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Future 
Transportation 

Needs 
of 

the 
Arctic 

For many years George Knight has been recognized as an authority on arctic 
hard transportation systems. As a principal investigator for the Institute of Arctic 
Environmental Engineering since its infancy as the Arctic Environmental Engineer
ing Laboratory, he has directed various research profects related to highways and 
appurtenances. He is presently involved in research applicable to North S"Wpe trans
portation, especially the interplay of engineering facilities and ground environmental 
parameters; e.g. the ARGO Test Road. 

Hard transportation systems will be the cornerstone necessary for eco
nomical development of the Arctic. Utilization of aircraft to transport low value 
products such as crude oil and mineral ores becomes prohibitive when costs 
far exceed market values, and marine routes are for the most part seasonal 
pathways. Highways, railroads and pipelines are still the lowest cost-per-pound 
means, and the most reliable. 

The White Pass and Yukon Railroad from Whitehorse to Skagway is a 
prime example of how the natural resources of Canada, both copper concen· 
trate and asbestos, are being moved economically from the Arctic and sub
Arctic to world markets. Rail extensions through central Canada, and Alaska, 
will probably come about, and in many minds this is an important mode that 
other systems cannot match economically. 

Highways, of course, are mandatory for proper development of any area. 
There are probably 1 00 miles of year-round roads in the Prudhoe Bay area 
alone at the present time, a system still unlinked, however to subarctic facili
ties and therefore unlinked to world markets. Should the proposed trans-Alaska 
pipeline become fact, the adjoining haul road may become the incipient link 
between North Slope production and the Fairbanks junction to the rest of the 
world. 

There is no doubt the transportation needs of the North American Arctic 
can be fulfilled, as they have been in Europe and Asia, economically and 
without undue damage to the environment. The constraints are high, the 
design parameters complicated. But quality factors have come into focus, and 
solutions-though perhaps not yet the most economical-have been arrived at. 
There have been problems, and there have been discoveries, and the high cast 
of arctic logistics will not prevail forever. 

-George R. Knight 
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SEV'S FOR THE ARCTIC 
A. W. COURTIAL 

(Conderued from "Surface-Effect-Ve
hicle [SEV] Development For Arctic 
Operatioru,, National . Aeronautic and 
Space Engineering and Manufacturing 
Meeting, Los Angeles, Calif., October 
5-8, 1970, Society of Automotive Engi
neers technical paper 700839.) 

Since March 1968 when drillers 
struck oil at Prudhoe Bay the import
ance of surface mobility has become 
vital to the development of the oil 
fields and the solution to "getting it 
out" has not been resolved. Hence, 
the problem of transport over the land 
masses and adjoining seas is no long
er a short term (5-1 0 years) program 
but rather is NOW as far as economic 
development aspects of Alaska are 
concerned through the media of oil. 
Even transport of oil through the pro
posed Trans-Alaska Pipeline System 
has been halted while State and Fed
eral Agencies consider TAPS plans. 
The key issue is how much of the pipe 
will be buried in the permafrost and 
how much will be elevated above it. 

The use of surface effect technology 
(for craft sizes beyond the state-of
the-art) will require the awaiting of 
precise mission definition for applica
tion in the scientific research and 
military roles and is basically long 
term. However, at the . present time, 
and considering the locale of envisi
oned operations the use of specifical
ly tailored craft to meet the require
ments for geophysical survey, trans
portation of materials and supplies 
peculiar to the "slowed down" North 
Slope oil fields on a year around 
basis is well within the state-of-the
art of the SEV technical and manufac
turing community. Such craft can 
range from small scout (1 to 5 place 
machines) to craft sizes that are cap
able of transporting payloads of 15 
to 70 tons over the year around en
vironment of the area north of the 
Brooks Range, the Yukon Valley, 
Northern Canada, and the rivers of 
these areas. The scout type craft en
visioned as a low priced personnel 
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carrier could be designed as a vehicle 
to take over when terrain conditions 
do not permit operation of snowmo
biles, light tracked vehicles, etc. 
Operation of these craft would be 
roughly May through October. The 
larger craft would be designed for 
year around heavy duty operation in 
all weather conditions. 

The SEV has already been intro
duced to the North Slope (i.e., the oil 
field) and results indicate that the 
SEV is an unique method for the 
needed break-through in surface mo
bility. A reasonable survey of the 
North Slope is required to quantify 
the terrain in terms of slope, depth 
and width of troughs and ditches on 
a min/ max basis, etc. The topography 
changes during the "freeze" when 
snow and ice alter the above men
tioned features. Therefore data is de
sired for all seasons. From such in
formation, when correlated to a grid 
system superimposed on the area, de
viation from straight line courses can 
be considered and SEV operation can 
be analyzed with respect to a spec
trum of craft sizes visualized for ef
fective uses. The work performed by 
SRN-6's in the oil strike region has 
provided valuable information such 
that evolutionary designs have been 
projected for specific application in 
the discovery oil fields. An extension 
of the above work could be carried 
out in the Canadian north country as 
the need develops. 

Experience on how the SEV affects 
the tundra is limited and more work 
is needed in this field if ecologists and 
conservationists are to be convinced 
that the SEV is not another of man's 
inventions that will desecrate the sur
face. 

Typical cushion pressures of present 
SEV amphibious craft are in the range 
of 0.1 to 0.5 psi and the trend is to 
operate at a low gap (i.e., the verti
cal distance between the bottom of 
the skirt and the surface), to reduce 
lift power requirements. Due to craft 
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trim a portion of the skirt will usually 
be in ground contact. The cushion 
pressure for large SEV's (500 tons and 
up) could conceivably exceed 1.0 psi 
with higher exit velocities. Although 
past experience using the SRN-6 on 
the North Slope in 1969 did not re
veal any detrimental effects to the 
tundra, it is necessary to examine to 
what extent large-scale SEV opera
tions will disturb the underlying ter
rain. A long-term research program 
at Barrow, Alaska designed for in
tensive study of all aspects of the 
tundra ecosystem provides an ideal 
site for study of interaction between 
environment and SEV systems. Much 
of the data relating to the tundra is 
already available-what is needed is 
simulation of the predicted cushion 
pressures on the tundra to develop 
the data required for future design 
criteria. 

At present the SEV is the only sur
face vehicle that has not been banned 
from operation on the North Slope 
during the thaw period which usually 
extends from May through October 
and is the time of the year when the 
climate is best for overall working 
conditions. 

Hard Bottom 

Flexible Appendage 

Solid Side Wall 

Figure 1. Types of SEV's 
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Figure 2. Seismic SRN-6 on Alaska's North Slope 

Regardless of craft size it is desir
able that they be capable of transi
tion through the sea-land intersur
face. This capability is more a matter 
of knowledge of the terrain rather 
than craft development. A significant 
portion of the Arctic coast is charac
terized by nearly vertical sea cliffs 
and bluffs. During the winter drifted 
snow packs and tends to convert ver
tical faces to ramps. Through slow
speed low-altitude reconnaisance, 
coasts can be charted to delineate re
maining obstacles since the major 
ones are already sufficiently known. 

Future Arctic SEV's depicted for a 
multiplicity of operations over the 
land masses and inland waterways 
of the Arctic regions are within the 
SEV state-of-the-art and their devel
opments are considered evolutionary. 
In contrast, the SEV for operations in 
the Arctic Ocean by necessity must be 
much larger in size for obvious rea
sons and consequently, will involve 
new development concepts. 

Some basic characteristics of these 
craft are: 

1. Ability to safely traverse or 
circumnavigate most of the ob
stacles found in the Arctic 
Ocean. 

2. Large payloads to accommodate 
personnel and crew quarters, 
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fuel for long range and endur
ance, research equipment, etc. 

3. Ability to survive the elements 
and have a "get home capa
bility." 

Such craft will probably be in size 
ranges of 500 to 1 000 tons or more. 

Much time has been spent over the 
years by early pioneers and more re
cently (the last 30 years) by scientists 
and researchers in gathering informa
tion on the Arctic Ocean environment. 
The circulation of the ice fields, why 
pressure ridges form, and the nature 
and formation of the different forms 
of ice are well known. However, the 
SEV designer needs information on 
the environment which is reduced to 
numerical form. Calculation of per
formance and propulsor require
ments, structural criteria, etc., should 
not be based on qualitative environ
mental data alone. An Arctic expert 
and scientist is quoted* "We who 
have spent quite a bit of time gather
ing information about the Arctic 
Ocean environment and have at least 
seen and drifted on a lot of sea ice 
are continually being asked by en
gineers, with the best of intentions, 
to give them a numerical value or an 

*"Recommendations for an Arctic Research Pro
gram in Support of the Design of a Surface
Effect Vehicle System." The Arctic Institute of 
North America, January 1970. 
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equation for the thickness of ice, its 
strength, its roughness parameters, 
the average floe size, fracture spac
ing, and related data. These are very 
reasonable questions, and the infor
mation is essential if one is going to 
design adequately for the environ
ment. Unfortunately, at our present 
stage of data analysis-not necessari
ly our pr~sent stage of field informa
tion-we are unable to give a mean
ingful answer to those questions. Our 
first reaction is often that there is no 
single answer; that there is not any 
figure that is useful for the average 
thickness of sea ice of the Arctic 
Ocean; that there is not any useful 
number, except a very extreme one, 
that can be given to the height of 
pressure ridges. Of course there are 
answers to all of these questions but 
we are not yet able to turn the three
dimensional and regional information 
that we have in large volume and 
throughout most of the year into en
gineering parameters that are of any 
use to designers. Our information gap 
is worst at the analysis stage at this 
time." 

