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PREFACE

1n the "good old days," research in the Arctic was carried out
mainly by a few dedicated men. Their activity was small scale, often
exploratory, with results intended more for science and knowledge than
for specific needs. The logistics requirements of these researchers,
while substantial, could be taken care of without too much trouble by
aircraft and other less sophisticated vehicles.

The discovery of hugE. oil deposits and other valuable minerals in
the Arctic created an instant demand for knowledge that would serve
immediate, practical needs. As a result, we see today many large,
well-organized groups conducting detailed research into just about
every area and aspect of the Arctic.

While the logistics demands of all this activity are staggering,
the means of supplying logistics support remains much the same as in
the old days. The specific purpose of the Arctic Logistics Support
Technology Symposium was "to identify, examine, and propose better
ways of providing support to ARPA's research efforts in the Arctic
Basin." A broader goal was to provide an exchange of technological
information and ideas in order to stimulate fresh approaches to all
arctic research and operational support.

This proceedings presents all papers either read or distributed
to participants at the symposium. The papers fall into three basic
subject areas: (1) transportation, (2) life support, and (3) activity
support (for special needs of investigators in the field).

Although the papers in this proceedings focus on particular ARPA
needs, the infcrmation and ideas they contain should prove helpful to
other groups and individuals either engaged in, or planning for, research
in the Arctic.

B.F.S.
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WELCOMING ADDRESS

C. J. Wang
Advanced Research Projects Agency

Arlington, Virginia

Ladies and gentlemen, welcome to this symposium. We are very
happy to see such a large turnout from what is basically a small
arctic research community. We sincerely appreciate your willing-
ness to be here tonight, to devote your expertise in support of
Advanced Research Projects Agency programs. We hope yLu will come
up with innovative ideas, and we look forward to your reconmenda-
tions for new programs. We hope, with your help, that our pirograms
can be increasingly effective and productive.

About 3 years ago, ARPA initiateid its arctic research program.
Many of you helped in formulating this program and in its progress
to date. Since then we have been getting more deeply involved in
arctic research programs. Broadly, our effort is devoted to the
development of arctic operational technologies, with specific
reference to arctic mobility, undersea operations, and information
gathering. We are addressing the operational problems facing DoD
today and those which DoD will possibly be facing in the future.
Particular mention may be made of our development of the technol-
ogies of arctic surface effect vehicles and of R&D in such problem
areas as under-ice acoustics, remote sensing, and cold regions
construction technology. These are examples. We are running these
programs at the level of something like $10 million per year. We
expect to maintain this level or possibly increase the level
slightly in the next few years.

Of course, ARPA's programs are only a part of the national
program, and a national program must face the broad responsibility
of arctic research, including operations, technology, and the
sciences. Such a program undoubtedly will involve such agencies
as the National Science Foundation, the National Oceanic and Atmos-
pheric Administration, the Department of Transportation, the Depart-
ment of Interior, the Department of Commerce, and the National Aero-
nautics and Space Administration as well as the Department of
Defense.

A major part of arctic programs is logistics, and it is for
this reason that we have convened this special symposium on logis-
tics. A fact of life is that the remoteness of the Arctic and the
harshness of the environment make logistics a major part of any
arctic operation or research program. This applies from the planning
stages right through to completion of the operation. The impact of

I



2 WANG

logistics is felt in terms of operations costs--both dollars and
manpower requirements--and operational constraints. For programs
which the Department of Defense is conducting or ha3 considered,
the dollar cost of logistics ran from 20 percent to as much as 80
percent of the total program cost. This amounts to many dollars,
and some very worthwhile programs could not be carried out because
of the great logistics costs that would have been incurred.

Effects of limited logistics capabilities on manpower requir'e-
ments or feasibility of operations are harder to quantify, but ;re
of no less magnitude. Thus, it is of major importance that new
concepts and techniques be developed to reduce the costs of arctic
operations and i-esearch programs.

It is my personal belief, as I am sure it is yours, that the
Arctic is becoming more and more important and so will our arctic
research efforts. Undoubtedly, in the coming years, there will be
an evolution in our national arctic efforts. The success of this
evolution will require the participation and devotion of many
people, but in particular we can think of one person whose effort
and leadership will have a most critical impact. We are indeed
most fortunate to have this man as our keynote speaker tonight.
We are gratified that he came here to share with us his wisdom.
Ladies and gentlemen, it is my pleasure to present to you our
speaker--a leader and a pioneer in his field--the new director
of the Office of Polar Programs, National Science Foundation, my
good friend, Joseph 0. Fletcher.
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KEYNOTE ADDRESS

J. 0. Fletcher
National Science Foundation

Washington, D, C.

As I look~around the room,-I see a lot of familiar faces:
scientists and engineers who are bringing new ideas and expertise
to arcticloperations. I know I speak for us all in saying "Welcome."
We need you. The challenge is worthy of your efforts. For my part
I admit to a certain biaý, but I hope I may give at least the
appearance of frankness shown by anold Civil War veteran, who wrote
a book.which he called "An Unbiased Histo'y of the Civil War, from
the Southern Point of View."

My own bias goes back 22 years, to'late 1949. I was just a
southern boy who thought snow was a Christmas decoration.

Then I was posted to Fairbanks as commander of a B-29 recon-
naissance squadron. We moved the squadron into a plqce called
Eielson Air Force Base, but it didn't really deserve a name up
until then because it was,just 3 miles of concrete runway and a
cluster of quonset huts.

So, we'went to ENelson with 12 aircraft and tried to maintain
daily missions: 16-hour flights ove•' the Arctic Ocean and the Bering
Sea. It got darkland coid (-50'C) and all the aircraft maintenance
had, to be done outside or in four old nose docks that covered only
'the front of tIe'r&ircraft. Then we were ordered to'change all the
engines--there were only 48 ofithem. It seemed some bright,
inncvative engineer had figured out how to get more power from
them by doing things to get a higher compression ratio. It was
ond of those good ideas prenaturely put into action. The modified
engines started blowing up in flight. After a few weeks of harrowirg
engine fNilures, it was discovered that certain other changes were
also necessary at the factory--so we changed all 48 of them again.
By this time it was March andlonly -350C. We were so glad to see
warmer weather'and daylight that we convinced'ourselves that we
liked the Arctic: the old story of it feels so good when you stop.
To keep my sense of humor, I'was reading StefanssonIs book. "The
Friendly Arctic." It took me all winter to finish it.

h Coming to the Arctic at that time in an operational role, I
haye beLn privilaged to wi'tness the rapid developmint of our
tec',nology over the last two decades. For example, before World
War .1 only a few pioneers were flying the Arctic: men like Byrd,
Wilkins, and Eiel'on. 'During the war our Russian allies accepted
aircraft at Fairbanks and ferried them to the front, but no~one was

3



4 FLETCHER

doing much on the Arctic Ocean. After the war we set about adapting
our machines to the arctic conditions--grid navigation, radio com-
munications, celestial reference during twilight, and a lot of
things that gave us trouble v'ntil we learned how to cope with them.
On cur lone polar flights he carried two radio operators and three
navigators: one taking celestial shots, one working the radar, and
one doing computations. Even so, we had some bad situations. One
of the greatest advances in arctic aviation was simply the advent
of a gyrocompass that did not process rapidly. Two years ago
I made the same flight with a California squadron. They fly jets
and cover the track in 7 hours rather than 16. They didn't carry
a radio operator and the navigator is resting most of the time. There
are just no in-flight problems.

On the ground, jet engines experience few cold weather mainte-
nance problems. In the air, they love the cold and keep turning for
thousands rather than hundreds of hours. New materials and improved
designs have eliminated most problems of leaking seals in fuel, oil,
and hydraulic lines. In short, the problems of operating large
aircraft from fixed bases seem to have been pretty well solved.

Un;r,,uriately the same cannot be said for surface operations.
We havw :ot appiied our advanced technology very vigorously to
conduL.i1g operational activity on the surface of land, pack ice,
or 4ce cap. The reason is simple: We had no need to. Lacking an
arctic population and lacking economic incentives for resource
development, surface operations in the Arctic have been exploratory
and on a small scale. The old ways were good enough.

But not any longer. After millenia of no change and a few
decades of accelerating change, we now are poised on the brink
of explosive developments in the Arctic that within a decade will
make 1971 seem like a primitive frontier. The immediate reason
is oil, but I believe there will be a multitude of other spin-off
activities and enterprises that we do not see yet.

I think it is certain that in 1981 we will look back to this
day and marvel that we could have stood on the portals of such
explosive changes without perceiving either their true character
or significance any more than the social and economic consequences
of the automobile were foreseen in 1920 or the impact of the
federal highway system was foreseen in 1955.

The evidence that we stand on the portals of change is clear
enough. In a few months the Alyeska pipeline will probably get a
permit. Present cost estimates go to $3 billion. More than $1
billion will be laid out to settle native claims. Two billion
dollars have already been invested in the North Slope. But this is
just the vanguard of the future. Geological evidence snows thdt
most of the oil lies in the western Canadian islands, with much
of the area ice-covered sea.



FLETCHER 5

We may ask if the demand is really great enough to justify
development in such an environment. If the investment in the North
Slope does not convince you, then consider this. The United States,
with 6 percent of the world's population, now uses one-third of the
world's energy. If the rest of the world came up to present U.S.
energy consumption, demands would create a six-fold increase in
world production. A recent oil industry forecast has Houston
importing oil within 20 years. The demand for oil is there; the
problem is to find it and get it out.

As with all surface operations, tnis boils down to devising
an effective logistic and operational support system For the
arctic environment. The key to efficiency is to understand and
utilize the environmental factors,*using our advanced technology
to invent ways of exploiting their features. We must strive to
make nature our ally rather than oLr eneiriy. Moreover, we must
address these operational demands urider new and stringent rules of
engagement, for in the last 2 years we have seen the beginning
of the ecological revolution. For the first time in the develop-
ment of our industrial society, we refuse to accept the degradation
of the air, the land, and the water. We demand that our technology
preserve the quality of the environment.

If we look to the past for parallels, we find that man has a

consistent record in anticipating periods of such rapid development:
consistently wrong. He is consistently too conservative. We must
try to improve that record. When I see populations doubling and
redoubling in a lifetime; when I see rising rates of consumption
all over the world; when I contemplate the enormous drain on our
nonrenewable resources in the next few decades; when I see man
going to the ends of the earth and to the ocean floor to recover
rneeded resources; when I see him unlocking the energy of the atom
and harnessing the rays of the sun; when I bee him groping for
control over his planetary environment; in short, when I comprehend
the boundlessness of man's expectations and the vastness of his
challenge, I am certain of one thing: The future is not for men with
small dreams; it is not for men who fear innovations; it is riot for
timid men. No, the future is for men who dare to have great
expectations and who have the courage, the persistence, the wisdom,
and the patience to transform their expectations into realities.
I believe that we have such men. We have them here tonight, in
this very room, and during the next 3 days we will see their talents
for innovation shaping the future that we will all share.

We might well keep in mind the old story of the three men who
were working in a marble quarry. When asked what they were doing,
one answered that he was working in a quarry. The second stated
that he was cutting and shaping blocks of marble. The third respunded
quietly that he was helping to build a cathedral.



FUTURE SUPPOKT TECHNOLOGY REQUIREMENTS OF THE ARCTIC INVESTIGATOR
ON THE SURFACE AND IN THE BOUNDARY LAYER

N. Untersteiner
University of Washington

"Seattle., shington

I will not try to open the great vistas like those just
presented by Joe Fletcher. Rather I will be specific about scien-
tific support requirements in the Arctic. I would also rather not
speak specifically about AIDJEX because we really want to build
the whole picture, of which AIDJEX is only one part, and also to
look back a little at previous projects and activities that have
been carried out. What I will try to give you is the point of
view of the scientist who actively engages in arctic research and
his views of present logistics and operational capabilities in
the Arctic.

It is perhaps useful to remind ourselves that what we are doing
in the Arctic is not all that special in terms of techniques. The
only new thing that has come up lately has to do with the application
of remote sensing techniques. We are making various measurements:
launching radiosonde balloons to measure pressure, temperature,
and humidity in the atmosphere; putting out all kinds of instrument
arrays on the ice--thermometers, barometers, hydrometers--to measure
what goes on at the surface (the melting, the freezing); and
putting down oceanographic gear beneeth the ice in the same way
we do from our research vessels on the open ocean.

There is really nothing very special about this in principle.
What is special is that it is cold out there, and isolated and
inaccessible. It is inaccessible because of the nature of the surface
that we call pack ice. Now, if we look at a small spot, we find
that is is very solid and there is really nothing wrong with it.
You can drive almost any kind of vehicle over it and it will be
just like solid ground. What is different is that every once in
a while there is a crack and pieces that are separated by the crack
move relative to each other. That is really what causes all the
logistics and operational problems that we have.

Obviously in this area we have three media in which to move--
the air to fly through, the ice to travel on, and the water in which
to go under the ice. Defense seems to be the only sector of human
endeavor which has the benefit of ;ail existing technology. If we
had the unlimited use ot existing technology to do our work in the
Arctic, we really would have rather small problems. We would fly
and land airplanes. We would have a cargo-type nuclear submarine
that would be able to put any kind of station at any place at any
time of the year and then supply it. The submarine could deliver

6
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any cargo that we would reasonably need for scientific research.
But things are not that way, and ve have to work within a realistic
framework.

Turning to more specific things, I would like to single out
two. Everyone in this room has a notion of how our research stations
are being established now. There really has been very little
change in the last 15 years or so. The last major advance, mentioned
by Joe Fletcher earlier, was the turbine and jet engines that have
made airplanes more reliable. I would like to concentrate on two
things. One is the difficulty of flying in summer, and the other
is the breakup of ice which stops our work.

In early June the snovt cover begins to melt, the surface
becomes soft, and there is practically no way that fixed-wing
aircraft caa land on the ice because the surface is very hard, very
rough, and pockmarked with meltwater puddles. There is no landing
gear that can take that kind of a surface. From about mid-June to
mid-September, you neither get people in and out nor easily move
camps around. You more or less have to stay put, and that has many
limiting consequences for the conduct of a scientific research
project.

The other specific item is the breakup of floes and stations.
An expensive camp and a lot of people can be put on an ice floe
that looks very large and solid. Yet there is no certainty that the
floe is going to last. Just as likely, it will break up tomorruw
as next year. The first long-term station that we had on sea ice
was in IGY, and that one happened to last for nearly 12 months
without any trouble.

When a floe breaks up, most of our problems involve immobility.
Our buildings are immobile; our supply dumps are immobile; and
particularly our fuel dumps are immobile. We have no vehicle which
can negotiate cracks in the ice. We have caterpillars, tractors,
weasels, road graders, and more recently skidoos. All these vehicles
which I mention arL stopped by just a few feet of open water in
the ice. If 150 drums of fuel happen to be on the other side, there
is practically iro way "o retrieve that fuel, and I am told that a
drum of fuel costs about $300 delivered loc.ily up on the ice.

These two things together really add up to one thing--a lack
of mobility in every respect: long range in the iumer that pre-
vents us from moving people, camps, and equipment around; and short-
range at all times of the year that allows us to deal with ice
breakup.

Of course, these may not be such serious limitations as changes
occur in the style of future research projects in the Arctic. If it
t,,rns out that everything is done remotely and automatically, then
mobility might not be such a serious problem, but I think that
stage of development is a long time away. Even though all the aarth
sciences teiid to automation of observation, it will be a long time
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until we have reached a sufficient level of perfectiont So for
perhaps the next 10 years, we will continue to have manned stations-
in the Arctic and these will need mobility. This will make, it neces-
sary for us to go to predetermined locations at a predetermined
time of the year and put the instrument out and in many' cases pick
it up. Even the sophisticated research activity that we will
have in the future will not eliminate completely the need for
mobility on the ice; therefore, the shortcomings I have pointed but
will still be in existence.

I.

' I '
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FUTURE SUPPORT TECHNOLOGY
REQUIREMENTS OF THE ARCTIC RESEARCH INVESTIGATOR

IN THE UNDERSEA ENVIRONMENT

W. H. Kumm
National Oceanic and

Atmospheric Adminie'tration*
Department of Comerce

Rockville, Maryland

SeVeral questions immediately'come to mind when the broad
Subject of the needs of the arctic research investigator in the
undersea environment is addressed. First, what lill research
investigators likely study under the ice, in the sea, and on the
sea bottom, and how will the research be accomplished?:Second,
what services will users of the Arctic Ocean environment likely
need in the years ahead? Third, what might the underseainvestigator
be able to count on in the way of developing undersea scientific
systems in the future? To answer these qupstions this paper discusses
the needs of research investigators and others for arctic undersea
systems, with particular emphasis on resource assessment and manage-
ment issues in thiý fragile water environment. The need for further

*mapping of the arctic continenýal shelves and the ro~e of NOAA in
leading the national civilian undersea program are also described.

UNDERSEA SCIENCE--THE MICROSCALE INVESTIGATION

Two types of manned facilities appear to be evolving in the
civil undersea science and technology program. They are, respectively,
the small manned sIbmersibles of various types which feature the
ability todive de&ply and allow detai"'ed scientific observation
in the sea beyond diver depths; and the shallow,,'diver-depth
undersed laboratory, Both of these systems are limited at present
by the need for logistics support. Because of the likelihood that
others at this symposium will address the resea'rch tasks that small
deep-diving submersible vehicles can perform, this paper will
concentrate on undersea laboratory appr6aches.,

The needs of the arctic undersea research investigator to which.
the shallow continental shelf undersea laboratory might be devoted
are typically as follows (Arctic has been taken to include areas
north of 650):

*The views expressed in this paper are those of the author and
do not necessarily represent those of this agency.

9
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For living resources

Identify life cycles

Identify causes of failures or successes of fish-stocking
techniques

Determine effects of predators, pollution, and harvesting

Improve harvesting devices for groundfish and shellfish

Determine accuracy of devices used for fish censuses

Extend estuarine ecological studies out into the open sea

Evaluate effects of nonliving resource exploitation on living
resource populations

Conduct studies of nonresource and endangered species of
marine mammals

For nonliving resources, geophysics, and ice studies

Inventory mineral resources

Chart sediment littoral and downslope drift and deposition
phenomera

Determine the accuracy of resource sensors

Evaluate the effect of resource exploitation techniques on
surrounding bottom terrain

Identify dissipation and decay rates, and movement of solid
wastes and oxidized heavy oils on the bottom

Verify accuracy of pollutant sensors and required spatial
distribution

Correlate offshore geologic and bathymetric anomalies with
their land extensions.

Chart the grooves and furrows on the bottom made by the keels
of ice pressure ridges and ice islands

Locate offshore freshwater fissures and aquifers

Conduct geochemical and trace element studies in water columns

Study the underside of ice floes

Study the ice fro;m below while "parked" at the undersurface of
ice islands for extended periods
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Measure water mass flow rates and thermal conditions in
selected locations

By providing an undersea laboratory with associated "daughter"
vehicles, both manned and unmanned, the reach of the system's sensing
capabilities can be greatly extended. One example of such a daughter
vehicle would be the University of Washington's unmanned survey
vehicle being built for use under Ice Island T-3. Another would
be a series of data buoys deployed under t?,e ice. By providing a
self-contained power source, such as an isotope thermoelectriL
heat source or a small nuclear reactor power plant, the undersea
lab would achieve a high degree of autonomy. Unde^ these conditions
the only need for logistic support would be in emergencies or in
rotating scientists and their equipment.

An undersea laboratory "parked" under an ice island such as
T-3 could also be partially supported by airdrop via a vertical
passage from the surface through the ice.

Undersea laboratory concepts are currently under study in

NOAA along with their power source and long-term life support
requirements. The intention is to provide better ways to conduct
scientific work in the sea. The extension of the undersea scientific
research to the polar regions is logical. The requirements posed
by the arctic environment will be factored into advanced system
designs, as identified by the operational needs of research inves-
tigators. This symposium can serve as a useful forum and one of
the means for identifying such needs.

NAUTICAL CHARTING AND MARINE GEOPHYSICAL MAPPING
NEEDS--THE MACROSCr.LE SERVICE

Consider the types of undersea activities that must bi,
performed in nautical charting and marine geophysical mapp'ag. In
continental margins of Alaska, particularly north of 650 through
the Bering Strait to the Canadian border, nautical charts are
required for safe navigation. In some cases the existing charts
are based upon bathymetric data which are more than 25 years old.
These large-scale charts are inadequate for modern shipping (many
channels and ports need to be surveyed by modern techniques). In
the same region geophysical maps are required for the evaluation
of the resources and engineering characteristics of the continental
shelf for the construction of offshore structures and anchorages.
These latter maps, out to the edge of the continental slope, are
normally prepared at a scale of 1:250,000.

Nautical chart surveys usually depend upon shore-based control
for positions. Electronic positioning systems are installed at
two or more shore stations. The network is then calibrated, a
local coordinate system is established, and the position of natural
features is determined in this local system. A survey ship's position
can then be determined to better than 50 feet within the range
of operation. Where marine traffic is heavy and there is danger
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due to shallow depths or other hazards, bathymetric surveys are
undertaken at line spacings of a mile or less. Such detail may be
required for approximately one-fourth of the Alaskan North Slope
area today. Under optimum conditions, these critical areas might
be surveyed by surface ship in 24 ship-months. Should concrete
steps be taken to move the North Slope oil to American east coast
markets by submerged bulk oil systems, charting in this region
could become one of the highest nautical priorities.

Geophysical mapping depends upon satellite positioning and a
worldwide electronic system, such as Loran-C or Omega, for inter-
polation of position between satellite passes. Typically, bathymetric,
gravimetric, magnetic, and seismic data are observed while underway
along track lines at a 5-mile spacing. Approximately 25 percent
of the survey is devoted to crosslines in order to delineate off-
track features and to provide redundancy of data for survey evalu-
ation. Occasionally bottom samples are also obtained. Under the best
operating conditions, the geophysical survey of the region north
of Bering Strait might be completed in another 24 ship-months.
If it were deemed necessary to obtain detailed bathymetric data
throughout the region, a survey which would satisfy both the
geophysical mapping and the nautical charting programs could be
accomplished in some 60 ship-months. At the rate of 2 ice-free
months per year, 30 ship-years would be required to complete the
surveys. There are enough survey vessels under government control
and government sponsorship to accomplish this task. But without
a high national priority these ships will not be made available.

As a result, the northern Alaskan continental margins will
not be surveyed by conventional surface ships in the near future,
and detailed mapping of the continental slope and beyond is un-
likely during the 1970's. This region, therefore, could represent
an excellent opportunity for a submerged mapping system referenced
to a bottom-oriented positioning network, should such a system be
built. Survey submarines could detect microbathymetric features
and navigate by signals generated from the bottom-mounted positioning
network. Such activity could be carried on well beneath the ice
cover which would extend the normal survey system operating season
and the range of operations.

For future commercial, scientific, and military under-ice
submarine systems, detailed sea lane charts and area maps made by
a survey submarine system might well be far more useful and believ-
able to this user community. The bottom-referenced navigational
aids used by the survey submarine would be of equal value to the
user submarines in the future. Finally, as bathymetric maps are
being created by the moving survey submarine, the detailed mapping
of the underside of ice masses can simultaneously be carried out.
This would yield a body of data which could well provide new levels
of understanding of arctic phenomena.
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Referring again to the theme of the symposium--Arctic Logistics
Support Technology--and the needs of the arctic research investigator,
it seems clear that under-ice bathymetric survey systems do not of
themselves require support. Rather, such systems can potentially be
the means of providing some of the arctic researcher's logistic
support.

NOAA'S ARCTIC SCIENCE TODAY

The largest proportion of the current NOAA planned program of
arctic research activities, as indicated in the NOAA input to the
IARCC Five Year Arctic Research Plan, is related to the atmosphere
and the ice. So far, very little has dealt with the under-ice and
undersea environment. Two current marine activities are worth
mentioning, however.

As part of the NOAA Sea Grant program, the University of Alaska
is the recipient of grants-in-aid. A variety of coastal zone marine
resource environmental studies are being carried out in the nearshore
environment off the Alaska coast.

Another small program, funded by the National Ocean Survey's
Oceanographic Buoy program office, involves building and testing a
simple two-sensor buoy for use in the Arctic Ocean. It is designed
to measure atmospheric pressure and the temperature of the ocean
water when tethered below a hole in Ice Islind T-3. This program
is being carried out by the Applied Physics Laboratory of the
University of Washington. Data from the buoy sensors are to be
telemetered to the NIMBUS satellite as it passes overhead.

THE NATIONAL CIVILIAN UNDERSEA SCIENCE AND TECHNOLOGY PROGRAM

Under the Associate Administrator for Marine Resources, the
planning and organizing of the national undersea science and tech-
nology program is now underway under NOAA leadership. The program
was started in August 1971 with a modest Fiscal Year 1972 budget
of approximately $1.5 million. The overall goal of the program is
"to develop a national capability to work in all depths of the sea
and in all oceans, and to promote research and development programs
necessary to effectively use the resources of this vast region."

The Undersea Science and Technology program activities include:

Identifying long-range goals

Coordinating undersea scientific projects

Fitting project objectives into long-range goals

Funding scientific projects

Identifying and developing advanced technology
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Establishing and working with advisory panels

Providing national leadership for regional and inter-
agency undersea science and technology projects

Disseminating program results, such as publishing a
yearbook of accomplishments

In order to achieve a total balance, the potential for
unmanned exploration and rcmote sensing systems is being fully
integrated into the program along with manned systems, whenever
the occasion dictates. The breadth of the problem also demands the
use of the resources and capabilities existing in industry, the
academic community, atd the government to the fullest possible
extent.



SOME EFFECTS OF RECENT CANADIAN STOL DEVELOPMENTS
ON NORTHERN AIR TRANSPORTAfION

R. Tabor-ek
Ministry of Transport

Ottawa, Canada

Government and industry in Canada are engaged in a number of
developments in STOL aviation which will have a significant impact
on air transport operations in the North. These developments affect
the aircraft and its systems; they affect airports and navigational
facilities; and they are aimed at introducing an efficient and
economic STOL transportation system into the aviation world.
Pioneering in STOL is not new in Canada. Indeed, as these develop-
ments are reviewed, it will be seen that aviation, STOL, and the
North are deeply rooted in Canada's heritage.

Looking back in history, during the 1920's and 1930's the
airplane made its first major impact on northern development. In
this era the famed bush pilot operations in the North reached such
a level that Canada became one of the world's leading nations in
air operations. The aircraft used in these operations were found
'to be most effective if they could take off and land in short
distances, and if they could adapt to a variety of surfaces. The
Fokker aircraft which Punch Dickens used to institute airmail
service to Aklavik is typical (Figure 1). Most of the aircraft
used in the world at this time could take off and land in short
distances. Even in the late 1930's when Air Canada began commercial
air service in Canada, their Lockheed 10 airliners (Figure 2)
had good short field performance when operating from airfields
with about 3000-foot runways.

DEVELOPMENT OF CONVENTIONAL (CTOL) AIR TRANSPORT SYSTEMS

It was the development of scheduled commercial services
which led to the distinction between a conventional aircraft and
a STOL aircraft. Manufacturers and operators alike became aware
that by designing aircraft with higher wing loadings the economy
and attractiveness of the civil airliner could be improved. For
example the higher the wing loading, the less sensitive the aircraft
is in its response to wind gusts--with passenger riding quality
being much improved. Together with developments in structures and
propulsion, the increase in wing loading has helped to reduce
the operating costs of transport aircraft, from about 3 cents
per seat mile during the 1930's to less than 1 cent per seat mile
during the 1970's (Figure 3).

15
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Figure 1. Fokker Airplane Used for Airmail Service to Aklavik (1929)
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Figure 2. Lockheed 1OA Electra Used as Air Canada's First Commercial
Air Service (1937)
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These developments, hoWever, were not witiiout undesirable
side effects. Whereas the a~rcraft of theilO30's could operate
from 2,000- to 3,000-foot runways.(Figure ,), the increase in wing
loading, among qther things, led to a rapid increase in the runway
length. Today, major airports require runways of 10,000 to 12,000
feet. Although there are major problems 'in building these airports,
the most economical system for high-dbnsity, long-haul operations
is one where large airports permit the use of aircraft with the
lopest diredt operating posts. This trend thus became' the main
thrust of aviation development over the past 30 years. Such a
system, however', has become less suited to 'providing air transpor-
tation on the low density routes nharacteristic of many northern
oRerations.

DEVELOPMENT OF STOL IN THE NORTH AND IN MILITARY OPERATIONS

Although the major trend i, aviation has been the'development
of the conventional air transport system, a' significant need has
always existed for airplanes that can operate in regions where
the density of traffic does not permit major investment in airfield
facilities. To meet this need, new aircraft have been developed
which have ever-increasing efficiency and economy, yet retain the
ability to take off and land in short distances on soft or rough
field4.

The Beaver (Figure 5) is one examnple of such an aircraft.
It carries a-l-toh load at speeds of about 150 mph. Experience has
shown the need to develop landing gear that can operate on very
soft surfaces to permit the greatept utilization of STOL capability.
The large low-pressure tires shown on this aircraft were developed
at the initiative of Weldy Phipps of Atlas Aviation, and they are
now in service on aircraft in the North and in other parts of
the world. Oerating from soft surfaces remains, a problem at which
research is being directed.

The Otter, and its successor the turbine powered Twin Otter,
shows successive STOL aircraft following the same trend to higher
speeds and winq loadings, and improved structural anI aerodynamic
efficiency as for CTOL aircraft. The Twin Otter carries 2 tons at
close to 2C0 mph.

WJhile these aircraft,ideveloped in large measure to meet the
needs of the!Canadian North, have played a major role in the develop-
ment of STOL technology, the limited economic' activity in the North
placed a fairly low upper limit on the size of specialized aircraft
that could be developed on that economic base. Fortunately for
STOL aviation, military interest made substantial funds available
for tne development of larger STOL aircraft.

An example of the continuing evolution of STOL aircraft under
the stimulus of military interest is the de Havilland Buffalo.
Originally funded jointly by the U'S. Army, de Havilland, and the
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Canadian government, it is one of the larger STOL aircraft •lying
today, carrying a payload of 6 or 7 tons at speeds of 280 mpiL,
This aircraft, currently 4n military service, is also serving as
a test bed for several STOL developments.

For one test program, involving U.S. and Canadian governments
and industry, the aircraft incorporates an air cushion landing
gear (Figure 6). Auxiliary engines attached to the side of the
fuselage provide a source of air which is ejected from the elastic-
ized chamber on the bottom of the aircraft. A cushion of air is
formed which will sup'ort the airplane while taxiing, landing,
and taking off, and will permit its operation from the softest
surfaces, including water and muskeg, and over obstacles 1 or 2
feet high. The aircraft is shown in Figure 6 in the take-off and
landing configuration with the chamber expanded. In normal flight
the chamber contracts and lies flush with the fuselage. Modifica-
tion of this aircraft is underway, and testing will begin in late
1972. The air cushion landing principle can be developed for any
size aircraft, and represents a much-needed improvement in the
ability of aircraft to operate on soft surfaces.

Jet propulsion represents a significant step in aviation
evolution. The Buffalo is also being used as a test bed in the
development of jet-driven STOL aircraft, with U.S. and Canadian
governments and industry participating. Jet STOL has lagged behind
the development of comparable conventional aircraft for technical
and economic reasons which will be referred to later. This flight
test vehicle (Figure 7) is the culmination of a long series of
wind tunnel tests, and will further develop and verify the flight
characteristics of a high-lift wing for jet aircraft, known as the
"Augmentor Wing." First flight of this research vehicle is scheduled
for March 1972.

The results of these development pi-ograms can be applied to
a variety of production designs. By way of illustration, one
example n.,ght be an aircraft with the speed and capacity of the
Boeing 737, the short field performance of the Twin Otter, and if
required the ability to land on water or muskeg as well as on
prepared surfaces. Earlier, the limited size of aircraft that the
northern civil market could justifiably develop was commented on.
It is interesting to note that the military forces of several
nations have considered development of various jet STOL designs.
To date they have been unable to obtain funds for such a develop-
ment program.

THE ROLE OF CTOL AND STOL IN THE NORTH

Having reviewed the traditional line of evolui;ion of STOL
technology, both in the North and in the military, and indicated
some key development programs, attention will now be turned to the
interaction of CTOL and STOL in the North and in high-densit,
airline markets.



20 TABOREK

[

Figure 5. The Beaver, a STOL Aircraft Used in the Arctic
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Conventional aircraft, such as the Boeing 737, have reached
an advanced state of development, and their introduction into the
North, primarily on high-density routes, has had a strong and
favorable impact both on the development of the northern air
transportation system and on the quality of life of northern'
risidents. CTOL aircraft currently carry the major share of traffic
to the six major hubs in the north and carry a significant portion
"of the traffic which distributes cargo from these hubs to ,its
ultimate destination (Figure 8). The conventional air transport
system and the STOL transport system would be 'complementary, and,
a combination of both should lead to a more effective and economical
air transport system.

In general the conventional aircraft'is more suited to high-
density long-range traffic, whereas the STOL system is more suited
to short-range low-density traffic. One attempt to quantify this
relationship for northern operations (Figure 9) predicts the STOL
sy..tea to be more economical for stage lengths of less than 150
miles with almost any traffic density, and for longer'stage lengths
with traffic densities of less than 1,000 to 5,000 tons per yQar.
These areas of preference arise from trade-offs of assumed lower
direct operating costs and higher airport capital costs for CTOL
aircraft. The preferred areas are not sensitive to the pssumed
ratio of CTOL to STOL airport co~ts.

Specification of areas of preference is more th'eoretical than
real at the moment. The existence of a highly developed conventional
air system in southern areas offers economies from the standpoint
of being able to serve a point through scheduling of a carrier's
existing fleet, or of purchasing any of a variety of'osed aircraft
for the role. In either case initial capital investment in aircraft
is minimized, which is particularly attractive in northern opera-
tions where utilization tends to be low and uncertain. As the
density of northern operations cannot justify major equipment
development, the intrcauction of STOL into the North will be signifi-
cantly aided by developments on southern intercity routes.

INTERCITY STOL AIR TRANSPORT SYSTEMS

The development of a new air tran'sport'system includes the
elements of the aircraft and the airport. It also includes the
development of regulations, avionics, and ground electronics
that permit effective use. The system must be made attractive to
passengers, and the equipment necessary for handling passengers
and baggage must be developed. The Canadian government, led by
the Ministry of Transport in participation with the Canddian
aerospace industry, iia$ embarked on a $15 million experimental
program which will focus experience in these areas on a passenger-
carrying demonstration service between the downtown areas of
Ottawa and Montreal. Planning of the defonstration service is well
underway, with the first passenger-carrying flights scheduled to
commence in May 1973.
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Many of the objectives of the demonstration service are primarily
directed at intercity STOL services. There are a number of areas,
however, which will directly benefit northern air transport operations.
Foremost among these are testing and use ot advanced avionics and
ground electronics, and the evolution of regulations which will
permit the development of new STOL aircraft.

The service is to be started with de Havilland Twin Otters.
This aircraft figures prominently in northern operations and is
in wide use in commuter airline operations in the United States.
While it is perhaps slower and smaller than desirable for such an
experiment, the STOL aircraft available today has characteristics
that best meet the needs of this market.

One objective of the demonstration is to verify STOL port
dimensions for transport category IFR operations. The basic dimen-
sions of the STOL port runway are a length of about 2,000 feet and
a width of 100 feet. Numerous refinements to the STOL port dimensions
will be developed and verified. Of particular interest will be th,
siting and use of a microwave instrument landing system.

The conventional instrument landing system (ILS) is not well
suited to STOL operations. The beam is very sensitive to objects in
its vicinity, giving reflections and echoes which vary. Ii siting
the system, a distance of some 2,500 feet from the runway threshold
must be kept relatively clear of obstructions. This is difficult,
if not impossible, in city areas, and indeed in many irstances
in the North. Of particular interest in the northern context is
the high capital cost of installing a conventional ILS (some
$350,000). Operation and maintenance costs are similarly high, both
largely the result of the sensitivity of the beam.

On the other hand, the microwave landing systems currently
ueing evaluated for the STOL port cost $40,000 to $80,000. Also
the beams are not sensitive to obstacles and are very stable, so
the need for flight checks is reduced. These and other factors
should provide economic justificatior. for the installation of landing
systems at sites with considerably less traffic density.

The demonstration service will also play a role in the develop-
rment of operating regulations for STOL aircraft. While regulations
for conventional aircraft are well developed, there are no regula-
tions in force today which specifically recognize the unique
character of STOL aircraft. Low wing loading STOL aircraft, such as
those to be used on this service, can operate within the existing
regulations and can be used to provide the operating experience
for developing regulations w~ich recognize the use cf engine power
to generate lift on a wing.

This is particularly important for jet-driven STOL aircraft. For
travL1 at jet speeds, STOL aircraft mu:t use small wings te achieve
high wing loadings. Otherwise riding qualities are intolerable.
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To generate very high lift on a small wing, engine power must be
used to assist in developing the lift. Regulations which recognize
the principle of powered lift are then an essential prerequisite
to the development of jet STOL aircraft.

As an illustration, consider a number of methods of generating
high lift. The conventional flap deflects the free-stream air around
the wing downward to increase lift (Figure 10). Its lifting
capability is limited by the phenomenon of stalling. This, in turn,
limits the aircraft to the use of a moderately large wing, which
limits cruise comfort and efficiency. The effect of power is not
considered. Propeller-driven STOL aircraft are designed to use the
slipstream from the propellers to keep the airflow attached when
the wing would otherwise stall, thus providing higher lift. Current
regulations limit the benefits which can be claimed for this effect.

Jet-driven aircraft have no slipstream as such, and hence are
unable to take advantage of this extra source of lift in achieving
STOL performance. The development of jet STOL has therefore been
focused on a means of developing lift from engine power. One approach
is the blown boundary layer control system, where air from the engine
is ducted through the wing and blown out of a slot over the flap.
The Augmentor Wing concept is a further development of this
principle. This concept is the most promising at the moment, and it
is to be flight tested on the Buffalo aircraft. Other concepts
visualize using the thrust from small engines mounted vertically
to provide lift, or using large diameter fan engines to blow air
over the flaps in a manner analogous to propellers.

While there are a number of technical problems to be resolved,
the introduction of larger, faster STOL aircraft depends largely on
proving a market which justifies the large investments required to
develop these aircraft. As mentioned earlier the military forces
of several countries have not been able to justify the development
costs of jet STOL aircraft. If successful the STOL demonstration
program could provide that market base, leading to the development
of advanced propeller-driven and ultimately jet-driven civil STOL
aircraft.

SUMMARY

The traditional civil air transport needs of the North and
military air transport requirements around the world will lead to
the development of faster and more efficient aircraft with short
and soft field performance.

The introduction of STOL into interLity'markets will stimulate
many developments of direct benefit to the North. In the near term,
for example, this will lead to certification 'f cheaper and more
effective landing systems. In the long term, irntercity STOL will
provide a market base to assist in the development of larger
propeller and jet STOL aircraft.
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LONG-RANGE HELICOPTERS

A. J. Rankin
Sikorsky Aircraft

Stratford. Connecticut

Helicopters will be particularly useful in the Arctic where
it is so difficult to construct surface facilities and where there
is a need to transport small tonnages to many places. Helicopters
can be used to great advantage in distributing goods from hubs
where low-cost, high-performance aircraft can deposit the tonnage
required for a large area. However, somewhat increased range over
that curreotly achievable with high payloads and other improve-
ments would greatly enhance operational efficiencies. This paper
will delineate the need for these improvements through an accounting
of experiences involving helicopters in the Arctic during the past
3 years.

Some 3 years ago a Sikorsky S-64 Skycrane helicoptE," was taken
to arctic Alaska along with our North Slope oil exploration teams.
The S-64 configuration features a large, uninterrupted cargo
space under the fuselage. The helicopter is maneuvered by an aft-
facing pilot who can actually fly the machine looking backward and
simultaneously operate the hook. Tne Skycrane, or any helicopter
for that mAtter, is currently best suited for short-range work.
While helicopters can go long distances with midair refueling,
they are most suitable for short-range gap crossing. The S-64 now
being used commercially has a payload of about 20,000 pounds with
a range of 25 miles, but the payload falls off to around 15,000
pounds at 180 miles.

There were several very good reasons for using the S-64 at
Prudhoe Bay. That summer, during final explorations in preparation
for the lease sale, the only way the oil rigs could be moved was
by Skycrane. Two rigs were packaged especially for the S-64. They
were moved in by Hercules to the runways and from there the entire
rigs and camp facility with all support supplies were flown to the
site by the S-64. In this way the move was made during the summer
without any road construction and with no damage to the tundra.

That is how it started in the Arctic. Then in July and August
1969, a trial was conducted for the Department of Transport to
determine the flexibility of a transport system using large heli-
copters in conjunction with ships. At Cape Dorset about 1,100
tons were moved. The following year with a more suitable vessel,
the Fort Saint Louis, calls were made at five ports and roughly
2,700 tons moved. That second year effort was much more successful
than the first year since the vessel had a large 300-foot unobstructed

27
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deck on which the helicopter could be based and from which cargo
could be moved rapidly. The first vessel, the Sir John Crosby, was
so configured that the helicopter had to stay at about 100-foot
altitude, making operation very difficult and unloading quite slow.

Interesting to note is that Sikorsky's original aim was to
build a helicopter capable of moving complete houses without concern
for terrain restrictions. During this past year an experiment has
been carried 9ut along these lines with a factory-built housing pro-
gram. The great limitation on factory-built housing is over-the-road
transportation. The house used for flight test was 28 by 24 feet
and designed to be picked up by the upper corners. No one had tried
this before, and some very interesting aerodynamic effects were
encountered.

During the first flight, an attempt was made to ease the house
off the ground, but the aircraft ballooned the house about 30 feet
off the ground. This surprised the pilot somewhat, but more of
concern was that the house tried to get into syncronization with
the rotor. The pilot got the house on the ground without damaging
anything, but it was a bit tense for a few moments. The problems
were solved with a rig which restrains the house, and flights are
now made at about 80 knots. This may have some potential. This
aircraft could just as well carry people in a suitable pod. The
same dynamics are being used on the Marine Corps CH-53, which will
carry about 46 passengers. It will cruise at about 160 or 170
knots. The dynamics now under development will up this to over 200
knots and about 70 passengers.

During 1971, our third year in the Arctic, some 7,000 tons
were carried using two vessels, the Fort Saint Louis and her sister
ship. Operations were conducted in Hudson Bay under adverse ice
conditions. In some cases the ship was unable to get closer than
22 miles to its destination. In any event, the operation was
scheduled and completed in 31 days against a plan of 30 days. During
the trip, cargo off-loading was modified to increase the cargo and
back load from the final port of call, and take some cargo out to
another port. Tremendous flexibility and reliability in both schedule
and operations were demonstrated using this system. The capabilities
of both surface and air are maximized. Cargo can be scheduled for
a port, and except for unusual conditions it can make that schedule,
even in the Arctic, because of the inherent operational flexibilities.

Several things can be done, however, to make operations more
efficient. In the first place, where possible the cargo should be
containerized and packaged to take advantage of the maximum payload
of the aircraft. There should be two aircraft serving a fleet of
vessels, with each vessel configured for aircraft rendezvous (one
aircraft can generally handle three vessels). The helicopter need
not travel with the ship, but can fly directly to the first port
of call, thus freeing it for other work while the ship is enroute.
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This program has triplad just about each of the 3 years it has
been underway (some 20,000 tons is now planned to be loaded next
summer). The same aircraft that will be used in next summer's work

is going to the James Bay area this fall (November 1971) and
transfer fuel at Quebec's new hydroelectric project. The fuel is
about 100 miles from the people and machinery that need it.

In conclusion, it should be recognized that no claim is made
that helicopters are the total answer for all arctic logistic
problems. However, they can be an important and integral part of
a system that can increase the productivity and the reliability
of operations in the Arctic. Under development at the present time
are the dynamic components for a 3-engine helicopter that will
have a payload of about 16 tons and another one which will have
four engines and a payload of about 50 tons. There is no practical
limit to the size for these machines. Like airplanes, the only
practical limit is finding a customer. Such large helicopters
will be very expensive to build; but like the Boeing 747, if the
volume of work to be done is there, they can be very productive
and profitable.



LIGHT AND MELIUM VTOL AIRCRAFT
IN PRESENT AND FUTURE ARCTIC LOGISTICS

R. E. Lynch
Bell Relicopter Company

Euless. Texas

In the late 1940's, the military realized the potential of
the helicopter in arctic regions. First uses were with the Navy
and Coast Guard icebreakers on exploratory and supply missions
above the Arctic Circle. These early helicopters functioned as
the eyes of the ship, guiding it through ice floes and speeding
transit operations. These aircraft were also used for limited
administrative flights of personnel and supplies and also assisted
hydrographic surveys by positioning lightweight instrumentation
at key points. As these small machines became available to com-
mercial operators, they were used in the Arctic for high-priority
construction projects and for limited oil line and pipeline
surveys.

