ross Ice
Shelf, which is the size of France—has long fascinated
workers in several fields. Biologists want to know if
life exists there. Oceanographers believe that the
bottom water of the world ocean may originate be-
neath the shelves. Glaciologists have long debated
whether the underside is melting or freezing. Conse-
quently, there is a desire to drill a hole, perhaps 4 ft.
in diameter, through the floating shelf and lower
automatic, remote-sensing equipment into the water
beneath. These new and heady projects demonstrate
the revolutionary role of the engineer, for none of
them would be possible without him.

Elements of a Systems Approach in
Future Engineering

How do we proceed in the years ahead to exploits
our planning opportunities? We should think care-
fully at-out and adopt the systems-analysis approach,
now widely used in government for planning, pro-
gramming, and budgeting. It has a few shortcomings.
One of them is that we generally relate it to the
inanimate. Actually, our "system" in Antarctica is a
human one to a very real extent. If one of us fails in
the accomplishment of his responsibility, the whole
system breaks down. In thinking of a systems ap-
proach to antarctic engineering, I urge that attention
be given to the human elements—the interaction of
personnel from the design phase on through to the
operation and maintenance of a station. A sys-
tems-analysis approach does not relieve the indi-
vidual of responsibility; instead, it strengthens the in-
dividual's performance.

The implications of a projected activity become
known through the analysis of all elements of the
problem, including, in our instance, such diverse fac-
tors as transportation schedules, procurement, and on-
going operational expenses. It is quite possible, I be-
lieve, to define our needs for a systems examination,
since we have better projections of our overall objec-
tives than most planners have. And, we have one
major advantage in our use of the systems approach:
we can obtain very good feedback. In many engi-
neering activities, such a user feedback is quite difficult
to obtain. We know right away from our users—espe-
cially the wintering personnel—whether they are
happy with our engineering.

As we think of a systems approach to our engi-
neering, we can consider the following factors, all of

which are important elements of a systems analysis,
along with specific objectives about the project itself:

Our stations are physically isolated, much in the
manner of ships at sea. The ebb and flow of trade,
supply, and resupply can be precisely measured. Our
construction and maintenance is actually more like
the construction and operation of a ship--a total en-
vironmental system—than a shore facility in the sense
that the term is used in regard to naval installations
in the United States. It might have been well to in-
clude the Naval Ships System Command, which
knows the problems of isolation, in the development
of a station such as Plateau.

We must use our knowledge of antarctic environ-
mental differences. When the preparations were being
made for the first winter support flight to Antarctica,
antarctic environmental differences were summarized
in messages from the ice. At McMurdo, the terminal of
the fly-in, the temperatures were in the neighbor-
hood of —30°C. At Palmer, temperatures were above
freezing and there was a drizzle. Meanwhile, at
Plateau, it was down to nearly —75°C. The fact that
Antarctica is a large continent with many different
environments escapes some engineers.

Standardization rather than diversification is pos-
sible. We are less dependent on the artificially stimu-
lated demands of society than are most engineering
activities. The most modern and the best-looking do
not have to be obtained for Antarctica because they
are so advertised or even because they are the least
costly.

Consolidation of utility systems is possible. All
utilities can be maintained by a single operating
organization. We do not have separate electric, power,
and fuel companies. Consider, for example, the desir-
ability of placing the power lines alongside the water
distribution system. This would eliminate the over-
head wires and their hazardous maintenance during
winter storms. It would permit simultaneous phys-
ical inspection by utility men of the water, waste, and
power-distribution systems.

Further in our systems analysis, we have the oppor-
tunity to consider the efficiency which comes through
manpower reduction, not its increase. We have no
need for full employment in Antarctica and do not
have to make work.

Pressure for the continuation of a bad antarctic
plan is small. There are relatively few political and
economic implications in our work. Our investment is
our own, not the investment of corporate stock-
holders. It should be noted that we are responsible to
the U.S. taxpayer—the real stockholder of our enter-
prise. Few taxpayers willingly promote increased costs,
especially those arising from a planning failure.