Briefly, the SEV developer needs 
sufficient statistical information on 
the nature of the surface roughness 
elements on a percentage of area 
basis coupled with prediction of 
yearly movement of shifting. Ration
ale may then be developed to exam
ine how much of the terrain can be 
directly attacked or must be avoided 
as a function of craft sizing within 
practical limits of forseeable tech
nology and/ or requirements. 

In the past eight years there has 
been a marked increase in explora
tion and developing for market the 
natural resources that lie above the 
Arctic Circle, both in Alaska and Can
ada. Scientific agencies of these coun
tries have also stepped up research 
in the frigid zone. With an increase 
in activity in these areas comes the 
cry from conservationists that the na
tural beauty, wildlife, etc., will be de
stroyed unless proper controls are ex
ercised, yet the need for developing 
the natural resources are vital to the 
needs of our country in view of 
swdindling supplies elsewhere in the 
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world and increases in yearly con
sumption. 

Air transport coupled with season
al water transport presently serves 
the basic logistics requirements for 
moving people, materials, etc., to the 
north. Normal means of transport in 
the area is hampered by the fact that 
present surface vehicles are limited in 
use at various times of the year due 
to their inability to satisfy off-road
mobility requirements. Nor is it en
visioned that improvements in any 
one form of transport will be the 
answer. However, due to the type of 
terrain in the Arctic a significant im
provement in surface mobility (both 
over land or over water and ice) can 
be achieved by a craft that operates 
in close proximity to the surface. 

A decade of evolution has pro
duced such a vehicle-the SEV. This 
craft has many unique capabilities 
and is applicable to a wide variety of 
uses. 

The state-of-the-art is such that 
craft can be built to fit into the trans
port system in the north and take 
over when present vehicles (both 
land and water) are made immobile 
due to the environment. The techno
logy to produce such craft exists now. 

Large SEV's for deep penetration 
into the Arctic basin are considered 
feasible but will require an organized 
research and development program 
extending into the next decade before 
the expertise is developed to build 
such a vehicle. 

A. W. Courtial, Technkal Director, Air Cush. 
ion Vehicle Development, New Orleans Opera
tions, Bell Aerospace Division of Textron, 
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WINTER ROAD CONSTRUCTION 
IN LABRADOR 

G. McCORMICK 

The best seasons for constructing 
roads in northern conditions are un
doubtedly summer and fall. Owing to 
the shortness of these two seasons, 
the amount of road that can be built 
under any one contract in one year is 
limited and the costs are usually very 
high when compared with road con
struction in more southerly climates. 
Because the amount of road construc
tion in the north has been quite lim
ited up to the present, the shortness 
of the season has not been a very 
great handicap. However, with the 
accelerating rate of development in 
the north, it is obvious that some way 
must be found to extend the construc
tion season if construction schedules 
on large projects are to be maintained 
at an economic level. In large con
struction projects, the scheduling is 
often governed more by financial 
than strict engineering considerations, 
so that some work has to be done 
during unfavorable times of the year. 

During the winter of 1966-67 the 
writer was employed on a large hy
droelectric project in central Labrador. 
The location of the project was about 
700 air miles northeast of Montreal 
and over a hundred miles from the 
nearest railway. 

The site lay within the region of 
discontinuous permafrost. As far as 
the writer is aware, no permafrost 
was actually encountered in the area. 
A trail, which was usable for most of 
the year, had already been construct
ed to within 20 miles of the project. 
It was necessary to build a road to the 
project site and, owing to the tight 
schedule available, this road had to 
be built in the winter. 

The topography along the route 
was not unduly difficult for road con
struction, there being an absence of 
steep gradients and a lack of large 
streams. The soils consisted of silty
sand and glacial till (which was main
ly silt with an open texture). Most 
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sources of borrow were found in ridg
es and small hills. All the borrow pits 
contained large quantities of boul
ders, so that it was not possible to use 
scrapers. The equipment used consist
ed of 13-cubic-yard dump trucks, bull
dozers, shovels, a grader, and load
ers. 

Construction commenced in late 
November of 1966 and continued 
through the winter and following 
spring. The weather was quite mild 
up to Christmas, after which it be
came more severe. Table I shows the 
data for minimum, maximum and 
m e a n monthly temperatures, and 
monthly snowfall from the nearest 
weather stations. The work was or
ganized using two 1 0-h'our shifts per 
day, six days per week. Placement of 
embankment material was carried out 
on every shift without regard to the 
snowfall or the temperature. No com
paction equipment was available and 
the only compaction the material re
ceived was from the passage of trucks 
and bulldozers. 

The embankment material was 
placed by end dumping. Each truck 
would approach the head of the roadl 
turn around and reverse to the end of 
the embankment where the load was 
dumped. The load was pushed by a 
bulldozer while the next vehicle was 
coming into position. 

At the commencement of construc
tion, there were no culverts delivered 
and, for the first three miles or so, 
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culverts were placed later. In placing 
these culverts in the embankment al
ready constructed, it was necessary 
to drill and blast a trench through the 
embankment. After culverts were de
livered to the job site, culverts were 
placed at the end of the embankment 
and the fill placed over them. 

Owing to the high boulder content 
in the ground, ditching had to be car
ried out by means of a large backhoe. 
It soon became evident that this was 
not possible during the winter and 
ditching was therefore left until the 
following summer. In general, the 
alignment of the road was roughly 
parallel to the contours. 

The heavy snowfall created diffi
culties in placing grade stakes. After 
a brief attempt had been made to 
place grade stakes in the convention
al manner, this method was aban
doned and the grade of the road was 
indicated by placing short lengths of 
lath on four-foot-long stakes driven 
into the ground along the base line. 
These stakes were placed every hun
dred feet and the cut, or fill, relative 
to the top of the lath was indicated on 
the lath. 

Another difficulty caused by the 
heavy snowall was in the correct 
placement of culverts. Owing to slight 
changes in the topography being dis
guised by the heavy snowfall, several 
culverts were placed up to 20 feet 
from the correct position. The results 
of this misplacement became evident 
in the spring and some culverts had to 
be taken out and replaced. 

In the spring, the road surface de
teriorated with the thaw. However, 
owing to the requirements of the con
struction schedule, it was necessary to 
move in heavy equipment and sup
plies along the road to the job site. 
During this time, graders patrolled 
the road and some surface gravelling 
was carried out. Traffic used the road 
every day and it was never necessary 
to close it. The lack of a ditch on the 
uphill side of the road caused some 
anxiety but in only one place did 
water actually run across the embank
ment. 

It is obvious that some settlement 
of the embankment must have taken 
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WEATHER DATA 
CENTRAL LABRADOR 

1966-67 

Minimum Temperature (°F) -11 -32 -42 -38 -40 -20 

Mean Temperature (oF) 15 -1 -11 -14 -3 14 

Snowfall (inches) 18 35 33 18 6 18 

NOTE: Temperature data is for Twin Falls (situated approximately 20 miles west of job site). 
Snowfall dote is for Wobush Lake Airport (situated approximately 180 miles west of job site). 
All values have been rounded off to nearest whole number. 
Source: Monthly Record of Meteorological Observations in Canada, Department of Transport. 

Table 

place during the thaw. Such settle
ment would have been disguised by 
the constant maintenance carried out 
by the grader. Despite the high snow 
fall, severe temperatures and poor 
borrow material, the road stood up 
and performed its function adequate
ly. This experience has convinced the 
writer that winter construction of 
roads is perfectly feasible and may 
very often be more economic than 
construction carried out only during 
the summer. In this particular case, 
the extra cost of building the road in 
the winter was more than offset by 
the gains in time made for the project 
as a whole. Where road contracts are 
contemplated in which the amount of 
work will be too much for one sum
mer and fall season, it may well be 
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that a year-round building program 
would be more economic. 