The helicopters had many limitations: their reciprocating
engines were highly susceptible to icing; their limited instrumen-
tation restricted them to daylight flights; and their load-
carrying capability, even in arctic temperatures, was limited
to about 500 to 600 pounds. These limitations have not excluded
this type of aircraft from use even today on special 'projects,
and improvements have been made in engine performance and instrumen-
tation.

The big breakthrough in the light he'licopter was the introduction
of the turbine engine. The lightweight turboshaft with its high
reliability, low weight, and low fuel consumption allowed the
helicopter to finally achieve a payload-to-gross-weight ratio which
put it on a paying basis. External loads increased 150 percent
to 1,600 pounds, and maintenance to vital components was reduced
appreciably. Various configurations of landing gear were utilized.
Pontoons and ski-type gear could be utilized in tundra and muskeg
areas. Also, emernancy flotation gear allowed these aircraft to
be safely operated over the open sea to offshore oil rigs.

Simultaneously with the advent of the light jet helicopter,
the medium jet helicopter made its appearance. These commercial
machines, as well as the early H-13, are derivatives of military
technology. However, they were easily adapted to commercial
operations. Figure 1 show3 the largest of the Bell medium helicooters,
the model 205A, on floats. This helicopter has an external load
capacity of 5,000 pounds. It can carry 13 passengers or.an equivalent
amount of cargo in its 220-cubic-foot cabin for 300 miles. For the
medium range, development of larger engines and dynamic components
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yielded the HueyTug with a 2,850-shaft-horsepower engine and an
8,000-pound lift capability. This aircraft is still under the
15,000-pound gross weight class and is completely air transportable
in Hercules (C-130) aircraft.

For added reliability a twin-engine medium helicopter has
also been developed (the Model 212 or military UH-IN). This heli-
copter has the capabilities of the earlier medium jets with the
increased reliability of the twin engines. The engine itself is
unique. Two PT6 engines manufactured by United Aircraft of Canada
were coupled to a gearbox with a single output shaft (Figure 2).
This combination resulted in the T400-CP-400 engine which produces
1,800 shaft horsepower. The configuration of this engine makes it
ideal for arctic operations, as shown in Figure 3. The air intake
is so constructed that it passes air over a series of deflectors,
and the engine air is taken from a plenum chamber. This system
precludes direct intake of snow, ice, or abrasive particles which
would damage engine compressors.

In addition to engine improvements, a greit deal of develop-
ment in avionics has also taken place. Shown in Figures 4 and 5 is
the installation of a radar antenna in a rotor blade. This antenna,
turning at approximately 325 rpm, gives a high definition radar
picture for a range of approximately 10 to 15 miles. The clarity
of the presentation is so precise that it is possible to tell a
plowed field from a grass field. Vertical reference presently is
done through an additional antenna. However, the utilization of
the tail rotor as a vertical antenna is being tcested.

Avionics have also been developed for automatically bringing
a helicopter to a hover over any type of surface--land or water.
It was developed for Navy missions where sonars were placed in
the water for detection of submarines. Not only does this system
bring the aircraft to a hover in instrument conditions, but alco
it allows egression to a safe speed and altitude upon completion
of the hover. This would be very useful for unique weather con-
ditions (such as white-out) encountered in the Arctic.

As development of the oil finds above the Arctic Circle are
requiring transport over great distances, arctic logistics h3ve
been extended. The present helicopters, with their short range and
low speed, hardly function in an effective manner for the future
logistics r rements in the Arctic. The addition of jet engines
to an existing helicopter, such as shown in Figure 6, will signifi-
cantly increase speed. This particular craft achieved 274 knots in
level flight, but its configuration decreases payloads and ranges
to a point where it is very inefficient.

Several designs are being investigated to achieve a more
efficient high-speed helicopter. Figure 7 shows a variable diameter
rotor. When fully extended, it is 25 feet in diameter. Shown in
this sequence, it is reduced in the lower right to 16 feet. The
principle of operation of this type of rotor is somewhat like the
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Figure 4. All-1 Antenna Installation

Figure 5. All-i Antenna Mounted in Rotor Blade
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rock on a string that you might have whirled about your head when
you were a boy. You were continually pulling toward you to maintain
the rock in a level plane. This principle is applied to the moving
outer part of the rotor blade which is attached to the central
hub through a series of straps working with centrifugal force and
through the application of centripetal force the blade is retracted
to a smaller diameter. The idea here is to reduce the size and
drag of the rotor system and to achieve higher speed with the
presently installed power.

Looking again at the helicopter and trying to project the
requirements of range and speed for the short-haul arctic mission,
the helicopter is restricted. In order to carry light to medium
cargos, the vertical lift machine must be able to compete with
comparable fixed-wing aircraft. To achieve this end, a speed in
the area of 300 to 400 knots would be ideal. Efforts at Bell have
been directed to putting the helicopter reliability and dependability
that has been gained over the past decade to use in developing a
VTOL aircraft of the future with increased capability.

In the 1960's, the XV-3 aircraft (known as a proprotor VTOL)
was developed (Figure 8). A helicopter, in order to achieve speed
in forward flight, must tilt its rotor blade. With the XV-3, rotors
were used and tilted through a 90-degree angle to achieve both forward
and vertical flight. This test bed was underpowered, because of
a small reciprocating engine. It carried only a small payload, but
it was highly successful in proving the concept. Over 200 flights
were made and full autorotative power-off landings in the vertical
mode were tested, Also, the aircraft had good STOL characteristics
when the rotors were set at intermediate angles. The XV-3 also
pointed out several problems quite similar to those experienced
in the early Lockheed Electras, with pylon instability and stresses
in the wing support structure. Bell embarked on an extensive
engineering and wind tunnel testing program on proprotor configura-
tions. A 25-foot flight-worthy model of the latest proprotor con-
figuration was tested in the Ames wind tunnel. Bell is now building
the dynamic components necessary for a flying test article for
this size aircraft, a mockup of which is shown in Figure 9. Even
this small aircraft would have good capability for short-haul
arctic missions. Weighing about 12,000 pounds, it could carry 10
people or 2,000 pounds of cargo over a distance of 500 nautical miles.
It could land at and take off from unprepared sites.

Along with the development of new VTOL concepts, the industry
has been looking for something which would give the payload break-
through similar to that of the jet engine. Presently, the use of
composite material, either boron or graphite fibers or similar
derivatives, has been limited to nonstructural panels and similar
applications. With the increasing knowledge and availability of
these materials, a new lightweight construction will possibly be
achieved. Through decreased weight and increased strength of the
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aircraft structure, higher payloads can be expected. These materials
will also be less susceptible to the arctic environment, and their
resistance to deterioration will assure longer life.

As mentioned earlier, to compete with fixed-wing aircraft,
higher speeds with comparable payloads must be achieved. At Bell,
the proprotor is seen as only the first step to ultimate VTOL
aircraft. The proprotor is here now. It will be flying in the next
few years. The folding proprotor is a logical follow-on (Figure 10).
Utilizing compound engines, which can function both as thrust and
shaft engines, this is a concept for the 1980's. The aircraft will
have the speed of the present Boeing 727, and since its rotors are
only used for vertical flight they will be optimized for hover and
will be highly efficient for short-range cargo hauling. This is
the ideal among the VTOL's of the future.-the speed and range of the
modern jet with the capabilities of the most efficient helicopter.

Figure 10. Folding Proprotor (Concept Design)



THE NEW COAST GUARD ICEBREAKER CLASS:
ITS DESIGN AND ITS FUTURE

H. E. Fallon
U.S. Coast Guard
Washington, D.C.

The icebreaker represents a highlb specialized area of ship
design. When the first U.S. icebreakers (the WIND class) were
designed, little significant design information was available.
Our design knowledge has expanded greatly, yet the final test of
this knowledge, which grows almost daily, is still to be proven by
an operational unit.

The Coast Guard is now constructing a new 400-foot icebreaker
to replace the aging WIND class. A review of all design aspects
of this ship is too detailed for inclusion here and would probably
be of interest to only a few. Some aspects of the design which may
be of general interest will be highlighted. Figure 1 is an artist's
concept of the ship.

Semiempirical relationships have been developed which allow the
designer to make predictions of ice resistance. In this area it
must be mentioned that studies are continuing to predict ice
resistance more accurately, with attempts being made to determine
the individual components that are required to (1) break the ice,
(2) turn and push aside the floes, and (3) overcome the hull and
ice friction. This will lead to a better determination of the most
efficient method of breaking ice.

The new icebreaker will utilize the grillage system (Figure 2)
of construction instead of the more traditional truss system used
in the WIND and GLACIER classes. The grillage system is more effective
in resisting impact penetration and progressive failures of surrounding
structure. Ice frames will be spaced on 16-inch centers, withi the
ice belt plating 1-3/4 inches thick. Fully loaded, the ship's draft
is 30 feet. Its displacement is 12,000 tons.

The ship will have three shafts to improve reliability and
maneuverability over the WIND class. An even power distribution
between shafts will be used. This provides less thrust unloading
of the wing screws due to propeller interaction and gives better
performance in the near bollard condition.

The propulsion system for an icebreaker must produce power
with high efficiency over a broad range and have high rates of change
of power. The system must have a low susceptibility to damage in a
hostile environment, low maintenance, and allow containment in a mini-
mum geometry to reduce the beam required due to ice resistance on the hull.
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In a departure from conventional practice, a Combined Diesel
or Gas Turbine Plant (CODOG), consisting of an 18,000-shpdiesel-
electric plant and 60,000 shp in gas'turbines, has been specified.

'Normal operations, including icebreaking, will be in-the diesel-
electric mode, with the gas turbines being used when 18,000 shp
will nQt suffice. The'ship will have a free-running speed of about
17 knots, and it will continuously break 4 feet of ice in the diesel-
electric mode, 6 feet of ice in the gas turbine mode, and 21 feet
of ice by ramming.

The gas turbine was selected for its well-known weight-tb-
:power ratio and size advantages as-well as for its cost limitations
to achieve maximum'horsepower. In addition, the gas turbine possesses
torque characteristics whichiare advantageous in icebreaking. Stall
torque to full load torque ratios of 2.5 are characteristic, ano
these are desirable when a propeller loads d6wn in ice. To reduce
the problems of reversing in both the diesel and gas turbine modes,
a controllable pitch (CP) propeller is-utilized. The CP propeller
has a great influence on the design aside from its ability to reverse
largeamounts of power.

An analysis of failures in fixed pitch propellers in existing
icebreakers shows that many happened when the propeller was stopped
and then encountered ice. Every reversal or stoplef a fixed pitch
systempresents this opportunity for damage. A CP system avoids
this ald also has higher efficiency over the broad ranges of power.
A typical crui.sing speed would require no more than 7,000 shp,
while the ite breaking mode could reouire up to'full power from
the gas turbines. Considering these factors, plus the long cruising
run before the vessel reaches its operating area, the 'favorable
effect on vessel endurance and, consequently, size and cost is
evident. The rate of reversal also indicates;significant advantages
of'the CP system in the ramming mode, since the speed of advance
obtained before impact is a function of the speed of reversal,
The CP system should provide a 20-percent advantage over the fixed
pitch propeller in the ramming mode.

Figure 3 shows the outboard profile of the ship. Note that the
shio is fitted for helicopter operations. It has an aloft conning
"station, a forward cargo crane, two aft boat and helicopter cranes,
and an oceanographic boom (not visible in the figure).

The inboard profile (Figure 4) shows that all quarters and
living spaces (shaded) are on or above the second deck, with every-
thing below that level being reserved for machinery and stowage.
The gas turbines require the large intake and exhaust trunks shown.

The two forward machinery spaces contain six main propulsion
diesel dencrators and thelthree service diesel generators (Figure 5).
The main propulsion generators provide alternating current which
is rectified to direct current which, in turn, drives the main
propulsion motors mounted on the shafts in the after spaces. The
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shafts extend forward of the motors where they are connected to
reduction gears through a clutch. The gears are powered by the gas
turbines installed in the space forward of the reduction gears.

This ship will have a central hydraulic system which will be
powered by three pumps in a single compartment. The hydraulic
fluid will power the following equipment: anchor windlass, cargo
and boat or helicopter booms, boat hoisting winch, oceanographic
boom and winches, towing capstan, and heeling system. Since normally
no more than one or two of these equipments would be in operation
at the same time, the central hydraulic system permits the instal-
lation of fewer hydraulic pumps and electric drive motors.

The oceanographic and meteorological data collection and
processing system includes an oceanographic wet lab, a dry labor-
atory, two portable 80- by 14-foot vans, a meteorological laboratory,
and an oceanographic data center. )e wet laboratory houses two
hydrographic winches in a sheltered compartment which also serves for
the initial processing of oceanographic samples. A hydraulic over-
"the-side boom, located immediately aft or the wet laboratory, is
controlled by an operator inside the laboratory, as are the winches.
The operator will have a complete view of operations from the deck
to the water's edge through a plastic bubble provided in the ship's
side.

The sewage system collects, retains, and ejects waste materials
and water. Ejection is to shore connections on deck or overboard
through the hull. In layiog out this system, four zones are created.
Zones 1 and 4 are the forward and after-most zones and control only
clear drains. These are conducted directly overboard or collected
in the bilge system for discharge through the water separator.
Zones 2 and 3 each contain a collection station which houses the
retention and ejection facilities. Space is provided here for later
installation of sewage treatment plants. Shipboard treatment of all
drains within Zones 2 and 3 will be added when a suitable treatment
plant is developed.

The new icebreaker will enter the Coast Guard fleet in 1974
and will exceed the operating capability and effectiveness of theGLACIER and the WIND class icebreakers. The physical dimensions

alone, however, cannot indicate the true measure of difference
between the old and new classes of vessels.

One obvious difference between the WIND class vessels and
the WAGB-1O class is the sustained crusing speeds of 13 and 17
knots, respectively. Because of the long distances these ships must
travel in going to the polar regions from their home ports in
the United States, this 4-knot difference is significant. The
increased transit speed will result in a savings of about 25
percent of present icebreaker transit days. The days thus saved will
be used for other operating missions.
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As an example, the new WAGB-10 class will make the voyage
between the United States and New Zealand for Antarctic operations
in 21 days as compared to 28 days for present icebreakers. Two of
these icebreakers deployed to Antarctica would therefore save 1
month in transit time. Similarly, savings in transit time to the
northern polar regions will be realized with the WAGB-0.

In addition to the difference in transit time in open water
going to and from the polar regions, this ship can navigate
approximately twice the thickness of ice (6 feet as compared to
3 feet) as the WIND class without being forced-to stop, back down,,
and ram. Maximum ice thickness which can be broken by ramming will
also be twice that of the WIND class. (21 feet versus 11, feet).
These increased icebreaking capabilities coupled with increased
transit speed are particularly valuable in polar operations where
support activities must be conducted within a limited and specific
time period due to ice conditions that prohibit traffic movement..

The ability of the new icebreaker to penetrate heavier ice
creates the possibility of performing missions which simply could
not be done with a WIND class or any other U.S* icebreaker. 'This
will allow information to be obtained about the polar regions which
has been inaccessible. For example, the new vessel will have, the
capability to circumnavigate Greenland, a task now impossible for,
U.S. icebreakers.

Using a WAGB-1O class vessel in lieu of a WIND class will allow
an expansion of the time period during which an icebreaker can
operate in a specific avea. The new vessel can maintain its presence
and continue its operation in seasonal ice which would be too heavy
for a WIND vessel. This, in effect, will extend the usable on-
scene days in a given area. Additionally, the improved i.qebreaking
capability of the new class will reduce the time lost by a vessel
temporarily beset in the ice and will also increase the probability
of completing an assigned mission.

One major activity of icebreakers in both-the nortnern and
southern polar regions is the escort, of nonicebreaking supply
vessels. The 33-percent increase in beam over the WIND class will
enable the new class to perform escort and convoy duty muph more
effectively. The 83.5-foot beam of this icebreaker will provide a
wider path through the ice for nonicebreaking vessels. This will
faciliate the movemenL of wider vessels than can now be accommodated'
effectively by the WIND class.

In summary, the new WAGB-10 class icebreaker will be superior
in all respects to the GLACIER and WIND class icebreakers. It will
be able to complete present mission requirements more success-
fully and perform missions which are now'impossible. The larger'
physical size and total shaft torsepower available will allow the
new class to be 25-percent more productive in transit, atd perhaps
equally as much in ice. A decrease in the number of icebreakers
in an area without a change in the level of support will be, possible
by allowing less time but more multimission operation for accomplish-
ing a project.
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SHIPS TO TRANSIT THE ARCTIC OCEAN

R. P. Vo•lker
ARCTEC., Incorporated

Cglzmbia, Magryland

Arctic icebreaking ships could have the capability for
sustained operations in the Arctic Basin, including use as
stationary or' mobile platforms. As a mobile platform, these ships
could resupply remote stations or provide escort service to bring
other ships or structures into arctic waters. Furthermore, these
ships could act as a basb of operations or directly participate
in multidisciplinary activities. As a base of~operalions, they
could supply heat, water, power, helicopters, hovercraft, skimobiles,.
long-range communication, on-board ,computers, carpentry and machine
shops, accommodations, and recreational facilities. Simultaneously,
they could participate directly in such operations as meteorological
studies, ice surveys, ice physics, bottom profiling, bottom
lphotography, bottomcoring, acoustic experiments, magnetic surveys,
bathythermography', water sampling, positioning scientific buoys,
and support of small underwater research vehicles. The services
provided by these icebreaking ships imply the capability for
operating in' and tran'siting the Arctic Ocean during all seasons.

Although no existing ships have the stated all-round capabili-
ties, the technology for designing and building these icebreaking
ships is available today. Such a ship would have three times the
capabijlities of the largest current U.S. icebreaker and more than
twice the capability of the largest'U.S. icebreaker presently
under construction. fhe horsepower of one such "arctic icebreaker"
would be greater than the combined .total horsepower rating of all
operational U.S. 'icebreakers, including those under construction.
It is for this reason, plus consideration of the regions in which
the ship will operate, that the classification "arctic icebreaker"
has been assigned.

The primary purpose of this paper is to present a conceptual
design of an icebreaker capable of transiting theArctic Ocean.
The paper is presented in three sections. L ,tially, arctic ice
conditions are reviewed so that the operational requirements can
be determined. The second section presents a conceptual design of
an arctic icebreaker to meet these operational requirements and
presents 'a series of icebr e'aker perfei.mance curves. These curves
p.'ovide the base':data upon whicn the principal characteristics of
the ship are determined. The concluding section reviews those
areas requiring engineering development, the methods and tools
avaiiable to conduct that research, and a brief discussion of the
efforts in progress.
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ICE CONDITIONS IN THE ARCTIC

Arctic ice conditions are usually defined in general terms,
such as miltiyear ice, pressure ridges, hummock ice fields, ice
fields under pressure, and polynyas. However, a concise description
of the ice environment along potential routes will ultimately be
required if meaningful missions, ship shaft horsepower, and endurance
are to be established. This means that ice data must be defined in
terms of thickness, area of coverage, strengths, snow cover, and
other variables. Although this level of detail is not available,
some generalized statements can be made to provide guidance in
determining the required icebreaking capability.

Pressure ridges constitute one of the more difficult ice
conditions for icebreakers. Although pressure ridges in excess of
100 feet in depth and 20 feet in height are reported, it should
be accepted that the arctic ships will not be going through the
ice field blindfolded. There is no reason why pressure ridges
having depths over 40 feet cannot be avoided with improved ice
navigation devices. Also, it is reported that the strength of
pressure ridges decreases with depth of submergence and hence
passage through pressure ridges, although difficult, is not impos-
sible.

On a more optimistic note, Breslau (1) and Mookhoek (2)
report that as much as 10 percent open water exists during winter
in locations near land masses and increases significantly during
the summer months. On the other hand, Weeks (3) reports that open
water in the central arctic basin is less than 5 percent in the
winter and averages about 5 to 8 percent in the summer. Furthermore,
the number of pressure ridges per mile decreases sharply in the
summer, and the ice cover is extensively covered with melt ponds.

For purposes of establishing a seasonal ice profile of the Arctic
Ocean, Wittmann's (4) graph of generalized ice thickness is used
and is shown in Figure 1. It shows thicknesses of about 10.5 feet
and 7.5 feet for winter and summer ice, res-ectively, with only
3 months having ice thicknesses greater than 10 feet. For the
conceptual design of the arctic icebreaker, a continuous icebreaking
capability of 10 feet will be required. Ice thicknesses in excess
of this value and ice fields under pressure will also be encountered
and must be considered in the overall performance of the icebreaker.

CONCEPTUAL DESIGN OF ARCTIC ICEBREAKING SHIP

The conceptual design of an arctic icebreaking ship basically
follows the procedure outlined by Melberg (5). In this paper, the
procedure will be shortened considerably by first starting with
icebreaking requirements, calculating icebreaking resistance as
a function of beam, selecting a beam, determining the ice breaking
capability as a function of speed, discussing special features of the
ship, and presenting the principal ship characteristics including
an estimate of cost.
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Calculation of Icebreaking Resistance

Having established the requirement for continuous breaking
of 10-foot-thick ice, the icebreaking resistance equation developed
by Kashteljan (6) is used, since it gives satisfactory results
for a first approximation of icebreaking resistance.

RIB = 0.04B poa h + 3.6 B poyih 2 + 0.00332 '- hv

where

RIB = icebreaking resistance (tons)

h ice thickness, feet

v ship speed, ft/sec

B beam of icebreaker, feet

a flexural ice strength, tons/sq.ft.

Yij weight densi. of ice, tons/cu. ft.

Po,n2 = hull coefficients (dimensionless)

Substituting in the equation for a = 2.74 tons/sq. ft., y 0.0257
ton/cu. ft., pio = 1.4, n2 =3.0, and for the remaining variablbs
(beam, ice thickness, and velocity) the icebreaking resistance is
calculated. The values of u0and n2selected are representative of
efficient icebreaking hull forms. The effect of beam on icebreaking
resistance is shown in Figure 2 for given values of ice thickness
and velocity. The minimum beam is indicated, but it is limited by
requirements of beached intact stability (icebreaker grounded on an
ice sheet) and by the size of the propellers.

Determination of Icebreaking Capability

The shaft horsepower, required for the arctic icebreaker must
produce propeller thrust equal to the icebreaking resistance
at the desired speed. Initially, a beam of 95 feet has been selected
with a triple-screw propulsion plant of 70,000 shp per shaft
(210,000 shp total). Calculations to determine propeller thrust at
tOis horsepower for various speeds are plotted in Figure 3. The
intersection of the propeller thrust curve with the icebreaking
resistance curve gives ship performance: at 2 knots, 10 feet
continuous icebreaking; at 6 knots, over 9 feet continuous ice-
breaking; etc. Note that several detailed calculations have been
omitted from the above discussion and that the most critical
elements in the design are the propeller, after-body, and bow.
The propellers wili dictate the beam of the ship and the amount of
horsepower that can effectively be used. To maximize the capability
of the ship, thc propulsion machinery and propeller must be specifically
designed for operation in ice and not for efficient operation in
open water. Compromising the basic icebreaking mission will result in
an inefficient icebreaking ship.
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FIGURE 2

ICEBREAKING RESISTANCE AS A FUNCTION OF BEAM
(SHIP SPEED =3 KNOTS)
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FIGURE 3

CONTINUOUS ICEBREAKING CAPABILITY
(BEAM =95 Fr) (THRUST DEDUCTION COEFFICIENT =0.05)

2400

2200 21,0 P12

2000

1800

.- ~1600 10

140

1400 u-
z (I

V)I

o 1000

400

600

400

0 1 2 3 4 5 6 7 8 9

VELOCITY (KNOTS)



VOELKER 57

Having determined the continuous icebreaking capability of the
ship, calculations to determine the ramming capability were performed.
Figure 4 shows the results of both continuous and ramming mode
icebreaking, as well as overall ship performance. Note that an
improved icebreaking capability is possible in the summer because
of deteriorating ice (melt ponds).

Special Ship Features

The propulsion machinery for the icebreaking ship should be
either gas or nuclear steam turbines. Gas turbines with reverse
reduction gear have the advantage of compactness, and they should
be able to burn North Slope crude oil. While gas turbines have
limited endurance, nuclear power has the advantage of almost unlimited
endurance, but with the primary disadvantages of higher acquisition
cost, larger crew, and greater cooling water requirements. Steam
boilers are not recommended because of excessively large space
requirements, which result in a poor layout of the machinery plant
in beam-limited ships.

The hull should be designed to resist ice loads of three types:
uniform loading, impact loading, and localized high-impact
loading (5). The ice belt should be thicker than normal as this
is the area where the greatest loads would be incurred. The type of
steel, method of fabrication, and welding technology all exist
today.

Crew size, based on civilian manning for operation of the ship
while underway, is estimated at 60 and does not reflect scientific
support capability. Civilian manning, such as the Military Sealift
Command, should be considered as a means of keeping skilled people
aboard the ship. Military manning would necessitate doubling the
crew size and the loss of skilled personnel every 2 years due to
rotation.

Principal Characteristics of Arctic Icebreaker

Having ascertained some of the basic features of the arctic
icebreaking ship, an ARCTEC computer feasibility program was used
to generate the principal characteristics of the ship. These charac-
teristics are based on the least-cost icebreaking ship that fulfills
requirements. A partial listing of the computer printout is
tabulated below.

Overall length 604 feet

Length between perpendiculars 562 feet

Beam 95 feet

Draft 35.6 feet

Displacement 32,281 tons
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Weight of fuel 11,255 tons

fuel

Block coefficient 0.59

Cost (U.S. construction) $95 million

NEEDS; FOR ENGINEERING RESEARCH

Having arrived at the basic characteristics of a technically
feasible ship to transit the Arctic, it is now desirable to review
those areas where research and development can contribute to a
reduction in the resistance associated with icebreaking.

One prime area requiring research is the mechanics of ice-
breaking in various types of'ice and the relationship to resistance.
This includes better equations to describe icebreaking resistance,
as present equations do got adequately cover fhe effect of ship
length, ice sheet pressure, hull form, and skin friction.

The method of accor.;plishing this research is first to conduct
full-scale experiments on various size ships in ice; second, to
operate model ships in model ice fields to determine scaling laws;
and'third, to start a development program to improve icebreaking
performance. The collection of full-scale data is not difficult,
but it must be done accurately. This is accomplished by measuring
propeller torque, rpm and thrust, ship speed, and ice thickness.
At this time, two of the.three classes, of U.S. Coast Guard
icebreakers have been tested to collect full-scale data (WIND and
MACKINAW). Additionally, full-scale icebreaking tests have also
been done on U.S4 Coast Guard buoy tenders. Of these full-scale
tests, only model icebreaking tests of the WIND class have been
conducted in the Uniteo States.

These model tests were performed at the Naval Undersea
Research and Development Center in San Diego, California and have
gi~ven good correlation with full-scale tests (7) (8).! Subsequently,
the ARCTEC Ice Model Basin was completed in Savage, Maryland and
additionally WIND icebreaking te.ts were conducted for comparison
with the NEL data and fullrscale data. The results (9) are presented
in Figure 5 and show excellent agreement. I

GetAt present, some investigations for reducing resistance for
Great Lakes ships 'in broken ice are in progress. The Maritime
Administration is sponsoring work related to bulk carriers, and
the U.S. Coast Guard is sponsoring work related to the icebreaker
MACKINAW. However, the ov'erall research activity to improve ice-
breaking performance is low. Somb areas requiring further investi-
gation include: the effect of ship length, bow form, stern form,
and side. friction on resistance; the effect of lasers, water jets,
air bubbler systems, and thrust-producing devices to reduce
resistance; and methods to extract stuck ships. Recent Soviet
literature has presented some of the results of their ice model
experiments and can be used in the development of a research pro-
grain.
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FIGURE 5

PLOT OF WINDCLASS MODEL AND FULL-SCALE DIMENSIONLESS
REGRESSION EQUATIONS IN FULL-SCALE UNITS WITH ARCTIC ICE
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Little work h~s been done on pressure ridge/ship interactions,
since most technical efforts have been directed at continuous
icebreaking. Since pressure ridges predominate in th? Arctic Ocean,
comprehensive model and full-scale testing should be undertaken.
Data on ice loads in the bow area due to striking pressure ridges
and multiyear ice floes are definitely required. It is the collection
of this type of data and subsequent research efforts that should
result in a near-term improvement of 20 to 30 percent in icebreaker
performance.

SUMMARY

Technology for the design and construction of icebreaking
ships to transit the Arctic Ocean is available today. Facilities
exist to conduct the required engineering research to improve
icebreaking performance. Only recently have any attempts been mada
in the United States to investigate means of achieving reductions
in icebreaking resistance. A 6-year research program followed by
a 1-year design study and 3 years for construction should result
in icebreaking ships capable of all-season operation in the Arctic.
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UNMANNED SUBMERSIBLE AS AN ARCTIC RESEARCH TOOL

G. M. Gray
University of Washington

Seattle, Washington

The concept of employing an unmanned submersible to collect
scientific data under the arctic ice pack has been pursued
seriously during the past 2 years. This activity is due largely
to the increased attention that the Arctic has been receiving.
Nevertheless, it could not have developed without the extensive
experience that has been gained from the operation of reliable,
unmanned submersibles in the open sea.

Unmanned research submersibles emerged as a recognizable
class of data collection and work vehicles a little over a decade
ago. An early natural division appeared at that time between
tethered or cable-controlled vehicles and free-running, internally
programmed or acoustically controlled vehicles. The CURV series
of submersibles, which has received wide acclaim for its capability
of retrieving relatively small, high-value items from the ocean
floor, is a good example of the tethered approach. These vehicles,
originally designed by the Naval Undersea Research and Development
Center for torpedo retrieval, have now been carried through the
third generation with successful performances logged in the open
sea at great depths.

CURV III (Figure 1) is capable of operating at depths of
7,000 feet with an instrument suit that includes active and passive
sonar, two pan and tilt television cameras, a 35mm camera, lights,
and a hydraulic grasping claw. A fourth generation tethered system,
known as the Remote Unaerwater Work System, is now on the Navy's
drawing boards and will iave a depth capability of 20,000 feet.

The untethered submersible approach is exemplified by the
SPURV series of submersibles developed by the University of Washington's
Applied Physics Laboratory. Like CURV, SPURV is also in its third
generation and has been extremely successful in carrying out
horizontal sampling of deep ocean physical characteristics (sound
velocity, salinity and temperature). SPURV, shown in launch position
in Figure 2, is tracked and commanded icoustically from a surface
vessel. To date, more than 120 data acquisition runs have been
made with the vehicle, some as deep as 10,000 feet. With ARPA
sponsorship the Laboratory is now developing an arctic "cousin"
to SPURV under an ONR contract. The design of this vehicle, called
UARS, has been completed and fabrication is underway. Testing will
be conducted near Ice Island T-3 during the spring of 1972. The
experience gained from designing UARS and its support system is the
principal basis for the concepts presented in this paper.
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Both CURV and SPURV have been engaged in significant on-going
programs. It is understood that both CURV II and CURV III are con-
ducting fleet and shore facility support as well as some research
work. SPURV has recently been used to collect data at Cobb Seamount
in an experiment aimed at correlating oceanographic microstructure
with acoustic fluctuations along a 14-mile sound transmission path.
At present, the submersible is being employed with an ultrasensitive
fluorometer to study deep sea diffusion processes. No arctic programs
are planned for either the CURV or SPURV submersibles since
extensive modification to shipboard control and tracking systems
would be required for operation in the pack ice.

The only known use of a manned submersible in the Arctic was
the PISCES operation in the Canadian archipelago during the summer
of 1968.* Two dives in that operation were conducted a short distance
under the edge of ice floes, with the PISCES securely tethered to the
CCGS LABRADOR on each occasion. Realistically, existing manned submer-
sibles cannot be envisioned in the role of routinely collecting under-
ice data because of the risks to human life and the concomitant
expensive and time-consuming precautions that are required. The
unmanned submersible, on the other hand, is not inhibited by these
considerations and consequently appears to have unique potential for
scientific work in this environment.

SPECIAL REQUIREMENTS FOR UNMANNED ARCTIC SUBMERSIBLES

Access Through the Pack Ice

Since natural openings in the arctic ice (leads and polynyas)
are unpredictable as to location and duration, one important consid-
eration in attaining operational flexibility for Arctic Ocean
research is to gain the ability to penetrate the ice cover
quickly, precisely, and inexpensively at selected locations. Ljhen
this problem was consiGered at APL by the designers of the UARS
system, they immediately recognized as unacceptable Lhe current
"brute force" methods of sawing and chipping or blasting through the
10 to 20 feet of ice likely to be encountered. Several days are
often required for this activity and considerable risk of injury
can be involved.

For the UARS system, speed and precision in foriring access
holes were given high priority. The submersible itself requires
a 4- by 12-foot nole for entry, while the elements of the command/
tracking system will each need an opening approxinmately I foot in
diameter. Furthermore, in the remote possibility that the submersible
snould exhaust its several homing options or shut down prematurely
ar.d come to rest against the undersurface of 0-e ice, it would be
necessary to locate dnd reach it without delay.

SMiline, A.R. "A small research submarine in the Arctic," Arctic,
Vol. 22, No. pp. 69-70, March 1959.
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The solution to this problem was found in the development of
a simple but efficient thermal coring device which uses circulated
hot water to melt a 2-inch annular or linear groove through any
thickness of ice. Cores thus formed can be pushed out the bottom
to clear the hole. The experimental prototype has now been brought
to third generation refinement (Figure 3). Because of its portability
and effectiveness, it has already been used on several other ice-
cutting jobs.

Protection from Thermal Shock and Cold Soaking

Two hazards to instrumentation and equipment which must be
guarded :ainst in the Arctic are thermal shock and cold soaking.
Thermal shock can rupt'!re bonds between materials or cause other
distortions which are catastrophic. Since thermal shock is a
transient phenomenon in which the effect is greatest immediately
after exposure, it is essential that adequate insulation be
provided for sensitive elements of the submersible system during
checkout before deployment and upon retrieval.

Cold soaking, on the other hand, may cause unacceptable
changes in the mechanical and electrical properties of the equip-
ment or its fuel and lubricants. Potential cold-soaking problems
governed the design of the UARS system tracking buoys in that the
power source and other sensitive components were placed below the
ice level in the relatively warm water of the ocean.

Transportation Size Limitations

The utility of a submersible in the Arctic heavily depends
upon the flexibility of its deployment. To maximize this flexibility,
the UARS system was desigoed with weight and volume-limited com-
ponents so that, if necessary, the system could be broken down into
units transportable by light, single-engine, ski-equipped aircraft
or helicopters. Thus, any point on the ice pack within the aircraft
operating radius can be considered as a potential deployment site
for UARS. However, the principal benefit which may be derived from
the unitized design is the ability to fly in spare replacement
units rather than to atiempt troubleshooting in the field. For most
deployments larger aircraft such as the Bristol Freighter or de
Haviland Caribou can be used. These aircraft would allow the UARS
system and its support elements to be deployed fully assembled.

Submersible Control and Recovery

Much of the operationally significant oceanography in the Arctic
occurs within the first 50 meters beneath the ice. In the shallow
marginal seas this depth represents approximately the full water
column. it follows that arctic research submersibles, to be useful,
must operate with precision and be recoverable near the ice
undersurface. To avoid the hazards occasioned by large density
differeiices, swift currents, and deep keels of ice protruding from
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Figure 3a. Inventor R.E. Francois and
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the pack, the submersible tracking and control system must be
immune to false signals. A tethered submersible with command data

links running through the cable could provide the necessary
control within the tether's scope (probably a few hundred feet).
It would also require an acoustic tracking system for position
determination.

The approach taken in the UARS system was to discard the
tether concept in favor of acoustic links to the vehicle for com-
mand, data transmission, and homing functions. In this way the
same transducers and hydrophones required for the tracking system
could be used for operational control. Using acoustic control and
tracking, there are no constraints on the geometric pattern which
the submersible may follow under the -ice, but great care must be
taken in the placement of the transducers and the design of the
system electronics and logic so that the acoustic anomalies caused
by the ice canopy and density variations in adjacent water do not
confuse the vehicle or its surface director.

Much of the preliminary research work done at the Applied
Physics Laboratory leading to the design of the UARS system
focused on the development of reliable near-ice acoustic communi-
cations. The resulting design employs a special 50-kHz phase-
shift-keyed code which will provide dependable tracking and data
transmission within a 2 square mile area.

DESCRIPTION OF THE UNMANNED ARCTIC RESEARCH
SUBMERSIBLE SYSTEM (UARS)

The UARS system consists of two major elements--an unmanned
submersible which serves as a mobile instrument carrier, and a
remote, acoustically controlled tracking, guidance, and recovery
system. The vehicle (Figure 4) weighs nearly 1,000 pounds, has a
length of about 10 feet, and has a diameter of 19 inches. It may
be driven at different speeds depending upon the mission. Oceano-
graphic measurements would normally be taken at 6 knots, while ice
undersurface profiling would be done at 3 knots. Tne main batteries
will supply up to 10 hours of run time. Principal acoustic com-
ponents in the vehicle system (not including the instrumentation
package) provide communications, tracking, homing, and collision
avoidance. The latter is made necessary because of the potential
presence of massive ice keels that could project downward into
the path of the on-coming submersible. The designed operating depth
of the submersible is 1,500 feet.

The initial instrumentation for UARS will feature acoustic
sensors to profile the undersurface of the pack ice. This instru-
ment package will measure surface elevations to a differential
accuracy of 0.25 foot from the vehicle path at 60 to 250 feet
below the surface. The launching procedure calls for the vehicle
to be lowered by special sling through a 4- by 12-foot hole in the
ice and released in a horizontal attitude at a depth of approxi-
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mately 50 feet. Procedures and equipment to facilitate waking the
access hole in the ice have been mentioned.

Control Subsystems

Tracking elements in the system (Figure 5) are (1) an array
of three or more RF telemetering hydrophones arranged in a pattern
which defines the experiment or survey area; (2) two baseline
acoustic projectors which are normally located within the survey
area and provide a coordinate reference system; (3) an acoustic
source aboard UARS; and (4) the timing units, data processors,
and power supply which provide the basis for interpreting the
acoustic signals and making rapid position calculations. The
hydrophones and baseline projectors (Figures 6 and 7) are designed
as free-floating buoys, but can be frozen in place, weather per-
mitting.

In order to control the UARS precisely and to insure its
reliable recovery, an acoustic communication link with the vehicle
is employed. Sixteen command functions have been programmed to
control UARS through this link. The .ystem utilizes a common
frequency for command, tracking, and vehicle data transmission
in which all telemetric pulses are digitally coded using phase-shift-
keyed modulation at a carrier frequency of 50 kHz. The large
amount of information that must be acoustically transmitted to
the tracking station and the restriction on pulse length (to avoid
multiple-path interference) have necessitated the interspersing of
coded information pulses between the tracking pulses.

The basic recovery technique (Figure 8) is to lure the
vehicle back to the recovery hole by means of an acoustic homing
system installed in the vehicle. This system responds to a particular
signal that is transmitted at 28 kHz from a homing beacon centered
in a capture net. The net will be lowered through the ice hole to
the operating depth of the submersible, after which UARS will be
commanded to seek the homing signal. Internally programmed homing
logic, an inertial and depth-sensing guidance system, and the
command/tracking receivers provide UARS with great retrieval
redundancy. Should there occur a massive power interruption or
other catastrophic failure, a further retrieval capability is
provided. The submersible is buoyant and will rise to the undersurface
of the ice, automatically lower an acoustic beacon, and release
a dye marker to aid an over-the-ice search party.

To avoid collision with deep pressure ridge keels, the vehicle
is equipped with a 360-kHz obstacle avoidance sonar. The rapid
attenuation at this frequency allows a high pulse repetition rate
(five pulses per second) so that obstacle avoidance logic can be
based upon receipt of multiple valid returns. Pulse length
broadening, a characteristic of the expecced return from the ridge
keels (as opposed to fish echoes), will be used for pulse validation.
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When an obstacle is detected, the vehicle dives to a deeper
preprogrammed depth. After the obstacle is passed, the vehicle
can be commanded to return to the original depth. The sonar beam
is axially directed and is of sufficient width to encompass normal
pitch oscillations and trim conditions.

Components

The pressure hull is designed ror operating depths of 1,500
feet with a calculated crush depth of 2,800 feet. In designing
the pressure hull, a trade-off analysis was made for such factors
as internal volume, shape, construction material, depth capability,
weight, and payload. The resulting hull size was determined
principally by the space requirements of the components to be
carried, while the material (glass-reinforced plastic) was selected
on the basis of its strength-to-weight ratio and the maximum
vehicle operating depth. The vehicle is made up of five small
sections--a 4-section pressure hull and a flooded tailcone. individual
sections can be separated for shipment.

Normal servicing between runs is accomplished by separating
the vehicle at the joint just aft of the battery section (Figure 4).
This provides access to the battery for charging or replacement,
to the data chassis, and to the power control panel on the front
of the data chassis. The switches for starting the vehicle, cali-
brating the instruments, initializing the gyrocompass, and performing
control system checkout are located on the front of the data chassis.
Both the data and control chassis as well as the battery are rail
mounted within the hull so that they can be removed easily for
servicing.

For a speed of 3 knots (initial research mission requirement),
the propulsion motor power was determined to be 1/4 horsepower, using
drag values and estimates of propeller and gear train efficiency.
Silver-zinc batteries will be used because their high-energy
density matches the need for the vehicle to be small aind light
for portability. The vehicle will carry two battery supplies--a
main unit and a reserve unit. The main battery will provide a
normal 10-hour run capability. Should this fail, the reserve unit
will automatically switch on and provide slightly more than 2 haurs
of run time to enable the vehicle to return to its recovery hole
or to an open lead.

Research Instrumentation

"*fhe ice profiling package uses two acoustic elements: (1) a
transmitter which is a 500-kHz wide beam transducer, and (2) a
receiver which is a spherical, 2-component acoustic lens with an
array of transducers located in the focal surface. In operation,
the profiling transmitter is pulsed and the reflected signal is
detected by the "fan" of multiple narrow beams in the receiver
which is perpendicular to the direction of motion of the vehicle.
The overall signai transit time provides a measurement of slant
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ranige. Normally, the submersible will operate about 60 feet below
the ice, at which depth the insonified area associ.ated with the
reflected signal is about 1 square foot. Thus, with a vehicle
speed of 3 knots and a recording rate of five dat:a sets per second,
almost continuous surface sampling is possible.

The data recording system is designed to ope-ate with a low-
speed magnetic tape recorder and obtain high-resolution, high-
density data over long periods of time. All data are recorded in
binary form using nine tracks on 1/2-inch magnetic tape. The tape
format was designed to minimize the amount of recording electronics
for processing with standard equipment. All UARS acoustic sub-
systems have been successfully tested in the arctic under-ice
environment. Some changes in the homing system logic were found
necessary as a result of these tests in order to avoid ambiguities
caused by reflections from under-ice protrusions.

SYSTEM APPLICATION CONCEPTS

Upon completion of development testing in the spring of 1972,
the UARS system will be employed for ice profile measurements
near Ice Island T-3. During the fall and in subsequent arctic work
seasons, the vehicle should be available for other Arctic Ocean
research. Consequently, the Applied Physics Laboratory has been
working with other groups to plan a variety of scientific and
military applications for the UARS system. Some of these concepts
are described below.

Ocean Floor Applications

Intere-t has been expressed for using UARS in a receiver-
recorder role in the collection of subbottom geophysical data.
Since one design feature of the tracking system is its ability
to locate the vehicle continuuusly and precisely, geologic structure
can be correlated with position. This information should be useful
both for petrographic research and for planning sea floor ei~gineering
under the ice. The accuracy of the system should also make the
submersible a candidate for performing under-ice bathymet• . UARS
could thus be usea in aescribing the arctic continenta, s -lf and
z iope (down to 1,500 feet) and most of the passages in thie Canadian
archipelago. By adopting a bathymetric acoustic unit as sensitive
as the ice profiler now planned for UARS, the vehicle could also
be empljyed for discrete object detection ad sea floor searches
be.neath the ice.

Middepth Applications

Arctic scientists have been unable to make lateral measure-
ments of important oceanographic parameters under the ice. Until
the development of the thermal ice corer it was difficult even to
study the ýertical features of the Arctic Ocean. With the advent
ef a submer;ible that can operate freely beneath this surface bar-
rier, the principal obstacle to data collection has been overcome.
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It now remains only for scientists tc develop the desired instrumen-
tation packages for the vehicle. APL has already prepared two such
sensor suits--a nose-mounted sound velocity, salinity, temperature,
end depth probe, and an uItrasensitive fliiorometer probe, either
of which could be employed with the vehicle in the fall of 1972
to measure lateral density micrnstructure and diffusion parameters
beneath the ice.