In our work, there is the opportunity to utilize new
developments from the Arctic. There are cities, such

July—August 1969	 161



as Inuvik near the mouth of the Mackenzie River,
which are a little further along the line from frontier
village to city. Our planning should take into account
the rapid northward push into Canada and Alaska
and the way that the engineering requirements are
met.

There is one element of antarctic systems planning
on which I would like to dissent from the gener-
ally held opinion. Among working engineers in the
Antarctic, one hears a good deal about the "simplicity
principle," the rationale for which is that complex de-
vices will fail more quickly in Antarctica. In some
earlier, expeditionary phases of the antarctic program
such a principle may have been applicable: Today,
however, we are too committed to the engineering
revolution to retain or achieve simplicity. But the
main reason that I object to the simplicity principle is
that it insults man's capability! Man seeks challenge
in the unknown and in technological development.
The leveling process of simplicity also levels man.

We have a requirement for a new South Pale Sta-
tion by the early 1970s. There are new scientific pro-
jects—some of which I have mentioned and some
which I have not—all requiring new technology. Sys-
tems analysis can be employed in all of these under-
takings.

In Antarctica, we have three great advantages
which elude most planners. I have talked at some
lergth about the planning cycle. Secondly, there is the
umbrella provided to the program by the Antarctic
Treaty: we operate in a favorable national and inter-
national climate as a result of the 12-nation agree-
ment of 1961. A third important factor is that, to a
large degree, we are in control of our destiny. Our
activities in Antarctica are more nearly similar to the
emerging development of the North American Conti-
nent 100 years ago than they are to the adventures of
man in space. We have a handful of engineers at
work on our projects, while there are thousands in-
volved in NASA programs. That we have control of
our destiny should stimulate desire for excellence on
the part of all, and should develop a sense of collective
responsibility for our projects.

How Antarctica fits into the distant future cannot
be forecast, but it is certain that it will. It is only a
70—year span of time since the Belgica expedition in
1898. What we are building at McMurdo today will
surely be useful for 20 or 30 years--till the end of this
century—in Antarctica. We must constantly think of
our broader responsibility for the Antarctic Continent
and our collective involvement in planning as we
carry out our individual tasks in construction and
engineering. At some future point, we will be judged,
for the wisdom of our decisions will be evaluated just
as we now look back on an earlier phase of antarctic
activity and on man's use of North America.

Eltanin Cruise 37

Cruise 37 was oriented towards studies in physical
oceanography, with supporting data being obtained in
marine geology and geophysics. Objectives of the
oceanographic program were to sample the water
within topographic depressions on the antarctic conti-
nental shelf, determine its mode of formation, and
assess its influence on the deeper adjacent water and
observe the iriethod by which it escapes to deeper
water. The physical-oceanography prograiii was di-
rected by Dr. Arnold L. Gordon, Lamont-Doherty
Geological Observatory, who also served as USARP
Representative on the cruise. The physical-oceano-
graphy group included three students from Flinders
University, Australia.

Along the continental shelf between the Balleny
Islands and approximately 127°E. are topographic
depressions similar to those in the Ross Sea investi-
gated on Eltanin. Cruises 27 and 32. These depressions
may act as traps for the very dense water formed
along the coast of Antarctica.

Departing \Vellington on January 10, 1969, Eltanin
proceeded to 47°S. 174°E., then headed southwest-
ward to 5505 157°E. She approached to within 100
mi. of Young Island, then turned west along the con-
tinental margin of Antarctica on a zig-zag course. Ice
conditions prevented a visit to the French station
1)uinont d'Urville. At 128'E., the ship turned north
and proceeded to 51 °S. along 125°E., then turned
back to 56°S. She then proceeded to 50°S. 120°E.,
at which point course was set for Melbourne. A total
of 64 stations was taken.

The characteristics of the coastal water of Antarc-
tica were studied using STD equipment (with digital
magnetic tape recorder), the classical Nansen bottle
cast, the Laniont-Doherty designed tripod (bottom
current meter, bottom camera, and nephelometer)
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