A word of caution should be add
ed to this account. In many perma
frost areas, the foundations of light 
buildings will consist of an earth or 
gravel pad placed on the ground sur
face on which would be placed a 
building supported on blocks. If such 
pads are placed when the material 
is frozen the resulting differential set
tlements when thaw takes place will 
almost certainly be too much for any 
small building to stand. This winter 
construction technique would there
fore not be applicable for building 
foundations or pads for tank farms. 

G. McCormick, R. M. Hardy & Assoc. Ltd., 
10214 112 Street, Edmonton 12, Alberta'. 

_ .. ~.~-· 

The Northern Engineer 



LIFT FANS AND THE NORTH 
DONALD F. LYNCH 

The bush pilots of the North are 
popularly and correctly given credit 
for courage and fortitude. What is 
sometimes forgotten, however, is that 
the employment of a multitude of 
light aircraft to provide basic trans
portation services over an extremely 
large area is both uneconomical and 
unreliable. The future of the North, 
which covers twenty per cent of the 
earth's land surface, is dependent an 
the development and utilization of 
low cost and effective transportation 
systems. Highways and railways, or 
other surface systems, are costly and 
time consuming to construct and in
volve critical decisions on long range 
revelopment possibilities. The history 
of Northern surface transportation 
systems suggests that they are con
structed after lengthy preliminary dis
cussions, and then often only under 
the pressure of a major international 
crisis. This was true of the Alcon High
way and the railroad to Murmansk. 

Aircraft systems involve significant
ly lower total investment costs, can be 
redeployed elsewhere should routes 
be uneconomical, and for many pur
poses are less costly if properly de
signed. The enormous changes in air 
transportation during the last two 
decades provide examples of the utili
ty of aircraft. Long distance commer
cial passenger traffic is now almost 
exclusively in the hands of airlines be
cause of the greater speed, lower 
costs, and perhaps reliability of air as 
compared to ground service, and air 
cargo has become quite common and 
will improve with the declining costs 
associated with cargo versions of the 
7 47 and C-5A. 

More than a decade of military 
research and development has cre
ated a wide range of potentials for 
civilian utilization. Major aircraft 
problem areas in the North have 
been addressed in military system de
velopment. Among these are the need 
for precise guidance and navigation 
systems that are dependent neither 
on numerous ground facilities nor on 
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the vagaries of magnetic directions. 
LORAN and OMEGA, utilizing few 
ground stations, and the various iner
tial, doppler inertial, radar altimeter, 
and other on-board systems hold real 
promise for enabling an aircraft al· 
ways to know its position under nor
thern conditions. Another critical 
problem is the great expense of con
structing, operating and maintaining 
airfields in the North. This too has 
been faced with the development of 
systems enabling aircraft to employ 
air strips of very limited capabilities. 
In addition to the helicopter, these 
include jet assisted take off systems, 
improved landing carriages, and an 
entire family of experimental V/STOL 
aircraft. 

V/STOL (Vertical/Short Take Off 
and Landing) vehicles have been test
ed which utilize direct lift, rotary 
wing, tilt wing, tilt rotor, deflected 
slip stream, and lift fans. Vectored 
thrust is an operational reality in the 
British Harrier tactical fighter which 
went into production for the Royal 
Air Force in 1967 and is being con
sidered for adoption by the United 
States Marine Corps. While probably 
uneconomical for commercial uses, 
vectored thrust is ideal for a fighter 
because it permits forward position
ing and dispersion and provides a 
combat maneuver capability probab
ly unequalled by any other aircraft. 
The rotary wing, tilt wing, tilt rotor 
and deflected slip stream vehicles, 
while successfully flown, have some 
major handicaps. The machinery for 
moving the wings and engines is 
complicated and subject to failure, 
and each system seems to be inher
ently unstable in an engine-out con
dition during landing or take-off. In 
addition, most of these aircraft are 
propeller driven which limits block 
speeds and flight altitudes. They may 
have difficulty in flying over danger
ous weather conditions and moun· 
tainous terrain. If an engine fails 
during flight, an emergency landing 
in anything but a conventional mode 
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would be hazardous. Finally, they 
would be far less maneuverable in a 
box canyon or other confined area 
than would the direct lift or lift fan 
vehicles, Their proper role is prob
ably restricted to that of the military 
light intra-theater transport (LIT), 
where these handicaps may prove 
acceptable due to the relatively lim
ited radius of action necessary. 

The lift fan, on the other hand, dis· 
plays some interesting potentials. It 
is a twin or multi-engined jet aircraft 
which employs a system for diverting 
engine thrust to a set of fans located 
in the wings and fuselage. The fans 
provide an approximately three to 
one increase in thrust which can be 
vectored throughout the lower vehide 
hemisphere. This enables the vehicle 
to attain vertical landing and take
off with a thrust to total vehicle 
weight ratio of far less than one. In 
addition, due to the simplicity af the 
system, transition from horizontal to 
vertical flight can be accomplished 
rapidly, a significant advantage in 
an emergency situation, one which 
permits extremely small turning radii 
and could provide a capability for 
flying backwards. In confined spaces, 
lift fans offer high maneuverability as 
well as the capability to hover for 
extended periods of time. Tests have 
shown that this vehicle is capable of 
landing and taking off from almost 
all surfaces, including those covered 
with shallow water. A lost pilot could 
land or hover almost anywhere. 

With the fans dosed, the vehicle 
performs as a jet aircraft, which 
means high block speeds and capa
bilities for overflying foul weather 
conditions and mountainous areas. 
The overriding advantage af the lift 
fan, however, is that by using multi
ple engines and rapid thrust diversion 
the vehicle can land and take off in a 
vertical, stol, or conventional modes 
with one engine out. The provision 
of a vertical capability insures safe 
and reliable performance in the short 
take-off and landing mode, some
thing lacking in all other VI STOL 
concepts. 

The lift fan aircraft flying today 
and most advanced design concepts 
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have been developed around military 
design points, which include configur
ing the propulsion system to high 
ambient air temperature, that is low 
air density, conditions. For example, 
the Ryan Model 230 concept for the 
Combat Air Rescue Aircraft is de
signed to hover out of ground effect 
at 6,000 feet altitude and 95°F hot 
day conditions with a gross mid-mis
sion weight of 21,7 50 pounds, a 
rather extreme requirement for the 
North. Indeed, the lift fan propulsion 
system- .s~c,uld ·achieve greatest effi
ciency iri ext~emely low temperature 
situations. 

Employing lift fan concepts and 
modern guidance and navigation 
systems, there is no particular techni
cal reason why a vehicle tailored to 
the environments of the North could 
not be developed and produced. 
Some studies (admittedly limited) sug
gest that lift fans could be competi
tive with conventional aircraft even 
in the lower Forty-Eight where air
fields and alternative means of trans
portation are readily available. In the 
North, a lift fan system with its own, 
on-board guidance and navigation 
system, could probably provide relia-
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ble and safe transportation for goods 
and peoples at a significantly lower 
cost than that of the present. Existing, 
unimproved surfaces could be safely 
utilized without the need for ex
pensive ground control and approach 
facilities. The lift fan concept, for ex
ample, could eliminate the supply 
problems faced in Anaktuvuk Pass 
this winter. In addition, a lift fan sys
tem configured for the North would 
probably also prove suitable for the 
needs of third level carriers and · 

· others in the lower Forty-Eight1• 

With the exception of the helicop
ter, with its obvious military and es
pecially tactical advantages, VI STOl 
systems have suffered from a lack of 
military funding in the United States. 
The initial approaches covered almost 
the entire spectrum of technical pos
sibilities, including at least one flight 
test vehicle for each approach. How
ever, the Light Intra-Theater Trans
port, Combat Air Rescue Aircraft and 
similar programs died due to the 
higher priority assigned other wea
pons systems. The Harrier, supported 

lDonold F. lynch, "A Possible Application of 
V / STOll Technology," The Professional Geogra
pher, July, 1969, pp. 219-222. 

V/STOL in adion 
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by the British government, was the 
only tactical fighter to survive, but its 
unique capabilities as a close support 
and battlefield point defense fighter 
offer an exciting future. The USSR has 
displayed considerable interest in 
high performance fighters with STOL 
capabilities, while the French have 
produced the Breguet 941 S deflected 
slipstream STOL transport used by 
Eastern Airlines for a demonstration 
program. The Germans are experi
menting wlth the Dornier 31 C trans
port which utilizes both deflected 
thrust and direct lift. lift fans remain 
of considerable interest to several 
aerospace firms while NASA pursues 
a limited but nevertheless continuing 
research effort with the Ryan XV-SB. 
In time the melding of needs for 
short-haul city center to cit ycenter 
VI STOl transportation, third level air 
carriers, and hopefully transportation 
in the North may well lead to produc
tion aircraft that are safer, more re
liable, faster, and far more economi
cal than those currently available. 