The Laboratory is now studying the best approach for making
discrete volume reverberation/biological correlation measurements
with UARS. One approach that -is contemplated would couple multiple-
frequency acoustic returns with high-intensity strobe photography
to obtain the desired correlation. The submersible has sufficient
buoyancy to acco;nmodate the equipment, and auxiliary instrument
ports are available in the hull. However, an internal rearrangement
of existing vehicle sensors might be necessary for the forward-
looking photographic unit. Other techniques for collecting
biological and water samples with UARS are also being devised.

Near-surface Applications

From the standpoint of scientific and military interest, the
near-surface regime in the Arctic Ocean ranks highest. This is
because the combined effects of ice cover, currents, and heat
transfer processes which take place in this region create a changing
operational environment that is not well understood. A number of
near-surface experiments involvin; UARS are now being planned.
Among these is a concept to extend the use of the vehicle profiling
instrumentation by coupling it with the forward-looking collision
avoidance transducer, so that correlatable data can be obtained
for improved near-ice sonar performance. Undersurface topographic
features that can be generated from the profiling data will also
be of value in predicting the spreading rate of oil spills or
in locating where an oil recovery tap might be most effectively
placed.

There is interest in studying tUe dynamic thermal structure
of the ocean beneath open leads and polynyas, since these "heat
ducts" may play a significant role in fundamental global heat
balance. Some of the anomalies in near-surface acoustic transmission
may also be caused by the localizod high thermal gradients beneath
these features. UARS instrumentatiun for this role is now under
consideration.

UARS could play a direct role in under-ice defer'se operations
through its use as an accurately locatable target for ordnance
practice purposes; as a submarine or ordnance subsystem test bed;
or as an active, searching probe for the location of ice-nestling
submarines. The refinement of reliable techn;iques in the latter area
of detecting foreign objects resting against the ice would be of
particular interest to arctic strategic defense planners.
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CONCLUSION
Unmanned submersibles can play an important and unique researchrole in the Arctic. They are not inexpensive tools, but for certai~itasks they appear to be essential. Because of the significantoperational cost of the UARS system (estimated to be $150,000 to

$200,000 per year), many valuable research projects will not havesufficient funds to support the vehicle independently. The AppliddPhysics Laboratory is, therefore, developing a cooperative, joint-use program for the vehicle, to begin in the spring of 1973. Inthis way the UARS system can be made available on a time-sharingbasis to many modestly funded projects.

This concept should work well provided agreement can bereached among the using project managers or scientists as to generalfield location. The modular construction and quick-disconnectfeatures of the submersible should permit easy packaging of instru-mentation for each project. If widely separated operational locationsare required, however, much of the saving that would accrue fromjoint use would be forfeited. Thus the problem of arctic logisticsupport emerges as a significant issue in the operation of anunmanned research submersible.



I MAN IN THE POLAR SEA

G. C. Ray
Jozns Hopkins University

Baltimore, MarlZand

The program of this symposium is directed toward sustained
operations in the Arctic Basin. This writer feels that our area
of interest should include boreal regions; for example, the Bering
and Chukchi seas. On the eastern coast of the North American-
continent, polar areas extend down almost tr' the U.S.-Canadian
border. Therefore, much of this report will have these areas
in mind.

Unfortunately, many people have a psychological impediment with
regard topolar exploration. As an example, a caption pin last month's
National Geographic Magazine in an article on the North Slope
read, "In an endless battle with the cold, oilmen add modern
technology to old-fashioned determination whileicamping on unoccupied
North Slope wasteland." This is an atavistic type of mentality
which persists, unfortunately, in spite of the fact that the North
is not a wasteland. In fact, data are now available on primary
productivity which indicate that the edge of the Arctic contains
some of the most productive waters in the world in terms of
primary, secondary, and even tertiary productivity. This productivity
must be taken into account in our arctic development programs.

A recent AINA report pointed out that the polar regions are
in need of development and that perhaps it would be necessary, to

go north for the truly enormous quantities of fresh water needed
for the irrigation of our arid lands and to flush the accumulating
waste products of man's making there. Since these areas are so
:biologically productive, our thinking in regard to this needs
amending.

What is polar science anyway? Actually there is no such thing.
There is polar technology, but not polar science. Polar science
is not a discipline, because disciplines cross geographical
boundaries. Given the premise that there is only polar technology,
that the polar regions extend all over the earth, and that these
areas have an immense productivity that cannot be jeopardized,
it is appropriate to explore the means by which the subice hydro-
sphere can be investigated.

In another AINA report published in 1968, the following
statement appeared: "A g~od case can be made for giving up trying
to look under the water ,rom above and for getting down into the
medium and finding out what features there in that environment
can be used for tracking. A submarine satellite is a hopeful

79
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objective." Previous talks have shown that there is now the
possibility of such satellites, which could make going into the
enviro.:ment a lot easier than trying to combat the air-ice-water
interfaces.

We thus come to man-in-the-sea technology. This technology
is still pretty Mickey Mouse in terms of its scientific productivity.
As a matter of fact, it has been overengineered without enough
regard to the missions which this engineering should accomplish.
It is especially important to put a mission before technology,
particularly in polar work where the environment is tough enough
and where overengineering that gets between the scientist and his
work is definitely not needed. There are too many submersibles
that are setting on the shelf at the moment; more that will do
the same are not needed. Therefore, the mission must preempt
technology.

In underwater work, equipment is needed that is simple, yet
multipurpose. Equipment must also be self-contained, yet economical.

A cross section of ice in the Bering Sea looks pretty sterile,
but at the interface between the ice and the water there is a
growth of diatoms which contributes to and in a sense determines
the high productivity of the Bering Sea. The bottom of the Bering
Sea is also very rich. This productivity is reflected all the way

up the trophic structure and supports marine mammals with high
reproductive rates. These primary producers are the organisms
we have to avoid impinging upon too much.

In the Arctic it has been necessary to operate from land
stations using dog sleds or snowmobiles to get out on the ice for
diving operations. A diver in this environment is protected by
3/4-inch foam neoprene over his chest in several layers, and 3/8
inch over his head, legs, and arms. He can tolerate the cold in
air for long periods; under water he is less well-adapted. Down
to 30 feet he can tolerate the environment for about an hour if
there are no leaks in the suit.

There are safety techniques involved in diving, including a ver-
tical line which the diver grasps as he descends. ",, must be careful
in deep waters that the compressibility of the suit does not cause
him to "take a down angle" (near the surface he may rise too
rapidly). He must suit and weight for a particular depth, go to that
depth on a descendinq line, and then make lateral excursions only.
A current o. 0.3 knot is enough to make it difficult for a diver
to return to the hole through which he descended, and the next
nearest hole may be miles away. To avoid current drift problems,
a horizontal drift line is attached to the main descent line, and
the diver orients to that line in wates where there are substantial
currents.
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A few years ago a new technology came on the scene, the closed-
circuit rebreather. Tý -e is now available a family of four or
five mixed-gas scuba units which extend diver capability considerably.
These units are very costly (about $6,000 or more each). Diving
throuqh the ice with them is relatively safe and silent, but there
are still major limitations on the time that can be spent in the
water. With itandard scuba gear, total time in the water on a
single dive is limited to about 2 to 3 hours when near the surface
and when using a triple-tank unit. The time available for work
at depth, however, decreases drastically as depth increases (at
a depth of 100 feet, a triple-tank unit lasts only a quarter as
long). The newer closed-circuit equipment allows dives of up to
4 hours, irrespective of depth, and it has the advantage of
eliminating bubbles which frequently interfere with work.

An additional problem that free divers face arises from the low
temperature of polar water. After about 35 minutes in surface waters
where suit compression is minimal, the diver's temperature and
heartbeat begin to drop significantly. Even when resting in the
water, the diver's body, in an effort to keep warm, is actually
using up energy at a rate equal to trotting up a long flight of
stairs. Work is underway on heated suits, but the energy and heat
flow requirements are very large, so these will not be any cure-
all. Any advances in the technology of diver's suits and other
items will be of considerable help in the future, but alternatives
must be considered. One alternative is a subice observation
chamber.

The first subice observation chamber was built by the National
Science Foundation and was used in Antarctica. The chamber is
rather small--about 30 inches in diameter--but one can stay in it
for long lengths of time. Overall, these chambers are a fine con-
cept. Two men can lower a chamber into the water after attaching
instruments to its outside. Divers can be utilized to assist in
the chamber's operation.

Another family of devices utilizes twin hemispheres of
acrylics and plastics. This kind of chamber is in use by the Naval
Undersea Research and Development Center in San Diego in a boat
called Sea-See. One concept is to attach such a chamber to a
mobile hut deployed on the sea ice.

Still another family of devices is the submersible. Chambers
and submersibles share many common developmental problems, sub-
systems, and operating characteristics, with the principal difference
being the mobility of the submersible. The submersible that has
been used most in northern waters is PISCES I, built in and operated
out of Vancouver by International Hydrodynamics. The capability
of a submersible to carry scientific investigators and their
instruments down into the medium which is being explored cannot
be underestimated.
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Due to the coldness of polar water, submersibles with their
self-contained life support systems and large energy capacities
are of greater relative value than in more temperate waters.
Submersibles such as the PISCES, the Perry submarines, the Nekton,
and the Nemo can operate to depths of several hundred or several
thousand feet, depending upon the vehicle. Flank speeds are up to
several knots, and cruising speeds are 1 to 3 knots. Such speeds
are more than really required, particularly for biological work.
These submersibles range from 3 to 10 tons. Underwater cruising
ranges run about 20 miles, but lateral excursions are not favored.
Rental charges run from about $1,000 to $5,000 a day, which is not
too excessive when considering the work they can do and their cost
($300,000 to $2,00,000).

These submersibles are designed for operation from a surface
support ship, which can house the away-from-home scientific
laboratory for rapid analysis of data. It is worth noting that in
arctic waters these submersibles would not encounter the one
problem that has appeared in operations in more temperate waters;
that is, problems of launch and retrieval by their support ships in
rough seas. In the Arctic, sea state zero prevails as long as there
is sea ice.

Additional developmental work and modification to existing
submersibles must be done before under-ice operation can be
sustained in near-freezing water. In addition, the technology
exists for attachment of a piggy-back submersible chamber over the
forward escape trunk of a nuclear submarine. Such a device would
provide a marvelous subice laboratory, even a lock-out capability
for divers, yet not interfere with the submarine's normal arctic
operations. Hopefully, ways can be found to use nuclear submarines
for subice work, for in no other way will long excursions presently
become possible.



USE OF SURFACE EFFECT VEHICLES
FOR LONG-RANGE ARCTIC MISSIONS
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Tacoma, Washington

The ability of a surface effect vehicle (SEV) to operate over
all 'ypes of surfaces at high speed has led to its consideration
for arctic use, both military and commercial. Programs are underway
to develop the SEV technology needed for effective and reliable
operation in the Arctic. This paper will evaluate the applicability
of SEVs to certain postulated long-range arctic missions in the
1980 time frame.

CURRENT SEV STATUS

Both military and commercial operations have oemonstrated
that the SEV is capable of performing useful work under adverse
conditions and in difficult environments. Nine years of operating
experience (through 1970) has resulted in more than 100,000 hours
of commercial operations and over 30,000 hours of riilitary opera-
tions. Commercial operations include the transportation of more
than 4 million fare-paying passengers. In these operations, SEVs
have been used in such environments as marine, jungle, desert, and
Arctic.

SEVs have been operated in 12- to ",4-fnot waves, in 20-foot
swells, and in 12-foot plunging surf. Shoal', rock-strewn rivers,
river rapids, and sand bars have been traversed to demonstrate the
obstacle capability of these vehicles. In the Arctic, operations
have been conducted at temperatures of -45 0 F and in zero visibility.
In addition, operations have been conducted in the Arctic during
river ice breakup, over melted and frozen tundra, and over ice
ridges 10 feet high.

Other SEV operations have been conducted by military agencies
of both U.S. and foreign governments. Tnese include combat operations
in Vietnam, patrol and logistics operations in Malaya, and border
patrol operations in several mideastern countries. Trials were
conducted earlier this year by the U.S. Coast Guard in conjunction
with tne U.S. Navy for the ARPA Arctic SEV Program near Point
Barrow, Alaska. Additional arctic SEV experience includes Greenland
and Canadian winter arctic trials, Alaska North Slope oil exploration

-Mr. Eggit06nFs now with Litton Systems, Inc., Los Angeles,
California.
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and logistic operations, oil exploration and logistics operations
in Vestspitsbergen and Norway, and a hydrographic survey of the
Arctic Ocean.

The experience gained in SEV operations in 61 countries points
to a mobility that is not available in any other vehicle. This
experience also clearly shows that the SEV is not a replacement
for other air, ground, and water vehicles. Rather, it is a vehicle
that can play a useful role in arctic transportation.

MISSIONS AND REQUIREMENTS

Exploration in the Arctic to establish a foundation for
efficient operations in that environment will require several
types of transportation, including SEVs. Of several missions for
a long-range SEV in support of quick-reaction data gathz:ing, three
are important: (1) the process of quick-reaction data gathering,
(2) search and rescue under circumstances ranging from a submarine
accident to some lesser situation, and (3) logistic support of
extended operations.

In each of these missions an operating range of 1,000 miles
is assumed as the extreme case. Significantly less ranges may be
adequate for some missions, but the capability must be available
to evaluate the SEV on a reasonable basis. Cruise and dash speeds
are equally important, from the standpoints of time and economics.
Speeds of 60 to 90 knots appear optimum when considering these
factors and technical feasibility.

The missions which have been postulated will require a platform
for specialized tasks. The quick-reaction data gathering mission
may require temporary housing for scientific personnel and operating
crew at a site where data are being gathered. The search and rescue
mission, in addition to a need for temporary housing at the rescue
site, may require a special capability such as drilling through
ice for access to a submarine accident. The logistics mission can
also be expected to require temporary housing while emergency
maintenance or repair is being provided for a disabled vehicle.
For relatively short missions (10 days) 240 cubic feet per man
should be provided for 5 to 15 persons.

Since each mission can involve the need to remain at a site
for a long period of time, it is essential to consider the surface
conditions which will prevail during the stay. Most of the tasks
to be performed will involve the acquisition of data, or search and
rescue over ice or water. Thus each vehicle must be able to cope
with changing surface conditions, such as ice breakup, rapidly
flowing or rough water, and moving ice floes or ice islands.

SPECIAL PROBLfM1S

The following discussion identifies and evaluates the more
significant deleterious effects of selected elements of the arctic
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environment upon SEV operations. The evaluation covers qualitative
considerations of the interactions of these elements with SEV
subsystems and explores the criteria derived therefrom.

Temperature

The range of temperature extremes presents an awesome challenge
to designers of vehicle systems for the Arctic. For example, in
selecting structural and plating materials, care must be exercised
to ensure adequate material resilience at the lower temperatures
while retaining sufficient strength at higher temperatures, and
to minimize the weight penalty that might be associated with such
selection. Further, the choice of dissimilar materials must be
minimized, or avoided entirely, to preclude the expansion/con-
traction anomalies that could result over the extreme range of
temperatures. Failure to do this could lead to the high internal
stresses thac vesult in structural damage or failure.

Skirt materials become less flexible in low temperatures.
In fact, an SEV whose skirt materials have been cold soaked without
periodic operation of the lift system may become so rigid that the
skirt system would be unable to attain the flexibility for normal
operation. Even aside from this extreme case, however, there is
also the problem of reduction of skirt flexibility due to low
temperatures, with a resultant increase in drag during skirt contact
with water or unyielding surfaces.

The extreme operational temperature range of the Arctic imposes
a constraint on the design or selection of fans, turbines, and other
machinery which must utilize air as their functional medium. This
constraint derives from the dependency of the air density upon the
temperature and necessitates a design choice for the upper limit
of ambient temperatures to be encountered. If the operating require-
ments of speed, slope climbing, and vehicle gross weight are independent
of temperature, then the desigrn choice imposes the penalty of excessive
capability at the low end of the temperature range. This penalty
could take the form of higher initial costs, increased machinery
weight, and higher fuel flows.

Maintenance of an SEV in low temperatures requires special
attention. Skirt systems nust be designed so that personnel can
perform minor repairs rapidly with gloved hands, or replace skirt
segments at a remote site with special tools or equipment carried
aboard the SEV. Exposed machinery, such as propellers, control
devices, and actuators must also be integrated into the system
design to facilitate low-temperature maintenance. Here, too,
repairs must be done with gloved hands using on.board special tools
or equipment.

Wind and Water

The two major effects of wind on a vehicle system are chill
factor and aerodynamic loads. The chill factor pertains to heat
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loss as a function of wind velocity. This is a well-documented
phenomenon for which design criteria are available. The preferred
design approach is to provide the smallest exposure area to the win:
through which heat transfer may occur as well as to insulate
against such heat transfer. For the skirt system, however, this
is not possible. Much of the heat generated by the working skirt
system will be lost to air movement, so little improvement in
flexibility at low ambient temperatures can be expected from
this source.

Aerodynamic loads due to wind may result in reduced forward
velocity (headwind), limited deceleration rates (tailwind), or
directional control problems (crosswind, gusts, etc.). These
problems are not unique to the Ar,;tic but must be faced in vehicles
designed for all areas of opcroion.

Operations over arctic waters will generally involve conditions
and resultant effects typical of any overwater operation. As a
function of sea state, the SEV will be subjected to slamming
loads which will limit the speed of the vehicle, both for structural
and safety reasons. Since the SEV has been mostly used in overwater
operations, much knowledge and data are available to support
acceptable designs for such applications. In a similat vein, the
problems of corrosion and erosion have been well documented.

The primary problem of operations over arctic waters is that
of icing. When operating over water, spray will occur and may,
under low-temperature conditions, freeze to a vehicle. Since this
is an accumulative process, the weight growth due to ice buildup
is unacceptable and a means must be found to prevent icing. A
secondary problem of icing results from its formation within
confined spaces such as joints of structures. The expansion of the
ice as it is formed may generate loads and forces which could lead
to structural damage or even failure.

Ice buildup may also occur on external moving parts such as
controls and propellers, as well as on intakes, radar, etc. In
addition to weight and stress problems, the effectiveness of these
devices can be sharply reduced if ice buildup is permitted.
Methods of inhibiting ice buildup are available, so the important
consideration is recognition of these problems and selection of
the best means for controlling ice buildup on each subsystem.

Land/Ice

Obstacles pose the major problems to SEV operations over arctic
lands and ice. Land obstacles include steep slopes and timbered
areas which are inaccessible, and the tundra which is relatively
flat but accessible. River beds and lakes should present few
problems where access to these surfaces is possible. Ice will
generally present a unique problem, however, in that it may occur
in the form of rough, closely spaced obstacles which might exceed
the skirt height of an SEV and cause leakage or damage to the
underside of the skirt.
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To negotiate an i.ce ridge of critical height, SEV operators
approach the obstacle, at a safe speed. While this increases the
probability of negotiating the obstacle, it results in increased
forces on the SEV structure and occupants. The loads sustained
by an SEV traversing an ice ridge at high speed have not been
accurately determined. Such loads, which ate incurred through the
skirts and .fluctuations of the cushion pressure, depend upon the
skirt configuration, ice ridge geometry, and vehicle speed.
Analyses of present skirt configtrations indicate that safety
problems can be expected; thus, (evelopment programs are required
for high-speed SEV operations ovar arctic obstacles. The wear and
tear of the skirts due to contacting the ice ridges has been
revealed as a significant problem, and new materials or skirtconfigurations will be required as a solution.

The capacity of ice to support a vehicle, either underway
or off-cushion, will 'limit the allowable cushion pressure and off-
cushion bearing loads. The limitation on cushion pressure is not
expected to~predominate over other parametric considerations,
but the off-cushion bea•'ing load limits will require attention to
assure a sustained station-keeping capability on ice.

When off-cushion on the ice, melting may occur due to
increasing ambient temperature or to heat transfer from the SEV.
In either case, the SEV may stick to the ice or even partial.ly
sink into it, creating high lift-off loads. Provision must be
made to avoid these occurrences, such as placing mats beneath the
SEV.

Other

Other environmental phenomena which represent prublems in
the Arctic to vehicles in general are: magnetic anomaly, electrical
interference, and impaired vis'ibility. In the interest of safety,
the detection Of obstacles is of special significance. This is
especially true of broken ice fields, where the height of the
operator may not be s'ufficient for him to observe suitable passages
through the entire field. For this situation a display must be
presented to the operator that will permit him to select the shortest
passage through the field.

SEV PARAMETERS

Power to Weight Ratio

Figure 1 shows some projected values of the ratio of cruise
shaft horsepower to vehicle gross weight (in tons) at different
speeds and in different arctic surface conditions for an SEV of
approximately 300 gross tons. These values assume some advances
in SEV technology, but they are not considered unduly optimistic
for the 1980 time frame. The overwater values have a considerable
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amount of empirical data as a base, whereas the overice values
are based upon more limited data. The confidence level for an
SEV of 300 gross tons to achieve the power-to-weight ratios shown
is high, however.

Also shown in Figure 1 are the power..to-weighit ratios for
assumed average surface conditions. The latter are derived from
the Sea State 3 values and the power to negotiate 5-foot ice
ridges with a 150-yard spacing. The assumed average surface
conditions are used in the evaluation of the 300-ton arctic SEV
to be discussed below.

Range and Cruise Speed

Using the power-to-weight ratios of Figure I for assumed
average surface conditions and a specific fuel consumption of 0.45
lb/shp/hour, the range capabilities of a 300-ton SEV have been
calculated. The range is shown in Figure 2 in terms of cruise speed
and usable fuel-to-gross-weight ratio. The figure shows that a
range of 1,000 nautical miles can be achieved by a 300-ton SEV
having a usable fuel-to-gross-weight ratio o'1 20 percent. Increasing
the usable fuel to gross weight ratio to 40 percent results in
a range of over 2,300 nautical miles. The figure also shows that
for these operating conditions the range is independent of cruise
speed; hence, little is lost by adjusting speed in accordance with
requirements for maneuvers.

Based upon Figure 2 a usable fuel-to-gross-weight ratio of
20 percent is selected for the 300-ton arctic SEV to be considered,
and from Figure 1 the installed maximum continuous power is fixed
at 30,000 shp. Using a cushion-pressure-to-length ratio of unity
and a length-to-beam ratio of 2, the overall vehicle dimensions
and cushion pressure are determined. These are presented in Table I,
along with principal weight and performance data. Note that a payload
of 75 tons, or 25 percent of gross weight, can be carried by the
vehicle.

The influence of arctic surface conditions upon the range
capabiiity of the 300-ton SEV is given in Figure 3. Note that the
range varies from 840 nautical miles in Sea State 3 to 1,620 nautical
miles over continuous smooth ice. Although the cruise speed for
maximum range depends upon surface conditions, Figure 3 shows
that range is not very sensitive to cruise speed fur ;ach surface
condition considered.

Mobility

One advantage of the SEV over other surface craft is its
ability to operate at high speed over all types of surfaces
(liquid to solid), and its ability to negotiate high obstacles.
Two questions about ,mobility that must be asked of the SEV are:
(1) what proportion of arctic obstacles can it safely and com-
fortably negotiate? and (2) can it identify and avoid obstacles
that are beyond its capabilities?
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Table I

ARCTIC SEV DATA

Empty Weight 165 tons Length 125 ft

Payload 75 tons Width 58 ft

Fuel Weight 60 tons Cargo deck 80 by 32 ft

Gross Weight 300 tons Range (average 1,030 NM
conditions)

Cushion Pressure 105 psf Maximum speed 76 kts

Installed Power 30,000 shp Sea state 3 76 kts
(maximum continuous)

Smooth Ice 125 kts

Max height ice 12 ft
ridge

The 300-ton arctic SEV could have a hard structure clearance
on cushion of &bout 10 feet, using present techniques for stabilizing
the vehicle in roll. Based upon current operational experience,
steep obstacles of about 12 feet in height can then be safely
negotiated. In general, however, the shape of an ice ridge is not
vertical; rather, its shape is such that an SEV receives a nose-
up pitching moment immediately before reaching the point of maximum
height.

Although knowledge is lacking about the changing surface
geometry in the Arctic, both in time and place, a vehicle with a
12-foot obstacle height capability should negotiate about 90
percent of the ice ridges. Those areas completely bounded by ice
ridges which have a height greater than 12 feet at all points
are a small proportion of the total, probably less than 1 percent.
Thus, less than 1 percent of the Arctic should prove inaccessible
to a 300-ton SEV.

The problem of obstacle detection was discussed above. A need
exists to determine obstacle-sensing and maneuvering capabilities
before the mobility of the SEV in the Arctic can be fully established.
Some methods for improving SFV maneuverability over ice include
thrust vectoring at high speed and surface contact controls at low
speed.

Reliability and Maintainability

The problems of operating with high reliability and of making
repairs both quickly and economically in the Arctic have not been
fully solved for the SEV. Much progress has been made in SEV
operations in temperate climates. With careful design, choice of
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materials and components, and development of maintenance procedures
and equipment, one can expect to achieve satisfactory SEV reliab'lity
and maintainability in the Arctic.

Platform Suitability

One of the strongest factors in favor of the SEV for the
missions under consideration is the large size of its platform
in terms of its gross weight. For missions which require working
and living space, these vehicles have a space-limited rather than
a weight-limited situation. The best SEV is one that is lightly
loaded (Figure 4). As the cushion pressure increases, the structural
weight reduces for a given gross weight. For the data in Figure
4, the saving in structural weight is used for additional fuel.
The increase in usable fuel, however, is offset by the rise in
power requirement as the cushion pressure increases significantly
until, at a cruise speed of 60 knots, the maximum range occurs
at a cushion pressure of about 130 lb per square foot. At a cruise
speed of 120 knots, the cushion pressure for maximum range approaches
200 lb per square foot. For the SEV under consideration, little
loss in range arises for larger craft with a cushion pressure
close to 100 lb per square foot, particularly for cruise speeds
of less than 100 knots. For a typical SEV the loading per unit
platform area is only about 5 percent less than the cushion pres-
sure.

A measure of a vehicle's compatibility is how completely
its cargo space can be filled without exceeding its payload-
carrying capability. The C-130 aircraft can carry 23 tons (118 lb
per square foot of cargo deck area). The amphibious assault landing
craft (JEFF A), now being designed by Aerojet-General for the U.S.
Navy (Figur'? 5), has a payload to cargo deck area ratio of only
54 lb per square foot. Many present SEVs are operating with
payloads of far lower density.

The SEV under consideration here has a payload to cargo deck
area ratio of 58 lb per square foot. For example, the vehicle could
carry 12 containers, each 20 by 8 by 8 feet, with walkways
between containers. The containers may be considered modules,
with each serving different functions (working, eating, sleeping,
etc.). Modules would be interchangeable, with selection depending
upon the mission.

A typical breakdown of payload for this 300-ton SEV could be
as follows:

Quarters (3 containers 20 by 8 by 8 feet) 3.8 tons

Storage space (1 container) 1.3 tons

Working space (8 containers) 10.2 tons

Insulation 2,5 tons
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Furnishings 0.5 ton

Life support machinery and fuel 3.0 tons

Provisions and sanitation 1.2 tons

Equipment, tools, instrumentation 50.5 tons

Personnel (15 including carry-ons) 2.0 tons

Total 75.0 tons

For arctic missions, there is the real danger of changing
surface conditions; e.g., ice breakup while on site. This leads to
the requirement that the complex of working and living accommoda-
tions be mobile. The air cushion platform ideally meets this require-
ment, since it can hover or rest upon any type of surface.

Operating.Cost

When a vehicle is used strictly for transportation, the cost
per ton mile is frequently used as one measure of its cost
effectiveness. In a situation where the vehicle is space limited,
"cents per payload volume mile" or "cents per cargo deck area
mile" are more relevant parameters. For arctic missions, however,
transporting personnel, equipment, and supplies from base to site
is only a part of the total system cost for getting the job done.
Therefore in comparing vehicles for arctic missions, it is more
appropriate to consider the cost associated with keeping the
vehicle in operational readiness than to consider the cost
of transportation only.

For this reason the annual costs of operating the 300..ton
arctic SEV are presented in Figure 6. The cost for government
missions is depicted by solid lines, and the additional costs of
insurance and interest for commercial operatioý,. are shown by
the broken lines. These costs are based upon the following:

First cost of SEV with spares $5.88 million

Service life 10 years

Interest rate 7.0%

Insurance rate (on first cost) 5.0%

Operating crew (per year) $55,600

Engine first cost (total) $1.72 million

Engine salvage value, percentage of 20%
first cost
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Hull and spares salvage value 10%

Approximate maintenance cost per $185
operating hour

Fuel cost (1,000 gallons) $300.

Average lubricating oil cost (10 gallons) $14

Note that the assumed 'uel cost is less *chan the present-day
costs, but in the time frame under consideration cheaper fuel
should be available in the Arctic.

To reach any conclusion regarding the operating cost of the
300-ton arctic SEV is not possible at this time.'No vehicle (air-
borne, submersible, or surface) has the precise capability of
the SEV in the role under consideration, and consequently any
comparative cost-effectiveness studies must be done with care.

CONCLUSION

For the postulated arctic missions it is concluded that the'
SEV is worth more quantitative evaluation. The speed, range, and
mobility of 300-ton SEVs are considered appropriate, and the mobile
air cushion platform is quite suitable for accommodating working
and living modules.

Reliability and maintainability have not yet reachedsatis-
factory levels, but confidence prevails that these will be
achieved. Cost-effectiveness has not been fully evaluated. Forý
a valid comparison with other candidate vehicles, however, consider-
ation must be given to complete mission costs rather than for
using popular transportation cost parameters.



SURFACE EFFECT VEHICLES FOR ARCTIC
CARGO HAUL AND DISTRIBUTION,

R. H. Miller
Boeing Compony

Seattle, Washington

This paper addresses arctic transportation, both short range
and~on-site. A liberal interpretation of short-range is used,
ranging from 0 to 500 miles. Although most of the'information
presented will apply to overland operation, many of the general
points will pertain to transportation over the arctic pack ice.
Over the pack ice, however, the design criteria for vehicle. will
be more severe than for Qverland operations. Important design concepts
for cargo vehicles will also be presented. Several of the major
technicaliproblems of surface effect vehicle (SEV) operation in the
Arctic will be discussed, and some economic comparisons will be made
between SEVs and other transportation means.

Figure I shows an artist concept of some of the missions for which
SEVs can be utilized in the Arctic. Most missions can be broken into
two categories--l.ine haul or distribution. An example of a line haul
mission would be a scientific logistics mission from the North Slope
to, an ice.station. Another would, be the transport of cargo from a
port or rail head to a village or town. The cargo would be line
hauled into a general area by *ome other means, sUch as by rail or
air, and then distributed with an SEV throughout the area. An example
of a distribution missiod would be oil field development, where
materials would be flown to a central air field and then transported
to the well sites by an SEV. Another example would be cargo distribu-
tion by an SEV within a village area.

Prior to developing vehicle preliminary designs, it is neces-
sary to consider the important vehicle design parameters required
in an economically competitive transportation concept. We will
examine the operating costs of cargo SEVs, recognizing that there
are bncert~inties in these costs, even for vehicles operating in
a more favorabl:e environment. Figure 2 shows thp relationships
between direct operating cost (DOC) and vehicle payload. The
auxiliary scale shows the relationship of gross weight to payload.
Note that operating costs decrea.;e with increasing vehicle size.
Below approximately 100 tons of payload, 'the DOC is quite sensitive
to vehicle size. Above this payloaa, which corresponds to a
vehicnle gross weight of about 400,000 lb, the DOC is reasonably
insensitive to vehicle size. T:,is led to the selection of a pay-
load goal of about 100 tons for uur baseline vehicle design.

The economic analysis of the SEV is'similar to that of a

cargo airplane. This is illustrated by the operating cost break-
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down shown in Figure 2. Note that the maintenance cost is a
high percentage of the total direct operating cost. The primary rea-
son for this is the problem of skirt wear. Skirt finger life on
current vehicles operating on water is between 500 and 1,000 hours.
The maintenance data shown i1o Figure 2 were based on the assumption
that skirt finger life in arctic operations will be about 1,000
hours, if the skirt life is less than this, the DOC will increase
substantially from that shown in the figure.

A DOC of 5 to 10 cents per ton mile was selected as a goal
for the arctic cargo SEV for preliminary design purposes. This was
based on comparisons with potentially competitive systems. The
cargo airplane is the primary line haul cargo carrier in the
Arctic. The Hercules airplane, at the same 500-mile range shown
in Figure 2, has a DOC of 11 to 12 cents per ton mile. The Boeing
747 at this range would have a DOC in the neighborhood of 5 to 6
cents per ton mile. A truck operating in the Arctic on a gravel
road has a DOC of about 5 cents per ton mile.

Arctic cargo vessels (ACVs) operating overland in the Arctic
will be on a hard surface most of the time. Arctic rivers are
frozen from 6 to 9 months a year, depending on locat:on. Most
current SEVs are designed primarily for overwater operation. It
appears reasonable. to convert the arctic SEV for hard surface
operation. Figure 3 compares the economics of water optimized
vehicles with hard surface optimized designs. Note that the land
optimized vehicle has a lower DOC. Therefore, for the overland
arctic mission, we elected to optimize vehicles for hard surface
operation; and for the small percentage of time that the vehicle
must operate on water, we will take the penalty associated with
water operation.

Figure 4 shows the conceptual design for a 100-ton payload
vehicle. It has a maximum range of 1,O00 miles and a nominal range
of about 500 miles. It uses gas turbines for the lift and pro-
pulsion systems. Its flatbed truck concept allows it to carry a
variety of payloads, including disassembled oil rigs, containerized
cargo, and large earth-moving equipment. In an effort to reduce
the initial and operating costs of this vehicle, the design was
kept simple. The propulsion engines are fixed, with lateral control
effected by rudders and puff ports. One disadvantage of this con-
trol concept is that in order to turn the vehicle it must be yawed.
We later found that this was unacceptable for most overland mis-
sions, and the control concept was modified to a vectored-thrust
configuration. The engines were relocated fore and aft on rotating
pylons. The combination of rudders, puff ports, and vectoring
engines results in no yaw during turns (that is, the vehicle rotates
at the same rate as the flight path). The modified configuration
is shown in Figure 5.

Figure 6 shows a smaller conceptual design with a 25-ton
payload. This design has an efficient beam structure which results
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in a low, structural weight fraction. This design his vectored
,thrust and an integrated lift and propulsion systqm. With a
25-ton payload, it has a maximum range of about 750 miles.
The center cargo bay very nicely handles the containerized
cargo from a Lockheed Hercules. As noted:earlier, a vehicle
of this size has higher operating costs than a 100-ton payload
vehicle.

An inherent characteristic'of any high-cost vehicle is that
low operating costs require high productilvity, ahd that high
productivity necessitates high cruise velocity. Figure 7 illus-
trates the relationship between DOC and cruise velocity. Note
that the operating cost continually drops with increased~velOcity.
Thus, a cruise velpcity as: highas 100 mph would bý desirable.
For design purposes, however, we selocted a cruise speed of
about 60 mph" A higher cruise speed was not selected because
of the uncertainty of overland:operation due to the problems
of SEV ride quality and maneuverability. Figure 7 also shows
that the DOC is relatively insensitiveito ran'gel from-250 to 1,000
m~les.

One of the:major technical problems of the SEV is poor
maneuverability. This is illustrated in Figure 8 which shows vehi-
cle turn radius as a function of velocity. Two different control
techniques are :shown: fixed engines which require yehicle yaw to
turn and vectored engines. The effect of crosswind is also shown.
At 60 mph,. both control systems have nearly the same turning
capabilities. In both cases the turA radius is poor, over 1-1/2
miles at'60 mph. This will be a major problem when trying to avoid
obstacles without slowing down.

As noted above, in order to achieve low operating costs we
need to have high productivity, which~in turn requires high
cruise velocity. The SEVs have poor turning and maneuvering
capability which could be inconsistent with achieving high cruise
velocity. This led us to the concept of d semiprepared guideway
path. The main feature of this' concept is a 'presurveyed route
that would minimize distance, turns, an1 slopes. Surfacp pre-
paration wou1l be minimum. In many areas over open terrain, the
guideway would simply consist of sets of guideposts set ;.t about,
1/4-mile intervals. The oosts would have radar reflectors for
all-weather nperations, day or hight. fn some areas obstadles
and trees would have to',be removed. The disturbance qf the sur-
face would be minimized. The §uideway could possibly utilize
future road rights-of-way. The advaptage of the guideway concept!
is that it allows a more optimum vehicle and reqUlts in much
higher bloc'k speeds.

Figure 9 shows a potential guideway system in Alaska.,The
SEV syttem would serve as an interim system until there is suf-
ficient cargo volume to warrant a road or railroad system. Pre-
liminary studies indicate that the guideway paths are feasible
for SEVs. The main distribution point would be Nenana, which is on
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the Alaska railroad. Guideways would extend to the villages of
Dillingham, Bethel, St. Michael, Nome, Kotzebue, Prudhoe Bay,
and Point Barrow.

The emphasis on obtaining high block speed and the
uncertainty of SEV overland maneuverability and obstacle avoidance
led to the development of a unique engineering tool for evaluating
SEV maneuvering and control concepts. Figure 10 illustrates the
SEV visual flight control simulator which is an adaptation of
the Boeing Space Flight Simulator. This simulator consists of
three major elements (Figure 10). A central computer contains
programs of the SEV control and dynamic characteristics. The
computer is tied into a servoed television camera on a movable
track which traverses an arctic terrain model. The computer is
also tied into a simulated SEV cockpit. A wide-angle projector
throws the television picture on a wide-angle screen in front of
the cockput.

With this facility the pilot can "fly" the vehicle over
simulated arctic terrain. The camera responds in real time just
as the actual vehicle would. Different vehicle designs and con-
trol concepts can be evaluated simply by reprogramming the computer.
The effects of turns, winds, and slopes can be evaluated with the
pilot in the loop. The terrain model simulates a 5-mile section
of arctic terrain. Figures 11, 12, and 13 are photographs of the
major elements of the simulator. Figure 14 shows a model of a
small section of arctic pack ice to be used with the simulator.

Studies with the visual flight simulator quickly showed
that the ideal SEV turning characteristics shown in Figure 8
could not be attained on a 300-foot-wide guideway. For example,
Figure 15 shows the turning capability with the pilot in the
loop for the two control concepts previously discussed: yaw to turn
and vectored engines. When the vehicle required yaw to turn, it
was very difficult for the pilot to sense his flight path vector
and to anticipate corrections far enough in advance. Consequently
he either had to slow down or run off the guideway. It was deter-
mined that the vehicle must have a tracked turn (that is, no yaw)
in order for the pilot to adequately sense his flight path and
anticipate maneuvers. This required vectored engines for control.
Figure 15 shows that near ideal maneuvering capability was attained
with vectored engines.

A direct operating cost model was developed to evaluate the
SEV over potential routes and missions. The model considers type
of terrain (slopes and turns), type of surface (hard surface or
water), vehicle characteristics (including turning performance,
slope performance and changing gross weight as fuel is depleted),
season of the year (river frozen or thawed), and load factor.
Flight control simulator results were used for maneuvering capa-
bility characteristics with turns and slopes.
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Figure 16 shows the calculated block ipeed for a 567-mile
route from Nenana to Prudhoe Bay. Block sptds are shpwn for the
two diff.rent control concepts, with and without the pilot in
the loop. During winter operation, ideal block speed (100 per--nt
pilot efficiency) was determined to be about 42 wn.h for th'e yaw-
to-turn concept. With the pilot in the loop, this would &r'#
to 26 mph. For vectored thrust, the block speeds with and without
the pilot in the loop are both about 50 mph. The resul"s foy summer
operation are about the same; however, the block speeds are some-
what lower due to some water operation. The land optimized vehicle
has a reduced block speed in the summer when stretches of water
must be traversed.

High block speed results in high productivity, which is
required to attain low operating costs. The data from Figure 16
were transposed into direct operating costs (presented in
Figure 17). The yaw-to-turn case has an ideal DOC of about 11
cents per ton mile. With the pilot in the loop, it is about 18
cents per ton mile. With vectored thrust, however, the DOC is
less than 10 cents per ton mile in both cases. In the summer the
direct operating cost increases somewhat due to water operations.

Figure 18 shows a comparison of the total transportation
cost for a line haul mission of 250 air miles with zero back
haul as a function of tonnage per year. The SEV is compared with
airplane and truck transportation. The SEV and truck data cor-
respond to 100 percent and 150 percent of air miles. This is
considered to bracket the actual distance a land vehicle must travel.
The total transportation cost shows direct and indirect operating
costs, including the amortized costs of guideways and roads.
Airplane data represent costs with and without the amortized cost
of one airfield. Note that at a 250-mile range the SEV appears
to be competitive with the airplane over the complete range
of tonnage. At about 200,000 tons per year, however, it becomes
more economically feasible to build a gravel road in the Arctic
and use a truck system.

Figure 19 shows the effect of mission range at a fixe2d line
haul of 100,000 tons per year (the volume at which the SEV appears
the most competitive). In this case, the SEV always has lower
costs than the truck. However, the Hercules airplane becomes
competitive at a range of about 250 miles if the SEV has to go
50 percent further. If the SEV can fly a straighter course, the
airplane does not become competitive until a range of up to
900 miles.

Several cargo distribution missions were evaluated. Figure 20
shows distribution costs for oil field development at Prudhoe
Bay. Two different SEV sizes (50-ton and 250-ton gross weight)
are compared with a truck system operating on gravel roads. For
this distribution system, there is little •ost difference between
the large and small SEVs. This results from the poor load factor
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bf the large SEV for small volumes per well site. The truck system
becomes competitive with the SEV system at about'lO,O00 tons
annually per site. ,

From these comparisons we can conclude that the SEV :appears
to fill a gap in the 'ground transportation systems in the Arctic.
It is competitive with other transportation systems,for line haul
missions that have low to medium range and low annual tonnages.
It could act as an interim system until the tonnage builds up
to the point where a road or railroad system becomes economically
feasible. The cargo SEVappedrs competitive with other systems
for certain cargo distribution missions.

In.conclusion, the SEVs appear to compete with other cargo
systems in the Arctic for certain missions, primarily those of.
small annual cargo volume and short to medium rafige. In 'order
to obtain competitive costs, however, an optimized vehicle is
.requirled, a clearjguideway over land is desirable, and high
maneuverability is necessary to maintain high block'speeds.
There are uncertainties in the economics, ahd many technical
problems, still exist. Many of these uncertainties could be
reduced or eliminated through a technology and demonstration

'program.
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ALL-SEASON VEHICLE FOR SEA ICE

K. W. Reimers
Cushman Motors

Lincoln, Nebraska

This paper delineates the capabilities of the Cushman TRACKSTER,
an all-season double-tracked vehicle similar to a small military
tank. Primarily, the TRACKSTER provides over-the-snow transpor-
tation for up to four passengers, or for one passenger and 800
pounds of cargo. Secondarily, it functions as a transport vehicle
over rough or swampy terrains. Figure 1 shows the TRACKSTER
passing over rough mountaintop terrain similar to jagged sea
ice.

Reliability and performance were the main criteria for the
design of this vehicle for off-road work or transportation. The
TRACKSTER is powered by a 25-horsepower, 2-cycle, 2-cylinder
Outboard Marine Corporation engine. Battery ignition and a capa-
citor-discharge ignition system improve reliability. The trans-
mission is twin hydrostatic, with a final 6:1 gear reduction to
the main drive shafts. The hydrostatic transmissions are operated
with a mixture of Type F and Military Specification 5606 arctic
transmission fluid. This mixture allows the operator to start
the engine and drive off without warming the transmission at
-35 F. Lower temperatures would require a riixture of fluid with
a greater proportion of 5606 fluid. Below -350 F, the battery would
need to be warmed or charged, and warming the fuel system would
sometimes be necessary.

TARP COVER

A fitted tarpaulin accessory (Figure 2) keeps snow out of
the vehicle and engine compartment. The cover fits very securely,
and drifting snow will enter only in small amounts. If a heat
supply is placed under this cover, the operational part of the
TRACKSTER is kept warm enough to operate at temperatures to -60pF.
The rubber tracks may become too stiff to operate below -65F.

FLOTATION MODEL

For both summer and winter operations, the flotation model
TRACKSTER would be best for arctic use. When the flotation
collar is attached, the vehicle will not sink even if it is filled
with water. The vehicle is not amphibious, so the flotation collar
is merely a safety device for cros.ing small areas of water.
Climbing out of water onto the ice would require a winch accessory
or a second TRACKSTER.

120
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For winter operation, the flotation collar acts as a wind
barrier. The vehicle is generally equipped with a short windshield
and heat deflectors which blow hot engine air back on the pas-
sengers. This air flow is normally lO0 above the ambient tempera-
ture. The vehicles were operated continuously one night during
a blizzard rescue operation with a wind chill index near -600 F.
The 50- to 60-mph sidewinds caused discomfort after about 1
hour. A flotation collar would have broken the wind and allowed
the heated air to do its job. A further factor leading to discom-
fort was the lack of special clothinig other than snowmobile suits.

GRADEABILITY AND SNOW CAPABILITY

The TRACKSTER is a proven over-the-snow vehicle. It has not
yet been proved capable of scaling sea ice pressure ridges.
Because of its low center of gravity and extreme slope capabilities,
however, it may be an answer to scaling these obstacles. The U.S.
Coast Guard has purchased two TRACKSTER vehicles for this purpose,
but their comments are not yet available.

A side slope of 450 (Figure 3) does not cause instability
if normal surfaces exist. Climbing , grade of 4j0 is common;
grades of 300 are common on snow; atiO grades approaching 45n on
snow are possible with metal cleats and good snow conditions.
Sharpened and hardened steel screws, bolted through the track,
will add traction while operating on ice. A transverse steel cleat
causes a very rough ride on hard surfaces and is not recommended.

WINCH

A winch kit is a recommended safety feature when crossing
pressure ridges, both for climbing and for descending the far
side. Where possible, one vehicle should accompany another as a
safety precaution. If one vehicle becomes disabled by mechanical
failure or terrain conditions, the second vehicle becomes a
necessity.

DRAWBAR

The TRACKSTER has a normal drawbar pull of 1,000 pounds or
1,500 pounds with smaller drive sprockets (Figure 4). These
drawbars depend upon traction conditions and usually require added
weight on the vehicle. The top speed is 16 mph with standard
sprockets and 13 mph with the smaller drive sprockets. Generally,
the 13-mph vehicle will be better for all arctic uses. If the
snow is deep, more power is required. When the ice is rough, 5
mph is more than adequate for top speed. Also, because of increased
friction in bearings and increased track stiffness due to low
temperatures, the smaller sprocket with its higher torque is recom-
mended.

arm
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GROUND PRESSURE

The track system has over 2,000 square inches of ground contact
area. This results in an unloaded ground pressure of 0.50 psi and,
a fully loaded vehicle ground pressure of less than I psi. These
pressures are acceptable for over-the-snow vehicles and are
causing interest an'*•g environmentalists for tundra applications.
Since the standard track has an all.-rubber surface, it does very
little tearing or cutting of fragile plant systems. The vehicle
operator should exercise good judgment in off-road'conditions and
avoid spin turns which cause severe plant damage.

FUEL MIXTURE

The gas tank capacity is 10 U.S. gallons, which will operate
the vehicle for a range of approximately 80 miles, depending on
load and terrain. The gasoline must be mixed with oil to lubricate
the 2-cycle engine. Outboard Marine Corporation 50:1 oil has a
diluent which allows it to mix with gasoline at low temperatures.
Other 30 or 40 weight oils will work but are hard to mix.

CONTROLS

A single T-handle provides complete control of the vehicle
(speed, steering, direction, and braking). The T-handle precisely,
and smoothly controls the movement of the TRACKSTER. If moving
down a steep incline, the single T-handle will slow or stop the
tracks, provided the operator pulls back on the handle. The controls
are so sensitive that a novice operator can balance the vehicle
on a log. A driver with a bit of experience can move the vehicle
in and through obstacles which clear the sides by distances of
less than an inch.

The T-handle is linked to the hydrostatic transmissions which
are part of a completely enclosed hydraulic transmission system.
Engine speed is controlled by a variable-speed governor, which
meah1• tIat a driver can set the governor and drive the veh;cle
with one hand. This is an advantage in cold areas because the
thumb cools off quickly, even when mittens are worn. The driver
can switch hands as often as he chooses and stick his cold hand
in the warm air heater area. Even cold feet can be placed into
this warm area to improve comfort and safety of the driver and
passengers.

COLD ROOM TESTS

Cold room tests show that the battery cables and' cab window
materials begin to cause problems at -500F. Tests on the production
cab show that window materials hold up better if the cab remains
unheated when not in use. Thus, low-temperatbre battery cable
insulation is basically the only change necessary in order for
the TRACKSTER to perform its job well in weather conditions of the
Irctic Basin.
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Spedifications

Dimensions: Length - 92 inches Weight - 1,040 pounds
Width r 62 inches Track width - 15-1/2 inches
Height - 41 inches

Features:
Engine a 25 HP, 2-cycle, 2-cylinder, air cooled, electric

start, governor controlled
Battery Std. automotive 12 V, 67 amp br

a Body 3/16 to 1/4 inch thick fiberglass
Suspension Bogie whepl-s individually suspended by torsi-

lastic springs,.leaf springs, or shear mounts
Drive sprockets Steel casting
Bogie wheels Die-cast aluminum with triple-lip seals to

protect ball bearings
Carrying space Cargo bin in'rear, plus 12 inch wide shelf

space along sides
Lubrication None required
Fuel capacity 10 gallons
Color Sea green

Performance: Turning radius - 0
Speed - 16. mph forward, 7 mph reverse
Ground pressure - 0.5 to 1.0 psi, depending on load
Drawbar - 1,000 lb, depending on ground condition,

1,500 lb with small drive sprockets

Accessories: Windshiel'd and warmer set
Snowplow
Cab
Auxiliary drive pulley
Rub rails
7-tooth sprocket
Rear tonneau cover- on flotation model
Winch kit
Winch bracket
Trailer
Ski-area snow grooming equipment
Hour meter
Radio noise suppression
Exhaust spark arrester
Underbelly aluminum skid plate
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MOBILE LABORATORIES AND WORK PLATFORMS

C. Faulkner
Bell Aerospace Company

Buffalo, New York

This paper discusses current hardware in air cushion vehicles,
particularly as this hardware relates to the Arctic. In terms of
arctic transportation, a number of situations will likely center
around a system that has a base camp, either on land or on the
pack ice, that is linked to southern Canada or the "Lower 48." This
base camp is surrounded by satellite camps which may be drill
rigs, seismic parties, small stations for measuring ice flow
direction, etc. A mobile link would be established from the base
camp to the satellites (Figure 1).

The base camp is concerned with rianagement of the whole system.
It is clearly the center of logistics and communications with the
south, and it probably contains at least a limited data-processing
and analysis capability. The satellite camps could be manned or
unmanned, but they probably will involve continuous data gathering
or at least continuous activity of some sort, such as core drilling.
They should be mobile to accommodate research movement and expansion,although not necessarily self-propelled (Figure 2).

The mobile units that provide transportation between the
base camp and the satellites should be designed so that the
surveillance or work area can be extended beyond the limits of
static satellites. These mobile units shc,:Id also be able to
respond to unusual data inputs from a sateilite measuring station,
which may indicate a peculiar occurrence in the area 'etween
the satellite and the mobile unit. There is often a, need to
respond to such situations on a real-time or nearly real-time
basis.

In addition to routine mobile unit requirements, there is an
emergency transportation need within the system and, eventually,
a •d to reposition the satellite camps as research expands and
m, .In the long term the base camp itself may have to be moved.

A typical transportation flow pattern (Figure 3) would see
men and materials coming up from the south by aircraft, ship,
or barge to a northern terminal, perhaps Inuvik on the Mackenzie
River or Fairbanks in Alaska. Movement from this terminal to
base camp will likely be by aircraft, perhaps a Hercules C-130.
In this phase of the operation, some kind of base camp airfield
is required. It should be an airstrip and not an airfield in the
accepted sense. Here, the use of an air cushion landing system
offers potential benefits.
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Air support is included within the system because,' regardless
of the type of surface transportation used (especially on the
ice pack), there will be occasions when nothing is likely to'
move without some kind of overhead reconnaiss3nce support.

From base camp out to satellite areas, surface transportation
is basically preferred because detailed inspections of the surface
can be made and year-round operation becomes feasible without
elaborate equipment. Because of the nature of' the northern land
and sea areas, there is a need for amphibious capabilities in
any surface transportation. High-speed vehicles are desirable in
that the total satellite/base system is dynamic and needs the
capability to respond rapidly to unusual situationi. We recommend
the amphibious air cushion vehicle for this role.

The capacity of the air cushion vehicle should match the
payload weights and sizes involved in the base camp input systeT.
In the near term, this means a maximum Hercules load of about 20
tons. The vehicle itself and everything associated with it must
be transportable by the Hercules. In general t~rms, air cushipn
vehicle technology, as it exists today, can provide a reasonably
compact vehicle with a 20-ton'payload matched to a-range of about
100 miles at a "difficult terrain" cruising speed of about 20 to
30 mph. Higher speeds cannot be realistically assumed on a day-
to-day basis, although this typical ACV would have a smooth ice
maximum speed of between 50 and 60 mph. With this 20-ton payload,
current technology indicates that a skirt height of around 6
feet is possible.

With such a vehicle; trade-offs between payload and range
can be made to suit the needs of mobile platform operators. Fdr
example, an 8-man camp package, which might well be one of the
satellite camps, could weigh about 15,000 pounds. This could
consist of two or three 8 by 8 by 20 foot living and working
units, plus eight men with prov'isions and equipmept. In theoretical-
terms, these could be hauled about 600 miles over a time period
of about 20 hours at an average speed of 30 mph. In arctic oper-
ations of this na':ute, enough fuel should be carried for a round
trip rather than for oneway. In practice, this would amount to
about a 200- to 250-mile trip capability with enough fuel for
emergencies (Figure 4).

So far, consideration has been given to the type of vehicle
which might be best suited for this kind of work. Reservations
are often expressed about air cushion vehicles with regard to
obstacle clearance, low-temperature effects, and sq forth. It
might therefore be rewarding to discuss what has already been
achieved and, by implication, what is possible for the near
term.

There is now a substantial backlog of arctic-related experience
with the Bell Aerospace/British Hovercraft family of craft. For
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example, SK-5 winter trials were recently conducted in Houghton,
Michigan in which the vehicle reached 80 knots on smooth ice and
negotiated 6-foot-high ridges. In this instance, temperatures
were a little below OF, but SR.N6 trials have been conducted
at -400F. As early as 1963-1964, CRREL operated on the Greenland
Ice Cap with one of the early Bell experimental 2-seat vehicles
(the SK-3). (See Figure 5.) A wealth of military SK-5 experience
in marsh areas, which are often analogous to summer conditions
in the Arctic, is also available.

From a manufacturer's point of view, the results of the
recent ARPA/U.S. Coast Guard SK-5 tests in the Arctic have been
most encouraging (Figure 6). The SK-5, with its 5-ton payload,
has been an extremely useful step in accelerating the state of
the art. However, this vehicle is neither capable of hauling
a 20-ton Hercules payload nor is its configuration suitable for
mobile platform work.

A program has been launched to develop a vehicle which
will meet these platform requirements, not only for scientific
field research activities but also for many other existing and
potential arctic applications. This new vehicle, the Model 7380
"Voyageur" (Figures 7 and 8), is a joint project between Bell
Aerospace Canada and the Canadian g.overnment. The vehicle utilizes
the proven working machinery of the Bell SK-5's (with two of
everything--propellers, fans, etc.) and features a large, unobstructed
flat deck which can accept a Hercules payload without restrictions.
If superstructure is needed, it can be added to meet particular
needs. The Voyageur will have no difficulty, for example, in carrying
an 8 by 8 by 20 foot portable unit, and either depositing it at
a satellite camp or carrying it along as a mobile workshop. The
vehicle is 65 feet long overall by 33 feet wide. The flat deck
cargo space is 40 feet long to match up with both the longest
Hercules payload and the largest containers. The payload is 20
to 25 tons. The vehicle breaks down into modules, the largest of
which is 40 feet long by 3 feet deep by 8 feet wide.

The first Voyageur will be operating by December (1971),
so its first trial run will be in snow, assuming there is snow in
Grand Bend, Ontario by that time. Voyageur crart should be
operating in the Arctic next year, most probably in the Mackenzie
delta.

Under study are a variety of demountable modules, useful
not only for exploration and research but also for remote area
sociological work--clinics, libraries, educational and training
posts, business awld banking modules, etc. These are important
applications because they represent benefits from technology which
can and should be enjoyed by Northern native populations.

"Air cushion landing systems for aircraft are also being
developed. The basic hardware was devised several years ago by
the Bell Aerospace Company, and has been extensively tested on a



FASULKNER 135

IL
~M <

ul

LL.



136 FAULKNER

1 '"

I I

Ii~ I_
,I ..l • r ',

4J

,, €-0
' i '' 0 .} (

< E,

Co-

j, *1 0.}

=f 0



FAULKNER 137

4 4

XL&L

a

:• "°V' 0

*1 I • '

~K <

Q) w

•.

'4' 
CLO

" Owl

. .-

.I -,. ,C

S• ,a)• 0"

.- aC)(



j~3 FAULKNER

Figure E, Voyageur During Shore IcefOverwater Trials at
Toronto, Car~ada (Bell Aero~zpace Cimpary.N Photograph.

Taken After Iymposium)
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modified Lake Amphibian (Figure 9). Such a system has the virtues
of an air cushion vehicle in the sense that it can make an airplane
amphibious. The obstacle clearance is directly related to the
size of the airplane and therefore to the depth of the cushion.
This is a branch of air cushion technology that must not be over-
looked for use in the Arctic.

Tests in the Arctic have yet to be conducted, but tests have
been run in winter conditions in Buffalo, N.Y. Crosswind landings
are no problem as the aircraft does not have to be lined up
parallel to its direction of travel to land, but can crab through-
out the landing rolls. With the Lake test aircraft, measurements
of airplane performance were made before installation of the air
cushion landing system in order to permit direct comparisons.
The performance on water was found to be better with the air
cushion gear than with the original boat hull. Maneuverability
on water, even with this single-propeller airplane, is better
than with a boat hull. Braking pads have been developed so that
braking distance on solid surfaces is as good or better than
with the original wheel system.

The next step in air cushion landing gear hardware is now
underway and consists of a joint project between the U.S. Air
Force and the Canadian government. It involves fitting an air
cushion landing system to a C-115 de Havilland Buffalo.

In summary, the goal of moving cargo and people by air from
a northern terminal to a base is already attained, and should
soon be significantly improved with the introduction of the air
cushion landing system. Also, moving workshops and replenishing
supplies using high-speed amphibious surface transportation within
the base camp and satellite system is (in prototype terms) 1
month away from fulfillment with the coming roll-out of Voyageur
No. 001. At that time, the air cushion technology will be offering
real, tuseful hardware for the arctic community.

t•
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ARCTIC PACK ICE TRANSPORTATION VEHICLES,

B. H. Adee
University of Washington

Seattle, Washington

of Earlier this year a group of scientists met at the University
of Washington and discussed transportation problems they had encountered
during theiriarctic research. Several experienced scientists expressed
disappointment at the lack of an efficient, reliable, and low-cost
surface transportation vehicle that could be used on the arctic pack
ice. The impetus for thiý paper resulted from these informal discus-
sions; The paper reviews the transportation needs of scientists working
;on the arctic pack ice, establishes vehicle specifications consistent
with these needs and the requirements imposed by the 'arctic environ-
ment, describes vehicles currently~available and presents a
conceptual design of a new pack ice transportation vehicle.

For traveling long distances over the pack ice, air transporta-
tion by either helicopter or light aircraft is necessary. For relatively
short distances from a base camp,,howeier, setting up, maintaining,
and removing remote stations can Well be~handled by a surface trans-
portation vehicle. Considering this need for a surface transportation
vehicle and the enormous expenditures in the development of military
vehicles, it seems incongruous that the dog sled remains the most

Sreliable means of surface transportation. To' a large extent the
"ski-dob" has supplanted the dog sled. These vehicles, however, although
very versatile cannot begin to fill the requirements of payload
capacity, towing.ability, and amphibious characteristics that arctic
scientists require in a surface transportation vehicle.

The reason military vehicles have not successfully filled the
need for reliable pack ice transportation vehicles stems from their
design concept. Generally, these are ,high-performance vehicles designed
to outmaneuver, outdistance, and outshoot'an enemy. These qualities
are purchased at'a high price in initial dollar and maintenance
costs on the complex components of the vehicle.

The budget for most scientific research projects can afford
neither of these costs..The arctic scientist needs the capability
to travel out onto the pack ice and return reliably in absolute safety
and at a reasonable cost. Unfortunately, there is currently no
surface transportation vehi:cle whi'ch fulfills all of the requirements
necessary to support research work on the arctic pack ice. Therefore,
the author feels it would be wise to consider carefully the specifi-
cations outlined in this report, and to proceed with the design and
construction of prototype vehicles which can meet these performance
requirements.

141
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GENERAL SPECIFICATIONS

The mission envisioned for an arctic pack ice transportation
vehicle would primarily be in establishing remote scientific stations.Often, scientific observations must be made simultaneously at several
locations. The vehicle would carry scientists and equipment out from
a base camp onto the pack ice where they could establish, maintain,
resupply, and dismantle the observation stations. The use of surface
transportation would mean that no pilot or expensive aircraft would
be needed. The vehicle could also perform these functions when visibil-
ity would not permit aircraft to take off.

The University of Washington is preparing experiments in which
an unmanned submarine will be used to gather data under the pack ice.
At least three stations are needed for tracking the submarine during
the experiments. A reliable surface transportation vehicle would
prove invaluable in establishin9 these stations and in providing
rescue to the submarine should it become disabled while under the
pack ice.

For carrying out a scientific mission, the vehicle need not
possess excessive speed capability. High speed, in fact, might even
prove detrimental. One major problem with some vehicles used in
pack ice transportation is the failure of the suspension system.
This indicates that these vehicles are unable to withstand the
loads imposed by their own speed potential. A speed of 5 mph should
be sufficient for traversing the difficult pack ice terrain. For a
level dirt road, the vehicle should be able to maintain a speed of
15 mph.

In providing transportation to remote stations, the vehicle may
be required to carry a party of four people and some gear. The vehicle
should be of sufficient size and power to carry a 1,000-pound payload.
In addition, the vehicle should be able to pull a sled with another
1,000 pounds of gear.

The use of surface transportation on the pack ice is only feasible
over short distances, say 10 to 20 miles from the base camp. Beyond
these distances aircraft are considered essential. Time then becomes
important as well as the ability of men and machines to function
after the rough treatment that must be expected when traveling on
the ice surface. Therefore, a range capability of 100 miles should be
sufficient in a pack ice transportation vehicle.

In order for this ,ehicle to carry out its mission, it must
operate in severe weather and surmount or avoid the physical obstacles
to be expected when traversing the pack ice. These requirements are
included in Appendix A.

The final general specifications to be considered are reliability,
safety, and cost. The vehicle must be absolutely reliable and require
a minimum amount of maintenance. This implies t',at all parts are
ruggedly constructed from materials that can withstand the cold.
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Simplicity of design is essential in this respect. Reliability and
safety are closely related because of the danger involved if the
vehicle should become stranded far from base camp. In addition,
safety involves several other points. The vehicle must he stable (will
not roll over) in all of its designed operating modes, including
transition from water to land operations. Backup survival systems
must be provided so that in case of failure of the vehicle the crew
would be able to survive until assistance arrived. The vehicle must
"also be equipped with the latest navigation and communication
equipment.

For cost comparison the vehicle should not exceed the cost of a
well-equipped jeep; that is, between $4,000 and $5,000. Of course,
costs for prototype models may be higher. Any arctic transportation
vehicle should be easily transported by existing aircraft, including
Boeing 737, C-130, Bristol Freighter, and de Havilland Caribou.

MILITARY VEHICLES

The military is constantly testing and supporting the development
of high-mobility combat vehicles. Extensive reports of these tests
are available in which are printed long lists of the vehicles
tested. Unfortunately, many of these vehicles are one-of-a-kind or
are no longer produced. The author has chosen a few vehicles which
satisfy some of the requirements outlined previously. The list is
by no means exhaustive, and possibly some vehicles have escaped
attention during the course of this study. A listing of the specifi-
cations for each military vehicle considered in this section is presented
in Appendix B.

M29C Weasel (1,3,5,9,13)

The M29 is the only tracked military vehicle ever designed
exclusively for snow operation. Developed during World War II, it
was to be used in a planned winter invasion of Norway. Although
the invasion never took place, 24,000 vehicles were built. The M29
is the standard version and the M29C is an amphibious version.

Almost 30 years after their constructi)n, the Weasels %shich
remain in operation have become ancient vehicles. The Weasel, how, er,
con'zinued to be the standard by which subsequent vehicles have been
judged.

Several mechanical problems have been reported by those wno
have used Weasels, particularly with the track, bogey wheels, and
suspension system. The life expectancy of some components is as
follows(13):

Tracks: 800 to 1,500 miles; 300 miles in Antarctica(8)

Bogey wheels, sprockets, idlers: 500 miles

Transmission: 200 to 500 miles
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Motor overhaul: 1,000 to 1,500 miles

Hull failure from fatigue cracks: 3,000 miles.

Considering the advances of today's technology, one would expect
that these deficiencies could be eliminated in a redesigned version
of the Weasel.

In addition to the mechanical problems, amphibious qualities are
also lacking. Several vehicles have been sunk, mostly during attempts
to climb onto a floe from refrozen leads. The vehicle slides backward
and fills with water. Fortunately, in most instances passengers have
been aWle to escape through hatches previously cut in the roof.

The cost of operating Weasels at the Naval Arctic Research
Laboratory has been calculated as $4.00 per mile. Thi3 compares with
.Ae cost of $1.00 per mile for operating a jeep.(1)

M116 Husky Amphibious Cargo Carrier

The MllG is of some interest because it was designed as a
successor to the Weasel. Its design appeats to be an improvement;
however, it is unable to climb over a vertical face at the edge
of a lead. In addition, the cost is very high--$65,000.(3)

Canadair Rat(5,9,11,12)

The Canadair Rat was designed for the Canadian army. It is a
light-tracked veiicle intended to carry a load and tow infantry
sleds and toboggans over snow, ice, and barren wastes. The vehicle
is built in two tracked units. The forward unit contains the engine
and driver while the rear unit carries passengers and cargo. The
use of two units permits employment of articulated steering which
increases mobility under extreme muskeg or snow conditions.

The Rat does not possess the ability to climb out of the water
over a vertical bank. It also does not have an enclosed cabin to
shelter passengers.

It has come to my attention that a few changes have been made
in the original configuration of the Rat. The specifications given
here are for the original version. The new version is somewhat larger
and improves on the weak points in the Rat's design. (New version
is XM571 DYNATRAC, with an approximate prototype cost of $125,000).(3)

If one scrutinizes the specifications for these military vehicles,
it should be clear that they are complex machines. They are expensive
to purchase and maintain. Although all these vehicles are amphibious,
none of them--nor any others seen by the author--would be capable of
climbing out of the water over a 2-foot vertical edge.



ADEE 145

In seeking an acceptable vehicle, then, the only alternative is
to turn to those vehicles being produced commercially.

COMMERCIAL VEHICLES

Commercial vehicles capable of traveling on the polar ice pack
come in a wide variety of shapes and sizes. They range from small
toylike recreation vehicles to large, heavy-duty oversnow transporters.

One of the smallest, yet most widely used, commercial vehicles
is the ski-doo. To a large extent, they have replaced the Eskimo
dog team. Their low price makes them quite attractive. By the time they
reach the point where they can no longer be repaired, they usually
have paid for themselves.

Several drawbacks are seen to using this vehicle in support of
the scientific missions contemplated here. First, they have no
amphibious qualities. When open water is encountered, it is neces-
sary to wait until it refreezes or attempt to circumvent it. Second,
the ski-doo provides no shelter to passengers or for overnight
accommodation. Of course, the payload capacity is much smaller
than required. And t,,,'d, the arrangement of their power system precludes
efficient towing. They are high-speed, low-torque machines,

Another danger with ski-doos is being stranded without proper
preparation. Their high speed enables them to travel long distances
in a very short tiie. Unfortunately, many inexperienced people have
not realized that in case of a breakdown there would be no way of
retracing their path. Consequently they do not carry adequate survival
gear, with sometimes fatal consequences.

The ski-doo has earned its place in arctic transportation. It
is excellent for use around base camp and also for scientific missions
in connection with helicopter transportation to a remote station.
However, it cannot fill the specifications enumerated here.

The next larger size transportation vehicle is the all-terrain
vehicle. These have become quite popular as recreation vehicles and
are manufactured by many small companies. These vehicles generally
would have to be classed as "toys." An average size would be about
7 feet long and 4 feet wide, with a weight of 500 pounds and a
payload capacity of 500 pounds.

Size alone indicates that these vehicles are incapable of
satisfying the specifications. This does not mean that they are
useless, because their concept is sound. Mechanically they are quite
simple, and many of the ideas incorporated in their design could
be useful if properly adapted in building a larger vehicle that
could fill the specifications. Even though most of these vehicles
have been on the market for only a short time, they have stimulated
positive evolutionary steps in their own design and particularly in
the components used in construction.
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Specifications for the largest and most substantial all-terrain
vehicle the author has encountered are listed 'in Appendix C.

Arctic transportation vehicles close to the size necessary to
meet the specifications outlined are built Lb several companies.
These vehicles find their primary use at ski resorts and by utility'
companies in the mountain states. The companies contacted are
listed below, along with some of the vehicles they manufacture.
Specifications for these vehicles are also listed in Appendix C.

Bombardier Ltd.

Bombardier manufactures an extensive line of snow vehicles
including the ski-doo. The one vehicle that could possibly suit the
specifications would be a modified' version of the Muskeg Tractor.
The modifications necessary would include building up a watertight
hull and cabin on the basic tractor. Even with these modifications,
the vehicle floats very low in the water and certainly would not be
able to climb out of the water over a 2-foot ledge. In addition, the
Muskeg Tractor is quite heavy and wi'de, making air transportation
both expensive and difficult in some of the smaller freight aircraft.

Flextrac Nodwell

Flextrac Nodwell produces a number of vehicles designed for
snow or muskeg. There is only one model wnich meets some of the'
stated specifications. This vehicle would not be capable of cl.imbing
out of the water over a 2-foot ledge. The author would consider
this an extremely dangerous vehicle during transition from water
to pack ice because it only has a 6-inch freeboard in the rear.

Foremost Tracked Vehicles Ltd.

Vehicles manufactured by Foremost range in size from close
to the 1,000-pound payload specified here up to extremely heavy-duty
transporters. The vehicle closest to meeting the requirements for
arctic research is called the Sure Go. Although the standard version
is not amphibious, it can be modified with a,"floating capability.":
The form of this conversion is not completely clear from the company
literature. However, when similar conversions wede reviewed on other,
vehicles, they were found to result in inadequate amphibious qualities
and in the loss of any possibility of climbing over a 2-foot obstacle
at the edge of a lead. In addition, the cost of this vehicle would
probably run about three times the goal specified in this report.

Thiokol Chemical Corporation, Logan Division

There are several series of snow and swamp vehicles currently
produced by Thiokol. The Model 604 appears to be the most suitable
for the requirements of arctic transportation. Although it is'
amphibious, there would be no possibility of this vehicle's having
the capability of climbing out of the water over a 2-foot ledge.
In addition, several modifications such as the construction of a
cab would be necessary for cold weather operations.
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Tucker Sno-Cat Corporation

There are many different models of the basic Tucker'Sno-Cat.

These are the only snow vehicles which are totally different from
all the'rest. They ride on four tracks set on pontoons and use
articulated steering to increase mobility,;These vehicles have'
beenjused quite successfully in Antarctica. Unfortunately, they are
not amphibious and have poor off-snow performance. Becaus~e of these
.limitations, none of these vehicles could be considered adequate
for pack ice transportation.

OTHER FORMS OF TRANSPORTATION

Alternate forms of arctic transportation include light aircraft,
helicopters, surface effect vehicles, and boats.

Boats, of course, can be used only during ýeriods pf open water.
In the near-shore'and river area, the open water period is of
sufficient duration to make the use of boats worthwhile. For pack
ice vehicles they are.too limited and are not considered further.

The alternate, to surface transhortation is air transportation.
The most widely used form of air transportation is the light plane.
With very few roads available, the airplane is an essential part of
northern transportation. The;major, problems in using light aircraft
in pack ice'research are cost and landing difficulties. To get an
estimate of the cost, the author checked the charter rates'in the
Seattle area. A Cessna ,180 (four-place) with pilot can be chartered
for ab6ut $40 per hour. In the Arctic the price would be at least
double this.

The second drawback 'that would be encountered in using light
aircraft for short-range excursions is landing. Finding a suitable
s~ite on the pack ice is not always easy and may be dangerous.
Envision the hypothetical mission of setting up a station at some
coordinate location 10 miles from base camp. At best,, a suitable
landing site might be found at'the coordinate location. At worst,
the aircraft'might have to land severil miles away and the equipment
would then have to be brought to the site on foot. In the latter
case the speed and convenience advantages of the airplane wQuld be
completely lost.

The helicopter does not suffer from the landing problem encountered
with light aircraft; however, it is quite a bit more expensive.
Present Seattle area charter rates for a Bell E3B are $130 per hour,
while a larger five-place model i, about $200 per hour. One scientist
has stated that charter rates of 480 per hour for a 2-man helicopter
and $I,100 for a "sky crane" were quoted 2 years ago near Prudhoe
Bay, Alaska. In the past, ýmerican scientists have not used helicopters
at their ice stations. When used; helicopters have usually flown from
supporting icebreakers.
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Surface effect vehicles are currently undergoing extensive
arctic testing. Almost everyone agrees that these are expensive
vehicles (both initial and operating expenses). They also have
encountered difficulty in climbing some pressure ridges, finding
themselves sitting stranded on the top. Currently scientists are
awaiting the detailed results of arctic trials.

There is no question that aircraft offer the best means of pack
ice transportation when long distances are considered. Although
they are quite capable of satisfying short-range transportation
needs as %ell, their high costs would not be justified if some
less expensive and reliable surface transportation vehicle were
available.

A NEW ARCTIC TRANSPORTATION VEHICLE

The inadequacies of currently available surface pacK ice
transportation led the author to propose the basic concept for a
new vehicle. A large engineering and construction effort is required
to ccmplete sLch d vehicle, but this would be well justified if a
simple, reliable, low-cost arctic transportation veh.icle resulted
from the undertaking.

A schematic of a possible arctic transportation vehicle is
shown in Figure 1. One of thie most notable ex'cerior features is the
use of low-pressure "terra' tires rather that tracks. While tiere
is little doubt that well-designea tracks provide superior mobility
under toe most difficult conditions, the simplicity of the wheeled
system is also a great advantage. As previously ,,mentioned, one of
tne most severe drawbacks of existing vehicles is the maintenance
problem in t;,e track and suspension system.

The tires envisioned for use on the arctic transportation
vwh:icle (ATV) would 5e rouglhly 26 inches in diameter and have a
tread width of 12 incrnes (a standard size terra tire). The tires
would be mounted on fixed axles, eliminating a spring suspension
system. This is possible because of the relatively slow speed of the
vehicle and the ",1atural" suspension of this type of tire.

The terra tire should provide sufficient mobility for use on
the pack ice. Normally the snow i: wind-blown and has a very hard
crust. D-ifts may be encountered in the lee of pressure ridges and
may cause some problems for a wheeled vehicle. Further study needs
to be carried out on the surface -'trength of the snow in the pack ice
regior.. In addition, it is important to examine the low temperature
qualities of the terra tires, particularly the clastic qualities
necessary for the suspension of the arctic transportation vehicle.

The terra tires contribute to the ATV's anmphibioLs qualI .tes as
well. They provide a sign.ificant proportion of i;,• vehicle's displace-
went and add to transverse stability. Without some additional device,
however, the tires alcne wojid not be capable of liftiny the vehicle
over a 2-foot difference in surface elevation between the ice and water.
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To give the ATV the required climbing ability, a set of arms
could be mounted near the front of the vehic'e. The arms would
swing in a large circle reaching out in front of the vehicle to
make contact with the ice. As 'he arms continued or. their arc they
would lift the vehicle up and then pull it forward settiig the
aiheels down on the ice. There are t'wo possible ways of giving the
arms traction. The simplest method is to mount some form of spiked
pads on the arm which would grip the ice to prevent tie veihicle
from slipping back into the water. A somewhat more complicated, but
perhaps more useful, ideai is to add a driven wn-Bal on the end of
the arm. This would require a chain drive inside the arm that would
complicate the mechanism somewhat.

Traction is also an important consideration in climbing ability.
It would no-c oe difficult to supply sufficient horsepower to drive
the vehicle up a 450 slope. Again the climbing arm could come in
ha.idy. A spiked drien wheel on the arm could assist in pulling
the vehicle up the slope. The vehicle could also be pulled up the
slope in steps as the climbing arm made several revol itions. An
additional means of increasing traction would be by using a studded
tire or by putting oi! some form of cnains.

For propulsion, Pn engine of less than 50 hicrsepower shculd be
sufficient. It shoulli e of rugged construction with an electrical
battery-starting system. Preheating cotild be accomplished by using
a blow torch, and a backup pull starter should be furnished. The
most promising engine is a 4-cycle gasoline engine. It has tile
startability and efficient RPM range ,eeded.

The tra:,smissiun should have at least three forward gear ratios
and one reverse gear. The first gea. would be mainly for towing and
lob-speed operation. The third gear would be for high-speed op2ration,
with the seco~id gear between the others. Manual shifting has not
proven very successful and should be avoided even al. the cost of
adding some weight.

Additional propilsion, beyond shining the wheels, is necessary
for water operation. This shouli provide the forward thrust for the
vehicle and its steering as we'll. One pcssibility is fmlounting an
outboar'd motor on the stern. 4nother idea is to Lse a water jet
pump. Both of tnese devices have the probl.-min of water freezing if it
collects and cools inside tl.em. A final possi~bility is to make the
spiked wheel on the climbing amn into ,n efficient paddle wheel.
The arm could be locked into a preset position and the vehicle
pulled along by the paddle wheels.

The hull for the vehicle should be made of aluminum. Watertight
seals will be required on .311 the axles, with 'he water being below
the top of the wheels. The more freeboard the Letter, provided the
center of gravity can be kept low and reasonably easy access can be
maintained for entering the vehicle, Some form of spray deflector
will be required fcrward anc aft. In Figure i, the vehicle appears
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in the "pickup truck" configuration. Some form of covering, su&,
as a snap-on fiberglass or insulated "tent," should be considered
for the rear of the vehicle. This would provide space for more
passengers, and a sleeping and cooking area for extended operations.

Flotation and the crew's confidence in the vehicle's flotation
ability are very important considerations. If sufficient void sp:ace
is avaiiable (depending on vehicle weight), flotation iiaterial
should be added to make this vehicle unsinkable, even if filled
with wate-.- In addition, the flotation material should be placed so
that the vehicle would mairtain positive stability under all cunditions.

Some further equipment that should be on the vehicle include
navigation and communications devices, a towing bar, and a winch for
pulling itself out should it become stranded. Other thing:; to be
considered when building this vehicle include cabin heating, the
possi',ility of increasing toe ground clearance above the 9 inches.
shown in Figure 1, and several others. 4ll these details will be
worked out as the design engineering progresses.

CONCLUS ION

The author believes there is a definite need for the moderate
performance pack ice transportation vehicle discussed in this report.
In order that the vehicle's performance is matched .o the re-quirements
imposed by the arctic environment. more data should be gathered.
Eff9rts aimed at developing large area topographic maps of the pack
ice would prove extremely valuable. On such maps hypothetical journeys
could be attempted given a set of v,,icle specifications. The trade-
offs b.•tween climbing ability, amphibious qualities, speed made good.
and cost could be investigated by considering these hypothetical
journeys.

In addition to the topographic features, many samples of the
surlace qualities should also be gathered. This would provide a
basis for selecting vehicle ground prnssure and mobility index
requirements.

While these data are being gathered, it would also be wise to ':ry
out some of the existing vehicles similar to the one ?roposed here.
A test of one or two of the better all-terrain vehicles would indicate
whether a wheeled vehicle has sufficient nobility to negotiate the
severe cbstacles. If reasonably successful, these tests would also
clearly demonstrate modifications that would be required in this
type of vehicle to better adapt it to arctic conditions.

Following the additional data gathering, refinement of specifica-
tions, and preliminary vehicle tests, a test vehicle whichi meets or
exceeds the specifications should be built.

The need for a reliable transportation vehicle with moderate per-fonnance over pack ice is immediate for the University of Washington
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arctic researcn program. Many other arctic scientists wculd also
benefit fror.m tii1! availability of this vehicle. The author recommends
that vie proceed with all possible haste i".. undertaking the necessary
steps for the development of such an arctic transportaticri vehi-:Ie.
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APPENDIX A

SPECIFICATIONS FOR ATV

Speed Five miles per hour over pack ice terrain and 15
miles per hour on a level dirt road.

Payload: Up to 1,000 pounds on the vehicle. Room for four
passengers and equipment.

Pulling: A sled with up to 1,000 pounds.

Range: 100 miles.

Amphibious: Must be capable of crossing leads and melt ponds,
and entering or climbing out of the water with a
2-foot elevation difference between pack ice and
water surfaces. The vehicle must be stable at all
times during transition and in the water.

Climbing: The vehicle should be capable of climbing up a 6-
foot 450 slope from a dead start at the base.
The vehicle should also be capable of climbing a
2-foot vertical obstacle on land.

Startability: The vehicle must be capable of sta-ting and of
continuous operation at -600 F.

Transportability: The vehicle should be able to fit on a Boeing 737
for travel from Seattle to Barrow, Alaska. There,
it will be put on a C-130, Bristol Freighter, or
de Havilland Caribou, and it must fit in any of
these without being dismantled.

APIENDIX B

MILITARY VEHICLE SPECIFICATIONS

M29C Weasel (5) Description: General-purpose, full-tracked,
amphibious tractor used for personnel and light
freight carrying, and for sled h~uling.

Manufacturer: Studebaker.

Size: length: 192 inches.
width: 67 inches.
height: 71 inches (with ordnance canopy).

Weight: vehicle: 4,800 pounds (heavier with built-on
cabin).

pcyload: 1,200 pounds.
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Engine: iStudebaker Champion.6-cylinder, 65 horsepower.

Transmission: 3 and 1 gearbox, and 2 axle ratios.

Freeboard at gross weight: 10-1/2 inch bow, 8-inch
stern.

Track: Steel track plates with flexible connectors
and endless rubber bands. Vehicle weight carried on
32 bogey wheels.

Track width: 20 inches.

Ground clearance: 11 inches.

Turning radius: 12 feet.

Maximum allowable speed: 36 mph.

Fuel capacity: 35 gallons.

Fuel consumption: 5 mpg; 3 mpg in.Antarctic.(8)

Ground pressure: 1.9 psi (unloaded, without cabi-).

Discrepandies between the figures presented in the
references indicate that they should be viewed
with care and-that consideration be given to the
conditions at the time the data were taken.

M116 Husky (18) Description;:, A low-ground-pressure, full-tracked,
amphibious cargo and personnel carrier.

Manufacturer: Pacific Car and Foundry.

Size: length: 185'.5 inches.
width: 85.5 inches.
height: 80 inches.

Weight: vehicle: 6,800 pounds minimum operable.
vehicle: .1,000 pounds combat loaded,

arcticizeq with payload.
payload: 3,000 pounds.

Engine- Chevrolet Model V8-283, Type HD, 160
horsepower.

Transmission: GMC 4-speed automatic, fluid coupling

-with planetary gearing.

Track: Rubber band with 22 sections.

Track width: 20 inches.
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Cround clearance: 14 inches.

Turning radius: 11 feet minimum.

Maximum speed: 37 mph.

Fuel capacity: 63 gallons.

Range: 300 miles maximum on hard surface road.

Ground pressure: 1.9 psi empty.
2.6 psi combat loaded.

Canadair Rat (5) Description: Light articulated cargo carrier with
drive on 4 tracks.

Manufacturer: Can--dair Ltd.

Size: overall length: 157 inches.
width: 48 inches.
height: 6! inches to top of windshield.

Weight: vehicle: 1.500 pounds.
payload: 1,000 pounds.

Engirne: V3lkswagon, 34 t.oreDocwer, air cooled.

Transmission: 4 forward gears, 1 reverse cgear.

rrack: Reinforced rubber bands witIh m.,tal cIoss
meirbers. Two tracks side by side cover
the entire width of the vehicle.

Track width: 20.5 inJies.

Ground clearance: vehicie is beilyless.

Turring radius: 13 feet.

Maximumi speed: 23 impa on imp-oved roads.

fuel ccpa.Jty: 23 gallons.

Range: 200 miles (estimated).

Ground prcssure: psi loaded.

I5
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APPENCIX C

COMMERCIAL VEHICLE SPECIFICATIONS

LTV KID (17) Description: All-purpose, amphibious, wheeled
tractor- transpor;.

Manufacturer: Kinetics International Division,
LTV Aerospace CorporatiGn.

Si;:e: length: 96 inches.
width: 60 inches.
height: 40 inches.

Weight: vehicle: 2,200 pounds.
payload: 1,000 pounds.

Engine: Wisconsin V414D air-cooled gasoline, 30
horsepoaer (diesel engine optional).

Transmission: Vickers hydrostotic right angle.

Tires: 8 tires, 2 or 4 plys, 23x8.53-12.

Tracks: can be rounted over the four wheels on each

side.

Ground clearance: less than 11 inches.

Maximu!n speed: 25 mph.

Fujel capacity: 10 gallons.

Range: 100 miles.

Ground pressure: 5.16 psi.

Bombardier Description: Generdi-purpose, full-tracked vehicle
"Flu7Tractor for passeng.r and Freight hauling.

Si ze: length: 140 inches.
width: 87 incaes.
height: 79 incties.

Weight: vehicle: 6,400 pounds.
jay!ýad: 6,000 pounds.

Engine: Chrysler V-3 Industrial 318 L.A., 130
horsepower.

Transmission: New Process Mode' 435, 4 forwaid
gears, one reverse -ear.
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Track: reinforced rubber belts with spring steel
crossl inks.

Track width: 28 inches.

Ground clearance: 14 inches.

Maximum speed: 25 mph.

Fuel capacity: 18.75 gallons.

Ground pressure: 1.2 psi (unloaded).

Fl extrac Descri ptior.: full-tracked, amphi bious personnel
"Nodwell FIOO aid cargo carrier.
(15)

Size: length: 127 inches.
width: 85.5 inches (with 25-inch tracks).
height: 80 inches.

Weight: vehicle: 3,550 pounds.
payload: 1,000 pounds.

Engine: Ford 104 CID, V-4 gasoline, 65 horsepower.

Transmission: 3 for,%ard gears. 1 reverse gear.

Track: rubber ýelts and channel grousers.

Track width: 25 inches (wider snow track version
available).

Turning radius: 138 inches.

Ground clearance: 13 inches.

Maximun speed. 22 mph.

Ground Dressure: '1.0 psi (unloaded).

Freeboards: unloaded: 6.'; in front, 18 in rear.
loaded: 10 in front, 6 in rear.

roremost Sure Description: full-tracked cargo and personnel carrier.

Marufacturer: Forermost Tracked Vehicles Ltd.

Size: length: 128 inches.
width: 84 inches.
height: 80 inches.

deight: vehicle: 3,975 pounds.
payload: 1,200 pounds.

L _ __
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Engine: Ford V4, 104 CID (standlard).

Transr.iissiron: hydrostatic.

Tracks: rubber belts and c!, annel grousers.

Track width: 24 inches.

Turning radius: spot turn.

Ground clearance: 14 inches.

Maximum speed: 16 mph.

Ground pressure: 0.9 psi (loaded).

Freeboard: "floatir,g capab-ility" optional.

Thiokol Description: full-tracked, amphibious cargo and
Model -JJ04(19) personnel carrier.

Size: length: 160 to 180.5 inches.

width: 97.2r inches
height: 62.5 inches (without cab).

Weight: vehicle: 5,340 pounds (approximately).
payload: 2,600 pounds

Engine: Ford 6-cylinder, 241 CID, 150 h',orsepower.

Trarnsmission: 4 forward gears, 1 reverse gear.

Track: reinforced rubber belt with steel qrousers.

Track width: 32 inches.

Ground clearance: 13.5 inciies.

Turning radius: 15 feet.

Maxi,:iuni speed: 37 mph.

Fuel Lapacity: 21 gallons (45 gallons optional).

Fuel consumption: 5 to 8 mpg.