Donald F. lynch, Associate Professor of 
Geography, University of Alaska, College, 
Alaska 99701 
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TRAVEL ON THAWED TUNDRA 
GLENN R. BURT 

Present government regulations 
prohibit surface transportation across 
thawed ground on the North Slope of 
Alaska. Concern for the environment 
has prompted these regulations. Prob
lems resulting from summer travel on 
the tundra have been generally clas
sified as: 

1. Marks On The Tundra. Travel 
over thawed or frozen tundra 
can cause marks. Some people 
hold the opinion that any mark 
is detrimental, and any opera
tion leaving a mark should not 
be allowed. 

2. Erosion Of The Land. In areas of 
relief or sloping topography ex
tensive erosion can occur when 
destruction of the tundra mat 

concentrates water movement. 

3. Formation Of Lakes And Ponds. 
Where the terrain is relatively 
level, thaw of high water con
tent permafrost following mat 
destruction can create new 
ponds or lakes. 

Many publications have dwelt only 
on deep ruts and/ or erosion, the re
sult of severe or total tundra damage. 
Research efforts are now under way 
to study all the parameters involved 
in this problem and establish a sound 
basis for decision making on summer 
travel across the tundra. 

In July of 1969 a Flextrac Nodwell 
FN-400 and FN-11 0 were used in 
equipment tests on the tundra. Each 

vehicle had the regular track with de
tent in the center, which appeared to 
cause most of the tundra disturbance. 
The tests resulted in recommendations 
that a new flat track be developed. 

A flat track for the FN-400 was de
signed and built by Flextrac Nodwell 
and additional tests were started in 
August of 1969; however, due to var
ious problems it was impossible to 
carry out a satisfactory experiment. 

On June 4, 1970 the FN-400, a Rol
ligon 4460 (4-wheel) and 6660 (6-
wheel), and a Carey Machine were 
used in similar tests 1• All observers 
were impressed by the performance 
of these machines and the seemingly 
minor disturbances they caused. The 
new Nodwell "flat" track did not cre
ate disturbances previously experi-

lDetails of the June 4 test are presen,ted in "Sun
mer Travel On the Tundra With low Ground 
Pressure Vehicles" by Glenn R. Burt, Instil. Arctic 
Environ. Eng., Univ. Alaska, N7004, 1970. 

Typical low ground pressure vehicles. Upper left, Carey Machine; upper right, 
Nodwell FN-400; lower left, Yukon; lower right, Rolligon 4460 
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enced with the regular one. 
Increased thaw depth and varia

tion in moisture content at different 
times during the summer necessitated 
mid-July equipment tests. They were 
planned for the original test area, but 
permission could not be obtained to 
cross the Kuparuk River. On July 15 
tests were begun at a new site ap
proximately 3 miles south of Dead 
Horse where terrain and vegetation 
were similar to the previous site. In 
this test two vehicles with 'flat' tracks 
(Nodwell FN-.400 and Yukon) and two 
rubber tire machines (Rolligon .4.460 
and Carey) were tested. 

It was obvious from the tests that 
moisture content of the soil was a ma
jor factor in the degree of disturbance 
caused by the various machines, es
pecially track vehicles. Potholes with 
standing water should be bypassed 
by any machine if at all possible. 

In drier areas the rubber tires 
merely compacted the grass, while 
the track vehicles began to cut the 
mat itself after three or four passes, 
pumping free moisture f r o m the 
thawed ground. This writer and other 
observers believe improvements could 
be made in the 'flat' track which 
would reduce cutting and soil pickup. 

Offsetting final passes smoothed 
out the tracks, leaving a less obvious
ly marked area. Although the overall 
effect of this action is not yet estab
lished, it is hoped that it will not only 
reduce visible marks but accelerate 
tundra rectification as well. 

On July 2.4, 1970 a survey was 
made of all the test sites. 

The July 15, 1970 Site showed a 
marked improvement in appearance. 
A comparison of present conditions 
with conditions in other areas studied 
by this writer indicated the tundra 
would heal itself except in the case of 
potholes, which might require reseed· 
ing. Notwithstanding the pothole 
areas, tundra disturbance did not ap
pear to be as severe as that incurred 
during the June .4, 1970 tests. It was 
thought this difference was primarily 
due to variation in thaw depths when 
the tests were conducted. 

An investigation of the June 4, 
1970 Site revealed depth of thaw was 
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Pothole after 1 0 passes with Rolligon 

the same in trafficked areas as those 
surrounding. The tracks which ap
peared to cause the most disturbance 
were healing well. From the air only 
an increased, greener growth in the 
tracked areas indicated previpus test
ing. The Iones where one and three 
passes were made by the track ve
hicles were not visible. On the ground 
slight incisions co u I d be found at 
some points along the lanes. 

There were no indications of sig
nificant damage at the 1969 Site, 
though on obvious mark remained 
in some places. Depth of thaw in the 
tracks was no deeper than in sur
rounding areas, and vegetation was 
returning in most of the lanes. It ap
peared, at that time, that the marks 
left by the detent in the normal track 
would remain obvious for a number 
of years. 

In all the test areas it became quite 
obvious that these tracks would not 
affect the depth of thaw or the per
mafrost. Healing or complete restora
tion of tundra in other areas of the 
Arctic, observed in separate studies, 
gave good reason for optimism in the 
use of low ground pressure vehicles, 
especially on level terrain. 

At this time no controlled tests have 
been conducted on sloping terrain. 
Various research projects, however, 
are now being considered to cover 
this and other proble mareas. Present 
speculation is that perhaps use of 
some low ground pressure vehicles 

Page 11 

will not disturb vegetation enough to 
permit erosion. 

The aim of these tests was to estab
lish a sound basis for decision mak
ing on summer travel across the tun
dra. At least two matters must be de
termined before such can be done: 

1. Levels of permissible disturb
ance must be established for 
different areas (wildlife pre
serves, parks, oil lease zones, 
forests, etc.). 

2. Sufficient tests must be run, in
cluding the use of actual work
ing conditions as experiments 
for correlation with tests, to de
termine what restrictions on ve
hicle type and work are re
quired to keep disturbances to 
a specified level in different 
areas. 

Implementation of point 2 is now 
under way through special permits 
for limited controlled utilization of 
certain low ground pressure vehicles 
for some work on, the North Slope. 
Perhaps in the near future, as a re
sult of the research and work that has 
and is being done, reasonable levels 
of permissible disturbance will be es
tablished for different lands depend
ent upon their prime use. 

Glenn R. Burt, ARCO Chemical Co., lnterna
tion.al Ai.rport, Fairbanks, Alaska 99701. Tun· 
dra tests reported herein were sponsored by 
Mobil Oil Corp., Anchorage, Alaska. Reports 
were supported by the Univ. of Alaska while 
Mr. Burt was with the Institute of Arctic 
Environ. Eng. 
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THE FRAGILE TUNDRA: 
A DIFFERENT VIEWPOINT 

JEROME R. HOK 

Many engineering problems of the 
Arctic are unheard of in temperate 
regions, and the engineer must often 
rearrange his perception to accommo
date unconventional solutions. Such 
departures from convention place 
a heavy demand on his in-depth 
understanding of the problem and of 
the full range of factors which may 
influence its solution. Perhaps the fac
tor in the arctic engineer's working 
environment with which he is least 
acquainted is the vegetation mat-the 
living tundra. Experience has demon
strated that this mat is best left intact 
because of its insulating properties, 
but beyond that, vegetation is often 
viewed as little more than a sort of 
naturally occurring urethane foam, 
which, like a lawn, can be patched 
up next spring with some seed and a 
shot of fertilizer. Experience has also 
demonstrated, however, t h a t dis
turbed vegetation spread back over 
a cleared area no longer insulates the 
surface, nor does new growth neces
sarily immediately follow after dis
turbance. 

Like the engineer, the arctic biolo
gist must also deal with phenomena 
which are unlike those of temperate 
regions. An understanding of the in
sulating properties of arctic vegeta
tion and of its responses to disturb
ance has required a biophysical point 
of view which lies outside the realm 
of "common knowledge." 

The discussion of arctic vegetation 
which follows is offered as a new 
dimension in the environmental com
plexity which plagues the troubled 
mind of the arctic engineer. 

Vegetation, from the upper limits 
of foliage to the base of the roots and 
humus, comprises a dynamic zone of 
energy flux (Benninghoff, 1963). Its 
direct effects on heat transfer depend 
upon the thickness of peat accumula
tion, the amount of moisture present 
in the ground and in the air, the vari-

The Northern Engineer 

ety and condition (living or dead) of 
the plants present, and its differen
tial responses to solar and earth radi
ation. The interactions among these 
factors give the mat properties which 
can change from season to season, 
and sometimes from day to day. 

Peat, the incompletely decomposed 
remains of plants, is the basic insulat
ing material of the vegetation mat. It 
accumulates readily in cold climates 
where rates of organic decomposition 
are inhibited by low temperatures, 
and is a very good insulator when 
dry. However, when peat becomes 
wet or frozen (in the saturated state), 
it is an excellent heat conductor. This 
switch from insulation to conduction 
with changes in moisture content and 
temperature often accompanies seas
onal changes. Commonly, a thin sur
face layer of dry peat prevents heat 
penetration during summer, but per
mits heat to escape when it becomes 
wet and later frozen during the fall 
and winter (Brown, 1963). A net low
ering of ground temperatures is the 
result. Certain human activities also 
may alter the insulating value of the 
peat layer. If peat becomes water 
saturated* during the summer as a 
result of compaction or flooding, per
mafrost degradation may be initiat
ed. 

Free water not only destroys the 
insulating properties of peat; as it 
percolates into the soil it carries heat 
down toward the permafrost table. 
Plants, particularly mosses, reduce the 
amount of free water which deeply 
penetrates the ground by intercepting 
and retaining precipitation and by 
actively withdrawing water from the 
soil. When water is returned to the 
air during warm, dry periods, active 
refrigeration takes place at ground 
level as a result of evaporation and 
transpiration (Benninghoff, 1 9 5 2). 

*In the absence of standing water. 
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These aspects of "water manage
ment" are applicable to the undis
turbed, living vegetation mat. Dead 
plants reapplied in a mulch do not 
transpire moisture, nor do dead roots 
left in the soil after clearing take up 
water. On the contrary, decomposing 
roots may provide channels along 
which water can readily penetrate the 
soil and induce thawing (Benninghoff, 
1952). 

The foregoing has suggested sever
al ways in which vegetation tends to 
promote low ground temperatures. 
The responses of vegetation to infra
red radiation, however, encourage 
the retention of heat energy at ground 
level. leaves absorb only a small part 
of the near-infrared spectrum from 
sunlight (750-3,000 mfL) and allow the 
rest to reach the ground; on the other 
hand, the far infrared wavelengths 
which are reradiated by the ground 
(3-15 mfL) are almost completely ab
sorbed and cannot escape (loomis, 
1965). This may be one of the phe
nomena which makes it warmer to 
camp under the canopy of a tree or 
bush than out under the open sky. 

In summary, vegetation does not 
influence ground temperatures only 
as a simple insulator. It may also act 
as a conductor (when water saturat
ed); it influences water penetration; 
it actively refrigerates the ground sur
face through evaporation and trans
piration; and it exhibits a "green
house response" to infrared radiation. 
Vegetation also indirectly affects heat 
exchange by altering airflow near the 
ground and by influencing snow pat
terns. All in all, the total system would 
be hard to duplicate on the retail con
struction materials market. 

Sometimes, however, it is not pos
sible to avoid disturbing the vegeta
tion mat. Once disruption has oc
curred, thoughts usually turn to re
vegetating the disturbed area. Al
though revegetation is not a problem 
to which the engineer must directly 
apply himself, he deserves some ex
planation for the biologist's hesitance 
to stake his reputation on the outcome 
of such projects. 

Arctic vegetation essentially lacks 
an important element which speeds 

Vol. 3, No.2 



revegetation in temperate regions: 
weeds. "Weeds," which often provide 
rapid cover of disturbances in the 
lower latitudes, are usually annual 
plants which must start from seed 
each year. The extremely short grow
ing season of the Arctic does not fa
vor this life style, and therefore few 
annuals are available to colonize 
bare ground. Furthermore, seed pro
duction in general is often limited, 
and may hardly occur at all if a sum
mer is cooler or shorter than normal. 
Vegetative extension of the parent 
plant is the most successful form of 
reproduction in the Arctic-and this is 
a slow process. In some cases, a 
means of temporary mechanical sta
bilization may be the only way to 
provide time for revegetation to take 
place. 

In view of the slow growth rate 
and unreliable seed production of 
many arctic plants, the question of 
importing seed of faster-growing spe
cies often arises. One complication of 
using introduced plants which may 
not be immediately obvious is that 
they must function normally in the 
presence of continuous daylight. Pho
toperiod often controls such aspects 
of p I a n t function as renewal of 
growth in the spring, time of flower
ing and seed production, and return 
to dormancy in the fall. A given plant 
species imported from the lower lati
tudes might take root and grow rap-

idly, but fail to reproduce itself. Of 
course, this hypothetical plant could 
possibly provide the measure of tem
porary stabilization needed for the 
return of native species, but it would 
be unable to become permanently es
tablished. 

In short, the tundra mat is not as 
well behaved as we might like it to 
be. Its insulating value depends upon 
a combination of physical and biolog
ical factors, and its recovery from dis
turbance reflects the adaptations of 
its component species. Recognition of 
this complexity is the first step toward 
dealing with it successfully. 
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Boreal Institute 
For Northern 

Studies 
A research body functioning as an 

integral part of The University of Al
berta, the Boreal Institute serves as a 
catalyst and coordinator between var
ious individuals and organizations on 
campus with northern research inter
ests. It also maintains a set of rela
tionships with departments of govern
ment: federal, provincial and territor
ial, as well as with the business com
munity, in matters of northern devel
opment. 

The purview of the Institute's re
search interests includes both the bor
eal forest and the tundra which lies 
north of it. To date there has been no 
deliberate focus of research activities 
in any particular region of the North, 
although more research is carried out 
in northern Alberta, the Yukon and 
the Northwest Territories, than in oth
er parts of the Canadian North or in 
the rest of circumpolar world. Al
though field studies by individual re
searchers continue to be encouraged, 
particular emphasis is given to devel
oping research within the academic 
community of a multi-disciplinary or 
interdisciplinary nature. The research 
interests of the Institute by definition, 
are regional rather than disciplinary 
in orientation. 

The activities of the Boreal Institute 
reach into various departments of the 
University where staff members of the 
Institute function as consultants to or 
as members of a number of commit
tees and programs. The Institute en
joys a continuing relationship with 
cognate research institutes and com
mittees which are established in other 
universities across Canada, as well as 
with the Arctic Institute of North 
America. 

Because of its geographic location 
as the northernmost university in Can
ada, The University of Alberta has a 
logical commitment to develop its 
northern research capabilities. The 
primary objective of the Boreal lnsti-
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tute, therefore, is to develop this capa
bility on behalf of the University. As 
the rate of s o c i a I and economic 
growth in the North continues to ex
pand in the years ahead, the Institute 
expects to serve as the principal agen
cy by which The University of Alberta 
may contribute significantly to that 
growth. In the pursuit of this objective 
it is especially concerned with encour
aging young scholars to pursue their 
particular research interests within a 
northern milieu. The Institute also 
aims at initiating it!i own research ac
tivities in those areas of the North 
where a need exists to break new in
vestigative ground. 

Research 

Awards are made annually to in
dividual scientists for research in a 
variety of disciplines. The resulting 
studies are, for the most part, short
term projects which are carried out in 
various regions of the North. The In
stitute has also undertaken two ma
jor long-term research projects, the 
first o~ which aims at a systematic in
ventory of resources in northern Can
ada and a systems analysis of the 
alternative ways in which these re
sources may be developed. The sec
ond project involves the development 
of a multidisciplinary research project 
which is located in northern Alberta 
and which is concerned with the effect 
of human settlement on the ecology 
of a mixed-boreal forest. The Institute 
also undertakes from time to time 
specific short-term projects, such as 
the excavation of a historic site in the 
Northwest Territories by a team of 
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archeologists from The University of 
Alberta. 

Library 

Since its inception in 1960, the Bor
eal Institute has been developing a 
specialized library which functions as 
a research facility for university schol
ars engaged in northern research. 
This same library also provides a pub
lic information service which includes 
among its users government depart
ments and business organizations, as 
well as residents of the Canadian 
North. This latter service may be car
ried out by interlibrary loan or by 
direct communication with individu
als in isolated areas where extended 
loan periods are often necessary. In
ternally, the library provides full sup
port to all Boreal Institute sponsored 
research projects and to the Institute 
as a whole. The library also conducts 
a program of school visits to the Insti
tute for elementary, high school and 
university classes, where illustrated 
lectures are given on the North. 

Conferences 

The Institute is actively involved in 
the planning and administration of 
conferences dealing with various dis
ciplinary areas of scientific research 
in the North, as well as with inter
disciplinary conference themes. Nor
mally, the proceedings of such confer
ences are published by the Institute 
to insure a broader dissemination of 
the results of such meetings. 