Ground pressure: 0.87 psi (unloadoi).



ICE AND TRANSPORT IN ARCTIC CANADA

G. H. Legg
Department of the Environment

Downsvi~w, Ontario, Canada

First, I will define the term "Arctic Canada."' It could 'be
defined as that area of Canada north of the Arctic Circle. This would
not be consistent, however, with Canada's political boundaries,
noting that the provincial areas extend to 600 North, with our
territories to the North. My discussions will thus deal with Arctic
Canada as that part of Canada to the north of 600, with one exception:
The Hudson Bay shipping route to and from Churchill through Hudson
Bay and Hudson Strait is generally referred to as Arctic Shipping,
so I wish to include this in Arctic Canada.

I lived for 4-1/2 years in the Yukon Territory, where as
meteorologist in charge of our district forecast office I had an
early introduction to the problems of transport in Arctic Canada-
In February 1947, a temperature of -81F at Snag established an all-
time record for the North American continent. At Whitehorse, where
I was stationed, the official airport temperature fell to only
-62'F. Since we were aware of the potential the weather situation
offered to produce record low temperatures, we t'ad set up a Stevenson
screen at our residence in the downtown area (in' a valley about 200
feet below the level of the airport) for the purpose of comparing
temperatures with airport readings. As a young and eager meteorologist
in those days, I dashed out that morning to read- the thermometer--,
still in pajamas--noted the temperature was -63.5 0 F, and'hustled back
into the house for some hot coffee.

That 1947 cold wave lasted about 12 dys in :the Yukon and all
but strangled transportation to and from the community. Immediately
prior to the cold wave, a snow slide in the mountains had severed
our rail link with Skagway, Alaska. in an attempt to open the railway,
three locomotives were deployed with a snowplow, but in the extreme
cold the steam locomotives could not generate sufficient heads of
steam to clear the track. These efforts had to be abandoned until
temperatures moderated.

Iruck transport on the Alaska Highway ground to a halt. At
those temperatures tires froze, springs became brittle, and gas line
freezing and corburetor icing developed. The penalties in the event
of breakdown ont the highway were too severe to risk movement. That
left air transport. The airlines did not risk operations with temper-
atures colder than -55 0 F. Attempts were made. to plan'arrivals of one
or two aircraft at times of maximum temperatures for the day. Getting
the aircraft back out was another problem. Normally after the take
off of one aircraft, the entire valley filled with ice fog and that

1 00
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terminated airline operations rur a period of 8 to 12 hours. The net
result was that food stuffs quickly vanished from store shelves,
the stock of fuel oil in the town was exhausted', and the cold
precluded wood cutting in the bush.-Fortunately, the cold wave ended
in the 'nick of time.

That was 1947 and this is 1971. Technologies have changed.
Diesel locomotives can operate where the steam locomotivewas inef-
fective. We now have jets instead of piston aircraft, but we still
have ice fog. We have seen improvements in motor transport, too, so
possibly today a similar cold wave would not be so serious.

In this connection, our climatologists tell me that many areas,
in the Arctic are prone to temperature extremes of this magnitude.
So if you are going to work or live in Arctic Canada, you should be
prepared for periodic sp~lls.of extreme cold. My subject,.however,
is somewhat broader, since it includes ice.

In 1957, the Meteorological Branch of the Department of Transport
was given responsibility for the development and operation of an ice
program in Canada. Why the Meteorlogical Branch? And how does ýn ice
program relate to meteorol6gy or atmospheric science? Well, ice is
an interface between'the atmosphere and bodies of water. Granted,
formation, movement, and dissipation of ice are governed in part by
atmospheric conditions, but ocean currents, water temperatures, and
tides have strong influences. Obviously, the expertise required for
an ice program could be achieved by training meteorologists in
oceanography or by training oceanographers in meteorology.

The decision to give the responsibility to the Meteorological
Branch was based on the fact that we had a large number of meteorolo-
gists engaged in operational work with expertise in handling large
volumes of data on a i eal-time basis, while, the oceanographers in
Canada were smaller in numbers' and engaged mainly in research. Further,
'we had extensive communication networks on which we could transmit
ice information. Accordingly, in 1957 we began aerial ice recon-
naissance flights in Arctic Canada, and in 1958.we established an
Ice. Central~as a processing, forecasting, and advisory center to meet
Canada's needs for ice information.

With the growth of requirements for service and with'government
reorganizatidn, the Meteorological Branch of the Department of Transport
became the Canadian Meteorological Service'in the Ministry of Transport.
This status was short lived since, in the next breath, the'Government
of Canada established a new'department known as the Department of
the Environment. The new department includes five services: forestry
and wildlife, water management, fisheries, environmenetal protection
service, and the atmospheric environment service. The latter includes
the responsibilities formerly discharged by the Canadian Meteorological
Service, incl.uding ice, plusisome additional responsibilities with
regard to air quality..

Accompanying the dOpartmental, reorganization, it is inevitable
that'organizational changes must take place within the Canadian
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Meteorological Service components. A number of changes are planned
but, pending formal government approval, I am not able to provide
specific details. Accordingly, I will confine my comments to our
organization for the ice program. Perhaps I should explain first
that I assumed the responsibility for ice in July of this year
when I was appointed to the position of Superintendent, Water and
Ice.

First of all, for an ice program, as for any other scientific
program, one requires a data acquisition system. We maintain a
network of observational posts for shore ice observations and ice
thickness measuring stations. This program is organized on a regional
basis, by using our weather observers where possible and by arranging
private contracts at otner locations.

We have had two Douglas DC-4 aircraft under long-term charter
for the past 5 years. To each of these, we assign a field ice
supervisor and three ice observers. The two DC-41s have been unable
to meet requirements, so from time to time supplemental aircraft have
been required. This past summer, our supplemental aircraft was a DC-3
to which we assigned one field ice supervisor arid two ice observers.
In addition, one ice observer is assigned to each Canadian Coast
Guard icebreaker working in arctic waters, except that two ice
observers are assigned to Canada's two largest icebreakers, the
John A. MacDonald and Louis S. St. Laurent, since for the most part
these two ships work 24 hours per day.

The ice observers assigned to icebreakers take ice observations
from the ship; proceed on helicopter surveys as required from
the icebreaker within a radius of about 25 miles (that is, within
sight of the ship); brief the Captain on ice conditions based on
these observations; and provide an interpretation of ice information
received from Ice Central to the Captain to assist him in decision
making with respect to snip routing. The ice observer also takes
weather observations on a synoptic basis.

The ice observers assigned to the aircraft take ico observations
from the airborne platforms. The aircraft are equipped with precision
navigation equipment since this is a most important aspect of the
entire program. The aerial observations are used to direct shipping
along routes which offer the easiest access through ice-congested
waters. Errors in navigational accuracy could result in directing
ships in the wrong direction, possibly into impassable ice conditions.
The aircraft are equipped with ground mapping radar to assist in
navigational accuracy and to determine positions oF significant ice
edges and other ice features. With these aids, ice observations are
mainly visual Our ice observers are highly trained and gain experience
by rotating through the aerial platform positions aboard tne ice-
breakers. By participating in helicopter surveys, they become experienced
in interpreting ice features, age of ice, etc., from shades of color
and configurations of the ice floes.
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The aircraft are equipped with airborne facsimile transmitters
to broadcast ice observations directly to ships as tactical support.
This is a frequent requirement in support of our icebreaker fleet
when they are working through ice-congested waters. The procedure
is for an aircraft to survey the area within 100 miles or so of the
ship, map the ice on a real-time basis, and broadcast data in chart
form directly to the ship. The ship's Captain then has a basis for
decision with respect to routing of the ship for the next 12 to 15
hours. Such broadcasts are received by our icebreakers and by
commercial vessels equipped to receive the broadcasts.

As agreed upon with WMO, Canada's aerial ice reconnaissance
program ranges from the west coast of Greenland, across the Arctic,
the nort' coast of Alaska, and occasionally out as far as 1700
West. The normal pattern has been to base one DC-4 at Frobisher on
Baffin Island for coverage of the eastern Arctic, the Hudson Bay
shipping route, and southern Baffin Bay. The other DC-4 is based at
Resolute and covers the High Arctic. The DC-3 is based at Inuvik
and ranges westward along the northern Alaska coast where it maps
the ice edge in the Beaufort Sea.

Ice observers also participate in northern patrols which are
flown on a periodic basis by the Department of National Defence
These are long-range flights from which much valuable supplemental
ice information is obtained.

Ice Central, tne forecasting and advisory center for ice con-
ditions, is staffed at present with an officer-in-charge, four
meteorologists, and four te:chnicians. First established in Halifax
for coordination with the Royal Canadian Navy, it is now being
moved to Ottawa. The Canadian Coast Guard's fleet of icebreakers is
directed from the Marine Operations Centre in Ottawa and, in
addition, there are numerous other Government Departments and
agencies in Ottawa which have responsibilities with respect to ice-
sensitive activities. The move of Ice Central to Ottawa will permit
more effective support to many agencies involved with ice problems.

Ice Central receives and processes all available ice observa-
tions. Some sources are: shore station reports, ice thickness
measurements, and aerial ice reconn3issance (our own); shipboard
observations (including helicopter sorties); polar continental shelf
aerial reports; U.S. lNavy reports; Danish Meteorological Service
reports (Cape Farewell area); reports from northern patrols; satellite
data; meteorological information and forecasts; and oceanographic
information. Based on these inputs, Ice Central produces analyses of
daily ice conditions during the shipping season; daily forecasts of
ice conditions; 30-day forecasts (twice a month); seasonal outlooks;
summaries of ice conditions experienced during each season; advisories
and coasultations; and climatological records.

Data processing in Ice Central begins with present conditions.
If current observations are not available for all areas, then the



1C4 L rFG

meteorologist estimates the ice conditions using the latest available
ice observations and considering meteorological and oceanographic
conditions. In making predictions of ice conditions, numerous factors
are considered; for example, mean winds, msan temperatures, accum-
mulated melting and freezing degree days, storm tracks, ice dynamics,
consideration of ice drift, pressure features, and changes in concen-
tration that result from dynamically induced motion in pacK ice.
Tide tables are consulted for key areas such as restricted passages
and harbors.

Analyses and short-term fcrecasts cf ice conditions are broadcast
by facsimile from Halifax and, during arctic shipping, from Frobisher
and Edmonton. Special advisories are sent by message directly to
icebreakers or other agencies. Long-range foreccasts and seasonal
outlooks are distributed by mail.

The seasonal outlook for the Arctic is prepared by using information
on ice conditions at freeze-up in the fall. Locations of tough
mulitiyear Ice in the fall help identify possible troublesome areas
the follow:ing season. In this connection, one of the DC-4's is now
ir the Arctic to acquire this information. Shore reports and ice
thictness measurements are available during the winter. In the
spring, the DC-4 aircraft are deployed on round-robin flights wnich
operate near the middle of April, again in May, and in June (Figure 1).
In consideration of attempts to open the navigation season earlier
each year, these flights m.ay have to be scheduleo at earlier dates.
With the present program limited to visual sightings, however, oper-
ations are now restricted to hours of daylight. The 30-day forecasts
issued by the Northern Weather Service are to prepare these outlooks
for the early part of the period, with climatological normals being
used tnereafter.

Improvements in accuracy of meteorological forecasts and particu-
larly extended-ranqe forecasts would impact directly on our ability
to predict ice conditions. We have recently carried out studies to
determine the feasibility of real-time computer applications in
handling ice data in Ice Central procedures. A numver of applications
have been identified; however, extensive subjective considerations
must be used in ice forecasting procedures. As we see it, extensive
computer applications in this area miu:t await developments.

In the Ice Climatology Unit, on the other hand, we plan macnine
processing methods from the outset. Progress iF being made in t-,e
development of an ice atlas for the Eastprn Seaboard and Hudson
Bay. Based on 10 years of data, tie essential information has been
abstracted on a grid system for eacn 1 of longitude and I/2' latitude.
More than one-third of these data are now oil punch cards. We hope
to complete the punch cards and proceed with computer programming
in the near future. The system tie have developed lends itself to the
use of a finer grid--to a tenth degree latitude and longitude. This
is considered necessary to exploit to the fullest the deluge of data
that will become available with remote ,ensing technology in this
decade. The development of an ice atlas for the Arctic is a project
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to which we attach high priority and intend to proceed with as
quickly as possible.

At our present program level, about 60 percent of activity is
devoted to Arctic Canada, and the remainder, in season, to the Great
Lakes, the St. Lawrence Seaway, and the Gulf of St. Lawrence.

Figure 2 shows the main shipping routes in Arctic Canada. Ship-
ping down the Mackenzie River and thence east and west along the
north coast is shallow draft, consisting mostly of barges propelled
by tugs. This activity is supported by the Icebreaker Camsell, based
in Victoria, that travels northward each season through the Bering
Sea and via shore leads along the northern Alaskan coast. The Camsell
installs channel-marking buoys and othe,- navigational aids in the
early summer, assists shipping as required, and retrieves the navi-
gational aids each fall. There is some shipping northward from
Moosonee in James Bay while other ships are guided around the Baffin
Bay ice pack to resupply the northern communities in the eastern
Arctic or to find their way into the Northwest Passage.

It is interesting to note how shipping patterns have changed
through the past decade. Not long ago, the resupply of northern
communities was accomplished by icebreakers carrying provisions on
an annual visit. With the growth in the North, this has become
inadequate. The next phase of operations saw icebreakers proceeding
north, each followed by a convoy of two or three ships. By this year
(1971), the pattern had changed to more random shipping. With the
availability of ice observations, ice forecasts, and advice from
Marine Operations' ice information offices, ships proceeded on their
own, requesting icebreaker support as required.

Each year, too, shipping interests are challenging Mother Nature
by starting earlier and finishing later. For example, the ship
Cheslie A. Crosbie, escorted by icebreaker Norman McLeod Rodgers,
departed Quebec on June 29 for Hudson Strait and Douglas Harbour.
Severe winter ice was encountered in Hudson Strait, with pressures
so great that both ship and icebreaker were halted completely at
times. By July 14, however, they were through the heavy ice and
approaching Douglas Harbour. The Marine Administration points to this
as further evidence that ships can operate in severe ice conditions
if they are properly handled and make full use of the ice services
available for the support of shipping in ice-congested waters.

In addition to extending the season of operation, shipping
interests are expanding their scope as well. Each year new destinations
are added to the Arctic Sealift while hydrographic and seismic surveys
pursue new frontiers. For example, an article in the October 4, 1971
issue of Oilweek concerned new records established by the ships Theron
and Theta while undertaking seismic surveys in the Arctic. The Theron
moved northward along the west coast of Ellesmere Island through
Eureka Sound, Greely Fiord, and Tanquary Fiord to within 590.5 statute
miles of the North Pule. Another recent news item reported a new record
in shipment of grain from Churchill to world markets in 1971.
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Figure I. Round Robin Trip (flay 17-24, 1.971)

Figu~'e 2. Shipping Routes in Arctic Canada
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So far, I have been speaking mainly in terms of a sealift to
Arctic Canada for supplying the northern communities and for supporting
exploration in those areas. This seems to be reasonably under control.
Transporting resources out of the Arctic, however, becomes quite
another problem. Considering the millions of dollars being expended
to locate arctic resources, I find it hard to believe that so many
people can be wrong. Rich iron ore is known to exist in northern
Baffin Land, while the oil strike at Prudhoe Bay on the northern
Alaskan coast and the gas wells on King Christian Island are further
evidence of arctic resources. Aiimo;t any day now, we will be faced
with the problem of transporting these resourLes to world markets.

For a number of years investigations have been conducted to
determine the feasibility of transporting iron ore by supercarriers
out of northern Baffin Land. Harbour faciiities present no problem,
and markets are available. The economic key is the problem of ice
and insurance rates for the operation. Correspondingly, HUmble
Oil has invested substantial sums of money in feasibility studies
for the use of supertankers for the transport of oil through arctic
ice. Most recently, the voyage of the supercarrier Manhattan through
the Nortnwest Fassage was well publicized. Interestingly, the Manhattan
failed to traverse N'Clure Strait, with rerouting through Prince of
Wales Strait and thence along the north Coast of Alaska to Prudhoe
Say and Point Barrow. Also, the Manhattan had to anchor about ;8
miles off the Alaskan coast in order to remain in water of adequate
depth.

The Manhattan was supported by the Canadian Coast Guard icebreaker
Sir John A. MacDonald on this sortie. The U.S. Northwind began the
voyage but had mechanical difficulties and was later replaced by the
Staten Island. Our DC-4 ice reconnaissance aii.craft provided support
throughout the Arctic, while visual observations were supplemented
by a laser profilometar and a panoramic 70mm camera. The DC-4 dropped
fi'm and recorded ice data to the Manhattan. The U.S. Coast Guard
a:sisted with ice reconnaissance for the Manhattan using an aircraft
equipped with side-looking radar.

It should be remembered that the Manhattan trial was not an
ordinary attempt to traverse the Northwest Passage. The Manhattan
was not seeking to avoid ice for an easy trip--she was looking for
ice, all kinds of ice including tough ice, to test her reaction to
it. Press reports were perhaps controversial regarding the success
of the Manhattan but it should be nuted that the Manhattan aiade
another trip north the next year to test flat ice that was not found
on the first trip. lhis was found in Pond Inlet, after which Humble
Oil was apparently satisfied that they had all tihe infornmation they
requirec. To my way of thinking, that indicates success.

Recently, the u.s. Northwind, on a trip to an ice island in the
Arctic Ocean, encountered mechanical difficulty. The icebreaker John A.
MacDonald, supported by our DC-4 ice reconnaissance aircraft, proceeded
to assist along a route that was well within the permanent arctic
pack ice. This summer, Canada's largest icebreaker, the Louis St.
Laurent, while involved with research studies including an ice drift
study in the Robeson Channel. sortied north of Alert, the continent's
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northernmost weather station and proceeded almost to 830 North. This
is the farthest north ever for a Canadian vessel. I am told that tile
vessel was in no difficulty and could have proceeded farther north,
but the weather deteriorated and little would have been gained by
proceeding. There was, of course, the ever-present danger of the
development of pressure in the ice which could trap even a powerful
icebreaker,

On the subject of pressure it. ice, Figure 3 is a photograph
taken on the Plaisted expedition, which staged northward from Eureka
to Ward Hunt Island and tnence to the North Pole in April 1968 using
snowmobiles. The significant feature is the ice ridge in tile back-
ground which was estimated to be nearly 80 feet high at that time.

Such ridges present formidable obstacles to surface transport
vehicles such as snowmobiles and hovercraft. Granted, ridges do not
persist to such extreme heights unless the water is sufficientliy
shallow that they rest on the ocean floor. Considering the elasticity
of the ice surface, the ridges subside and eventually, due to periodic
melting and surface erosion, may practically disappear but may then
leave a keel or inverted ridge below the surface. This sort of keel
can persist for a long time and presents a serious obstacle to ships
or may interfere with the passage of a submarine.

Some brief comments will now be presented on the work that is
going on in Canada on remote sensing as applied to observing ice
features.

Low Light Television System

We find that this system provides a good real-time image on an
oscilloscope display from which open water, thin ice, and thick ice can
be identified. The field of view, however, provides only a very
narrow swath of coverage. Furthermore, the rotating beacon on top
of the aircraft seriously interferes with the image. Operations under
conditions of bright light or total darkness is not possible. Since
sensors such as infrared scanners are available to provide comparable
or better data under more variable conditions, we doubt that tile
low light television system will ever become a prime remote-sensing
tool in ice reconnaissance.

Infrared Scanners

We have tested a number of systems in our ice reconnaissance
program, the most successful being the one we used this summer in the
high Arctic. This year, wi had a real-time display aboard tile aircraft,
and the imagery was imredately useful in identifying ice features
in addition to providing a taped record for later study.

Although the systems are of little value over cloud cover, arid
the swath of coverage is narrow (swath width is three times theI, aircraft height), they offer night capability, good resolution, and
thermal data on ice cover. During winter freeze periods when air
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temperatures are very cold, surface temperatures of sea ice vary with
ice thickness so that pressure ridges and heavy multiyear ice appear
very cold and thinner ice layers are progressively warmer. The thermal
imagery, therefore, provides an indication of the relative thickness
of the ice floes, even if the surface is evenly covered with snow.
Cracks in the ice show as hot lines while ridges appear as cold bands,
except that fresh ridges show as hot lines while still wet.

The approach of the melt season can be idenzifiad with the start
of "image reversal." The old ice will have lost much of its salinity
and, near the melt stage, the almost salt-free surface will be close
to 32'F and hence warmer than the sea water.

Laser Profilometer

This is another sensor we have been using ofl the DC-4 in the
high Arctic. Although the laser provides only a linear trace, it is
extremely accurate in recording heights of individual ridges and
the frequency of their occurrence. Estimates of thickness of old
'ice floes or ice islands can also be made by measuring the height
of an ice surface above open water. We have found the laser to be
a valuable supplement to our visual program and, when used in conjunc-
tion with other remote sensors, its indication of roughness char-
acteristics can clarify ambiguities in interpretation.

Side-Looking Radar (SLAR)

Among currently available remote sensing tools, side-looking
radar appears likely to become the most useful sensor for improving
and expanding the ice reconnaissance program. Primary advantages
are its ability to operate effectively under nearly all weather
conditions, day or night, and the large area of data coverage whicn
is recorded on a relatively small amount of hard copy. Systems are
available with ranges up to 100 km on each side of the aircraft.

We have studied two sets of side-looking radar data. One was
from a test project over the St. Lawrence Seaway and the Gulf of St.
Lawrence. and the other was the output from a U.S. Coast Guard
flight over waters in the Northwest Passage in support of the •Wianhatt
trials. We have been impressed with the detail that is available with
these systems wherein it is possible to distinguish between large
weathered multiyear ice floes, second-year floes, and unruptured
portions of first-year ice. Snip tracks and man-made structures are
generally very prominent.

Hycon Camera

The panoramic camera has proved its usefulness mainly by pro-
viding a permanent record for study in support of special projects.
Our aircraft are equipped with darkroom facilities for immediate
processing of film and at times unprocessed film is dropped aboard
ship for processing.
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Satellites

A discussion of remote sensing technologies would hardly be
complete without some comment on the use of earth satellites. Briefly,
the output from APT (Automatic Picture Transmission camera un U.S.
meteorological satellites) is useful in identifying ice edges when
visible. However, resolution is not sufficient at present to identify
the detail of ice features we require. The minimum brightness mosaics
received from the United States are also useful in determining ice
edges.

We will be very interested in the output from the next gener-
ation of satellites--those with higher resolution. As I understand
it, however, the high resolution satellites will view a narrower
swath with more limited frequency. For ice observations, we require
a frequency of about three times weekly. So, in spite of our interest
in satellite programs, we envisage a need for airborne platforms for
the remainder of this decade to meet our real-time needs. Additional
data from satellites will be extremely useful for statistical studies
and research.

In addition to our work with remote sensing devices, we continue
to test various navigational systems in arctic areas. This past
summer we tested an inertial navigation system aboaro our DC-4 in
the eastern Arctic. Although we did not have a facility for enroute
updating of this system, the results were impressive. In our DC-3
in the western Arctic, we tested an Omega system. As is well known,
radio reception has always been erratic in some arctic areas. We
found that signals from Hawaii were reliably received, but signals
from Norway and New York State were erratic and not dependable in
many areas. We think the system has tremendous potential if the
signal strength can be increased to provide reliable reception.

Statistical counts of newly calved icebergs are made as part
of our ice reconnaissance program. Such icebergs may look magnificent,
but they pose an ever-present menace to shipping, to offshore drilling
activities, and to pipe lines and underwater cables, since these
beasts at times gouge the continental shelf as they drift with the
ocean currents.

The foregoing completes, in a broad way, a survey of our ice
program activities in Canada. Note that I have not said much about
research and that is simply because our resources have been committed
primarily to our real-time program. We have provided support to
numerous research programs by providing observations and assistance
in the acquisition of data through the use of remote sensing devices.
For example, this past summer we used a Hycon camera, a laser, and an
infrared scanner in the acquisition of data over the Truelove Low-
lands of Devon Island in support of an international biological program
there. We have been involved in "applied" studies but have not been
active in pure or basic research related to ice.
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In conclusion, I would like to examine the challenge that faces
us for the remainder of this decade. We already have an increasing
need for ice observations at night, and our present inability to
take observations through fog or low cloud is dt times embarrassing
since ships want to keep moving regardless of weather. The need for
a remote sensing program becomes more apparent every day. To be added
to this is the potential need for supercarriers to operate in the
Arctic, possibly year-round through the long summer days or the
long winter nights. Other requirements for ice information include
building pipe lines and harbor facilities in ice-congested water-;
laying communication cables; guiding submarines beneath the ice
surface; etc.

In considering the fascination of the Arctic, the tourist
attraction of the North, and a potential transportation system using
SEVs, hovercraft, or large .nowmobiles, our challengo becomes multi-
fold:

1. Improve our remote sensing capability (that is, laser,
infrared, side-looking radar, etc.).

2. Develop an operational facility for the measurement of
ice thickness to locate the keels and hIimmocks which
hinder the passage of ships.

3. Develop an expertise in interpretation of remotu sensing
imagery.

4. Develop systems to analyze and utilize the torrent of data
that will become available.

How will we handle the vast quantity of data? We have choices. We
can, for example, have a highly trained staff aboard the aircraft
to interpret and analyze data, and then advise ships, or by relaying
the raw data in real-time to the ships where trained personnel will
unde'-take their own interpretation. Perhaps ice reconnaissance
aircraft of tie future should be computer equipped and programmed
to receive and analyze the output from all the sensors, and then
relay to ships their best track through the arctic ice along with,
an indication of the :ce characteristics--in essence, what they
need to know.

The potential of satellites must be kept in i ,id. High-resolution
"satellites with frequent coverage and real-time OV Lit may soon
replace airborne platforms for ice reconnaissance.



TWO REMOFE ARCTIC MEASURING SYSTEM
CONCEPTS UNDER DEVELOPMENT

B. M. Buck
and

W. P. Brown
Delco Electronics

Santa Barbara, California

At Delco Electronics-Santa Barbara, two automatic remote data
collection systems are being developed for early use in the Arctic
Ocean. These systems have been dubbed RAMS (Remote Arctic Measuring
Station) and LAMS (Localized Arctic Measuring Station). RAMS is funded
by ARPA and administered by the Arctic Branch of the Office of Naval
Research. LAMS is a Delco Electronics effort. The purpose of both
systems is to extend the limited data collection capabilities of manned
station operation on the arctic ice pack. Early versions of both
systems will be installed for system tests and data collection hetween
November 1971 and March 1972. The advantages of these systems are

• Adaptability to a wide variety of input sensors.

* Early availability.

* Use of existing facilities for deployment and moritoring.

* Low cost.

* Application of current technology adapted for the arctic
environment.

BACKGROUND

All who have worked in the Arctic Ocean have experienced the
frustrations, danger, high cost, and seasonal and geographic limita-
tions of marned station operation. An obvious, yet almost completely
neglected solution(l), is remote telemetry stations, with data
being collected by shore, dircraft, ice, and satellite stations. The
Russians have not neglect:ed this area. Since the early 1950s, they
have successfully employed hundreds of remote beacons and Drifting
Automatic Radio-Meteorologlcal Stations (DARMS) in the Arctic(2).

Since most U.S. arctic work is supported by the Naval Arctic
Research Laboratory at Barrow, Alaska, the capabilities of that
facility have constrained design considerations of the remote
stations. These capabilities include:
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1. Light aircraft able to carry about 400 lb of usable
cargo within a radius of around 250 miles from Barrow
or several, othir refueling bases on theAlaskan and
Canadian coasts. They can land safely on skis on the
pack ice from late February through May.

2. R-4D twin-engine aircraft with wheels that can land on
the pack within about 600 to 700 nautical miles from a
refueling base during March and April. These aircraft,
however, have seldom been used for landings on the
pack ice without test landings by the light aircraft.
Overflights of about 700 miles can be made at any time
of the year.

3. Year-round support facilities for a data collection
station plus direct capabilities for antcna erection,
power, etc. Ample supplies of fuels (for example,
propane, diesel oil, gasoline, and kerosem).

4. Common building materials plus machine and carpenter

shops for the construction of simple housing.

5. Telephone and regular mail service for data retransmittal.

6. Ownership of abandoned DEW Line stations along the Alaskan
coast.

7. Availability of Ice Island T-3, now about 1,000 miles
north of Barrow, as an installed advanced base and as
a receiving station for data collection.

U.S. Coast Guard icebreakers based at Barrow usually operate
in the marginal icE zone between July and September and can be used
for implanting remote stations during these months. The two helicopters
carried by these ships can deliver about 300 lb of cargo up to 25
miles from the ship. Tubes, antennas, etc., up to 12 feet in length
can be carried in these aircraft.

While the above does not represent the total U.S. capability for
the deployment and monitoring of remote stations in the Arctic, they
were major considerations for the development and tests for RAMS and
LAMS since they are existing and available. Development costs can
thus be minimized through their use.

In both systems, data are collected at manned stations via direct
radio telemetry. RAMS uses a transmitter in the high-frequency band,
with data being received by shore stations. The first version employs
a timer to send data periodically. LAMS employs a VHF command radio
for triggering data transfer to an aircraft via a low-power MF link.
Both are high-capacity data systems and feature the same type of
recirculating digital memory for data storage and retrieval.
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DESCRIPTION OF RAMS

Selection of Propagation Mode I

Because of the limited deployment seasons, available shore
monitoring sitesý, ice movements,land costs, a target range of 100
rautical miles and a life of 1 year were lecided on for developmental
goals. These set constraints on power supplies and available propaga-
tion modes for the radio telemetry. DARMS uses a ground wave propa-
gation at medium frequetncy and attains a mean range of 300 nautical
miles. DARMS has been used mainly to monitor conditions Along the
Northern Sea 'Route, so these ranges to shore receivers have been
satisfactory. However, MF would not:meet the RAMS target range of
1,000 nautical miles. Lower frequencies were rulc! out because of,
power'considerations. A relay system was deemed impractical because
of ice,movement. Satellite retransmittal has the disadvantage of high
platform costs, limited data capacity, a'nd the'unknowns of long-
term satellite availability. Also, no satellite is available for
possible uses of the system for military applications,, should these
be desired. Meteor burst transmission at VHF might be feasible but
was temporarily ruled ouit in favor of HF ground wave and skip propa-
gation techniques which 6re better known and which better fit develop-
ment schedules and funding'. Further, antenna sizes at HF are reasonable,
and long-term arctic experience with them'is availabl~e (for example,'
Naval Arctic Research Laboratory communications with ice stations at
6.5 MHz).

The one disadvantage of long-range HF propagation is its suscepti-
bilityto Polar Cap Absorptions (PCAs) which can cause complete
outage for periods of several days. We believe this problem can be
solved with DELTIC (Delay Line Time Compressor) techniques, used for
years in sonar signal processing. In this application, the DELTIC takes
the form of a digital recirculating memory which, even in modest size
and cost, will enable the storage of data for longer periods than the
expected link outages; thus, no data will be lost.

Memory

Any sensor that can be converted to a dc voltage or to digital words
will be compatible with RAMS. However, the sampling period, resolution,
and dynamic range must be commensurate with the memory capacity. The
DELTIC accepts multiple-bit words from the sensors' during each data
period, stores them, and continuously recirculates them at a rate
considerably higher than the input rate. After the memory is filled,
the oldest input is discarded when each new word is fed in. For example,
consider a single sensor interrogated once every hour and converted
to a 7-bit word. This allows a resolution of one part in 128, and would
require 168 bits of storage per day or 1,176 bits per week (neglecting
bits for identification, separation, etc..). Low-power MOS (metallic
oxide silicon) dynamic shift register modules with a 1,024-bit capacity
are the size of one logic chip and cost only $12.
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In the above example, if two memory chips were used (2,048 bits)
and if the RAMS transmitted these data once every 6 hours, it would
send out all the hourly data that sensor had taken over 12 days.
It would take about 20.5 seconds to send these data each 6 hours.
Note, then, that the data transmitted are highly redundant and that
a DELTIC of minimal size and cost could handle both short- and long-
term fades in propagation.

HF Link Analysis

The basic parameters of the HF link were obtained by using an
HF propagation prediction service available from the Institute for
Telecommunications Sciences of the ESSA Research Laboratory. The
program provides a variety of output data which depends on the input
parameters that can be provided. The important information available
in this program is the reliability of the link as a function of
frequency and universal time (Zulu time).

To provide this output, a number of link parameters had to be
assumed. Early in the progr'am a power level of 100 watts was selected
as being compatible with sclid-state hardware and with available
power constraints. A vertical antenna was chosen fore the transmitter,
since an omnidirectional pattern was required because of possible
ice pack rotation. A simple half-wave horizontal dipols was chosen
for the receiving antenna, since it is economical and can be easily
erected. A narrowbdnd Frequency Shift Keying (FSK) modulation was
selected because this would conserve bandwidth (allowing room for many
stations in a standard voice channel); provide acceptable data rates;
and comply with zype recommendations of the National Data Buoy Progranm(3).

Using these data as inputs "o the program and selecting typicai
transmission paths, predictions were obtaineý for link reliability for
the months of December, ,March, and June. These months were selecteC
because the amount of daylight over the transmission path affects
the propagation characteristics and they cover the all-dark, the all-
daylignt, and the hal f-dayl 1 ght/ hal f-dark months.

For ;, path of 600 nautical miles, the program indicated that the
lower frequencies (3 to 8 MHz) are best during December, the middle
frequencies (6 to 7 MHz) during March, and somewhiat higher frequencies
(6 to 12 MHz) during June. A coipromise frequency between 6 and 7
M:iz was choser. since it provides a good reliability durirg all seasons;
is compatible %;ith an existing "oceanographic data service" frequency
in the band; and has a reasonable antenrna height (about 40 feet)
for a vertical 1/4-wave. A path of 600 na..ical miles will be used
for the first test of the RVMS link starting in late November 1971.

Pdth lengths less than 300 nautical miles favor lower frequencies,
while paths greater than 800 nautical miles favor higher frequencies.
If the RAMS station is expected to be in one of those zones for a
large portion of its life, two other oceanographic data service
frequencies are avdilable. These are in the 4.- to 5..Milz and 8- to
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9-iMliz oands. The final RAMS station may be capable of operation
.it these frequencies and way be switched via an aircraft VHF o.
shore HF com•mand link.

Anten-s for the transmitting station can be a 1/4-wave Vercical
Ground Kane (VGP), a Directional Discontinuity Ring Radiator (DDRR),
or a Turnstile. These antennas will be tested prior to installation of
the test system, and the most promising one will be used for the
long-term te-.ts in the Arctic. Ice breakup makes it desirable to have
a minimum horizontal profile. For tnis requirement the DDRR is preferred.
This antenna, however, is somerwhat" co:troversial and not much test
data on performance have been published. It is also approximately 3
db ,ess efficieent than Lhe other two antennas.

The I/4-wave VGP ano Turnstile antennas have approximately the
same horizontal profile, but the l/4-wavc VGP is 40 feeL high. Ho;,ever,
a loss of one or two of the l/n-wave VGP radials due tI 4. e damage
wibl not have a large effect on zhe oattern, but loss of one leg of
the Turnstile will 1,ave an appreciable effect or, its pattern. All of
the above arntennas can be designed to operate on the three bands
through the use of loading coils or matching networks.

Power 3_p1;y

Batteries of all available types were ccnsidered for the RAMS
power supply, but all were discarded for reasons involving cost,
size, tp:nperature, and irstallation difficulty in favor of fissil-
fueled generators. iwo power supplies utilizing propane, a fuei
readily available at ýarrow, were selected for deveiopment and
•ests. The first is an Z-wat; thermoelectric generator, with electric
restart, costing about $800 and requirir.g one 100-lb propane botz-.>
per 2-month pE-riod. The second is a 3-kilowatc., 4.-cycle gasoline
engine-al t.rnator, ccnverted -.o propane, coiting about $330. Ine
latter sup)ply !s normnally off and i4. Lurned on with an elaczri.
tinmer at the zransmissior. period. inside a w:elfl-insulated housing and
,ch a suitable heat exc~ionger, the generator will provide e,•,uqh Ihea-.
to Kaep the housing about 0C.

Figure 1 shows the 1/4-wave vertical antenna atop a small wanigan.
This structure is a short version of the regular NARL prefabricated
8- by 8-foot wanigan. Figure 2 is a smaller structure (5 by 4 by 4
feet) on which is mounted the DDRR dntenna. Inside is a 3-kilowatt
engine-alternator that has been cycling for 4 minutes hourly without
failure since September 24, 1971. This is equivalent to about 5-1/2
months of operation at a 4-hour cycle a,.d about 8-1/2 months at a
6-hour cycle. It has been tested for startinC in a cold chamber at
-200 . This engine-alternator is particularly attractive since it will
enable a transmitter power of 10 to 20 times above the TE cell, with
enough surplus to power, for example, a small hydrographic winch or
to charge batteries for sensor heating. As noted before, a further
advantage is its low cost, less than half that of the TE cell.
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Figure 1. 1/4-wave Vertical Ground Plane Antenna
Atop Wanigan
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The first RAMS station, including power supply and rictrar1iawitter
only, -is on its way to Barrow for long-term environimental tests.
The station will be insi:;ýlled at L iE Lir. . sitE (P!N Main) 550
millos over pack ice from "'arrow. In cle of failurc, th-is -.ite will

allw s t r-turn to the site and determ~ine wha'. went wrong. Also,
tie site will allow us to gz:!her- radio propagation data under actual
conditions. Depending on the ou~tcome of this test, this RAMS may be
available for installation at ore of the iocinned 1972 A4DJEX ca'm-s at
*ie end of thiat experiment for furthlir tests and transmission of
usable dita.

Navigjation~

Positioning of the remote stationi in the constantly novir~g ice
pack is (in important consideration. For most applications, however,
extrame accuracy is nlot n~ecessary. Several s,:,r-res are under' consider-
ation, inc'ifling transit satellite anid Omeqa retransmit, underwiaterr ~ ~~~acoustics, r di .ir cion firiding, and aircraft locatio, uin
comiiiarid-on beacon. The latter two methods are likely to be used in
early RAMS stations. The navigation problem will be resolved after
tile power supply arnd telemetry portions of the system have been
provAK.

[DESCRIPTION Or LAMS

T1 is is a lo-w,-cost, low-average-power remote data collection
system intended primarily for extenjing tne ra~abil ities of mnanned
ice! cam~s anid icebreakers. Periodic location andJ data retrieval are
by aircraft. The system makes maximum use of existing radio equipm-ient
in almocsot any aircraft.

Each stat-ion consists of one or more sensors which aye sampled
Deriodicaily. Inputs irec converted to digital words and stored in a
DELTIC recirculati'mq mirmory (Figure 3). Timing is performed by a
piecision clock oscillator and countdown circuit.. Also included is
a cormiard receiver tuned to a fixed tcrequency in the regular A1-VHIF
aircraft band. 41 1 of the above are low-po,,er Electronic cir-cuits
which are cotinucusly or per-odically powered from a low-temperature
.- r call battery. The remr-aindfcr of the system. is inormally not powered
and consi7,ts (of a modulator and 20-watt MF radio transriitter tuned
to a flixed frequency in, the aircraft APF (Auto-matic Dircction Finding)
baýnd.

When within about 60 nauti cal miles of a !AMS, thc aiicraft turns
on it54 VHF radio transmitter tuned to the Li.MS command receiver
frequency. A Iiroselected tonle modulation for a particular LAMS is
dcoded at thle station and povu:r is applid, t-o the MF it'ansmi tter.
[ha ai rcraft reGuirement for this c.mand fcion is a small encoder
that contains selectabln tones (one for each LAMS) that sim~ply plugs
into the airtcra-Ft's VHIF radio mike jack. The modvle ticn tore must be
r~eceived for at least 5 seconds before the LAMS medium f-equency
transmi tter is powered cn. Orc2 on, the ai rcraft 's ADF det~ern intes

hedirection the aircraft' must fly to reach the remote statioi. In
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the meantime, the LAMS transmitter is on and the stored digital data
from the DELTIC is sent as a frequency shift keying (FSK) modulation
over the ADF link.

For redundancy, a small cassette tape recorder is provided that
is independent of the memory and radio system, This recorder stores
the A/D periodic data outputs. If for any reason the rest of the system
malfunctions and the LAMS can be located, all data can be retrieved
from the tape.

A LAMS system is currently under development for the Project
AIDJEX 72 experiment. This will be a field of 5 to 10 stations,
located about 200 nautical miles from the main manned camp, for the
purpose of collecting barimetric pressure data. In this application,
a resolution of 0.1 wic~obar over a range of 100 microbars, sampled
every hour, will be stored. All of these data from 30 days of operation
will be held in the DELTIC and available for aircraft retrieval any
time during that period.

CONCLUSIONS

The rationale of these developments is early availabi~lity of
working systems in the Arctic. That this will be a learninc process
can be expected, and that several practical modifications will-
be needed after the first field trials will be necessary; however,
we do believe that practical systems will be available to the arctic
scientific community at an early date as a result of our work with
these systems.
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USE OF INSTRUMENTATION UNDER ARCTIC CONDITIONS

R.T. Atkins
U.S. Army Cold Regions Research and Engineering Laboratory

Hanover, New Hampshire

Scientific equipment is usually taken to the Arctic for data
recording; that is, for measuring physical phenomena. The trend
today is toward using electrical or electronic equipment for
making these measurements. Therefore, I will discuss primarily
electrical and electronic equipment.

The researcher in the Arctic today knows what he wants to
measure and what equipment he wants to use to make the measurements.
What he may not know is what equipment will perform best in the
arctic environment.

The measurement process, and again I stress electronic
measuring equipment, generally comprises three steps: first,
sensing the physical phenomena, sometimes called the detection
or transducer stage; second, processing.where the signal from
the transducer is processed into usable form; and third, displaying,
recording,'or ,toring the signal.

I will discuss typical components used in each of these steps
with respect to what the arctic ,environment does to them, and
I will limit my discussion to commerci.'ly available, off-the-
shelf items. I will do this from the researcher's point of view;
namely, that he wants to use his budget and time to pursue his
particular interest rather than to fund development programs for
instruments for use in the Arctic. Also, an investigator very
often develops his instrumenitation systems as part of a laboratory
pilot study where he has protected his equipment from the harsh
environment'. Thus, when he goes into the field, he will use
the system he has perfected or else modify it as little as pos-
sible.

Before discussing specific measurement components, I will
jcover the arctic environment and some of the possible ill effects
it mayhave on measurement equipment. To begin with, there is the
extreme cold temperature. This cold can be as bad on mnasurement
equipment itself as it is on the person operating the equipment.
Air temperatures in the Arctic can go as low as -70 1C but, generally
speaking, men can'do little work at this temperature. In fact,
most men cannot operate efficiently below -40 0C, so this is the
low limit I have set for equipment operation. However, equipment
has to be stored and transported, so I have set -60 0C as the
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usual limit for these conditions. At the other end of the temper-
ature scale, I have set 300C as the upper limit, as for instance
operation in a heated shelter or vehicle.

What are the effects of cold temperatures and temperature
changes on measurement equipment? One of the most vexing problems
for arctic researchers concerns the temperature coefficients of
measurement equipment anJ their components; that is, changing
characteristics with varying temperature. As an example, a transistor
will change its forward current transfer ratio by about 50 percent
when its temperature is changed from 230 C to -250C. As another
example, a foil strain gauge will change its resistance to a
degree that represents about 400 microstrains with a temperature
change from -450C to 200C. If the desired resolution in measure-
ment is 10 microstrains, some sort of compensation is obviously
required.

Temperature coefficients are usually given by the manufacturer
so that possible equipment degradation can be estimated. It is not
always possible, however, to get temperature coefficient data over
the full temperature raage at which the equipment is expected
to operate. A component may have a temperature coeificient of 50
parts per million per degree Centigrate from -200 C to 301C, but it
could very well have a temperature coefficient of 200 or 300
parts per million below -201C. The only sure way of checking this
is to test the equipment at the lowest expected temperature.

Another problem associated with temperature is thermal gradients.
If a piece of equipment, say a potentiometer for thermocouple
measurements or a Wheatstooe bridge for thermistor measurements,
is taken from a warm environment (such as a heated vehi:le) iito
a cold environment, the instrument will not cool in each and every
part at the same rate. The thermal gradients set up under these
conditions can lead to large errors. The error may be due to zero
offset, nonlinearity, or full-scale shifts. Whatever the cause,
the numbers obtained during the time the instrument is adjusting
to temperature may very well be rmeaningless. Note that these
errors are temporary, due to differential cooling; nonetheless,
they point out that testing should not only be done on an instru-
ment at the coldest expected temperature, but also while it is
coolng to that temperature.