Boreal Circle 

An informal group called the Bo
real Circle has been established on 
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campus to provide a meeting place 
for people from the University as well 
as the community at large who are 
interested in matters concerning the 
North. The monthly meetings of the 
Boreal Circle draw an average at
tendance of over 80 people, and they 
have helped to stimulate interest in 
northern Canada. They have also re
sulted in considerable publicity, which 
in turn strengthens the relationship 
between the University and the com
munity at large. The lecture topics 
vary considerably and the speakers 
include both local and out-of-town 
guest lecturers. Membership is open 
to all interested persons for a nominal 
annual subscribtion. 

Publications 

The publications program of the 
Institute is being actively developed 
under the direction of a Publications 
Committee. A list of current titles may 
be obtained upon request from the 
Institute Librarian. 

Location and Facilities 

The Institute is located on the fourth 
floor of the Biological Sciences Build
ing overlooking the banks of the 
North Saskatchewan River and occu
pies some 5,000 square feet of space 
which accommodates the administra
tive, research and library functions of 
the Institute. The Institute is open 
from 8:30 a.m. to 4:30 p.m. Monday 
through Friday. Although the facilities 
of the Institute are intended primarily 
for use by the faculty and students of 
the University, persons or organiza
tions from off-campus are also wel
come to use these facilities, including 
the borrowing of books from the li
brary. 

To borrow books or to obtain in
formation on the North, inquiries 
should be addressed to: 

to: 

The Librarian 
Boreal Institute 
The University of Alberta, Canada 

Other inquiries may be addressed 

The Director 
Boreal Institute 
The University of Alberta 
Edmonton 7, Alberta, Canada 
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BIKES, DOGS AND REINDEER 
BILL HUNT 

Engineer 
to northern transportation 

take cognizance of some of 
traditional modes of travel in 

"''"''"'""'· Of course, a good measure of 
transportation development ech
that occurring elsewhere. But in 

instances Alaska was unique. 
region depended so exclusively 

the vessels which plied the 
seas and rivers when the 

permitted. The use of dogs for 
was extraordinary, as was 

role of the North in encouraging 
growth of commercial aviation. 

Steamers no longer disturb the 
lm of the rivers of the interior, but 

their appearance on the river in sum
mer once meant the renewal of ready 
communication with the o u t s i d e 
world, just as their disappearance in 
the fall signaled its end. Ocean ships 
and barges still service coastal ports, 
although changes have occurred. The 
ship in harbor is as likely to be bound 
for Kobe or Yokohama as Seattle or 
San Francisco, and even such veterans 
to the North as the Alaska Steamship 
Company have given up their north-

Alaskan bush flyers boast they 
pioneered the development of com
mercial aviation in America. There is 
some substance to this claim. Pilots 
who brought their fragile kites to 
Alaska found the suitability of aircraft 
to Alaskan distances and conditions 
at once recognized. Flying at first 
without radios and without access to 
air fields equipped with lights and 
navigational aids, these flyers and 
their passengers took their chances. 

Passengers were expected to board 
fully provided with survival gear and 
were not pampered by stewardesses 
in flight. Planes landed on glaciers, 
sand spits and in fields - whatever 
was available. No one was concerned 
if an expected flight was up to three 
days late in arriving. Weather had to 
be waited out and in the winter the 
.~nly alternative was walking. 
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Sled-pulling dogs are still used in 
the few native villages where they 
have not been replaced by snow ma
chines, but the end of their practical 
use seems assured. Most successful 
A r c t i c and Antarctic explorations, 
however, have been made with the 
help of sled dogs. In fact, even at this 
writing, an Italian journalist is ven
turing to the North Pole with the aid 
of a couple of hundred dogs. But he 
is taking no chances: his large party 
also depends upon air-lifted supplies 
and dose radio communication with 
the home base. 

Dogs did have their day. It took 
some persistence on the part of ex
plorers to learn to handle them. Some 
men gained an appreciation of Eski
mo culture as a result of a forced 
adaptation to the customs of the Na
tives. 

It should have seemed obvious that 
dogs provided the best possible trans
port mode. Curiously, some famed 
polar explorers resisted this conclu
sion. Ernest Shackleton watched his 
Siberian ponies die off one by one in 
Antarctica and consequently failed to 
reach the South Pole. Robert Scott felt 
it unmanly and inglorious to use dogs. 
He and his men manfully and labor
iously pulled their heavily laden sleds. 
They died on their return from the 

Page 15 

South Pole. Ironically, they were de
feated in their hopes to be first at the 
Pole by Roald Amundsen-who used 
dogs. 

Only limited utilization has been 
made of the reindeer for transport in 
Alaska. During the Nome gold rush 
some of the mail contracts went to 
reindeer drivers, and for a short time 
reindeer - powered sleds carried the 
mails between the Yukon River and 
Nome. A second route linked Cook 
Inlet with Nome. Reindeer made bet
ter time than dogs, but fewer men 
were capable of handling them, so 
their employment was limited. 

As one may guess, bicycles made 
no substantial contribution to the 
transportation scene. Yet they were 
utilized to some extent. Several wild
eyed gold stampeders biked down the 
frozen Yukon River from Dawson in 
response to the lure of the golden 
beaches of Nome. At least one sour
dough made the trip in the opposite 
direction. He was one George Pilcher 
who had been jailed in Nome be
cause of a little difficulty. (Some mis
creant tried to rob and shoot him in 
his own cabin, then ran off. Pilcher 
hunted him down and shot him.) Pil
cher was a hardy fellow. Anyway, 
free in Nome and without the price of 
a steamer ticket, Pilcher found a bike 
and set out for his Yukon residence 
some 550 miles away. Among the 
complications of the journey were 
snow blindness and the slushiness of 
the trail in spots. Innumerable tire 
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punctures had to be repaired until 
finally he discarded the tires and tied 
ropes around the wheels. Thirty-one 
days after leaving Nome he complet
ed his trip. 

There are many claimants in the 
North to the honor of having invented 
the snow machine. Nobody knows 
who actually deserves the distinction. 
With the earliest appearance of the 
motorcycle, all Alaskans could imag
ine its adaptation to snow conditions. 
Those of mechanical ability tinkered 
away at the problem for many years 
prior to the introduction of commer
cial models of the machine. 

A few ribbons of iron have pierced 
the North, notably the Alaska Rail
road operating between Seward/ 
Whittier and Fairbanks. The greatest 
of the northern railroads still remains 
in the dream stage. This, of course, is 
the one that would follow approxi
mately the line of the Alaska High
way, then continue beyond Fairbanks 
to the North to link Northwestern 
America and Northeastern Asia via 
the Bering Straits. 

Early in this century a Frenchman, 
Loicq de Lobel, set up a corporation to 
launch this vast railroad building 
project. Huge ferries would carry rail 
cars across the Bering Strait where 
they would connect with the Siberian 
line. One side effect of the railroad, 
according to De Lobel, would be the 
emigration to Alaska of 200,000 peo
ple within two years of the line's com
pletion. After securing approval to is
sue $600,000,000 worth of stock, the 
whole deal fell through. Not only did 
he fail to come up with fniancial sup
porters, but the Russian government 
backed down too. The Czar had at 
first agreed to a rail link with Amer
ica, then after contemplating the op
portunities for economic exploitation 
this would open to Americans, decid
ed against it. Anyway, De Lobel may 
have been a swindler. 

Grandiose visions die hard. A state 
sponsored North Commission recently 
recommended the building of a rail 
line north from Fairbanks. Because of 
recent events ,the railroad, if it were 
ever built, would be likely to have 
Prudhoe Boy as its northern terminus. 
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[Announcements 

22nd Alaska 
Science Conference 

Theme of the 22nd Alaska Science 
Conference to be held 17-19 August 
1971 on the University of Alaska 
Main Campus will be Adaptation For 
Northern Life. The Alaska Division of 
AAAS will again sponsor the confer
ence. 

Emphasis will be given to the bio
logical sciences and the successful 
adaptations life makes in the nor
thern environment. There is deep con
cern that the interesting and beautiful 
lands and water be protected as a 
desirable and useful environment for 
all people. 

Sessions and symposia will be or
ganized around the topics listed be
low. Communications for the sessions 
(15 minutes) may be proposed to the 
designated leaders or to the chairmen 
of the conference. Abstracts of pro
posed communications should be pre
sented on one single-spaced typewrit
ten page by 1 July 1971. Leaders of 
sessions will require an abstract be
fore introducing a speaker. 

Sessions 

Distribution, taxonomy 
and life histories of 
arctic land animals 

Distribution, taxonomy 
and life histories of 
arctic plants 

Migration of birds, 
land and sea 

Chairmen 

R.D. Guthrie 

D.F. Murray 

mammals, and fishes P.C. Lent 

Cyclic events in plants 
and animals of high 
latitudes R.V. Andrews 

Birds in the Arctic J.A. Bartonek 

Biology, utilization and 
conservation of 
northern marine 
mammals 
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J.J. Burns 

Sessions 

Northern fishes and 
fisheries 

Physiology of "northern 
animals 

Physiology of northern 
plants 

Biochemistry in northern 
animals 

Stresses and strains on 
arctic people 

Husbandry of northern 
animals 

Biological oceanography 
of ice in marine 
systems 

Biological oceanography 
of the Aleutian 
Islands 

Biological oceanography 
of fjord coasts 

Summarized or modeled 
data from sites of 
Tundra Biome Program 
(IBP). Symposium. 

Components of tundra/ 
taiga ecosystems 

Disturbance ecology of 
tundra 

Medicine and public 
health 

Engineering and arctic 
health 

Survey of an Eskimo 
population (IBP) 

Archaeology 

Engineering and arctic 
construction 

K. VanCleve 

Geology C.S. Benson 

Geophysics J.D. VanWormer 

Sociology, economy 
and government V. Fisher 

For more information on accommo
dations, other activities and details 
write: 

Laurence Irving, 
Chairman of Conference 

Institute of Arctic Biology 
University of Alaska 
College, Alaska 99701 
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nnual Canadian 
Geotechnical 
Conference 

The Banff School of Fine Arts was 
location for the 23rd Annual Can-

ian Geotechnical Conference, held 
n November of 1970. The Conference 

sponsored by the Geotechnical 
"""'''""• .. r•ng Division of the Engineer
ng Institute of Canada. The Canadian 

l"t"',..,,..,,r,.,n .... ,. are an outgrowth of the 
Mechanics Conferences that were 
sored annually by the National 

rch Council of Canada's Associ
Committee on Soil and Show Me
nics (now the Associate Committee 
Geotechnical Research). 

Problems in Transpor
with special reference to cold 

weather construction. Fifteen papers 
were presented dealing with subjects 
such as slope and embankment stabil
ity, effect of freezing and thawing on 
roads, thermal and frost heave prob
lems in soil, sand stabilization, geo
logical mapping for engineering pur~ 
poses, transportation over ice covers 
and peat, and construction of railway 
and road embankments. 

Most of the papers presented at the 

Conference are to be submitted for 

publication in the Canadian Geotech
nical Journal, or a similar publication. 

A Proceedings will be published con
taining those papers that do not ap

pear in any journal. It will also con

tain abstracts of the published papers 

as well as the discussions of all the 

papers. Information concerning the 

proceedings may be obtained by writ-

Professor G. A. Ross 
Chairman, Organizing Committee 
Twenty-Third Canadian 

Geotechnical Conference 
c/o Department of Civil Engineering 
University of Calgary 
Calgary 44, Alberta, CANADA 
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II 
Book Reviews 

II 
S. H. Graves, On The "White Pass" 

Payroll, New York, Paladin Press, 
1970. Price not given. 

Lawrence F. Jones & George Lonn, 
Pathfinders of the North, Toronto, 
Pitt Publishing Co., 1970. Price not 
given. 

Paul Nanton, Arctic Breakthrough, 
Toronto, Clarke, Irwin & Co., 1970. 
$6.50. 

Victor B. Scheffer, The Year of The 
Seal, New York, Charles Scribner's 
Sons, 1970. $7.95. 

Victor B. Scheffer, The Year of The 
Whale, New York, Charles Scrib
ner's Sons, 1971. Paperback $2.45. 

James B. Sweeney, A Pictorial History 
of Oceanographic Submersibles. 
New York, Crown, 1970. $9.95. 

The Whale, New York, Simon & Schus
ter, 1968. Price not given. 

Railroad construction is the subject 
of On the "White Pass'' Payroll writ
ten by the president of the White Pass 
and Yukon Company. Few published 
narratives recount the details of ma
jor construction projects, so this re
print of the original 1908 publication 
is worthwhile. More than a work 
diary, this is a colorful, anecdotal re
cording of Grave's own adventures-
except for the first chapter in which 
he, like every other 20th century writ
er concerned with the North, tells all 
about Soapy Smith and Skagway 
in '98. 

Pathfinders of the North is a very 
valuable survey of the history and 
contemporary condition of the North. 
Most of the emphasis is on the Cana
dian North but there are also chapters 
on the Soviet North and Alaska 
("Alaska's Mineral Potential," by Earl 
H. Beistline of the University of Alas
ka). The bock's range is wide. Every
thing from the adventures of miner
filmmaker, Robert J. Flaherty, to a 
consideration of Canada's Arctic 
rights. Pathfinders' usefulness is not 
limited to historical reference; it is a 
handy handbook for general refer
ences to other northern topics as well. 

Page 17 

All the other books on this review 
list, except Nanton's Arctic Break· 
through, which is an interesting ac
count of John Franklin's Coppermine 
River expedition, are concerned with 
submersibles: submarines, seals and 
whales. 

The Whale is delightfully illustrated 
with reproductions of old prints and 
contemporary photographs. Every
thing the general reader needs to 
know about the mythology, biology, 
history and industrial uses of the 
whale is included. A fine bibliogra
phic essay adds substance to the 
boak. 

Scheffer's award winning books on 
the whale and seal both follow their 
subjects' activities over the course of 
a year. Gracefully written texts are 
supported by artful illustrations. If 
one wanted to hoak a young student 
on the subject of zoology, it would 
only be necessary to put these books 
in his hands. 

Sweeney's history of submarines is 
on the popular side and it does make 
good reading. The uneven quality of 
the many illustrations mar the book. 

-Bill Hunt 

The Arctic Basin, revised edition, co· 
ordinated by John E. Sater. The Arc
tic Institute of North America, 
$10.00, paperbound. 

The Arctic Basin is a review of the 
state of knowledge of the north polar 
region. It is an attempt to present an 
overall picture of what the Arctic is 
and man's efforts to live and operate 
there, covering such diversified sub
jects as biology, geophysics, engineer
ing and operations. 

Although it is not "a thorough as
sessment of current scientific and 
operational knowledge" as indicated 
in the preface, the book is worthwhile 
reading for aspiring Arctic engineers 
and scientists and a good starting 
point for someone who wishes to ex
pand his thinking into other fields of 
Arctic technology. Most chapters con
tain a fair reference list for further 
reading. The book is indexed and pro
vided with a good fold out map of 
the Arctic. However, it is a bit over
priced ($1 0.00) for a paperback. 

Some caution should be used in ac-
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cepting without question some of the 
ideas put forth, although the author 
often indicates there may be consider
able difference of opinion among 
various investigators. The Arctic Basin 
would probably find its most appreci
ative audience among those who are 
new to the Arctic or to particular as
pects of it. 

-Mike Tauriainen 

Dwight E. Gray, So You Have To Write 
A Technical Report: Elements of 
Technical Report Writing, Informa
tion Resources Press, 1970, Paper
bound $3.25. 

The working engineer, scientist or 
technician stands in a delicate posi
tion. It is he who must communicate 
what has been, is being or is proposed 
to be done regarding his specific pro
ject, in clear and understandable 
English. Proposals, progress reports, 
final reports-these are the pains in 
the neck most technical men would 
rather be relieved of .. Perhaps it's no 
wonder that such a large quantity of 
professional writing today is nebu
lous, superfluously complex, undisci
plined and even anthropomorphic ... 
not to mention frequently absurd. 

Mr. Gray's intelligent little manual 
is an item every person required to 
write technic~lly should keep in close 
proximity to his pencil tray or type
writer. He details simply the essen
tials of a technical report, beginning 
with the preparatory stage (the most 
difficult and time consuming) and 
continuing through the writing of the 
introduction, body, conclusions-recom
mendations, appendices, references 
and table of contents, as well as the 
meaning and proper manner of an 
abstract. There is also a section deal
ing with preparation of the title and 
title page. 

In "Review of the Characteristics of 
a Good Technical Report" (Chapter 9) 
he summarizes the necessary steps to 
be taken, and succinctly describes 
how to keep within the scope of the 
subject matter, how to maintain vera
city and restraint (and thereby multi
ply the report's influence) and how to 
transfer thoughts into readable prose 
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that will impress everyone from Ein
stein to the Editor of Atlantic Monthly. 

For the enthusiasts a bibliography 
of style and usage material is ap
pended, along with one on technical 
writing per se. Even manuscript typ
ing instructions are provided. 

At the price, no ambitious profes
sional should let this one pass. 

Sir: 

-Paul W. Neff 

Letters To 
The Editor 

enjoyed your strongly worded 
editorial on residential building in 
the spring, 1971 issue of The Northern 
Engineer and I hope your conclusions 
find their way to our regulatory agen
cies. 

Another area of vital concern nor
mally overlooked by the property 
buyer are geological considerations. 
At the present time, a newcomer to 
Alaska could buy property in the 
Fairbanks area and be completely un
aware that it would be subject to 
occasional disastrous flooding. Or, 
buyers in Anchorage can and do buy 
residential properties at full inflated 
Alaskan values completely unaware 
that their property may be riddled 
with filled-in tension cracks that will 
undoubtedly open again in a severe 
earthquake. 