The problem of condensation occurs when a piece of equipment
is temperature cycled above and below the freezing point. Whether
during storage, during shipmevnt, or during use, the moisture in
the warm air, if trapped "n the inst,',.ent, will condense on
comoonents when cooled. . condensed moisture can short out high
resistors and capacitors; or if allowed to freeze, it can damage
ineter movements or cause connectors to open circuit. *

Another problem with equipment in the Arctic is transportation,
which causes vibration and shock. Measurements made on aircraft,
for instance, show vibrations between 10 and 150 Hz, with ami~litv.'es
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up to 0.1 inch. Surface vehicles and cargo ships, on the other
hand, rarely have vibrations above 15 Hz, although the amplitude
may be several inches.

Tests conducted on scientific equipment have shown that damaqe
during shipment results from collision or fatigue. Protecting
against collision damage is simply a matter of using proper packing
and storing techniques, but fatigue damage is another problem.
Delicate mechanical components, say panel meters, have some resonant

requency. If this frequency coincides with that of the transpor,
vehicle, fatigue failure is a distinct possibility. Protecting
against this is not easy, since it is impossible to predict at
what frequency the transport vehicle will vibrate. Even when
this is known, the critical frequencies of the equipment are not
readily determined. The alternative is a shoc-gun approach--shock
absorbers. Even then, educated guesses have to be made if properly
designed shocks are to be used. Another pitfall is that shock
&bsorbers themselves are temperature sensitive and may fail in
the cold.

The low humidity of the Arctic is not generally a problem,
although electrostatic pickup may increase background noise of
sensitive systems.

Having identified a few of the problems that may crop up,
let's look at some specific components used in the measurement
process. Again, I will refer to commercially available equipment
only.

Let us consider thermocouples first, since temperature is
a common measurement made in the Arctic. There are a number of
thermocouple types available, but only one is recommended by the
ISA for measurements below OOC. That is type T, or the copper
constantin thermocoupl . It is recommended for use over a range
of -60°C to 1200C whicn is adequ, for most expected arctic
uses.

Unfortunately, thermocouples require insulation, and not many
commercial suppliers are conceýrned with low-temperature insulations.
[he standard plastics crack at about -26,1C; teflon and nylon
are good down to -600C. If flexibility ;s not a requirement,
polyvinylchlcrirle is acceptable. If flexed at temperatures below
-260C, however, it will crack. Polyethylene is a possibility
since it does not crack with the cold, but it does stiffen so
it should be installed in warm areas before exposure to cold.

Strain gauges are common transducers for measuriny load,
acceleration, force, strain, and pressure. There are two types
of gauges in general use: wire or foil, and semiconductor. Gauge
manufacturera will supply exrel!ent temperature data with their
product, so predicting the effects of temperature changes is
quite easy. Foil gauges usually chanqe about 200 to 400 microstrains
over a temperature change of .15ý'C to ?2 C which is quite a lot
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if one is looking for a 10- or 20-microstrain resolution. Gauge
factors also change about 1 percent over this range. On the-other
hand, semiconductor gauges will change as much as 50 percent over
the same temperature span and thus require elaborate temperature
compensation techniques. Nonetheless, semiconductor gauges have
sensitivities 50 or 60 times greater than foil gauges, so'they
may be the only choice for a particular measurement.

Strain gauges have two other possiblle problems in the Arctic.
The first is the choice of a proper epoxy and the second is moisture-
proofing materials. Both of these are available at temperatures
down to -60 0C, but sometimes they are not used on commercial
transducers unless specified. Moisture proofing oi' hermetic' sealing
is a must for strain gauges in the Arctic, since'moisture conden-
sation may shunt the gauge and cause a change in resistance
that appears as a recording signal to the readout device.

Another common sensing element is the variable-resistante
transducer. This device measures pressure, displacement, velocity,
and position. Most commercial transducers using resistance elements
will tolerate -50 0 C temperatures. While they have a temperature
coefficient over a wide range, it is usually quite small. In
addition, hermetically sealed transducers are available which
are quite rugged. These units withstand vibration damage up to
20 G's and 3 kHz and shock damage up to 50 G's.

A companion to variable resistance transducers is the linear
variable differential transformer. This device is reliable to
-65 0 C and is as rugged as the variable resistor. They are usually
more sensitive, however.

This completes my discussion of sensor elements. Summing up,
I think it is fair to say that no matter what measurement is
required, there is probably a commercial transducer that'will
meet the requirements.

Now let's go on to processing equipment. Amplifiers, for example,
are made up of electronic components each of which hat a temperature
coefficient. I will not discuss temperature effects for~all
components since data are readily available on'them. The one
electronic component I will discuss is the transistor. On the face
of it this device seems a natural for electronic equipment in the
Arctic since it is small, lightweight, quite reliable, and requires
little power for operation. However,' the transistor is temperature
sensitive. Its amplification factor changes by,50 percent over the
temperature range from -40 0 C to 300 C. In addition, its input bias
junction changes 2.2 milivolts per degree Centigrade.

Since this clearly gives unacceptable performance, manufacturers
of data amplifiers have resorted to two techniques.,The first
is the chopper amplifier which is a method whereby the dc signal
is converted to ac, amplified, and then rectified back to dc.
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By doing this, ac coupling between stages eliminates the amplification
of dc bias shifts.

Another technique is to design balanced amplifiers, sometimes
called differential amplifiers, so as to have equal and opposite
temperature effects which cancel each otier in the output. Using.
these techniques, daita amplifier manufacturers get very excellent
performance from -20°C to 40°C.

Unfortunately, this does not cover the total desired range and
can limit the extent to which equipment may be used. I would like to
stress that the state of the art for amplifier design is capable of
developing an amplifier which would give acceptable performance
from -401C to 301C., but the manufacturers of such equipment see;no
reason to develop a unitlike this when there is very little demand.

A second compohent that, is associated with signal processing is
ýbatteries. For portable field equipment batteries can be.a big
headache. All batteries suffer capacity losses at low temperatures,
but some more than others. Dry cells will give about 6 percent of
roopr temperature capacity when operated at -29°C. Mercury batteries
will give only about,2 percent of room temperature capacity at -29*C,
although they may still be a reasonable choice since they have 5:1
higher capacity per unit volume than dry cells.

One'battery that is less severely reduced in capacity at low
temperatures is the nickel-cadmium battery'. At -15°C, these batteries
give 60 percent of room temperature capacity. In addition they are,
rechargeable, even at low temperatures. Unfortunately, they cost
about 10 -o 20 times as much as'di'y cells'of equal volume. Some'
battery manufacturers do not, recommend their nickel-cadmium cells
foruse below -15 0 C because of case leakage, so some shopping'around
is required,. ,

A:special kind of battery w!hich should be considered is the
standard cell. Standard cells are used in almost all millivolt potentio-
meters on the market today as :the reference potential. These cells
are very stable, last for years', and have low-temperature coefficients.
One disadvantage is that they freeze below -20 0 C. Once frozen, they,
take from 60 to 90 days after thawing to return to their reference
voltage, so the standard cell is one component that must be kcpt warm
during storage, shipping, and use.

Summing up, for processing equipment, the Arctic causer. few
large problems. although in some cases operating limits may be
'restricted to. -20°C.

The third measuremcnt step is readout and here is where problems
set in. Readout devices are Uenerally of two'types: indicating or
recording. The most common indicating device is the panel tieter.
Standard panel meters have been operated at -20 0 C with no p'roblems,
but mechanical zero offset is about at lits limits'at -20C. ioisture,
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condensation can damage the delicate meter movement, although
hermetically sealed units and ruggedized units are available. Meter
movements may fail below -20% because of mechanical contraction of
the suspension system. If you are planning to run tests, consult
the manufacturer first because specially built meters for -40'C
temperatures are available. Differential shrinkage between coil
windings and the core piece may also cause damage to standard units.

The oscilloscope is another indicating device in common use.
Oscilloscopes will generally work without trouble down to O°C.
Lower temperatures cause high drift levels. Most oscilloscope manu-
facturers make at least one ruggedized unit for use at -40%. Usually
it is a general-purpose device that covers a wide range of readout
applications.

Recording devices are another headache in the Arctic. Commercial
units usually use a light lubrication which gets viscous at temper-atures below freezing. In addition, inking systems clog or freeze.
This means that storage below freezing could cause inking problems.
The only solution is to keep the recorder warm, such as with a styro-
foam box and lightbulbs. Light beam recorders solve the inking
problem but have chart drive problems. In addition, mountings for
the galvanometers in these recorders depend on a uniformly heated
block in order to maintain linearity and full-scale deflection
accuracy. In cold temperatures the heaters are on all the time,
which means the block never warms to its operating temperature.

This completes my discussion. The instruments and components
I covered amply demnnstrate the possibilities available to the
researcher looking for commercial equipment to solve his measure-
ment problem. The researcher can: (1) whenever pnssible, select com-
ponents which will perform adequately over the expected operating and
storage temperature range (for instance, strain gauges, variable-
resistance transducers. and thermocouples); (2) restrict his program
so as to stay within the temperature limits of the device (for
example, amplifiers, meters, and oscilloscopes); or (3) provide
heated enclosures (as is necessary for recorders and standard cells).
If these are all unacceptable, then the researcher must embark on
a development or modification program to meet his special requirements.



REAL-TIME PRESENTATION OF PENETROMETER DATA*

W. V. Hereford
Sandia Laboratories

Albuquerque, New Mexico

This paper concerns a system for handling and presenting data
obtained from sea ice penetrometers.

During FY 1970, the Coast Guard funded Sandia Laboratories to
aemonstrate the feasibility of a sea ice penetrometer (SIP) concept
that would measure ice thickness in the Arctic. In February 1970,
a series of drop tests were performed in fast ice at the Bay of
Clarence, Alaska, demonstrating the feasibility of remotely
determining the thickness of sea ice by using instrumented air-dropped
penetrometers. Fron, these tests it appeared that an optimum ice
penetrometer should weigh 50 pounds, should be 2.7b inches in d-a-
meter (Figure 1), and should impact the ice at 450 to 500 feet per
second.

In April 1971, a series of drop tests were conducted in sea ice
in the Arctic Ocean to proof-test the sea ice penetrometers. The
tests were conducted in annual sea ice (6 feet thick) near Thule
Air Base, Greenland; in pack ice (greater than 10 feet thick) near
Alert, Canada; and in refrozen leads between Thule and Alert.

The penetrometer was dropped by aircraft flying at 8,300 feet.
As the penetrometer perforated the ice, it sensed deceleration and
transmitted the data zo a receiving station in the drup aircraft.
This drop altituae allowed the penetrometer sufficient time to reach
terminal velocity before entering the ice. The ice thickness was
determined from analysis of the deceleration-versus-time data
(Figure 2). Complete deceleration data were received on 21 of the 23
tests, with ice thickness being determined with an accuracy of +3
inches.

Data reduction on the above tests was accomplished in the field
by hana computation. This involved making a high-speed oscillograph
record, then tracing the deceleration curve on graph paper. To
integrate this, the squares under the curve were then counted at
discrete time intervo½I, and another curve was plotted showing
ve",ocity versus time. This was also integrated by counting squares,
ond then the displacement vcrsus timr~e was plotted by hand. This
required considerable time %more than an hour for an expert). This
hour was in addition to the time required to obtain the data anJ
play the tape back on the oscillographiic recorder. A reasonable
turnaround time for this system would be approximately 4 hours.

lThis work was supported by the U.S. Atomic Energy Commission.
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A second generation system is now being developed to automate

data reduction (Figure 3). The speed and sophistication of the
system are compatible with the economical approach desired. The
hardware costs less than $30,000. Each penetrometer is estimated
to cost less than $200. The airborne system consists of an analog-
to-digital converter-, d PDP--8 computer with 4K of core, and an
ASR-33 teletype which doubles as a plotter and an input-output
device.

The system digitizes the signal at approximately 3,000 samples

per se:ond. These are discarded until the amplitude exceeds lOg's
for at least six samples (2 milliseconds), and then a maximum of
314 points (105 milliseconds) are stored. Tlhese data are integrated
and double integrated, and then plotted by the teletype. This is time
consuming since the data can be outputted at only 10 characters per
second. This could require 0.12 minute per line or more than 30
ninutes to plot the entire graph. Most tests, however, can be completed
in 10 to 15 minutes. Each line on the plot represents 333 microseconds
of real time. In addi -ion to the graph, the snow and ice thickness
as well as the peak deceleration and p.,ssibly the velocity change
between impact atd ice exit are outputted.

This system has thus automated 'I) the data input cycle (no
vidicorder); (2) the analog-to-digital conversion; (3) the integraticn;
(4) the data signature determinations; and (5) the sorting and
calculating of snow thickness, ice thickness, velocity change, peak
acceleration, and the displicement at which it occurred.

This second generation system is intentionally limited by
hardware constraints because of the devrwlopmental nature ot the
effort. The principal limitations at this time are: (1) spei•d of
the output device (10 charact:rs per second); (2) single input
channel; and (3) no analog or digital record to allow post-analysis.
Thcse limitations mean that certain desirable (but expensive)
features are not yet automated and tnat output results are more
abbreviated.

If a production phase is entered, with its implicit large e;,x,;idi-
tures and with tole knowledge gained ini Phases I arnd II concernin%
penetration techinoloqy a.id computer software "modeling," then an
rexpansion of this system can ýe considered. In this connection
certain small hardware purchases coJld facilitate faster arid more
complete real-time data analysis. The hardware costs would be
incr(oase(l by approximately $35,000 over the system now being developed,
not includ-ng the navigation system.

The addit;onal equiment would include a cathode-ray tube
display (Figure 4) for better matching the cticuiation ccypabilities
of the computer to its output device for rapid ,.ata display; an
interrupt structure for multiple-channal inputs and outputs; a time
generator and position monitoring navigational system for accounting
information i1put'; a carrera and/or side-looking, hi'(h-resolution,
radar to recorJ topographical data at the impact location; a tape
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recorder for t;erun purposes to provide further development data; and
a data compres'sion system to minimize storage volume. Of course all
this 4ill require a more powerful computer. These are in addition to
the side-looking radar presently bei'ng experimented with during
second generation development and a microwave radiometer for
determining the type of ic-,.

This system (Figure 5) would show the following in near real
time (many of, these things could be contained in a follow-on system,
but would be better presented here tq prove feasibility):

I. Real-time graphic display on 'a cathode-ray tube of:

A. DeceleTration versus time.

B. Velocity versus time.

C. Displacement versus time.

These could be time expanded to give greater detail.

II. ReAl-time annotation of:

A. Snow thickness.

B. Ice thickness.

C. Peak deceleration.

D. 'Velocity change.

E. Type of ice (this is a possibility after more tests).

F. Location of impact (if desired and data are provided from
aircraft). This would be obtained from pilotage, VOR,
or inertial navigation system to the desired accuracy.

G. Depth at peak "g".

H. Dtte of test.

I. Time of idpact.

J. Predicted ice thickne.;s based on the curves of "Relation-
ship lbetween Ice Thickness and Penetrability." Figure 6
was based :on the limited number of tests that heve been
conducted; however, there appears to be excellefit
cofrrelation betweei: peak "g" and depth and/or type of
I CO.

1. if the ice exit velocity indicated less than 50
feet per second, this could possibly indicate (because
of data inaccuracies) that the penetrometer did not

1~<
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exit the ice. The predi.,ted depth from Figure 6
could then be conpared with the integrated depth.
If these two depths agreed within certain limits,
it would be considered a good data point.

2. If the predicted ice thickness from the peak "g"
reading did not agree with the integrated depth within
certain limits, the computer would recommend ad-
ditional tests in that location.

A hard copy of this graph ý display could be obtained for
I fLture reference.

III. If lighting is adequate, a photograph of the surrounding
area could be obtained at the instant after in,pact when the
computer senses at least 10 g's for 2 milliseconds. The
camera would be aimed at the predicted impact. If other
airborne data-gathering equipment is utilized, the data
could all be obtained simultaneously and compared to give
better credence to the data at any one location.

IV. A permanent record of deceleration versus time should be
stored on magnetic tape for future analysis. Only values of
interest would be stored after compression with an appro-
priate algorithm. It is difficult to put a price tag on tle

value of this record. If we were smart enough to predict
all the idiosyncrasies, we could output them on the
original display. There is always valuable information
to be gleaned from past data, even if it is only a more
accurate and reliable way of presenting future data. Of
course, accurate data may be the difference between whether
or not a ship gets through, or whether a landing is made
safely in the case of the unimproved airstrip.

The advantages of this system, then, are:

1. Faster output for more rapid turnaround (less than 1
minute after the test).

2. A more concise, better human-engineered format.
3. Cross-correlation of current with statistical data and

peak "g" derivation of Lhe type of ice with the displace-
ment measured.

4. Adaptive data sampling based on in-fliqht results rather
than a predesigned flight profile.

5. If an error is suspected, a permanent record is maintained
for later salvagc effo,-ts.

6. An opportunity for further analysis to alleviate
problems which cannot be foreseen.
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7. More accurate location data.

The zea ice penetrometer is just one example of how ani ice
penetrator can be used to gather data remotely. The technology which
led to the penetrometer develooment can also be applied to other
data acquisition systems such as:

1. An air-delivered vehicle to implant an electronic
package for measurements in the ice and at the ice
surface. By properly designfing the vehicle, the decelera-
tion loads resulting from impact and penetration can
be minimized. This type of vehicle could be used as
a remote weather station or as a beacon.

2. An air-delivered device can be used to penetrate the
ice, suspend an electronic package in the water below
the ice, and at the same time leave an antenna at the
ice surface. An ice sonobuoy is one example of this
concept.

.The penetrator can also be useJ to measure the derth
of water below the ice and, if desired, to measure
the properties of the sediments on the ocean floor.

The penetrometer concept is a method of positioning an instrument
package above. in, or below the ice while leaving the question of
"what is to be measured" to the imagination of the researcher.

In closing, note that only data presentation should be considered
initially. The best data acquisition system is of no value unless the
data are received in a usable form.

, S.



E-PHASE: A REMOTE SENISING TECH1NIQUE FOR RESISTIVI.TY
MAPPING AND SEA ICE TIIICKNE::SS MEASUREMENT

J. D. McNeill
A. R. Barringer

lBarr,'iqer Research., Ltd.'
Rtexda-Ze, Ontar'i~o, Cana&d

Electrical resistivity of terrain is closely related to a
numbe~r of parameters of considerable practical-and ecor~cmic importance.
For example, gravel and sand deposits tend to Lie resistive, whereas
soils with a high clay conetent are generally conductive. ice wedges
within regions of discortinuous ppni'afr')st have a higher resistivity
than the surrounding terrain, and this property has been used in the
past to map such features.

An airborne system called E-PHASE has been deve~loped to produce
resistivity rvaps at a cost which is fractional c~rnpared with ground
su-veys and at a speed which is at least an order of magni~u'ue
greater. The systemn utilizes r'adio frequency field-- transmitt.:,d by
government VL.F stations and commercial troadrast stations, as well
as transmitters especially installed for. the survey. Inl the techniquei,
the field strength of the iuadrature comnponent of the hor'izontal
electric field of the propagated wave is maasured with respect to
the vertical electric field. Tt can be~ slhcwn that the licrizontal
component of the electrical fileld is phase shifted by 450 with respect.
to the verLical electrical omnponent over a hom~ogerieous earth for
a broad range of freqaencies and ground resistivities. Measurement
of this component is t;herefore relate," to the total horizoiital
field stren'gth aric can be used to derive the resistivitlvo 01' the
unde-iying terrain..

The effective depth to which the resistivity is sensed is a
function of the frequency of the rediition, and surveys' have been
carried out using both broadcast band arid %very low frecuencies
simul taneously. These two signals provide pe~retratiol1 dept'is between
10 teet: and 100 feet fcor the oroadcast ban~d and'between 50a fe.et arid
500 feet' for very low frequencies. SirmultanEoUS uise of two or riore
frequencies enables layering (.ffect~s t- bp studked, and has considerable
potential for mrapping permafrost distrib-ition, anid for locatingj
gravel deposits.

Further theoretic2.i study has ýuagerted that the E-PP-ASE systew
operating at very low frequercios may hb. useful ~in mapping sea -,.:e
thickness since it can be shotqn O~at the quadrature componEnt of
the horiZontal electric Field ineasured over sea ice* is linearlY
related to the ice thicknes'-- and almost completely independent of ice
re-,istivity and dielectric constent ove) a large raige of variation
of these parameters . A grzund uni t was cons tructed, ood prel imi nary

2600
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testsi were carried out at Point Barrow, Alaska bnder the auspices
of the U.S.; Army Cold Regions; Research and Engineering Laboratory.;
The results of the measuremenit program indicated that the sea ice

i exhibits large lateral changes in resistivity over distances of the
-order of a few.,feet, thus leading to significant errors in the
electrical' determination of the thickness. It appears possi'ble to
circumvent this problem, and further-theoreti'cal work is planned

y to evaluate this effect.
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LOGISTICS, INSTRUMENTATION, AND GEOPHYSICAL DATA ACQUISITION
IN NORTHERN GREENLAND

R. W. Pate
Gruninan Ecosystems Corporatton

Bethpage, New York

L.The virgin exploration areas of the world are diminishing.

Geophysicists and geologists must of necessity turn to remote deserts,
jungles, and the Arctic for new reserves of minerals, gas, and oil.
Perhaps Greenland rates as the most remote and inhospitable. Its
total land area is 840,000 square miles of which 84 percent is
covered by an ice cap that in places is more than 11,000 feet thick.

In the arctic summer, the areas along the coast are generally
free of snow and ice. To the photogeologist, the lack of vegetation
is a blessing. He is not hampered in his work by forests which
obscure the geomorpnology he is attempting to define. To the aerial

C.. surveyor, however, the area presents problems of navigation, logistics,
and ground control unprecedented in the more temperate zones. The
aerial surveyor must cope with fog, icing conditions, magnetic storms
and abnormal diurnal magnetic activity, navigational problems peculiar
to the Arctic, lack of suitable maps and associated horizontal control,
inaccurate elevations, lack of airfields with suitable fuels and
facilities, and a myriad of other problems.

In spite of these seemingly endless difficulties, airborne
magnetic surveys covering nearly 42,000 line miles and precision
aerial photography covering 30,000 square miles were accomplished in
less than 3 months. The experience gained on this program will point
the way to the development of equipment and techniques to improve
the efficiency of future acquisition and utility of data.

This program was funded by the Greenarctic Consortium, a group
dedicated to the development of Greenland, its resources, and its
people. Greenarctic is a long-term joint venture founded by Canadian
and Danish interests. It holds a license from the Danish government
to prospect for oil, gas, and metallic minerals north of 74030'
latitude. It also holds exclusive exploration rights to three additional
tracts: at Thule on the northwest coast, at Hagens Fjord, and at
Independence Fjord.

This first airborne survey was concerned with the evaluation of
oil and gas potentials of the sedimentary basin iaentified by Green-
arctic exploration parties during 1969 and 1970. A glance at the survey
area (Figure 1) indicates the magnitude of the logistics peculiar
to the area. Above 74030' North there are only two suitable airports
in Greenland: Thule Air Force Base atd Station Nord. Outside Greenland,
in Canada's Northwest Territories, ;re three airfields: Alert, Eureka,

202
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and Resolute. Due to customs and immigr-ation restrictions, these
fields could only be considered as emergency strips, not operational
bases; therefore, the bases selected for conducting the survey were
Thule and Nord.

The mileages shown indicate the requirement for long-range
aircraft. During the survey four diversions were made to Thule from
Peary Land while operating out of Nord. The crew learned of an emergency
strip, J~rgen Bronlunds Fjord at 82*8'N 290W, which also could have
been used in the event of a widespread weather closure. It was not
necessary to use the strip during the survey due to continuous radio
contact with either Thule or Nord and to excellent weather reporting
by Thule and Nord forecasters.

AIRCRAFT AND SURVEY SYSTEMS

The Grumman Gulfstream I aircraft is uniquely qualified for
large reconnaissance surveys. Its twin-engine, low-wing monoplane
design ensures safety, reliability, and ease of maintenance. It is-
powered by two Rolls Royce Mark 529-8X turboprop engines and has a
design take-off gross weight of 36,000 pounds. The fuselage is
cylindrical and the landing gear is tricycle and hydraulically actuated.

The aircraft is well equipped with navigational gear for all
missions and can utilize all existing civil airway navigational facil-
ities. Two omnireceivers and DME, plus two automatic direction
finders are available for all-weather navigation. In addition, all-
weather off-airway navigation is provided by the on-board X-band
weather radar and a Doppler navigation system. The aircraft
also contains VHF, with HF single sideband voice equipment providing
primary and backup communications.

The Gulfstream's standard configuration and operating character-
istics are:

* Long-range capability: 1,800 to 2,600 nautical miles.

* Speed: 140 to 310 knots.

* High- and low-altitude capability: sea level to 30,000
feet.

* Short runway capability (less than 5,000 feet at sea
level).

0 Pressurized cabin.

• Excellent stability.

Grumman Ecosystems has modified the standard Gulfstream I
aircraft to include:
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Two photographic bays providing for two Wild RC-8
precision mapping cameras (Option 1), or one RC-8
camera plus a 70mm quadricamera unit or tracking
camera (Options 2 and 3).

* An ASQ-lOA saturable core magnetometer specially
modified for geophysical work. The sensitive detector
is mounted in a detachable tail boom.

• An infrared line scanner.

0 Barometric and radio altimeters.

a Doppler navigation equipment including computer with
modified readout.

0 Appropriate data-recording (digital and analog) equip-
ment.

Table I summarizes these systems and their general characteristics.

OPERATIONAL DESCRIPTION

From the outset, it was assumed that all aircraft parts,
electronic equipment spares, and operating supplies for the 3-month
project would have to be on site, since commercial shipments to
Greenland would have to be routed via Copenhagen to Sondrestrom and
thence to operating bases at Thule or Nord. For this re&son, all
paraphernalia was assembled at Grumman Ecosystems in Bethpage, New
York. The cargo totaled 2,500 pounds. The on-site operations crew
consisted of 11 men, plus 2 temporary project supervisors. To trans-
port these men, baggage, and cargo direct to Thule, a Grumman-owned
Gulfstream II executive jet was chartered. The Gulfstream II, with
three crew members, nine survey operations personnel and tneir
baggage, and 1,O00 pounds of cargo, were dispatched on May 25, 1971,
arriving in Thule 6 hours later after a stop at Frobisher Bay.

Meanwhile, the Gulfstream I, with two project pilots, plane
captain, and one of the supervisors, followed with the remaining
1,500 pounds of cargo. Thus, the crew, cargo, and survey aircraft
were mobilized to the survey area in I day. The several bores of
gear were sorted and unpacked, the ground magnetic monitor was set up
and calibrated, and a facility was established for Film processing,
flight map preparation, and flight data handling. The Gulfstream
completed its first flight in the survey area two days later, on
the afternoon of May 27.

Operations out of Thule were routinely conducted frofir May 27 to
July 9, completing the magnetometer surveying from the western edge
of Washington Land to Victoria Fjord. Concurrently, arrangements
were made to deliver, by a chartered Hercules transport, 1,000
barrels (55,000 U.S. gallons) of fuel to Station Nord. Twenty-five
of these barrels were diverted to Mesters Vig for photographic
operations. The fuel was dispatched from TromsO, Norway and sto:kpiled
at Nord for the Gulfstream I and its crew.
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On July 9, the base of operations was moved to Nord. Two logistic
trips in the Gulfstream I moved all personnel and cargo required for
the Nord operations. From July 9 to August 3, the Gulfstream completed
the remainder of the magnetometer survey area. Missions to complete
photographic coverage of the area were also flown during this period.
Operations were conducted around the clock, Flying magnetometer flights
during quiet magnetic periods and photographic flighte during disturbed
conditions and when sun angles were highest. Aerial photography
north of Mesters Vig was required for mineral investigation. Kodak
2445 aerial color film was specified. The 25 barrels of fuel diverted
from Nord assured the success of this mission. Taking off from Nord
and flying at 25,000 feet to the designated area allowed 4 hours on
station in the photographic area before prcceeding to Mesters Vig for
refueling. Photography was completed on the return trip to Nord.

When flying was completed in the photographic area, however, the
crew was informed by radio of deteriorating weather conditions at
Nord. Diversion to Thule was necessary. When weather conditions
improved, the aircraft returned to Nord to move the base of operations
back to Thule, completing the move by August 6. Additional magnetometer
operations near Thule were carried out until departure on August 18.
When the Gulfstream I braked to a stop on the ramp outside the coin-
pany's executive office, the aircraft had flown almost 500 hours,
had gathered some 42,000 line miles of magnetic data, and had photo-
graphed more than 30,OUO square miles of G-eeniand.

AIRCRAFT LOGISTICAL SUPPORT

Permission to conduct magnetometer and photographic flights
over Greenarctic concessions was obtained from the Directorate of
Civil Aviation in Copenhagen. It was desirable to begin operations
from Thule Air Force Base. Permission was granted by the U.S. Air
Force for entry of personnel and aircraft, and for flight operations.
Excellent support and cooperation were given by the Base Commander
and all service groups under his command. Two members of the operations
crew were licensed aircraft and engine mechanics, and were able to
take care of all aircraft logistics from refueling to progressive
maintenance. While operating from Thule, no major problems were
encountered. Excellent weather reporting and forecasting from the
base weather station simplified flight operations.

Station Nord is an emergency field and as such neither provides
facilities for the extended stay of d large crew nor provisions
for flight services. Aircraft refueling required that the fuel
delivered to Nord in barrels be first transferred to a storage tank
and then pumped from the storage tank into the aircraft. An electrical
pump equipped with filters and transfer hoses was transported to
Greenland for refueling operations. A small gasolitne-powered electric
generator, adequate for the power requiruments of the pump, was
incluGed for ground support of tie aircraft. Tne pump was carried
in t0e aircraft in case of diversions to alternate airfields. This
pump was reqjired for refueling the aircraft ai Mesters Vig.
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Five survival packs containing the articles listed below wiere
carried on board the aircraft at all times,

I each Blanket (wool)
1 each Flashlight
2 each Mark 13 Mod 0 flares
2 each Dye markers
I each Signal mirror
I each Water storage bag
I can Emergency water

'V. 100 feet Nylon line
1 each Sponge
I box Waterproof matches
"1 can Rations
1 each Compass
l each PSK i and 2 kit (survival kit)
I eac~i 7-foot lanyard with.snap hook
l each Whistle
I each ACR flex saw
I each Mcsquito net headpiece
1 each SEEK kit part I and 2 (survi'val kits)
10 each Concentrated food kits
1 each Sterno stove with 2 cans fuel
1 each Hand axe
1 eacr, Knife
I pair Snow goggles
1 each "Day-glo" panel

Two arctic tents, sleepii:g bags, and air mattresses were also
carried. All flight crew members were required to board,tne aircraft
wvith a parka and arctic boots for every flight.

WEATHER

For planning purposes, reference was made to "World-Wide Airfield
Summnaries," Volume 4, ;November 1967, published by the'U.S. Navy'
Weather Service. h portion of the survey area was covered by this
publication. Data of interest included: largest mean precipitation;
smallest mean. precipiiation; mean nurmber of days with ceiling greater
than 1,000 feet, 2,500 feet, etc.; and mean nimber of days with' sk~y
cover less tnan 0.3 and visibility greater than 3 miles. In general,
the data indicated minimum precipitaLion during July, huaximum during
May; conditions favorable for photography in July; conditions favorable
for the low flying magnetometer missions approximately 2 out of 3
days during the surmier. Although this information represents average
conditions, the odds were considered good for an efficient and
successful projec".

"Weather conditions encountered during tUhe summer ranged from
ceiling a-id visibility unlimited to low clouds, fog, and icinig
conditions sufficient to suspend flight operations and close zne
airfields.
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It was difficult ;to determine what conditions would be encour:-ered
within, the survey areas, which sometimes were 200 or more miles from
the operating ibases and weather stations. A widespread fog or overcast
condition'could gdenerally be predicted or reported, but locailized
conditions could never be accurately deLermined until reaching the
operating area. Reconnaissance of the photographic areas was made
in the course of flying the magnetometer missions. When conditions
were good in the areas designated for photographic coverage, the
magn'etic work would be suspended and the aircraft would conduct
photographic operations instead.

NAVIGATION AND POSITION CONTROL

In modern magnetically slaved gyro-stabilized compass systems,
the inadequacy of either the gyro or the magr.etic compass is
eliminated by the, complementary action of the other. A simple directional
gyro is mounted in gimbals that provide 3 degrees of freedom. If two
axes dre parallel to the earth's surfa,-.(!, the third axis can be
used as a directional reference, The gyro may be adjusted tc point in
a specific directibn, such as a magnetic heading determined by a
magnetic compass. The gyro will ther- maintain this specific directional
line in space, except that it will drift. By coupling tih systems together,
gyro drift is compensated by slaving the gyro to the heading provided
by the compass. In maneuvers or rough air, when the magnetic compass
is unreliable, the, slaving is cut off, and the gyro provides thie
stabilization necessary to maintain good heading information.

In Nortir.ern Greenland, the directiun of the geomagnetic field
is essentially vertical. The horizo:ital component of the earth's
field is about 10 percert of the total field. The magnetic compesi.,
therefore, becorie:; unreliable due to insufficient force and variation
grad'ent. Thus the complementary action of the two systems ceases. The
gyro must -then provide the:prinary directional data witihout the help
of the compass' guiding influence. Drift of tie gyro due to the
rotatio, of the earth may be compensated, but a random drift remains.
This random drift of the gyro diverts the aircraft from its intended
path and makes navigation difficult.

An airplane can be steered in flight i a systematic gfild pet-
tern over the grou-,i by what is r-ferred to as visual contact methods.
Where!go.d niaps are avaiIabhe., 1 skilled survey pil1t can azccmplish
a reiarkably good jct. In areas like Greenland, however, good maps
do not exist and, 'lacking check points, the pilot is soon confused
and unable to perform a systematic grid coverage. Combining the
lack of a reliable heading reference with poor ilaps, performanc-e of
survc•s -in the Arctic without other navigational aids arid position
control becomes formidable.

Navigation by the Doppler navigation syste.m and correcting
for deviation by reference to tlhe available maps proved unworkable
early in the survey. Therefore, the sirvey Was performed by using
the Doppler navigation computer exclusively. Referer.ce 0o the :iaps
was made to Jet.e'rdne starting points and to check that no gross
equipment mal functio-s existed. E['cept for unexplainei departures



210 PATE

from the systematic grid due to gyro malfunctions and nap discrepancies,
area coverage was adequate for the purposes of the survey. Some lines
were repeated when it was determined that coverage was inadequate.

FUTLRE REQUIREMENTS

Selection of an electronic positioning system to provide naviga-
tion and position control for future exploration is of paramount
importance. Hyperbolic and range systems operating with microwaves
and long waves, and pulse and continuous wave systems of long, inter-
mediate, and short ranges are all under study.

For airborne surveys, especially with fixed-wing airc-aft,
instantaneous fix taking and steering capability is mandatory.
Ideally, the equipment should be aboard the aircraft, but at present
no self-contained system is completely adequate in the areas of
accuracy and preeision.

For surface surveys by ships or helicopters instantaneous
fixing is not so important, but accuracy of position must be known.

The importance of a common base cr network for all the exploration
1o follow cannot be overstressed. Correlation of future work with
all that has gone before will contribute to the successful develop-
ment of the resources of Greenland.

CONCEPT FOR MAGNETIC GROUND CONTROL

The difficulty of establishing magnetic field monitors for
control of magnetic surveys at locations within the survey area is
due primarily to logistics. Most require operators, if only to
change the chart paper. With the development of thermoelectric
generators, extended operation appears attainable for state-of-the-
art monitors far from power lires. The method of recording the
information could be modified to a storage system such as magnetic
tape. The tape could then be dumped at high speed on command with
the inclusion of a telemetering system at the monitor location.

The logistics problem of manual installation could be solved
by jettisoning from the aircraft. 'ilth a network of monitors and
computer processing of the data, the diurnal effects of the earth's
magnetic field may be removed from the survey data.



SATELLITE COMMUNICATIONS AND
DATA TRANSMISSION

J. u. Puente
Com•munications Satellite Corporation

Clarksburg, Maryland

In this paper, I will bring you up to date on commercial
satellite communications and some of the developments that we have
been pursuing over the last 6 years at COMSAT. Also, I will describe
how some of this devel3pme.it might be useful to arctic communications.

COMSAT manages the INTELSAT organization, which is made up of
84 countries throughout the world, including both communist and
noncommunist countries. As manager of.this system (Figure 1) since
1963, COMSAT has been engaged in developing a global satellite
communication system.

The first satellite launch occurred in 1965 and was called
Early Bird (INTELSAT I). It was an experimental/operational satellite
weighing 83 pounds in orbit, and was launched by NASA using a Delta
rocket. The satellite's antenna pointed only at Europe and the
northern United States. It carried 240 circuits, meaning that it
provided 480 telephone voice channels between Europe and the United
States when used with standard earth stations. At that time it had
more capacity than all the submarine cables in the world. The satellite
cost $3.6 million and had a design lifetime of 1-1/2 years. The launch
vehicle cost $4.6 million. The launch cost per circuit year (a Figure
of merit of satellite communications) was $20,000.

Two years later, in 1967, a larger spacecraft--INTELSAT Il--was
launched. It also had 240 circuits, but with the difference that it
had global coverage (i.e., communication was possible between 70
degrees North and South latitude at a ground antenna look angle of
5 degrees). The cost wes approximately the same as for the Early
Bird. and it had a 3-year lifetime (versus 1-1/2 years for INTELSAT I).
Thus, 2 years later the cost per circuit year was reduced to $10,000.

In 1968, INTELSAT III was launched by an improved Delta launch
vehicle. This time the satellite antenna was despun, which means
that the antenna radiated toward earth at all times rather than in
all azimuth directions. The satellite had a 1,200-uircuit capacity
(2,400 voice channels) with global coverage antennas similar to
INTELSAT II. The satellite cost was $4.E million wit. a 5-year
lifetime. Although the launch vehicle cost a little more ($6 million),
circuit costs were now brought down by a factor of 10 to $2,000
per circuit year.

211
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This year a much larger satellite INTELSAT IV--was launched.
The satellite (Figure 2) weighed 1,48b pounds, and was built in two
parts with the top despun and facing toward the earth at all times.
Besides its global beams, it has two spot beams which point toward
Europe and the United States. Circuit capacity increased to 6,000
circuits (12,000 voice channels). The satellite cost $10 million and
the launch vehicle, an Atlas Centaur, cost $16 million. The satellite
has a 7-year lifetime; therefore, the launch cost per circuit year
decreased to $700. Note that from 1965 to 1971 four generations of
satellites have been utilized and the cost to provide circuits in
space has dropped from $20,000 Co $7U0, indicating that satellite
communications is a rapidly changing business.

The next generation of satellites--INTELSAT V--is under study
and will probably be launched by the end of this decade. An INTELSAT
V will have an orbital weight of about 1,600 pounds and will use
the same type of launch vehicle as INTELSAT IV. Multiple spot beams
are being considered with some form of spacecraft circuit switching.
The INTELSAT V capacity will be around 100,000 channels. The cost
will be about $12.5 million for a satellite with a 10-year life.
The objective is to reduce circuit launch costs to about $30 per
circuit year.

Returning to the present satellite system, INTELSAT IV includes
a global beam which nominally covers the earth (Figure 3). At a
ground antenna elevation angle of 5 degrees, the satellite gives
coverage to about 70 degrees latitude North and South. In addition,
there are spot beams that concentrate the satellite transmitter
power on a given area and increase capacity on heavy traffic routes
such as between the United States and Europe. With three satellites
in synchronous orbit, almost the complete earth is covereo (Figure 4).
Satellites are now over the Atlantic, Pacific, and Indian Oceans.
There are 55 standard earth stations (Figure 5) with lay'ge 100-foot
dishes now in operation and over 160 interconnected links. By 1975,
there will be 100 of these earth stations in operation throughout
the world.

Regarding ground stations, the INTELSAT system owns the spacecraft,
while individual signatories (countries) in INTELSAT own the
earth stations. The United States has eight earth stations. The
standard dish is about 100 feet in diameter, and it costs $4 to $6
million to establish such a station. We are now looking at different
sizes, some with a dish diameter as small as 16 feet and a cost of
$200,000 or less. Three standard sizes are being considered for
introduction into the INTELSAT system. At first, INTELSAT traffic
was between the big users such as F.'ance, Germany, and England. As
the system grew, however, we had to look at the requirements of small
countries, which needed only a few voice channels. For these
countries smaller antennas and satellite channels which are assigned

;nn demand seemed to be the viable solution.
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While the large earth stations have a capacity of thousands
of channels, it is possible to have smaller stations with one voice
circuit and one video channel. At COMSAT Laboratories there is a
complete earth station with a 16-foot disn which is called DICOM, a
Digital Communications terminal. The total earth station costs about
$100,000. It has been used for data, voice, and facsimile transmission
at data rates from 50 bits per second to 6.3 megabits per second.
This range of bit rates covers almost all of today's standards,
since 1.544 megabits is a standard T-1 terminal in the United States
corresponding to 24 PCM voice channels, and 6.3 megabits meet
requirements for Picturephone transmission.

To demonstrate the use of INTELSAT IV and small earth stations,
an 8-foot dish will be put on the Queen Elizabeth II as a maritime
communications experiment. Actually, an old radar antenna which had
the proper stabilization mechanism that ships need was borrowed from
Bendix and was modified for operation with INTELSAT IV. Plans call
for using the DICOM terminal and this antenna on the upper deck of
the Queen Elizabeth II. This terminal will transmit either fascimile,
high-quality digital voice, or data. It will thus become possible to
connect into the INTELSAT system and call any place in the world
right from the ship. The INTELSAT network reliability is 99.9 percent,
based on the last 4 to 5 years of operation. We expect that a maritime
system would have similar reliability.

The National Science Foundation has used INTELSAT satellites for
some of their Anarctica experiments. The United States, through the
COMSAT Corporation, can make use of the space segment of the
satellite communications system on a noninterrupt basis for experi-
ments that lead to new services or data. The National Science Foundation
came to COMSAT with a request to run an experiment from Anarctica
using an unmanned earth station they had had developed under contract.
The command link, for example, was tested to make sure that, from the
COMSAT earth station in Jamesburg, California, tie NSF transmitter
could be turned off reotely. All preliminary tests were successful,
&nd there is now discussion within INTELSAT on how to handie operations
on a commercial basis; i.e., actually rent satellite capacity. This
is an example of how the INTELSAT conmmercial satellite system can be
used--first in an experimental mode, dnd chen to possible standarc
commercial operations.

It should also be noted that a U.S. domestic satellite system
may soon be approved by the FCC. If COMSAT is allowed to provide
this system, Puerto Rico, Alaska, Hawaii, and the United States will
be interconnected.

In this system 132 antennas wo,,ld be distributed throughout the
United States. Each antenna would cost approximately $250,000. A
domestic satellite network could then con•nect into the INTELSAT
system and provide instantaneous communications around the globe.
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To close, it should be noted that experimenters in remote areas

can use small earth stations (such as the one to be used on the
Queen Elizabeth II or the National Science Foundation antenna) to
send data or comiunicate with any place in the world. For coverage
at the poles themselves, the system can be supplemented by a medium-
altitude satellite. A satellite the size of Early Bird launched into
polar orbit or ;, slightly inclined orbit periodically would "see"
both an arctic-:ocated station and an INTELSAi station. During these
periods of mutual viewing, any station at the poles has instantaneous
interconnec.ion around the entire world. A satellite plus launch
costing around $15 million would allow this capability. If there
are sufficient users, then the system can be economically justified,
especially if unmanned operation is considered. Global satellite
communication is already in operation; with a relatively small
incremental cost, global arctic satellite communication will be
feasible.



p
SOME PLANNING CONSIDERATIONS FOR ARCTIC

DATA MANAGEMENT

J. A. Hatchwell
Arctic Institute of Norch America

Washington, D.C.
and

S. B. Fishbein
Systems Research Corporation

Washington, D.C.

The term data management has many meanings and applications.
For computer programmers, it refers to software programs and routines
that move data through a computer center or data-processing complex.
In this context, the first data management system appeared around
1958. Since then, computer technology has evolved to meet the
growing needs of large industrial management information systems.
Also, computer techniques are an outgrowth of military data-proces-
sing applications concerned with the manipulation of large data
banks. To the traditional communicator, however, data management
implies the movement of a digital bit stream through a transmis.ion
medium.

In this paper, data management is defined as the orderly
cycling of information through the entire data system--from point
of origin to end user--on both a time basis and a cost-effective
basis. The system and the hardware emphasize optimum man-machine
interface through the shortest communication links.

Why the great interest and concern for managing data in the
Arctic? To begin with, the area north of the Arctic Circle is a
vast laboratory for environmental research. Scientific data have
been collected there over many years in an attempt to determine
the nature of the dynamic interaction of the atmosphere with the
surface ice and water. Because of the hostile climate, the data are
normally gathered over only short periods, at 2- to 3-month intervals
during the year. Mor'e data are required on a year-round basis to
enable researchers to construct scientific models from which weather
changes may be forecast.

The Arctic Ocean is also virgin territory for the development
of transportation. Except for Soviet shipping along the Northern
Sea Route, the Arctic Ocean has been more an object of scientific
study than a route to anywhere. Icebreakers, whaling ships, and the
tanker Manhattam have made limited penetration of the ice pack.
Government and industrial interests now exploring the possibilities
of surface shipping and submarine transport of Alaskan oil to
Europe are providing pressures For more knowledge and planning.
Enroute navigational data services will be needed to control the

219
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movements of ships, aircraft, and land vehicles. Weather forecasts,
traffic warning bulletins, and vehicle position reports are examples
of daily information flow through a communication network.

Coastal communities are sparsely settled and contain the
barest of modern communications. Radio broadcasting is available to
some settlements, but generally television and public telephone service
are lacking. However, domestic satellite systems planned by the
United States and Canada will soon bring more dependable telecom-
munication services.

While some basic community and commercial communication needs
of the Arctic are being met, little attention has been paid to
the data collection requirements of scientific groups. Too little
time has been spent in planning for data collection and distribution
facilities, and procedures that would economically disseminate the
acquired information.

In planning an effective data management system, the areas of
concern are:

* Data mix and volume.

* Data format and recording.

* Data access and dissemination.

* Data quality and monitoring.

0 Cost.

Arctic data consist mostly of scientific, historical, and
administrative type information. (See Table I.) Scientific and
engineering adta comprise the greatest volume of traffic to be
processed in the near future.

Scientific data may be further categorized as perishable
or archival. Perishable information (for example, field data) must
be handled in real time since its value is generally for the near
term. On the other hand, since historical (drchival) information
normally has no immediate time constraint, it can be processed on
a low-priority basis, usually during off-peak traffic houws. Thus,
the most effective processing occurs with the intermixing of real-
time and archivai traffic, resulting in a balanced but continuous
flow of data traffic through the communication network with minimum
blocking or overloading.

Collecting large quantities of field data must be complemented
by timely distribution to users. Here, the chief concern is the
transmission of the data from remote locations to distant users,
who may require instant availability of the information.
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These data appear at the sensor-outpvt in either digitali
(l's or O's) or analog (continually varying i'aveform) format.
It would be desirable to have all senior outputs in digital form,
but this is often impossible, due to instrument design limitations
and/or a concern by the investigator that significant information
will be lost in the conversion. Consequently, care must 6e exercised
in selecting 'the transmission medium to carry the information to
the point of distribution. Analog circuits usually carry'narrowband
traffic, so they would be unsuitable (without conditioning) for,
handling higher bit rate digital traffic (above 2,400 bits per
second) where low digital error rate performance (better than 10-5)
and circuit cost control are necessities.

Where feasible, the data should be recorded at the sensor
location in a form which can be easily removed at each service cycle
or at the end of a particular mission which may vary from several
hours up to 6 months. If possible, all data inputs should be auto-
matically recorded in a way which readily lends itself to computers
and EDP technology. Generally, this implies digital recording on
magnetic tape. Punched cards and paper tape are also suitable where
the amount of data handled is relatively small.

Unfortunately, many of today's sensors used in arctic'scientific
work are not designed with direct digital recording readouts. When
such recording equipment is not available, consideration should be
given to creating a centrally located facility where analog-to-digital
conversion may be performed. Seven- and nine-track magnetic tapes
are commonly used for storing the processor's input data. Analog-
to-digital conversion is performed in binary or binary-coded decimal
at recording densities from 200 to 800 bits per inch. Standardized
recordings should also use ASCII* character formats. All data
recorded on nagnetic tape must be compatible with IBM tape transport
standards.

A sequence of standard symbols that will convey the data
through the transmission process should be developed. A format or
a series of formats should be adopted that will satisfy the data
needs of a variety of potential users. Presently, no single format
exists that encompasses the requirements of all national and inter-
national data collection agencies. Some current reporting formats
are shown in Table II. These formats must be examined from thet
view of user-required parameters, ranges, and accuracies. Formats
must be flexibly structured to allow for additiohal measurements and
for expansion of the data base. Existing formats aredesigned to
perform either a real-time function or an archival function. No
single format seems to be used for bothi. For example, meteorological
data are processed routinely on both a real-time basis and an
archival basis, with formats and data-handling procedures being well
developed.

*American Standard Code fnr Information Interchange.

I
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TABLE II

REPORTING FORMATS

ENVIRONMEN1AL DATA

Format Basic Data Source

SHIP Meteorology WMO

ARTST Sea surface temperature NAVOCEANO

BATHY Bathymetry: NODC

METAR Aircraft weather WMO

3AXBT Expendable ship bathy- NODC
thermograph

TDF-11 Meteorological tapes NWRC
(ships and auto buoys)

ICEAC Aircraft ice observations NAVOCEANO

ICESH Shipborne ice observations NAVOCEANO

iCECO Shore station ice observations NAVOCEANO

HISTD Water-std NODC

HIDRO Water-temp/salinty NODC

LEGEND:

WMO - World Meteorological Organization

NAVOCEANO - U.S. Navy, Oceanographic Office

NODC - National Oceanographic Data Center (NOAA)

USCG - U.S. Coast Guard

NWRC - National Weather Reporting Center

I
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The U.S. Navy Oceanographic Office and the World Mezeorological
Organization have developed ccdes for reporting sea ice conditions
which have ben accepted for international use. To facilitate
proper routing of the data, further formatting according to the
point of acquisition--below surface, surface, or above surface--is
appropriate.

A mat.er of ge-, erai concern which has considerable impact upon
the routing of data and the cost of delivering such information is
the sampling rate of the measured parameters. While ,Ao agreed-upon
t:me standard exitts for sampling of i;eteorologica;, oceanographic,
or sea ice parameters, it would be aisc to plan for some uniformity.
A Coast Guard sensor workshop has rEcomendcd a 3-hour sampling
interval for meteorological data and a l-hour interval for oceano-
graphic parameters. The desired planning goal should te to establish
a single samplirng rate for all data where practicable.

Access to the data should be provided at a minimium number of
locations in the system (preferably at geographic sites of maximum
user concentration and at sites where access to the system by
unautnorized users migh.t be more readily controlled). Some sort of
changeable privacy cooe wh~ch becojmeý part of the header format
should be devised. -'rovisions should also be made to sample and
recora sensor outputs on lucation (manned field sites) to detect
equipmTent failures, outside interference, and experiment design
Errors as well as to provide protective backup against catastrophic
oata transinmssion failures. This activity should be closely
coordinr.aed with the overall data quality cliecking operation at
a central data monitoring, cuntro;, and switching fdcility. Real-
time data snould find ifs way through tie distribution network
with a minimum of delay. Ihis might be achieved by assigning dedi.
cated circuits between ":ne input Foints and the end ter..1inals.
Jr.der norr.•! circumstances, because of the .i;.ited availability of
long-haul channels and the high cost of leased data circuits, thi.i
approach is impractical.

A more efficient solution would be to establish a centralized
switching center where channels could be assigned on a demand or
priority basis, thus maximizing utilization of the total communi-
cation network. This facility (Data Central) could be located at
Fairbanks, Alaska or at Thule, Greenland where access and intercon-
nection to other communication systems are readily achieved. The
flow of traffic in and out of Data Central is envisioned as shown
in Figure 1. Perishable information would be routed in real time
through Data Central on a priority basis, while archival information
would be received and dumped into a local memory bank where it would
be held for transfer to permanent data banks (Archives) when circuits
become available. Surveillance and Emergency/Rescue traffic would
be routed instantly and directly to the cognizant user organization
with Data Central functioning as a secondary monitoring point. To
maintain the high order of operational capability required of a
large-scale information system, Data Central is expected to perform
additional services such as:
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* Check format, priority, and quality of incoming data.

* Monitor condition of communication circuits.

0 Validate user security.

"* Generate archival records.

"* Initiate polling routines for remote automatic sensor
stations.

"* Reproduce tapes for other users.

"* Provide instrument calibration data to convert raw
inputs to engineering units.

"" Maintain traffic log.

"* Perform circuit patching (interface with other communi-
cation systems).

"° Prepare standard operating procedures for collection
and distribution.

A chief concern of the investigator and experimenter is the
level of accuracy of the acquired data. Accuracy is usually achieved
by on-site monitoring of the instrument output. As an alternative,
on-site measurements are often made with several kinds of' instruments,
although in any instance the quality of the data obtained is assessed
by human interpretation. The technology associated with automatic
sensing has reached the state where common measurement errors,
equipment tailures, and known anomalies are detectable and correctable.
However, unpredictable variances which often plague a large-scale
scientific undertaking are elements which only human intervention
can remedy. Other factors which may affect the decision in favor of
human intervention over automatic error detection and correction
are: (1) cost of additional equipment; (2) complexities o• maintenance
and maintenance cost; and (3) the lack of qualified technical person-
nel to maintain the equipment.

Throughout this paper, inferences have been made regarding
cost. Planning an effective data management system implies that one
can achieve all the desired objectives for a price. Unfortunately,
there are no "standard" or "typical" cost benchmarks that can be
referred to as guidelines. The reason these cost parameters are not
available is because no permanent large-scale data collection
system exists in the Arctic Basin from which such statistics can be
generated. Lacking such statistics, an appropriate guideline for
achieving cost effectiveness is an awareness and control of the
high-cost element. of the system. These are:

SThe communication transmission network (the communi-
cation links should operate on full-time assignment
and carry maximum traffic).
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The computer programming expense (the computer workload
should be programmed to process only information that
is necessary).

The information handling and analysis expense (the format
of the information should allow automated handling and
analysis).

In any discussion concerning information flow in the arctic
environment, one must not lose sight of community needs. Data
services furnished easily and taken for granted in less hostile
climates may become necessities for survival in the Arctic. For
example, diagnostic medical information can be transmitted From
urban centers to rural communities where the data can provide
instruction for nuises and medical assistants. Other examples include
such community necessities as education (native teachers can improve
their materials and teachiw techniques), mail service, newspapers,
etc. The opportunity for cornn•,.ity growth in the Arctic is limitless,
bound by man's needs rather than by his technology.
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MODULAR SHELTERS FOR ARCTIC APPLICATIONS

J. Susnir
ATCO Research aid Dovelopment Center

CaZgary, Alberta, Canada

The concept of modular structures for remote sites, especially
those subject to severe environments, has been used for many years,
but only recently have advances in materials technology, construction
techniques, transpurtazion equipment, -nd erection procedures allowed
for rdther sop, isticated designs. This paper will discuss (1) typical
systems now under development for app ication in 'arctic environments,
and (2) modular concepts for future applications.

MODULAR SHELTERS

",he significant aspect of the moGul~r shelter is that ic can
be used as a ouilding block for lerge zomiplexes (buildings wit;i several
thousand sqare feet of floorspace) which are now beginningto find use
in tne support of scientific add developmeiit activities in the Arctic.
In Lhe future, when even larger structures will be required in "ue
Arctic, tie modular structure concept will provide asii-,ple solution
at mini,,lal construction costs. Foreseeable applications for large
struccures include offices, computer complexes, 1 iving-dining-recre.atioi
facilities, and large laboratories.

There are three purposes for provioing a single large facility
ratner zhan many small facilities: (1) to fdcilitate movement between
various areas (e.g., living and worK areas, office and laboratory,
etc.); (2) to ,iinimize hedting requirements (i.e., smaller overall
external surface aea); and (3) to reouce overall material and trans-
portation costs. Obviously, erection costs will be higher for larger
scructures, but it now appears that the oest configuration for a large
facility is a few large buildiogs rather than many snial I ones.

Although the use of modular units for lNrge facilities has been
stressed, they are also well suited fer smali facilities or even single-
shelter applications. In fact, the single "cube" unit is still the
optimum configuration where living or working accommodations are.
required immediately upon arrival at the site.

Modular structures are designed in three uasic configurations:

1. The cube is a prebuilt structure which is transported to the
site in an erected configuration. It can be compl~etely outfitted ih
the production plant with plumbing, heating equipment, furniture, and
other facilities to support life. It allowvs for instant usaqe after
delivery to the site, and it can be used as a single shelter or

2?8
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integrated into larger complexes. The principal advantages are less
on-site labor, quicker on-site utilization, and lower initial fabrication
cost. Principal disadvantages include the need for iarge handling
equipment and high transportation cost if the cube is'not shipped ;as
a self-container.

2. The knockdown unit has structural c,,mponents which are
prebuilt and assembled. To allow,for a small shipping package, final
joining of the walls-floor-roof system, along with final assembly
of electrical and plumbing systems, is done at the site. Furthermore,
heating equipment and other material which are to be used in the
knockdown unit are transported in a.separate package. There are
design concepts, however, which combine the advantages of the cube
and knockdown unit to eliminate the separate packaging problem (e.9.,
kitchens which are cubes up to the counter tops and a folding upper
wall panel which allows the roof to drop down to approximately one-
half its final height)-. The knockdown unit can be used individually
or in large complexes. Principal advantages of the knockdown unit are
minimum shipping cube, self-container for'shipping, ease of handling
and redenloyment, and short erection time (about halfway between
cube and panelized structure). Principal disadvantaqes include higher
cost than cube or panelized:structures, on-site final 'assembly of
electrical and plumbing systems,, and shipment of internal equipment
and furnishings in a separate container.

3. The panelized structure features prebuilt components (suchi
as roof, floor, and walls) and preassembled electrical and plumbing
systems. All final as'sembl'y of components is done on-site. Interior
furnishings and equipment are shipped in separate packages. Principal
advantages of the panelized structure include minimum shipping cube,
low initial cost, and ease of handling at the site. Principal dis-
advantages are large labor requirements at the site; lengthy erection
period; requirement for separate packaging material or container to
transport panels, equipment, and furnishings; and potential delays
in erection due to misalignment or missing components. (The last
mentioned problem can be overcome by a trial erection of the structure
prior toipackaging for shipment.)

i

CONSTRUCTION TECHNIQUES

At present, most modular units are constructed of treated wood
framing and plywood paneling. An exterior covering of prefinished
metal (steel or aluminum) is usually placed over the hasic wood
structure for protection from the elements. Fiberglass or a closed-
cell thermal insulation is used in the exterior wall panels. Where
temperatures are below the freezing point of water for extended
periods, closed-cell insulation must be used to preclude tne buildup
of ice in the insulation. Interior furnishings~are conventional, drawn
heavily from equipment which has been recently developed for operations
at remote camp sites (e.g., oil well drilling sites).
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The basic construction technique now used is structurally adequate,
but to minimize weight and cost plastics such as polyurethane can
replace the combination plywood sheeting and metal covering. At this
time the technology associated with fiberglass sheeting is well
developed, but the ability of plastics such as polyurethane to function
as wood products in withstanding loads and accommodating fasteners
(nails, screws, etc.) requires further development. A potential
solution is to utilize a fiberglass-polyurethane sandwich panel for
the basic thermal insulation system. Additional joint development
is required, and the costs of fabricating these panels would have
to be decreased to be competitive with existing materials.

Where open cell thermal insulation can be used, a prime candidate
for the basic structure of the next generation of arctic modular
shelters is the paper honeycomb-fiberglass faced plywood sandwich
panel. Costs for this type of structure are approaching the costs
of the standard wood stud panels, and this type of structure has
superior strength and wear characteristics. Also, these structures
allow conventional joining techniques, thereby eliminating a joint
development program.

As larger facilities are needed in the Arctic for computer
complexes, laboratories, and other high-density floor loading require-
ments, the use of aluminum structures will become more prevalent.
Development work is continuing along these lines, and rather
sophisticated modular shelter systems with computer deck, complete
EMI shielding, and other special requirements will become available.

A complete new generation of modular shelters is now underdevelopment by various agencies of the Department of Defense for

other than arctic application. Construction techniques used in these
shelters emphasize the lightweight shelter concept and employ the
aluminum-paper honeycomb and aluminum-foam sandwich panel technology.
Although DoD shelters are usually smaller than those required in the
Arctic and far more costly than those now in use, some of the concepts
for maintenance and kitchen facilities have direct application to
arctic uses. Also, if the DOD concepts ;nvolved the more conventional
construction techniques, significant cost reductions would be possible.
The entire subject of potential uses of military shelters as modular
units in the Arctic certainly should be explored further.

A comparison of significant physical properties applicable to

shelter performance is given in Table I.

PACKAGING AND TRANSPORTING

The concept of modular shelters is based on obtaining the
economy of factory production and on minimizing labor and setup time
on-site. For these reasons, all modular shelters should be built as
cubes. However, packaging and transporting large cubes often result
in difficult handling problems, wasted space in the cube, and
excessive transportation costs. This dilemma indicates that each
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shelter requirement must be considered along with the overall
logistics of supplying shelters at remote sites.

Packaging and transportation are two of the more costly elements
in providing shelters at remote sites. In shipping cubes to remote
sites, transportation costs are often twice the initial cost of the
shelter. To minimize transportation costs and to utilize less
expensive transportation vehicles, knockdown and panelized structures
are used, but these usually result in additional packaging costs
and on-site work. Packaging costs can be minimized if the basic
shelter structure is used as part of the package or container. This
is relatively easy for knockdown units but may be difficult for
panel ized structures.

Utilization of some of the construction techniques listed
above (especially the fiberglass-coated structures) should reduce
packaging problems by allowing the basic shelter structure to act
as crating material. Also packaging schemes which make liberal use
of foamed packaging material will minimize transport damage, thereby
reducing rework costs. Unfortunately, except for generalized shelter
designs to enhance packaging characteristics, each shelter system
must be packaged separately.

Transportation of modular structures has improved since the
introduction of large tracked vehicles, helicopters, and the C-130
Hercules. Significant advances in transporting large facilities
can be expected with the introduction of heavy-life helicopters and
air-cushion vehicles.

ERECTION

When considering the overall logistics of supplying shelters,
the last element to be (iscussed (unless the un-t is t.-o be capable
•f redeploynent, is erection at the site. Simplifying tihe basic
struc-ure and allowing for easy handling procedures will aid in
nwiriminizing erection time and labor require,ments. However, field
har.dling equipment has ,oajor shortcomings which must be overcome
if fie'd erection techniques are to keep pace :vitl; shelter technology.

Although mu;tistory shelter complexes can be erected with
hand-winchi.na devices, the work can be time consuming. For uxample,
a crane can do te same work in one-tnird the time required by hand-
winching devices. At present, though, it is difficult to cbtair, the
services of a crane at remote sites. highly desirable for future
construction activities would be a mooile crane with a lift capacity
of about 25,000 pounds zo handle the largest cube and containers
now proposed for arctic shelter applications. Also, a modified
tracked vehicle with forf.lift capability is desirable.

The above jiscussior, on thr erection of shelters deals prirnarily
withi handling devices rather than ,itn the shelter i tself. ;'his is
due to the fact that shelter technology is surpassing field erection
handling equipment technology. To keep up with advances in shelter
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technology, new developments in field handling techniques are
needed. Otherwise, the time will come when advanced shelter systems
will be available with no way of erecting them in the field. If
this situation occurs, it will be necess-ry to revert to a shelter
technology similar to what is available today.

CONCLUSIONS

Modular shelters for arctic applications have advanced signifi-
cantly in the last 25 years. Based on materials technology and
shelter design concepts now being developed for military and
commercial applications, it appears that significant advancements
can be made in modular shelter technology. To accomplish this,
more study and development are required in materials application
to shelter design. Evaluations should be made of shelter systems
now being developed for the military to determine their applicability
for arctic use. A systems study should also be undertaken to optimize
the overall packaging-transporting-erecting sequence associated with
deploying moddlar shelters in the Arctic. Finally, a parallel
study should be implemented to improve field handling equipment.

1*
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LIGPTWEIGHT ARCTIC SHELTER CONCEPTS

J. A. McGrath
HITCO

Gardena, California

The need for improving arct;c mobility for both civilian and
military requirem3nts has been well established. Within the
mobility concept, improved shelters are needed for a variety of
arctic functions. Arctic shelters require special design attention
to assure that the structures will exhibit those features necessary
in the arctic environment.

The solution to mobility must encompass quality manufacturing
and tireless attention to detail. HITCO's approach to the problem
has been to organize its shelter effort from three standpoints--
management, manufacturing, and material.

After reviewing many candidate products, Hitcore was selected
as the basic material for a new shelter study. Hitcore is an integ;'ally
woven pa-iel material where the face skins are mechanically connected
through a series of woven webs. The space formed between the face
skins and webs can be foam filled for improved insultation. A task
team was assigned by HITCO Shelter Management to develop a Hitcore
shelter. Team members consisted of U.S. Polymeric for resin technology,
Defense Products Division for manufacturing technology and stress
analysis, Woven Structures Division for Hitcore woven material, and
the University of Cincinnati for conceptual and compatibility designs.

After the basic design was established, a prototype was built.
This original Hitcore shelter was designed by the U.S. Army Cold
Regions and Research Laboratory as an air-transportable shelter
which could be easily erected in remote sites. The shelter utilized
the shipping container as a modular floor. Each container was 4 feet
wide by 16 feet long and holds roof, arch, and wall sections to
acconmmodate an 8-foot module.

To erect a shelter 16 feet wide by 24 feet long, three shipping
containers would be required. After the contents have been removed
from shipping containers, they are turned bottom up and locked
together to form a continuous floor. After the floor boxes are
positioned, the arches are attached to this floor and locked at the
arch center point. Shelter end walls can be placed at any arch
location. This design feature allows a building to be assembled with
end walls only, or partitions can be arranged at 4-foot intervals.
Shelter partitions can be moved at any time to accommodate different
shelter functions. After the arches are located, the roof sections
are positioned and secured.

234
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A Hitcore shelter 16 feet wide, 24 feet long, and 8 feet high
was tested at Eglin Air Force Base. When assembly was complete, the
shelter was placed in the environmental chamber. After 18 hours
in an ambient temperature of -61.6 0 F, the temperature at waist
level was 770F, and the temperature along the floor was 59*F.

Thermal efficiency tests of the shelter were run in an ambient
of -590F. Temperature readings were taken on the floor surface, on the
ceiling surface, in the waist-high air, in the ambient air, and on the
exterior roof surface. Only the waist-high air and ambient temperatures
were used for thermal efficiency calculations. All electrical power
input was considered to be heat input since all the operating
electrical equipment contributed to shelter heating. Also, the
metabolic heat gain from the four people conducting the test was
included as part of the heat input. After all measurements were
taken, the thermal transmission rate of the shelter was determined
to be 0.1615 Btu per square foot for each degree Fahrenheit difference
between interior and ambient air temperatures per hour.

At the conclusion of the thermal efficiency tests, the shelter was
removed from the envircrmental chamber and tied down for wind load
tests. Structural movement was recorded by tracing the movements of
three ptirmb bobs hanging from the arches over targets mounted on the
shelter floor. Wind velocities of 100 mph were sustained for 10
minutes, with a high of l05 mph being recurded. Wind loading
produced no recordable structural movement. After the Eglin tests
were concluded, certain design modifications were adopted to further
improve the Hitcore shelter.

HITCO considered that the thermal properties and stability of
the shelter were very good. We noticed, however, that improvement
in shipping container size, arch improvement, and ease of assembly
of the flexible roof would improve shelter efficiency.

With these improvements in mind, the floor box which was
originally 4 feet wide and 16 feet long was redesigned and hinged at
its midpoint. This change resulted in a shipping container/floor
box which was 4 feet wide and 8 feet long. This size is compatible
with military and int2rnational shipping constraints. Also, this
size allows easier handling in the field.

Changing the shipping containers from 16 feet to 8 feet in
length forced changes in the arch length. The arch was redesigned to
accommodate the new length constraints. The basic shape of the arch
was redesigned to improve performance. Originally the arch was a
generated curve which would allow a 6-feet-tall man to stand upright
2 feet from the sidewall. With the new design, a 6-foot-tall man can
stand 1-1/2 feet from the sidewall. Roof sections were changed from
continuous sections to double panels. The continuous roof section was
heavy and hard to handle, especially in high-wind situations. The
new panel approach offers a good solution, since each panel locks
directly to the arch. One man can now install the roof sections
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(several ,,ere required before). Special window panels are also
available for use in the sidewalls and are interchangeable with the
standard roof panels.

Additional design effort to improve the Hitcore shelter will
result in significant advances, such as better utilization of floor-
space, improved lighting, lower noise level, better leveling capabili-
ties, improved floor box, compatibility with shipping standards,
easier installation on-site, and an improved "U" factor.

kI



A SPACEMAN'S VIEW OF ARCTIC EXPLORATION

E. StuhlingerGeogeC.Alars all SaeFlight Center

Huntsville, Alabama

'After I was asked to prepare a paper for this symposium, I went

to the encyclopedia to find out what is really meant by "Arctic."
There were several definitions, such as the area north of 66033';
or the area north of the last stand of trees; or all those points on
the northern hemisphere which have at least one 24-hour cycle per
year of uninterrupted sunshine. All these definitions sounded pretty
theoretical, so I chose my own. For me, the Arctic is a fantastic
frontierland, a place of human courage and drama, full of adventure
for exploring minds; home of some of the most awesome animals; an
area of dynamic interactions between air, water, and ice; a weather
kitchen of the world; possibly the richest oil lands yet discovered;
and a place of fragile ecology which could be disturbed by human
interference, perhaps with tragic consequences for the ecology of
large parts of the more populated areas of the globe.

Several years ago, I had the privilege and the good fortune
of spending a week in Antarctica. That was certainly the most unusual,
the most fascinating week in my life. Under the good auspices of
Phil Smith, we fl w from McMurdo to the dry valleys, to Cape Crozier,
to Byrd Station, to Plateau Station, and to the Pole. We traveled
in the middle of the austral summer, and we enjoyed sunshine with
good visibility for 24 hours every day, except for a few brief periods
of whiteout.

in the Arctic Basin, the northern summer is not the best season
to travel, even though the sun is up most of the time. Tile ice thaws
and breaks; the snow becomes soft; tihe permafrost melts at the
surface; tihe tundra at many places turns into a wet, soggy swamp.
For logistics operations, winter months are preferred over summer
months.

There is still another, even more profound, difference between
the south polar and the north polar regions. Antarctica is a continent

:with well-defined shorelines. It is a continent for science. The
Antarctic Treaty keeps military, commercial, and private interests
out of the country. No claims of national sovereignty are acknowledged.
As a consequence, international cooperation flourishes in Antarctica;
scientific projects are underway all over the continent, many of them
with crews of international composition.
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Arctic regions, in contrast to Antarctica, are a theater of
military interests and activities. There is commercial exploitation,
hunting and whaling, fishing, mining, and oil drilling in the Arctic
Basin. The land areas of the Arctic are the northern tips of Asia,
America, and Europe. North of these continental extensions, there
is only water, ice, and snow, and an occasional ice island. This
large and diversified region is the scene of the arctic research
programs of our country and of other nations. These programs include
the study of arctic land, water, ice, and snow; of the very dynamic
and often violent interactions between air and ocean; of animal and
plant life: of natural resources; of the interplay between man and
his environment; and of the effects of nature, some of which are ofparticular fascination and beauty in these high northern latitudes.

Ther- broad programs of research cover five distinct regions.
First is the region below the surface, accessible by digging or
drilling on land and ice and by diving into the ocean. Subsurface
regions n'y contain minerals, ores, natural gas, and oil; the ocean
contains plankton, fish, and other animals. The permafrost region
under the northern tundra has been a special object of research for
many yeai's. It has been recognized as an important factor in the
local ecology, but its exact role in the delicate balance of temper-
ature and water budgets is still poorly understood.

Second, the surface--some of it covered by rock, soil, or .tundra,
most of it consisting of snow, ice, or water--is where many arctic
animals, most plants, and most human explorers and exploiters are
found. Many of thle routine observations of weather, ice drift, ocean
currents, and ecological factors are made on the surface, and many
of the specific effects caused by human interaction with the environ-
ment will be most prominent on the surface, such as the opening of
oil fields and the construction of pipelines, deposit of waste
materials, oil spills, or heat disposal.

Third, the low atmosphere, with its very active and powerful
interface between air and ocean, governs the exchange of heat and
moisture. It influences not only the local weather, but also the
climate over large portions of the earth. The observation of winds,
temperatures, cloud coverage, and humidity in arctic regions will
always serve importantly in global surveys of weather and climate.

Fourth, the high atmosphere with ionospheric layers, the auroras,
the whistlers, and other high-altitude phenomena are of great practical
interest because of their influence on radio propagation. In addition,
the high atmosphere has always been a region of great scientific
interest. Solar ultraviolet and X-radiations are absorbed in these
layers, while cosmic rays interact there with the atmospheric gases.

Finally, the fifth region is outer space, which exhibits some
peculiar features above the polar caps. Since the earth's magnetic
poles are nearlv coincident with the geographical poles, the Van
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Allen radiation belts do not reach polar latitudes. Even very soft
cosmic ray particles, however, can reach at least the upper layers
of the atmosphere because there is not much of a deflecting magnetic
force near the poles for particles of vertical incidence.

The common feature of these five regions of research i5 the
requirement for observational data, and for the reduction and
selective analysis of these data. Many of the required observations
can be made from the surface, while others should be made from air-
planes, from earth-orbiting satellites, or from subsurface apparatus.

In this need for observational data, a very interesting parallel
exists between the program for polar research and the program for space
exploration. The art of observing natural phenomena with a very wide
array of instruments, automated as well as man-operated, has been
developed to a remarkable level of precision and perfection in the
framework of space exploration. Observations of the moon and planets,
of cosmic ray particles and magnetic fields, of the sun and other
celestial objects, and particularly of our earth from vantage points
outside the atmosphere have provided us with an impressive amount
of pioneering knowledge during the past 12 years. It is quite naturIl,
therefore, that we should ask how the techniques of space exploration
can be applied to programs of arctic research. This question is even
more appropriate at the present time when the space program, after
concentrating on the moon for 10 years, begins to turn more toward
observations of the earth, and when practical benefits of space
technologies to earthbound users attract more attention and interest
among the people than the exploration of remote places in the universe.

The broad programs of arctic research and exploration require
a number of supporting facilities, among them transportation, instru-
nrents, remote sensors, tools, equipment, data acquisition and data-
handling systems, communication links, and human habitats. All of these
must operate under extreme environmental conditions and with hig'.
reliability. This list is surprisingly similar to a list of space
exploration requirements, even more so when consideration is givn to
the strong emphasii on earth observations from orbit. Inoeed, many of
the remote sensing systems noi under development to survey the growth
of crops and pastures; to monitor tCe use and misuýe of land in
populated areas; to update maps of areas which undergo rapid changes;
or to observe the surface of the ocean for temperature, sea state,
plankton, and even for fish, will prove very useful for the observa-
tion of arctic lands and oceans.

From the vantage point of a satellite orbit, a sensor can
effectively see an area 400 to 600 km in diameter at one time and
under the same condition of sun angle, Jepending on tVe satellite's
altitude. Infrared and nicrowave sensors can take data by day or
night, and microwave devices are even able to see through heavy
cloud layers. Satellites flying over arctc regions in polar orbits
are ideal observation posts for such pLensmena as snow and ice cover,
break lines in ice layers, clicud formations, plant growth, melt-
water flows, ocean leads, animal migrations, oil spills, and smoke
pollution.
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These miacroscale observations from orbit will add a nEW dii;,ension
to arctic recearch ,qhich traditionally has been carried! out From
the ground and from ai rpl anes. However, satellIi tes villI not make
ground ' oservations superfluous, nor- will they be the only contribution
whinh the polar research program will receive fror' space technologies.
3ne of the present arctic proJects--the Arctic Ice Dynamics Joint
Experiment, or AID)JEX--Wds established by Amierican and Canadian
scientists to study and m~easure during the next 5 years the effect
of strains in arctic ic2, and the stresses which ...ater arid wind exert
uponl the ice canopy. Hopefully, Lhese studies will result in predictive
comd.uter mcdels for the dynamics an'd heat budget of large icE and ocean
areas.

Several drifLirf, ice stat~ions, manned eind unmanned, will be
established in the Peaufort Sea beginning in 1973. The Convair 990
airplane--equipped, operated. and cwrned by thle National Aeronautics
and Space Administration--has already flown several missions over the
AIDJEX area with visual , infrared, and mricro.':ave sensors. During
'%,he next few years, ground observations at the AIDJEX stations and
airplane observationfs ibili establish a data base which will even-uli
lead to a continuous and fully automatic monitoring s-yste~a for arctic
ice dynamics. This monitoring system will consist of automatic
stations on the ice and pl)ar satellites which will interrogate the
groi'nd strttions and zit 'thle same timie probe the atmosphiere and the
surface with rer~iote sensors. The data will be relayed to a central
station conveniently loc~p.ted at a lower latitude.

Members of NASA have already developed a microwave sensor arnd
imager thai. will permit tile observation of ice conditLions througn
clouds and at night. Nimbus F, to be launched in 1973 int a polar
crbit, wil carry s'.ioh a microwave im~ager. Dr. Fletcher, Direct,'r
of the Office of Polar Progr-ms of thle Nztional Scie')ce F ~undation,
cailled the sea ice cover one of th~e greatest variables in ti~e environ*-
nient of the earth's surfece. So far, tUiere is almest no quantit~ative
knowl edge of its 1large-sca~le properti eý, al t!,cugh iLhese properties
have a profound influence onl the cl imate of thle northern hemisphere.
Remote sensing from satell1ites is expected to provide ',nrioledg fe fo r
a setter understanding of these pre.perties as well as the delicate
balance of the procps~es which maintain or remove the arctic sea
i c l.

Thle ",IDJEX Project, end other projects with elaborate ground
observation programs, ivill use unmianned st--tio~is placed on thle ice,
or on other surface,,, foir ipakin3 oibservation; of env'ironm~ntal
factors over long pe~riods of time. An automatic station of this
kino has rt~ceritly been developed at Stanford Uni tersi ty for the
?Irtar tic Research Piog-am (Figure 1). Experie.ir.e gainec! in tile. space
progra2m was utili?ed iii thle design of the autoinatc-d systems and in
the selcction of hig!h-reliabL1t com;ponenits. In later versions, an
isoto;)jc electric power source, developed for space applications,
miay be used ,with this station. The observatio ial data of these
remiote stations will be transwitted to a satellite and retranismitted
to a receivingc station in California.3
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Another unmanned station for observation of environmental para-
meters is the National Pata B'ioy (Figure 2) presently under develop-
rmnt in this country. (It will bE tried out under NASA auspices at
the Mississippi Test Facility.) This buoy is also fully automatic.
It measures parameters of the ocean and the atmosphere, ana tranfsmits
the data to a satellite fo- retransmission td the users. Cor:ceivebly,this data buoy will also find a.plication in the arctic research

prcgram.

Besides automatic stations, there will always be a need for
manned observation posts. The support of:humar observers in the
hostile environment of polar regions is not an edasy task. The habitat
must provide shelter, heat, food, communications, power, and accom-
modations for technical and scientific work and for the usual functiors
and reeds of human beings. NASA has been engaged in planning, designiing,
and testing habitable space capsules for several years.

Some effort has been expended on a modular unit which caan be
used in connection with the Space Shuttle and also with the Space
Station of the 1989s. This unit contains sleeping quarters, facilities
for personal hygiene and food preparation, and room for scientists to
work. In space, it will be entirely self-contained, with air purifica-
tion, oxygen replenishment, and water recirculation. As a part of
the developitent program of this space laboratory unit, a grouna-
based version will be built. and operated in a l-g environment (Figure 3).
This unit can acccmmodate a group of scientists for up to a nonth's
time; it can be transported by aircraft and placed by helicopter •'n
mountain, areas, islands, glciers, swamps, deserts, rain forests, or
ice fl,)(,s. Again, it is conceivable that the earth version of this
future space laboratory will serve as a manned field station for
arctic researchers.

For several, years, NASA has been operating aircraft equipped
with instruments fvr observations of the earth, the atmosphere, and
space. The best equipped of these aircraft is a Con.v;ir 990 which
has been used extensively for photographing the earth, for observing
auroras, meteors, and ionospheric phenomena, and for astronomical
studies. For many observations to be made by arctic r,:searchers,
such as surveys of snow and ice fields, or ocean and tundra, of,
icebergs, animals. and hunan seztlements, of mining and oil drilling
activities, and of road building and pipelinc laying, aerial monitoring
will be invaluable. The tremendous potential of viewing and photographing
fromn high altitudes is borne out by the impressive pictures taken from
airplanes in visual, infrared, and ivicroave regions. By c',mparing and
combining pictures taken at different -,wavelengths, it is possible to
extract such de:ailed information as vizior and heilth of plant
growth; kind of plants; plankton content of the ocean; surface temper-
attire of land and water; thickness of snow layer-; wetness of soil
and sno:;: and with some further development, even the depth of the
permafrost.
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As the development of photoraphic techniques, of electronic
image tubes, and of infrared and microwave sensors progresses tcward
better observational capabilities, surveying will be done more by
satellites than by airplanes. U.S. satellites launched into polar
orbits comprise less than 10 percent of the total number of satellite
launchings, but they have already returned valuable data about the
polar regions. Satellites, as compared to airplanes, have the advantage
of seeing a larger area with almost vertical incidence of the line of
sight, and of being in constant line of sight with receiving stations
on the ground. The art of resolving minute details, even from a large
distance, is making rapid progress; even our present capabilities
should be sufficient for most observdtions needed in arctic research.

The Ezrth Resources Technology Satellite ([RTS), to be launched
in 1972 int a polar orbit (Figure 4), will carry equipment for
picture-tak.ng in the visual, infrared, and microwave regions (Figure 5).
Each of its trajectories will include a 4,000-km path over the Arctic
Basin. The ERTS Project will undoubtedly provide valuable support to
the AIDJEX Project and to other studies in arctic and antarctic
regions.

A further step in our earth-observing capabilities will be taken
by Project EREP (an earth resources experiment package to be carried
on the Skylab in 1973). EREP consists of cameras and sensors which
will take pictures of selected areas of the earth's surface in the
visual, infrared, and microwave regions. The astronauts on Skylab will
monitor and watch the sensors; they will help select specific targets;
and they will judge the quality of performance of some sensors.
This effort is expected to contribute substantially to the develcpment
of remote sensor systems which can later be used as automated systems
cn ,inmanned satellites. Skylab will be launched into an orbit with
500 inclination. It thus cannot observe polar regions; however. the
observing techniques to be developed with the heii of the [REP System
will be useful to arctic research on later polar-orbiting satellites.

The huge quantity of observational deta which satellites wittm
remote sensors are capable )f producing will require data-handling
systoms of unprecedented capacity and specd. One ERTS satellite alone
Will produce 40,000 pictures every day. Systens for se'ective analysis
must be fully automatic anid fast. Such systems have already beer'
built; they show, for example, only the water surfices over a given
area, or only the thickness of srow layers, or only human habitats.
The arctic research program will undoubtedly profit from work 1i1 this
field now underway at NASA.

Besides ground stations, airflanes, satellites, remote sensors,
and data system-s, there is another element which the two oreat explor-
ation programs, the polar orogram and the space progrim, oeein to have
in common--an acute shortness of funds for supportir.g a strong and
efficient program. NASA, With ý little over $3 billion for the current
fiscal year, is still copsidered rich by many outside observers.



246 SrUHLINGER

Figure 4. Artist Ccncept of ERTS in Earth Orbit

* 1972, POLAR CIRCULAR ORBIT, SUN-SYNCHRONOUS

* 800 kg TOTAL, 200 kg INSTRUMENTS

9 9Raim ALTITUDE

* 500 WATT ELECI RIC POWER (SOLAR PANELS)

03 VIDICON CAMERAS, 3 SPECTRAL BANDS.

* MULTI-SPECTRAL SCANNER, 4 SPECTRAL BANDS.

040 000 PICTURES PER DAY.

POLAR OBSERVATIONS: CLOUD COVER, ICE COVER, ICEBERGS.

SNON COVER. PERMAFROST. WILDLIFE. OCEAN CURRENTS. TEMPERATURES

Figure 5. Earth ,Recource-, Technologj Satellite
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However, when measured against the vastness of the space program
with its innumerable projects for lunar and planetary exploration;
for solar and stellar astronomy; for space and earth physics; for
transoortation systems into orbit, to the moon, to planets, and into
deep space; for a low-cost, reusable earth-to-orbit shuttle system;
for a permanent, manned orbiting space station; and for a complex
system to survey, monitor, and even manage the earth from satellite
altitudes, the NASA funds are extremely austere.

There is not much hope the situation will improve soon. Citizens
today ara increasingly concerned about the immediate proble..s of our
country and the earth: hunger, poverty, urban congestion, over-
population, power shortage, Foilution. Many feel that the money
should be spent to buy food and build houses insteac of launching it
on an escape trajectory into space or burying it under the polar ice.
To these citizens, we try to explain that there is only one way to
approach a solution to these profound problems of mankind, and that
is by learning more about our earth and its environment, about the
natural processes that govern the weather and influence the growth
of crops, about the resources of our earth, and about the natural
balance between the many factors that make our planet livable for man,
animal, and plant. In particular, we try to explain that only through
science and technology, through research and exploration, and through
the constant expansion of the frontiers of human knowledge can we hope
to improve the lot of man.

We know our colleagues in the polar program face the same
problem of dwindling funds, but we also know they share our belief
that we must solve our human prol ems not by mending the holes but
by learning how to treat and to usq our planet better. This belief,
in fact, is not a discovery of our modern times. There is an old
proverb, perhaps hundreds of years old, which says: "Give a hungry
man a fish, and you feed him for one day. Teach him how to catch a
fish. and he will not go hungry again for the rest of his life."

4
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In identifying power and heat production systems needed to
support an arctic program, it is important to consider the evolution
of these systems. In the past, conventional systems (gas turbines,
internal combustion engines, diesel engines) have been used for most
arctic applications. In the future as exploration expano:, more
reliance will be placed on advanced power systems that reduce the
logistic burden and fulfill such requirements as long life, remote
unattended use, and quick-reaction capability. Ultimately, the
dependence on resupply can be reduced and extensive, sustained
operations can be attained by relyinc •n large energy sources such

as nuclear reactors. These plants not only can provide power to a
central location, but also they can serve as the primary source of
energy for power systems remote from the central location. Hydrogen
fuel production for powering heat engines is an example of this
concept.

The arctic environment places strict life, efficiency, weight,
and reliability requirements on power and heat production systems.
The high transportation costs and remote use are analogous to those
of the space program. Examination of power systems designed and
proposed for space use is, therefore, one techiique of evolving
systems that meet arctic requirements. It remains, however, for such
systems to pass the test of economics.

REQUIREMENTS AND CONSTRAINTS

Figure 1 summarizes some of the requirements of arctic electrical
power and heat production systems. In addition to normal operation,
systems must withstand the arctic environment during transport,
storage, or standby. Power systems, particularly those used in
remote or quick-reaction situations, must be air transportable.
Protection will be required for systems which are affacted by low
ambient temperatures, such as batteries, fuel cells, and heat engines
that use relatively high freeze point cyclic fluids. Retrievil and/or
disposal after use will be needed for nuclear-powered systt,'s, and
isotope-powered systems must be safe in any foreseeable accident
situation.

The types of systems can be classified as permanent, portable,

or motive. Permanent systems will be emplaced for long time periods,

248
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and they probably will not be moved within their useful lifetimes.
Power levels will vary from multimegawatts for large manned bases
to a few watts for remote, unattended monitoring functions. Portable
systems might be reused in support of quick-reaction, information-
gathering expeditions. The power level will likely be in the kilowatt
range if a life support and experiment requirement has to be met.
Motive power systems will be in the range of tens of kilowatts,
with the reliability somewhat more critical than in the other
classes. Both permanent and portable systems might furnish electrical
and thermal power for heating, water and waste management, and
instrument operation.

Examination of the environment versus intended use leads to
constraints that the power systems must meet. Remote use and high
transportation cost infer long life, minimum or no maintenance, and
ideally no fuel resupply. A versatile multipurpose power system
would reduce costs. A single system which can provide electrical
power and thermal power for space heating, water purification, and
waste disposal is preferred. Consideration is given here to systems
based on technology that could be used within the next 5 years.
Finally, environmental effects must be considered. Preferred systems
are those which can use their waste energy to minimize pollution.