Within several areas of Anchorage, 
including the Turnagain and L Street 
slide, structural engineers and geo
logical engineers have made many 
determinations of soil strength on 
which to base foundation construc
tion. However, even student geolo
gists given available data should be 
able to make the determination that 
the entire area might be subject to 
further landslide movement at any 
time in which case, so-called founda
tion studies become pointless. 

The point I am trying to make is 
that in areas of known geological 
hazards, title companies or sellers of 
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properties should also be required, 
law, to make disclosure of these 
ards to the buyer. 

GERALD GANOPOLE 
Consultant- Certified Professional 

Geologist 
1820 West Northern Lights Blvd. 
Anchorage, Alaska 99503 

Current 
Literature 

U.S. Army Cold Regions Research 
and Engineering Laboratory 

Hanover, New Hampshire 03755 
(Available in photocopy or m 

form for the cost of reproduction. 
Order by six-digit AD number from 
NTIS, 5285 Port Royal Road, Spring
field, Virginia 22151.) 

RR 121 Ice fog: Low temperature air 
pollution, by C. S. Benson (1970), 
AD 708544. 

RR 261 Moving loads on a floating ice 
sheet, by D. E. Nevel (1970), AD 
707923. 

RR 265 Concentrated loads on plates, 
by D. E. Nevel (1970), AD 703876. 

RR 273 Deformation of snow under 
rigid plates at a constant rate of 
penetration, by G. Abele (1970), 
AD 704708. 

RR 27 4 Phase boundary water in fro· 
zen soils, by D. M. Anderson (1970), 

RR 279 Numerical computation of the 
shock wave diffracted by a circular 
cylindrical cavity in elastic-plastic 
media, by Y. Nakano (1970), AD 
702906. 

RR 281 Vibration of a floating ice 
sheet, by D. E. Nevel (1970), AD 

712995. 

RR 284 Effect of thermal gradient on 
ionic diffusion in frozen earth ma
terials, by R. P. Murrmann and P. 
Hoekstra (1970), AD 714644. 

RR 285 Effect of thermal gradient on 
ionic diffusion in frozen earth ma
terials II: Theoretical, by Y. Nakano 
and R. P. Murrmann (1970), AD 
714642. 
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286 Vibratory surface loadings on 
a viscoelastic half-space, by T. M. 
Lee (1970), AD 714643. 

287 Shock effects on frozen ma· 
terials, by J. L. Smith (1970), AD 
707924. 

289 Gamma-ray spectra of reso· 
nance neutron irradiated earth ma· 
terials, by R. P. Murrmann, R. W. 
Winters and T. G. Martin (1970), 
AD 714220. 
290 Low-temperature phases of in· 

terfacial water in clay-water sys
tems, by D. M. Anderson and A. R. 
lice (1970), AD 715714. 

291 The temperature structure of 
a mid-latitude, dimictic lake during 
freezing, ice cover, and thawing, 
by W. H. Parrott and W. M. Flem
ing (1970), AD 715116. 
203 SeHiing characteristics of acti· 

vated sludge at low temperature, 
by S. Reed (1970), AD 717239. 
220 Cold concrete, by C. D. Stormer 
( 1970), AD 705561. 

R 221 Permafrost tunneling by a con· 
tinuous mechanical method, by G. 
K. Swinzow (1970), AD 717240. 
225 The isothermal compressibility 

of frozen soil and ice to 30 kilobars 
at -10°C, by E. Chamberlain and 
P. Hoekstra (1970), AD 708867. 

TR 2 30 Physical characteristics of the 
snow cover, Fort Greely, Alaska, 
1966-67, by M. A. Bilello, R. E. 
Bates and James Riley (1970), AD 
714646. 

TR 232 The measurement of heat flow 
in the ground and the theory of 
heat flux meters, by P. Schwerdt
feger (1970), AD 717027. 

SR 130 Evaporation from snow and 
evaporation retardation by mono· 
molecular films, by C. W. Slaughter 
(1970), AD 708860. 

SR 135 Longitudinal forced vibration 
of viscoelastic bars with end mass, 
by D. M. Norris, Jr., and Wun
Chung Young (1970), AD 707925. 

SR 136 A rational approach to the de
sign of aerated sewage lagoons, 
by E. F. Pohl (1970), AD 717241. 

SR 141 Pile driving by means of longi· 
tudinal and torsional vibrations, by 
A. Kovacs and F. Michitti (1970), 
AD 711533. 

SR 151 Icing occurrence, control, and 
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prevention. An annotated biblio
graphy, by K. L. Carey (1970), AD 

711534. 
SR 152 Temperature and ice distribu

tion in the North Saskatchewan Ri· 
ver below the Edmonton generating 
plant, by S. L. Dinkman and W. F. 
Weeks (1970). 

SR 139 Fuze action in snow, by G. K. 
Swinzow (1970), AD 868215. 

SR 153 Experimental blasting in fro· 
zen ground, by M. Mellor and P. V. 
Sellman (1970). 

Monograph 111-B 1 b Ice pressure on 
engineering structures, by B. Michel 
(1970), AD 709625. 

Publications 
Development of a vertically stabilized 

thermal probe for studies in and 
below ice sheets, by H. W. C. 
Aamot. Journal of Engineering for 
Industry, May 1970, p. 263-267. 

Ice adhesion studies: Properties of de· 
fects in the interfacial region, by S. 
F. Ackley and K. ltagaki. In Snow 
Removal and Ice Control Research, 
Highway Research Board Special 
Report 115. 

Buried soils associated with perma· 
frost, by J. Brown. Symposium on 
Pedology and Quaternary Re
search, University of Alberta, Ed
monton, Alberta, Canada, 13-14 
May 1969, p. 115-127. 

Uniaxial testing in rock mechanics 
laboratOTies, by I. Hawkes and M. 
Mellor. Engineering Geology, Vo. 4, 
No.3, p. 177-285. 

X-ray topographic study of vibrating 
dislocations in ice under an AC 
electric field, by K. ltagaki. Ad
vances in X-ray Analysis, Vol. 13, 
p. 526-538. 

Influence of frost action on the bear· 
ing capacity of soils, by H. L. Jess
berger and D. L. Carbee. Highway 
Research Record No. 304. 

Remote sensing as an ecological tool, 
by P. L. Johnson. Ecology of the 
Subarctic Regions, Proceedings of 
the Helsinki Symposium, UNESCO, 
Paris, p. 169-187. 

Phenomenon and mechanism of frost 
heaving, by C. W. Kaplar. Highway 
Research Record No. 304. 

A brief review of snow drifting re· 
search, by M. Mellor. In Snow Re-
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moval and Ice Control Research, 
Highway Research Board Special 
Report 115. 

Visibility and light aHenuation in fall· 
ing snow, by H. W. O'Brien. Journal 
of Applied Meteorology, Vol. 9, No. 
4, August, p. 671-683. 

Fog modification by use of helicop· 
ters, by V. G. Plank, A. A. Spatola 
and J. R. Hicks. American Meteor
ological Society, Second National 
Conference on Weather Modifica
tion, p. 117-121. 

An analysis of ice lens formation, by 
S. Takagi. Water Resources Re
search, Vol. 6, No. 3, June, p. 
736-749. 

. A technique for producing strain-free 
flat surfaces on single crystals of 
ice, by T. M. Tobin and K. ltagaki. 
Journal of Glaciology, Vol. 9, No. 

57 I P· 385-390. 
Evaporation of water into a sub-zero 

air stream, by Y-C Yen and G. R. 
Landvatter. Water Resources Re
search, Vol. 6, No. 2, April, p. 
430-439. 

USACRREL Bibliography on Cold Re
gions Science and Technology (Pho
tocopy available from author or Li
brary of Congress, Photo Dup. Ser
vice, Dept. C-177, Washington, D. 
C. 20540.) 25-2700. See Dec-Jan
Feb Current Literature. 

National Research Council (NRC} 
Division of Building Research 
Ottawa 7, Ontario, Canada 
TT 1424 Design of foundations, an· 

chored in unfrozen ground, to resist 
heaving forces by Yu. I. Solov'ev 
and V. I. Puskov. Osnovaniya Fun
damenty i Mekhanika Gruntov (2): 
15-17, 1961. The problem of pro
viding stable foundations in regions 
where significant frost heaving of 
soils occurs is considered. The solu
tion suggested by the authors is one 
of modifying a conventional foot
ing to act as an anchor in unfrozen 
soil when adfreezing along the 
footing column in the frost zone 
produces a sufficient upward force 
to overcome that of the dead load 
of the structure. Limiting effects of 
tolerable displacements and shear 
strength of the soil are considered 
in the design analysis. $0.50. 
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