Figure 2 classifies power systems according to power level and
operating time. Nuclear reactors and chemical heat engines such as
gas turbines and diesels can supply megawatts of power for long
time periods. Many conventional and several reactor systems have
already been effectively used in arctic aiý' antarctic situations.
Permanent large stations similar to that at McMurdo Sound that can
be resupplied by ship could require these systems. Power systems for
remote or quick-reaction situations in the range of watts and kilo-
watts have to meet more difficult requirements. Recent ano anticipated
developments in these power systems might meet arctic performance and
cost goals.

A comparison of energy sources and conversion techniques for
requirements in remote or quick-reaction situations is shown in
Figure 3. All candidate power systems are adequate for permanent and
portable use. Motive power systems include batteries, fuel cells, and
chemical heat engines. Batteries may be considered for small vehicles
that remain near an electrical recharging facility.

Low-temperature operating problems caused by increased activation
and decreased electrolytic conductivity may be alleviated by using
ammonia electrolytic batteries or by heating with electric or chemical
sources. Fuel cells also tend to boil at low temperatures. Fuel cells
using hydrogen-oxygen reactants can make use of present technology,
but fuel cells using hydrocarbon or derivative fuels are not well
developed. Therefore, with Jhe widespread use of hydrocarbon fuel
in the drctic, fuel cells with a hydrogen reactant do not appear to
offer significant logistic advantages.
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Figure 1. Requirements Definition
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Figure 2. Po~ver System Regimes
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Solzar power systems are performance constrained due to the long
periods of winter darkness. Use of wind sources infers exposure of
rotating parts to the low temperatures, and freeze-up is presently
a problem. Use of these systems may be considered for auxiliary or
standby power in conjunction with energy storage or other non-
environmental dependent systems.

Most of the power systems have the capability of utilizing
their waste heat for water and waste management, and for heating
functions. Batteries are an exception.

The chemically powered system will require fuel resupply for
long missions. The logistic burden can be reduced by using high
efficiency cycles as well as fuels which have a high energy content.
Hydrogen-oxygen or hydrogen-air fuel cells are the most efficient engines
of this type. H2-0 reactant consumption will be about 1 pound per
kilowatt-hour, iWhile H2 consumption using air would be less than 0.1
pound per kilowatt-hour. This can be compared to the specific fuel
consumption of 0.5 to 1.0 pound ,per kil)watt-hour in present internal
combustion engines.

Internal combustion engines using hydrogen fuel have also been
proposed for terrestrial use. Most of this development is directed
at low air pollution or noise-free operation which may ultimately
also be of significance in arctic operations. Hydrogen can be obtained
from ammonia, water, or hydrocarbon sources. Such systems may
ultimately be effective in the Arctic, with reliance on a central
station nuclear power system for off-peak hours to generate the
hydrogen fuel.

Thermionic systems (which are attractive in power density) and
magnetohydrodynamic systems, (which are highly efficient) must have
further technical' advances before they can be considered for arctic
use.

Sy~tems for long-term, unatiended use, such as weather or seismic
stations, include batteries and isotnpe-powered devices. Small power
uses will favor batteries and isotope thermoelectric systems. Bat-
teries will likely be restricted to a 2-year life even at low drain
rates, whereas longer life is expected from the isotope systems.

From the above discussion, three advanced types of energy
systems emerge as primary candidates for near-term arctic use. These
include isotope thermoelectric, isotope heat engines, and chemically
powered heat engines. rhe elimination of resupply makes the isotope
systems attractive. The waste heat of the latter two systems provide
for water and waste management, which further reduce logistics and
waste burdens.

ISOTOPE THERMOELECTRIC SYSTEMS

Isotope thermoelectric systems can reliably furnish electrical
power in the range of microwatts to a few kilowatts (Figure 4).
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Specific weights would range from 10-3 watt per pound at the microwatt
level to 1 to 2 watts per pound at the upper power limit. Silicon-
germanium thermoelectric generators have high efficiency at temper-
ature levels of 2000°F, are rugged, and are long-lived. Other systems
use bismuth-telluride or lead-telluride as a conversion material,
but efficiencies are lower and specific power is limited to about
1 watt per pound.

The choice of isotope greatly affects the life potential, specific
power, and generator cost. Plutonium-238, with a half-life of 89 years,
requires little or no nuclear radiation shielding. These systems have
the lowest weight, longest life, and the highest cost. Strontium-90,
with a half-life of 28 years, and cobalt-60, with a half-life of 5
years, are the least costly but are the highest in weight because of
the shielding requirement. As an example, a 1G-watt electrical RTG
oesigned for terrestrial application and shielded to give less than
10 mr per hour at 3 feet will weigh approximately 600 pounds. The
weight of shielding using strontium-90 isotope fuel is about 300
pounds. Costs should be about $20,000 per unit in quantity production.
These weight and cost differences tend to become less significdnt at
electrical power levels below a watt.

Long-lived isotope thermoelectric systems will be an excellent
choice for unattended arctic use. Systems designed for 10-year
unattended use have a capability of about 80,000 watt-hours/pound at
the 1-watt level. Heat to protect other equipment can be made available
directly from the heat source which might be at a tempera ure of
2000'F or as waste from the generator cold site which could be as
hot as 500'F.

Radioisotope thermoclectric generators have a long shelf life,
and therefore would be useful ir. a quick-reaction situation or as ,a
standby power system to protect some emergency life support function
in case of prime power system failure.

The most significant development in these power systeiis has beenf'
the increase of operating life. The multi-Hundred Watt RTG is a space
power system being developed by the Atomic Energy Cemmissien. It is
designed to furnish electrical power for the 10-year Grand Tour
Mission. The generator furnishes about 150 watts and is a LbuLldizg
block for power requirements of over 1 kilowatt. The specific power
approaches 2 watts per pound, which is greater than any generator
built to date.

Another significant development has been the use of plutonium
isotope-fueled generators for heart pacemakers. The power level of
these systems is about 200 microwatts. The weight is less than 0.1
pound. A unit cost ef approximately $2,000 is anticipated. These
systems have been mlniaturized for implantation in the body and are
also designed for a 10-year life. Generators of tris type are expected
to become cominmercially available from several U.S. and foreign
manufacturers. The use of isotope fuels for this and ot. er conmir.ri-'.l
applications is expected to decrease isotope costs.
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The increasing use of reactor central station power plants will
provide more radioisotopes than can be utilized in foreseen applica-
tions. Several important isotopes, such as plutonium and americium,
are byproducts of spent reactor fuel recovery cycles. In the future,
we can expect an increasing use of isotopes for applications which
are now negated by excessive isotope fuel cost.

ISOTOPE HEAT ENGINES

Isotope-powered heat engines also may offer logistic economies.
Figure 5 shows the performance of a Cobalt-60 Organic Rankine system.
The system would produce 2 to 10 kilowatts with a specific power of
about I watt per pound. Useful life is limited since the fuel has a
half-life of only 5 years. Quantity production costE could be about
$450,000, estimating the cobalt-60 price at $13 per watt and using
a cobalt-60 fuel capsule sized at 31.4 thermal kilowatts (now being
developed by the Atomic Energy Commission). It is ada'table to other
power converters, such as Brayton cycles and thermonlectrics, and can
also be used as a thermal power source.

This power system can be adapted to high power level , unattended
situations and to small manned field stations. At a 10-kilowatt
electrical power level and with an efficiency of 25 percent, 30
thermal kilowatts are available for space heating, snow melting, and
potential integrating with water and waste management systems. In
addition to the thermal energy, the gamma radiation from the cobalt-60
source can be used to kill bacteria in snow and ice, or in the sewage
of the field station. Several waste treatment plants using cobalt-60
have been built in the United States. Although plant economics are
controversial, the capability of the cobalt-60 to kill bacteria is
not questioned.

CHEMICAL HEAT ENGINES

Concern with pollution has prompted chemical engine development
activity by both government and commercial interests. This activity
has centered on the use of low pollutant fuels such as propane and
hydrogen, more efficient combustion, and lower specific fuel consump-
tion. Development has mainly focused on engines of 100 to 250 horse-
power for automotive use, with some attention being given to diesels
and gas turbines used for central station power-peaking. In the future,
attention will turn to engines below 100 horsepower, such as those used
for small boats. This activity will ber.efit an arctic program by
reducing air pollution. Certain inherent spinoffs, such as improved
efficiency and decreased cost, may have a more substantial impact.
Increased efficiency and lower fuel consumption would decrease
petroleum logistic costs. Introduction of the gas turbine for high
power automotive use such as trucks and buses will make available
a new class of low-cost slstems in the 250- to 500-horsepower range.

Figure 6 shows the characteristics of a class of low pollution
external combustion engines. Power levels would be from 5 to 100 KWe,
at an acquisition cost of $100 to $200 per KWe. Weights would ue
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approximately equal to equivalently sized diesel engines. The external
combustion process promises low pollution, since burning takes
place continuously and more completely than in an internal combustion
engine. Use of waste energy tends to cool the combustion exhaust,
condense more water vapor, and reduce the arctic "ice fog" problem.

Engine coolant (as *shown in Figure 6) or exhaust can be used
for space heat, and water or waste management functions. Such engines
have the greatest potential for versatile use in the kilowatt 'range,
since they can be used for portable, motive, and permanent stations.
For most arctic applications, these engines will result ini the
lowest costs.

INTEGRATED POWER LIFE SUPPORT SYSTEM

An example in the use of isotopes for life support is the
Radioisotopes for Thermal Energy (RITE) program which-is supported
by the Atomic Energy Commission. Figure 7 illustrates a system
intended for space use. All waste, including urine, feces, wash water
and '-ansport air, is purified, with the water constituent recycled
an'. made potable. Plutonium isotope heat is used to evaporate water',
cdtalytically pyrolize water impurities at a temperature of 12000:,
and incinerate the solid residue. The system, now in a demonstration
phase, is sized to accommodate the life support needs of four men in
a nominal 180-day mission. No electrical power is produced in this
system.

The cobalt-60 heat source now being developed can be used for
thermal energy only, or it can be coupled with a wide variety of
energy conversion systems. A typical system using this heat source
is shown in Figure 8. Here, it is assumed that the heat source will
provide 10 kilowatts of electrical power in addition to thermal and
nuclear radiation energy for the life support function. The potential
water and waste functions could include sea water desalinization by
distillation to provide pure water, or melting of ice and snow but
with the degree of wgter purity being uncertain. Cobalt-60 irradiation
at a level of 2.5xl0 rads will kill bacteria in the water. Thermal
and radiation energy could then be used to purify recycled water, if
desired. Water might be segregated as "black" water which is toilet
flush, urine, feces, etc., and as "white" water which has been used
for washing and does not contain much solids. The white water could
then be either recycled by irradiation and filtering for reuse as
shown, or thrown away. Black water will be rendered nonpollutant by
distillation and irradiation, with the solid residue being incinerated
at temperatures of about 12000F, using either thermal or electrical
energy.

A 10-kilowatt electrical cobalt-60 system can have power genera-
tion efficiencies of 7 to 25 percent, depending on the conversion
scheme. At an efficiency of 25 percent, some 30 kilowatts of waste
heat are available at heat rejection temperatures of 200"F to 400"F.
This is more than adequate for furnishing thermal energy for space
heat and for satisfying the life support function for the assumed
case in Figure 8.
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The weight performance difference between a cobalt-60 system and
a chemical engine for six 5-man, 3-month missions is also shown in
Figure 8. The chemical engine also performs the space heat and life
support function by use of its waste heat, although distillation is
required to obtain pure water. The nuclear system weight of approximately
12,000 pounds is significantly less than the weight of the chemical
engine (approximately 90,000 pounds). The nuclear system, though
still more costly, will be used in specific situations where weight
or resupply is critical.

FUTURE CONCEPTS

Future concepts for a sustained base operation would include a
nuclear reactor as a prime source of electrical and thermal energy.
Figure 9 identifies uses which would tend to reduce the base resupply
problem with minimal environmental pollution. Thermal energy could
be used for space heating, water desalinization, and waste disposal
by distillation. In addition to the normal electrical uses, the plant
could recharge batteries for motive or remote installations, &nd
could reduce significantly the station petroleum product requirements
by producing hydrogen fuel directly from water.

REQUIRED DEVELOPMENTS

The major developments needed in the next 5 years are summarized
in Figure 10. The majority of arctic power applications will be
filfilled by chemical engines. The current intensive development of low-
pollution, high-efficiency engines for automotive use is concentrated
at output power levels abo'e 100-kilowatts, with little activity at
lower output power levels. Arctic programs will benefit in logistics
and low environment pollution with development of external combustion
engines at output power levels below 100 kilowatts.

Several concepts including nuclear may be proposed for long-
term, unattended use. Isotope-powered systems are available and are
probably cost competitive at power levels in the fractional and low
wattage ranges for missions lasting months and years. Power require-
ments for such missions in the low kilowatt range can be fulfilled
by isotope systems currently under development, but their high cost
indicates special situation use. Both of these isotope systems have
had little use in the Arctic. Since the missions infer no-maintenance
capability, these systems must be ultrareliable. In addition, special
requirements such as space or component heating are often added late
in the development cycle. These requirements may be dismissed as not
being design crucial, but often they do adversely affect the system's
reliable performance. Therefore, for successful use of power in a
long-term, unattended situation, there must be an early definition
of requirements, followed by development for the specific application,
even though adaptable hardware already exists.

Integration of power systems with the life support function
promises logistic be ifits using either nurlear or conventionally
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fueled generators. Also, nonpollution of the arctic environment by
even relatively small field parties may be a requirement of the
future. Development of reliable hardware for space and component
heating, snow melting, water purification and waste disposal,
integrated with power systems or otherwise, is required.

4;



ARCTIC LOGISTICS SUPPORT TECHNOLOGY FOR WATER SUPPLY,
AND FOR SEWAGE AND SOLID WASTE DISPOSAL

A. J. Alter
Alaska Department of Environmental Conservation

College, Alaska

Exciting possibilities exist for new concepts in water supply.
sewage disposal, and solid waste disposal. Nowhere are such possibilities
of greater concern than at polar outposts, although development of
new concepts could also convert inadequate and wasteful practices
to deeper purpose in temperate regions.

A review of arctic constraints, environmental management
objectives, and experience leads to a number of questions and some
unusual conclusions.

POLAR REGION CONSTRAINTS

The following cold region constraints are significant:

1. Cold stress is both intense and of long duration
(1,2,3). Differences between interior and exterior
air temperatures may exceed 1401F. Subsurface soil temp-
eratures may be several degrees below freezing even
during the warmest periods when air temperatures may
be above freezing. Using Fahrenheit temperatures, at
Barrow, Alaska, there are approximately 20,000 heating
degree-days, 8,500 freezing degree-days, and
approximately 500 "thawing" degree-days.

"2. Biological reactions are generally retarded by low
temperature. Aerobic reactions appear to tolerate
cold stress with less deformation of anticipated
response than anaerobic reactions. Putrefaction of
organic material takes place slowly. Disease organisms
may remain viable indefinitely under certain cold
stress conditions (4,5).

3. Chemical reactions are generally retarded by cold stress.
Common chemical aisinfection is seriously influenced by
low temperature.

4. Physical forces appear to be the dominant forces in
nature in the Arctic.

5. Available fuel, transportation, supplies and materials,
and skilled manpower are in short supply and relatively
expensive.

261
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6. Almost all costs for facilities and services are high
while at the same time indigenous people have a low
ability to pay for facilities and services.

7. Goals for establishment and maintenance of environmental

quality are now applicable to many arctic operations.

GENERAL COLD REGION OBJECTIVES

Some observers agree that the following general objectives are
applicable in considering arctic water supply, sewage disposal arid
solid waste disposal facilities and services (6 to 13):

1. Concepts should be compatible with site conditions.

2. Each process, facility, and service should withstand
thermal analysis favorably.

3. Practice should provide an effective barrier to
chemical, biological, and physical insult to man
or his enviroriment.

4. Fail-safe procedures and processes should be incorporated
into the system.

5. Energy and other resources should be conserved and
utilized.

6. Simplicity and reliability should be incorporated into
all facilities and services.

7. Requirements for skilled manpower should be kept to
a minimum.

8. Facilities and services should be aesthetically acceptable
and practical.

9. Maximum comfort and safety, required for man's adjustment
to arctic life, should be inherent.

10. Practices should be compatible with the pattern and
sequence of community development.

11. Establishment and maintenance of adequate services should
be economically feasible through use of the chosen
concepts.

PRACTICE AND EXPERIENCE

Little or no change has been made in basic concepts for water
supply and waste disposal in decades. Much effort has been, and is
being, devoted to study and perfection of technology for application
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of old concepts, largely for temperate climate use. Effort to apply
existing concepts, standards, equipment, and methods to polar use has
been directed essentially toward alleviation of effects from cold
stress on conventional temperate climate systems and practices. In
lieu of adequate and detailed understanding of the ramifications
of cold stress, modification and observation of conventional system
performance under cold stress has been the only alternative. Environ-
mental management has been taken seriously only recently, insofar
as the Arctic is concerned.

With some difficulty and often at great expense, cold-stress-
modified, temperate-climate systems have been used in the arctic
basin. Although several installations have been made, operating
systems are few in comparison to need. Most northern communities and
groups have ignored the problem or dismissed the thought of adequate
facilities on grounds that proper facilities are too expensive, too
complicated, and possibly unnecessary.

There should be little wonder at the hesitancy to accept modified
conventional water supply and waste disposal practice for use in
the Arctic. Most of the concepts, technology, equipment, standards,
and practices that are employed in temperate regions are significantly
influenced by temperature. They are "heat loving" if not "heat
requiring" concepts and practices. Water supply source, treatment,
distribution, and storage are subject to undesirable response under
cold stress. Sewage collection, treatment, and disposal as well as
solid waste collection, stabilization, and disposal concepts and
practices are "heat sensitive." Heat is expensive in the Arctic and
insufficient heat will result in system failure.

CONCLUSIONS

Conventional (temperate region) concepts and practices are out
of harmony with the Arctic. It is an uphill battle to maintain heat
sensitive systems in a land largely characterized by its cold stress.
In building foundations in the Arctic, either so-called "passive"
or "active" approaches have been followed. It is even more important
that "passive" or "active" approaches in arctic water supply, sewage
disposal, and solid waste management be adopted. A passive approach
appears most promising in the far north. Systems which utilize cold
as a resource or are nonfrost susceptible offer intriguing promise.

Is there really anything wrong with using cold stress as a
resource in a land where it is dominant and for capture(14)? Can
water be stored in a frozen state instead of in heated reservoirs?
In an unsophisticated manner, indigenous people store their water
as ice. Is the freezing phenomenon an effective process for treating
both fresh water and used water? It desalts, removes dissolved and
suspended solids, and theoretically even excludes bacteria from the
ice crystal. Since water supply sources in the arctic basin may be
from ice, snow, salt water, ponds, lakes, rivers, and sometimes from
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the ground, a wide range of treatment capability is necessary. If
the techi.ology and hardware for utilization of freezing as a treatment
process can be developed, it would appear to offer flexibility with
a minimum of plant. Could modular, portable, compatible systems be
developed for water or wastes?

Would it be possible to use nonfrost susceptible transport
media for transport of water or wastes? Nonfrost susceptible media might
have some application as a mechanism for phase separation.

Although cold is available as a resource, man must de' :nd la-gely
upon imported fuel for combustion to produce heat, light, and power.
Even under the most favorable conditions, much of the energy in the
utilized fuel is rejected to the environment. Is it possible to use
this energy in water and waste processing?

It appears to be unsatisfactory to bury solid wastes. in ice or
frozen ground. Even afir the best of conventional sewage treatment,
some objectionable organic wastes are unstabilized. Incineration
appears to offer the most promise for effective disposal of both
solid wastes and sewage solids. Can such incineration be meaningfully.
related to heating system needs?

Joint consideration of utility needs in living unit concepts,
the community plan, fuel, heat, power, light, water supply, sewa~ge
disposal, and solid waste disposal is fundamental. They are inter-
related. Arctic cold stress affects each. Economy, simplicity, utility,
adequacy, and acceptability are all based on the extent to which
favorable interrelationship can be achieved.

Conventional processes for water supply and waste disposal
require an almost continuous and large input of heat energy to be
effective in the Arctic. Supplying the necessary energy through large
imports of fuel is not realistic. Radical departure from conventional
temperate climate concepts is indicated. Polar solutions must be
developed in response to polar needs. Import of energy must be
conserved and the cold resource must be exploited to fully meet
water supply, sewage disposal, and solid waste management needs in the
Arctic.
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MEDICAL SUPPORT AT ARCTIC RESEARCH STATIONS

P. E. Tyler, M.D.
V.S. Niavy

Washingjton, D.C.

Why should medicine be a topic at a symposium on arctic logistics?
The word logistics is quickly associated with such functions as
transportation, procurement, and storage, but not so readily with
medical aspects. Yet a glance at a dictionary will show how encom-
passing logistics is, and an e:xamination of the medical activities
required to support arctic research stations will reveal why healthy
individuals and their maintenance affect the remaining life support
systems.

In discussing the medical aspects of polar living, the environ-
ment and other available life support systems must also be taken into
account, for all three are closely related and have a direct bearingupon the health of personnel.

Polar living still presents a harsh environment that can at any
time demand from an individual the utmost in physical stamina and
mature judgment so that he can act quickly and positively in order
to survive. ". . :.z±n in excellent physical condition, well
trained, and with a :.._ule, mature personality. They must also be
able to adapt psychologically to a strange, adverse environment and
be congenial with others in a small group if they are to pull their
share of the load, not only in their specific job area or scientific
endeavor but also in the general maintenance and operation of the
station.

The specific environment has a marked influence upon the degree
of medical evaluation undertaken. Will the man be only at a large,
well-manned station such as the Research Laboratory at Point Barrow;
or will he be on a small ice island with very limited resources; or
will he be at a summer camp somewhere on the tundra. In all these
conditions, the primary function of any medical program should be
preventive medicine, with contingency planning in cases of injury
or illness. rhe saying "an ounce of prevention is worth a pound of
cure" is even more apropos for polar areas. Not only are medical
facilities limited in many places, but also easy access to the
available facilities may be limited. When individual,, are lost due
to injury or illness, their replacement is even more difficult.

The selection of personnel is cf prime importance. Particular
emphasis should be placed upon the physical and psychological aspects
of men destined for small polar stations and field parties, where
they will be relatively isolated for weeks or months. The U.S. Navy,

26
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in support of the National Science Foundation's Antarctic Program,
annually screens personnel under consideration for deployment to the
Arintarctic.

The isolation and environment in Antarctica is more severe than
in the Arctic, but the general need for similar physical evaluations
for arctic-bound personnel is still present.

For antarctic duty all personnel--military and civilian.--are
given complete physical examinations, including a dental evaluation,
at selected screening centers and naval hospitals. In addition to
the physical examination, personnel who will winter over (spend
both the summer and winter in Antarctica) are given a psychiatric
evaluation.

The psychiatric screening consists of a written evaluation and
a clinical interview by a psychologist and a psychiatrist. The
written forms elicit relatively standard information concerning
the subject's personal history, motivations, values, and personality
self-descriptions. The clinical interviews are designed primarily
to identify those candidates who manifest psychopathology of such
magnitude as to preclude their selection to winter over. An attempt
is made to describe and evaluate the attitudes, motivaitions, person-
ality traits, defense mechanisms, and behavior patterns that affect
work motivation, social influence, anid personal adjustments in a
small isolated group.

While the problems and environment encountered in the Arctic are
not nearly so severe as those in the Antarctic, and such extensive
evaluations are probably not required for arctic workers, nevertheless
a good physical examination should be mandatory for all pe,'sonnel
going to small research stations or to field camps.

In the selection of personnel, physical factors should include:

1. LAe: Normally younger, stronger, and more active men
have a better chance to withstand the rigors of polar
life. Other things being equal, the ideal age is
between 25 and 45.

2. Cardiovascular system: History of heart disease should
rule o6utany candilTe. Signs of poor circulation such
as cyanotic, pale, and hyperemic extremities should
disqualify a person.

3. Eyes, ears, nose, and throat: Visual acuity should be
sufficient that a man can function should his glasses
become lost or broken. In cases wliere glasses are worn,
several extra pairs should be taken along. History or
evidence of chronic disease of the ears or respiratory
tract should be disqualifying.
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4. Skin: Extensive skin grafts or chronic skin diseases
suchT-as scleroderma and cold urticaria should not be
present.

5. Psychiatric: A well-balanced, mature individual is a
must in _plar environments. Many people who appear to
be well adjusted in our current sociery are unable to
con'e to terms with the polar environment and become
psychiatric casualties. Characteristics to be looked for
include excessive worrying, insomnia, high levels of
anxiety and tension, a history of drug use or behavioral
"stress," drinking, and any serious psychoneurosis.

6. Histor_ Any history of a potentially serious, chronic,
or recurring condition which may become acute should
rule out a candidate. Included are such diseases as
peptic ulcer, gallbladder disease, kidney stone, "chronic
appendicitis," endocrine dyscrasia, recurring headaches,
and backaches.

7. Dental: A complete dental examination should be
Terformed, including X-rays. Caries should be treated
and dead teeth should be treated or removee. Since
limited dental care is available and field conditions
may not always permit adequate brushing of teeth,
excellent dental health should be mandator~y. It has been
stated that the military in Alaska has more trouble
with dental problems than with anything else at remote
sites. In Antarctica, every effort is made to see that
all persons are in Class 1 condition. Yet almost every
time someone slips by with caries or bad molars,
particularly the wisdom teeth, and invariably have to
be evacuted to McMurdo or beyond for treatment.

The second major aspect of polar medical logistics is direct
support for the personnel at the stations. In the Antarctic, because
of the total lack of evacuation capabil~ty during the winter season.
doctors have been considered a must at the larger stations. At the
smaller ones, and during the summer season, highly trained hospital
corpsmen with several years of independent duty have been chosen tn
provide the medical care.

Contrary to the medical support provided in " ie Antarctic,
little professional support has been available to arctic stations.
Part of the reason for not providing trained medical pvsonnel has
been the ready availability of early evacuation from most sites to
an'equate medical facilities in Alaska or Canada.

When planning future arctic research stations, the need for a
physician must be thoroughly evaluated. How many men will be at 1he
statiorn? How long will they remain? Where is the closest medical
facility? How lono w.ill it take te send medical help or evacuate a
patient From tha carmo zite?

;•
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If the decision is made that a physician will not be at the
station, thought must be given to providing some member of the party
wif;; adequate first aid and basic medical training to take care of
the minor problems that will arise. Provisiuns should be made for
continuous radio contact and for the immediate dispatch of medical
support or evacuation of the patient to adequate medical facilities.

Should a physician be selected for a large station, even he should
have additional training. He should be young, healthy, and personally
courageous, for in the polar regions the doctor himself usually has
no medical attention. He must have professional courage and faith in
himself as well, for consultations at best are by radio. Thi- requires
additional training and experience for most recent medical school
graduates, because few medical schools today are producing well-
rounded general practitioners. The tendency over the past few years
in Anerican medicine has been toward specialization, even during the
last year in medical school and internship. Few recent graduates
consider themselves capable of performing emergency surgery.

The physician must learn to practice with limited facilities.
Imagination and ingenuity must be stimulated and encouraged, for polar
space and logistics are so limited that medical practice must take
place without all the fancy equipment, X-rays, or extensive laboratory
facilities expected in most medical practices today. Providing all
personnel have had adequate physical examinations, the preponderance
of injuries will be traumatic. Lacerations, abrasions, and minor
burns are the rule, but fractures, dislocations, and sprains are
frequent enough to require some additional training in orthopedics.

The physician should also be well versed in human dynamics and
plain old-fashioned psychiatry, for the Arctic produces fickle changes
in the weather, unforeseeable changes in plans, frustrations from
difficulties in communication and transportation, and long sexual
cont!.:;cce. The forced isolation in close quarters, with resultant
loss of privacy, causes apprehensions, tensions, and personality
changes that the physician must quickly recognize and treat.

Providing the arctic physician or lay medical personnel with the
tools of his profession requires farsighted planning and coordination.
A standard list of drugs and suppliLs shouid be developed for each
research facility that is based upon the size and isolation from other
medical facilities, and upon whether a physician is present. Special
handling requirements and expiration dates of many drugs present
problems in drug shipment. Many drugs cannot endure freezing, but
biologicals reqJire a constant cold temperature.

Of serious concern is the long interval from the time a drig is
ordered, through its receipt at the station, to its final use.
Because of the discontinuous nature of polar resupply operations
and uncertainty as to when the drug will be used, a drug should still
have a long shelf life when delivered. The normal practice of drug
suppliers is to attempt a continuous flow on a first-in, first-out
basis that consumaes some of the potency period. This necessitates
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special efforts to ensure that drugs are shipped with the longest
possible potency times. Of course, where there is a choice of drugs,
the one without a potency limitation or with the longest potency
period should be chosen.

For personnel remaining at arctic research stations during the
winter months, it would be wise if all were given instructions in
cold weather physiology and the prevention of cold injuries. There
are five primary types of cold injury: chilblains, frostbite, freezing,
immersion foot, and general hypothermia.

Chilblains is the mildest form of dry cold injury, occurring
most often following repeated exposure of bare skin to temperatures
from -60°F to 320 F. Severity is proportional to temperature, humidity,
wind, and frequency of exposure. In accute cases 'the skin gets red,
swollen, hot, tender, and usually itchy. In chronic cases the sklin
is red, rough, and cool.

Frostbite is the most common condition encountered in acute
exposure to extreme dry cold, below 200 F. It depends directly upon
the wind chill factor, duration of exposure, and adequacy'of protection.
It is common on the face, hands, and feet, with a sudden onset of.
blanching of the skin accompanied by a momentary tingling sensation.
There is considerable confusion in the liter&ture concerning termi-
nology. The author prefers only two degrees of injury: first degree--
only blanching, followed by redness and branny desquamation; and
second degree--blister formatiop in 12 to 36 hoirs, follcwed by
sheet desquamation.

Freezing is when ice crystals form in tissues deep in the skin
and the immediate subcutaneous tissues. It occurs most commonly in
the feet and occasionally in the hands and ears. Untreated, it is
painless and the tissues have a pallid, yellowish color and appear
waxy. Freezing is serious and even with proper treatment loss of tissue
can take place with loss of all or part of the extremity. Even if
there is no tissue loss, residual hypesthesias, paresthesias, and
sensitivity to cold in the recovered extremity are very common.

Immersion foot, while not common in the Arctic, can result from
people walking or living on the tundra during the spring and summer
when it is wet and boggy. Dependency and immobility of extremities
aggravate the condition as does the continuous wearing of wet socks
and shoes. The foot becomes cold, swollen, and mottled. Walking
becomes difficult. The skin is anesthetic and deep sensation is
lost. This is followed by a hyperemic phase, where the foot becomes
red, swollen, and not. Blisters form and the patient has a burning
sensation and throbbing pain. Again, tissue loss can take place
because of gangrene, and even recovered cases often retain muscle
weakness, paralysis, cold sensitivity, and recurrent deep pain.

The last problem is general hypothermia, which can be either
acute or chronic. The acute form is usually from immersion in ice
water. In water, the body core temperature falls very rapidly, and
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voluntary control of the muscles is lost, generally within 5 minutes.
'Unless the man can get out of the water within tl-. first few minutes,
he usually will n6t survive.

Chronic hypothermia occurs when a man does not have adequate
shelter or clothing to maintain his body core temperature when
exposed to low environmental temperatures. When the cure temperature
drops below 95*F, the heart rate and b'iood pressure decrease and
the body has uncontrollable shivering in an attempt to increase the
body heat. When the body temperature reaches 80OF to 86 0 F, halluci-
nations, apathy, ýnd narcosis occur. Death usually results from
cardiac arrest when the core temperature reaches 75°F to 80°F.

Problems pertaining to sanitation, wate-, sewage, and garbage
disposal have been discussed by other authors, but it is also appro-
priate to consider them here since they impact upon the health and
welfare of all personnel. Sewage and garbage disposal should be
well away from the station and in areas where, the water supply
cannot be contaminated. During tihe summer season, arctic rats and
flying insects are potenti~al sources for the spread of enteric
diseases, which can assume epidemic orpportions without adequate
controls. Since few sources of fresh water are available in the
Arctic which-are isolated from inhabited areas, all water must be
considered polluted and purification of the water accomplished
prior to drinking. Chlorination or boiling of all Water should be
mandatory at all stations. With the current emphasis on decreasing
the general pollution of our environment, new and novel method' must
be devised to reduce the sewage and sanitationproblems.

The Arctic has many infectious diseases which can present potential
hazards to personnel. Pulmonary tuberculosis has beep widespread in
the native populations and is a potential hazard to anyone exposed
to native personnel. If sanitation is defective, enteric infections
such as salmonella and shigella are hazards. Another area of concern
are animal-borne diseases, especially in the case of scientists
working with wild animals. Most prominent are parasitic diseases
such as fish tapeworm which is contracted from eating inadequately
cooked fish. Tularemia, commonly known as "Rabbit Feaver" and con-
tracted by handling infected rodents, is i-are but endemic in tLe
Arctic. Rabies is also endemic, particularly in foxes, but occasionally
it is also carried by wolves and dogs.

In summary, some of the main topics that must be considered in
providing medical support to personnel operating in the arctic environ-
ment have been presented. Guidelines have been given to the selection
of station personnel to ensure minimal health problems. In all cases
thle emphasis should be on the preventive aspects of medicine, be it
the selection of personnel or the sanitary conditions of the research
station.

Evaluations should be made ýs to the need for a physician at
the research stations. In cases where no physician is assigned,
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someone should be provided an intensive course in emergency first
aid. Provisions should be made to provide medical assistance upon
request. The need for careful planning of medical logistics is
stressed. The uniqueness of arctic living is primarily in the
area of cold weather injury.

i'



A CHALLENGE FOR NEW ARCTIC TECHNOLOGY

L. Zetlin
Lei' Zetlin Ar ,ciates, Inco2?orated

New York, New York

I will share with you a few thoughts on technical innovation--
based on my experiences--that I believe have some bearing on meeting
the challenge of arctic problems. I sincerely believe that we are in
trouble today: on land, in temperate zones, and particularly in our
cities. We need more than our economy can afford, but we are bottle-
necked by traditions. Fortunately, there is a significant effort
today to create cities or industries on the ocean bed and in the
Arctic. I am convinced that these two areas will eventually indicate
to us what to do on land in the temperate zones because these two
areas, the Arctic and the oceao, might free us from our binding
traditions.

When I ask what creative capability would be the most important
to me and to my organization if I were confronted with the problem of
setting up temporary or permanent communities and facilities in the
Arctic, my immediate response would be "technological improvisation."
This response is based on experience, in which I have been confronted
with somewhat similar problems; namely, situations in which I was
required to develop a uniue facility for a different environment:
a project that required a drastic cost reductinn or an entirely
novel function, unique labor conditions and materials, etc. Later
on I will cite some examples of specific projects.

Let me first define what I mean by technological improvisation.
It has always been a creative tool. It has been the motivating force
for the development and greatness of this nation and its industry.
In general, however, we think of improvisation as an arbitrary
impulsive action associated more with intuition than with science.
It is a response associated with the subconscious. Technological
improvisation--a term which I think I originally coined and which
I hope conveys the meaning I have in mind--does not imply less
technology. Quite the opposite, it requires a more thorough scien-
tific knowledge a-d, what is more important, a knowledge of all
technological fields rather than just in-depth specialization in
one branch. To exercise creativity, imagination, and improvisation,
the knowledge of technology and science, including modern methodologies
such as systems analysis, should be so thorough that it becomes a
sixth sense in solving a problem.

Again, improvisation ib normally associated with an individual
rather than witn an organization or team of people; however, technolog-
ical improvisation can be generated by an organized team of scientists
and technicians who are properly managed. I will discuss some examples
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of how this has been achieved in a few cases in which I have been
involved. To find out how to develop technological improvisation with
a team, let us review the normal and conventional procedures for
producing a product and also analyze the human creative process. I
will confine my comments to structural mechanics and civil engineering
since I know these best, but I believe the logic and principles will
hold for any field of endeavor.

First, the conventional process. Whenever one needs a facility,
let us say an airplane hangar in the desert, we first predetermine
the form of the hangar on the basis of how we would build it in
temperate zones. Then we try to fit the materials and fabrication
techniques which can be made available in the desert to the concept
which was originated and first adapted to temperate climates. Some-
times we do introduce new material and construction techniques that
are more suitable to the hot desert climate, but they are a second
echelon effort. This process of concept first and production tech-
niques second, however, is in most cases wrong, particularly with
our modern technology. Many failures in undertakings and cost occurred
Lnrough this kind of approach to construction in the Arctic.

On the other hand, considerable success with great economic
advantage has come out of a slightly different process in which we
start without any preconceived concepts, such as that for the hangar.
The only starting place should be overall function and the vast
knowledge of available technology in materials, fabrication, labor,
etc. With this approach you end up with an entirely different hangar
concept from the conventional one, but one which incorporates the
optimum of all factors (nothing has been forced into it).

Let us turn now to the analysis of creative design and construction
practice. It consists of the simultaneous combination of three
fields of human knowledge and ability (namely, craft, the art of
engineering, and science). For today's purpose I will define craft
as handiwork experience gained through long periods of time, probably
generations. In exercising craft one does not need to involve inner
feel or any methodical reasoning. For example, onc may be able to
lay a good masonry wall or to drive nails through a timber connection
through proper apprenticeship without any inner feel, or the ability
to read or write, or a knowledge of differential calculus. Craft
is almost extinct. I do not think it is essential in construction;
it is definitely not needed for innovation or problem solving.

Science and specialized technology alone -re too rigid and trwc,
systematized for solving problems with numerous unknowns that cannot
be tabulated or mathematically evaluated. What will do the trick is a
sound scientific approach mixed with the art of engineering: a "feel"
of engineering. The latter is not a talent that a person is born
with. It is a sixth sense that is developed through experience and
through knowledge of engineering. Thus the contributions of engineering
are the systematic application of scientific tools and methodology
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from various fields of endeavor rather than one specialized field:
1'they constitute technological improvisation. Versatility is the
key ingredient and not just specialization in depth. A team of
scientists forced to use imagination, engineering "feel," and
engineering skill based on sc:*ntific principles will produce the
necessary breakthroughs. But, a word of caution: imagination and
feel that are arbitrary and cannot be backed by sound scientific
principles can do harm, and we know there have been many attempts
of this nature.

Now, let us go over some specific examples, based on my years
of experience with proven results, to exemplify what I am recommending.
You will see that i am driving at the human element, the human element
that comes on top of all the methodology that we have. I am a scientist
who has been schooled in the use of mathematics and all the tools that
we have. But when we come into new areas, we must add something--the
sixth sense that I am ,-ecommending. It has been proved that this
sixth sense can also be developed in a team working on an interdis-
ciplinary project.

First consider a bridge made out of paper. An attemp. to design
one was made in some places for a year and a half. Heretofore, a
bridge was supposed ",.o be constructed with girders and slabs, and
others tried to build girders and slabs of paper. The effort failed,
and it was an expensive failure. Instead, you take the ideas which
I have been talking about and you come up with a "molecular" concept
that is based on the inherent qualities of paper. The concept is based
on knowledge gained from other fields--not just bridge design and
paper, A bridge (Figure 1) was constructed using this concept, and it
weighed one-tenth the live load. This is just the reverse of the
usual situation. Normally, bridges weigh more than ten times the
live load. The bridge, built in l.as Vegas, carries many truck movements
and cost $10,000. It can be emplaced by a helicopter and can last 50
years.

"Another example concerns the airlines. They have a $10 billion
construction program over tne next ten years. Up to now, the airlines
built their facilities the way they had always built them, only
bigger, so costs were rising rapidly. By takirg a differe.ft approach--
and I am talking abou- an effort involving versatility anc a lot of
knowledge put toge .her with at, open trind .- $!0 million worth of hangars
have been com~pleted in Los Argeles an6 San Francisco at a cost saving
of 30 pcrcent. The idea was tc discard t.•e old conrcepts and look at
the problem from the standpoint of what is easiest for, manufactur'Ing
t to produce, since mdnufactu-ing is an important ingredieut in what-
ever we want to do.

Again, this is not the normal way, since normally we come up
with a concept and then force the consiruction industry to produce
it. The gigantic hangar (Figure ) that was constructed is equivalent
in area to four football fields and can house a 12-story building.
It is made of identical pieces of thin gauge metal which have been
produced in si,, different 'locations around the United States, shipped
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to Los Angeles, and erected in about one-third the usual time. The
whole approach is just like a chess game: what components do you
shift-fit where.

Here is another example. The State Department wanted a portable
theater that could be set up in Alaska, Indonesia, or in other
locations with diverse climates. It had to be light and suitable
for erection and dismantling by unskilled labor. A theater for
2,000 people designed by the conventional concept could never meet
such specifications. However, by discarding conventional concepts,
you can design a theater with but three major components (Figure 3).
Everything is portable, and it is stabilized by water pressure
through rubber gaskets between each fluted section. It will even
withstand the force of hurricanes. It can be built by the boat
industry and it will meet all requirements. The boat industry in
itself would not have produced it; neither would a specialized
civil engineerino organization; nor even the space industry. But, by
using all disc'plines together with engineering improvisation, we got
what was needed.

Another example involved he New York City Port Authority,
which built a new pier in the water at La Guardia Airport (Figure 4
and 5). It was designed adequately in accordance with t'e book--like
the roof of a warehouse. The pier was designed for a B-727, but then
the DC-1O came on the drawing boards. Economics dictated that this
new plane must land at La Guardia. So the first thought was to
reinforce the whole pier so that it could accommodate a DC-IO, which
is three times as heavy as a B-727.

But, if you look into knowledge beyond civil engineering, you
find that the response of a pier to an airplane is different from
the response of a warehouse roof to snow loads. Through methodology
alone it has been proved that this pier, without any strengthening,
can be used for a OC-lO. Again, I would like to say that neither
individuals nor revolutionary scientific breakthroughs were involved.
It was simply another case of improvisation.

One final example I will give is indicative of the potential
that exists. A terminal costing $90 million has been designed (Figu.-e
6). It is for Boston and is the usual type of terminal with large
spurs, much space for counters, etc. Also, for other uses by the
airlines a 10-foot square tube has been developed to connect the
terminal with the airplane (it is 100 feet lo;g). Through improvisation,
it was foLnd that by stacking tubes one on top of the other and one
next to the other (Figure 7), you could actually create a terminal
that is conceptually new and looks different, but that does the job
of a terminal at a cost of only $7 million instead of $90 million.
This dgain is a classic example. The reason the terminal cost was
set at $90 million is because the first man who put lines on paper
for it assumed that it would be like the ones at D~iles and elsewhere
which have beer built during past years.

I
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Fi gure 41. La Guardia Runway Pier Extension
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Figure 5. Structural Eleinents of La Guardia Airport Pier
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Two final comments: I believe that we are at the threshold of
a revolution not only of new materials and new construction techniques
but also of new building componeots. We bu~ild our structures today
so that they resist loads through static material rather than
kinetic considerations. Many building loads are temporary, and
temporary loads can be resisted kinetically: by springs, oil pressure,
etc. I think that the Arctic is an ideal situation for the use
of these gadgets. I know that doll-ars and'time represent fractions of
what would otherwise be required. Our industry today cannot take
advantage of the revolutionary materials which are available. For
example, there are materials a hundred times stronger than steel,
but we cannot use them because our concepts of structures do not
fit either the new materials or the design "books." We have to get
away from books and go back to technological improvisation.

My firm has made a study fcr the airline industry dealing with
their construction during the next 10 years. The study has been ,
tailored to anticipated progress in technology--not just constructiol
technology, but all technology. The interesting thing is that while
construction costs have been going up at the rate of 15 to 20 percent'
per year, a construction cost curve shows that this can be reversed.
In fact, it will be possible to build in the 1980's at a fraction
of what it costs today, if it is done right.

What I have been discussing is not just in the imagination of
an author or an artist. What I have discussed~is true technology,
real things taken from real projects. Novel techniques and fresh
approaches make items simpler, faster, portable, often interchangeable,
and less costly than conventional practices . With this new approach,
we can predict the kind of behavior that a structure we ci~eate will
exhibit, and we must be 100 percent right (99 percent is not good
enough). Today our methodology and simulation techniques are good
enough to allow this. That is why I said that craft, is a thing'of
the past, because in crafts you do the way everyone else did before
you. Let us not forget that the concepts I have shown do not require
highly skilled labor.

The challenge is here but so are the tools to meet it. Whaf
we have to do is to gear properly f3r the challenge, and it will
not be by taking a house like we have here in Hershey and plunking
it down in the Arctic (this also applies to a jetty or a highway).
The availability of technology today is so vast that its potential
for man's benefit has not even been scratched. This is the, great
challenge of the Arctic.


