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Editorial:
Tunis Wentink, Jr.
The Arctic is often described as
changeless or at least predictable during
the inexorable swings of the yearly cycle.
The resident. man or moose, knows
better. With the record-breaking lows of
the 1970-71 winter still vivid in mind, the
on-set of official winter here in Fairbanks
finds us almost basking in the mild
temperatures, while the coastal residents
of the several adjacent seas are
encountering the latest arrival of the sea
ice in many, many years. The only truly
predictable aspect of the Arctic, as in the
affairs of man, is the ~.tnpredictability.
"Plan anything but count on nothing" is a
useful mono in the North.
Within the IAEE and Northern
Engineer we find change. Editor Mark
Fryer is hopefully in greener pastures,
having left the University for R and M
Engineering Fairbanks. However, Mark
will retain contact with The Northern
Engineer through his heading up a newly
formed tour-man Advisory Board. Editor
Bill Hunt is on leave at Scott Polar Center.
Managing Editor Gloria Barclay resigned
recently and the Northern Engineer
welcomes in her place Virginia Brown.
On the national scene as far as
Alaska is concerned and in one important
respect there is little change: federal
policy remains ill-defined. This writer,
along with others, has long lamented the
lack of a national policyfortheArctic, and
the elements of such applicable to
Alaska. A federal document which might
be a forerunner of such a policy came to
mv attention in 1972. This undated,
unsigned and probably preliminary

document was prepared (apparently in
late 1971) by the Interagency Arctic
Research Coordinating Committee and in
entitled "Five-Year Plan for Arctic
Research." Heaven (and Congress) forbid
that it isl
Dates in the text cover Fiscal Years
1971 through 1975, and it is now mid-FY
73. Cut-backs in federal funding in the
last few years and known major program
cancellations undoubtedly changed the
planned expenditure rates, which were to
have leveled off, in most cases, in FY 73
and FY 74. In any case, if this "plan"
should be the precursor to a national
arctic policy, the future for arctic research
and orderly development. especially in
Alaska, is bleak! This is particularly so if
one takes a parochial view of the import
for Alaska, and especially as the plan
applies to solutions to known existing
problems.
Hopefully a major revision oft he plan
will appear. "When" is a major question.
The apparently limited distribution of this
present document may be a good thing.
There is an inherent danger in this report,
in that the Congress and senior federal
department officials may obtain an
erroneous sense of well-being from
skimming this document, or from
briefings on it. Recognition must be made
of the not inconsiderable funds spent in
the Antarctic and in other countries,
included in the five-year plan under the
heading of arctic research.
Above all, in this author's personal
opinion, this is not a plan, at least notfor
systematic, prompt, and orderly action. It
is a recitation of problem areas, work
often already accomplished, and
recommendations for much needed
work, without assignment of priorities in
many cases. There is no indication of
genuine interagency coordination, past
or future. Seldom are there clear

indications of well-defined sub-agency
responsibility to assist the Coordinating
Committee non-member in contacting
appropriate elements of the government.
A tone of optimism is prevalent; known
available funds do not justify this.
Changes here are desirable.
Change is in the National Science
Foundation decision to finally sponsor an
Alaskan-based and directed major
program, devoted to man's problems in
the Arctic. This is the NSF's "Man in the
Arctic Program (MAP)." Recognition that
input by Alaskans is desirable is good, but
the import for engineering-oriented
research and implementation of
technology-based problem solutions is
bad. The fact is that MAP is intended
chiefly to define social and economic
problems, and analyze and project these
before solutions are attempted. Again,
there is a booby-trap for Alaskans. It may
escape the attention of many officials that
MAP has in it an intrinsic plan for delay
action. Thus this program probably will
erect a formidable barrier to any
proposals for scientific or engineering
solution implementation, for at least a
few years. NSF has already told this
writer that review of such proposals
probably will have to be delayed until the
MAP program results are in. Again the
Diety needs to be called on, especially to
help both the much-probed natives and
the immigrant residents of the Arctic and
Subarctic!
Nothing discussed above should be
interpreted as relieving the State of
Alaska of its share of development
responsibility. The state's financial
burden and strain relief are subject to
great changes, but will depend on federal
action, like on Aleyeska's permit request.
The entry of El Paso Gas into the Alaskan
picture is another, welcome change.
Change wanted: A national arctic
policy, featuring orderly technological
action, backed by a five-year plan for
implementation for this policy.
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Research Project Surveys
Transportation Needs
TRANSPORTATION STUDY by Ernest N. Wolff and Edwin M. Rhoads
The area north of the Yukon R1ver comprises about half of Alaska, yet its contribution to Alaska's economy has been
negligible. An exception to this is the
Seward Peninsula, which has contributed a considerable amount of gold. It
is noteworthy that Seward Peninsula has
cheap ocean transportation, while the
rest of the area has depended on overland
transportation with no roads.
The area, because of its arctic and
subarctic climate, is generally unsuitable
for the production of agricultural or forest
products, except for reindeer, and even
so, the low unit value of such products
makes it difficult to export them. In the
past, because of the almost complete lack
of roads, not even minerals could be
produced and exported, again except for
gold. However, in recent years the world
has become aware that northern Alaska
does contain great mineral wealth,
wealth that is needed and will be needed.
When the need becomes urgent enough,
this mineral wealth will be transported
out of the region, as we are now seeing
with the oil from Prudhoe Bay.
The Prudhoe Bay oil field is believed to
be the largest in North America, and the
chances are good that more will be found.
Yet, it was discovered only after 23 years
of persistent exploration by government
and industry. With the country facing an
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energy shortage, this oil resource
becomes extremely important. No less
important in the long run is the fact that
northern Alaska contains vast amounts of
coal of bituminous and sub-bituminous
rank. At present it is believed not possible
to export this coal because of its low unit
price of about $23/ton in Japan, but

again, it represents a resource of tremendous potential importance to the nation '
and the world.
The world has also recently become
aware that an important copper deposit is
being developed at Bornite on the Kobuk
River. Exploration of the area has been
going on for several years, and it is possible that the region could become a major copper producer. Various means of
transporting this copper to markets have
been proposed, but the problem is still unsolved.
Gold has been produced at several
points in the Brooks Range in the past,
and there is still a small production. With
the price of gold almost doubled since
1968, the interest of Alaskans is again
being directed northward. However, the
mining of gold, no matter how important,
is not the intriguing question. Here is a
500 mile stretch of the Rocky Mountain
system which has widespread, if in
places, weak, mineralization. Statistically, it should contain several large
base metal deposits, such as the one
already discovered at Bornite. Each new
one discovered will contribute to the cost
of building a transportation net, and make
the exporting of, for example, the coal,
more feasible.
Recently, the Lost River Company has
been pressing forward with exploration of
its fluorite deposit on western Seward
Peninsula. This deposit is fortunately
situated close to tidewater, although its
northern location does not allow yearround ocean shipping. This illustrates the

Ice bridge on the Hickel Highway, March 1970. (Photo courtesy of
Edwin Rhoads)
4

interdependence of the various mineral
deposits, and the fact that the
development of one makes more feasible
the development of others. If Lost River is
successful in establishing a port and road
network, and regular dependable ocean
shipping, then it will greatly contribute to
the development of other deposits.
In order to arrive at some conclusion as
to how best to transport the minerals of
the north, the U.S. Bureau of Mines has
asked the Mineral Industry Research
Laboratory to study the mineral deposits
and to suggest an optimum transportation system for their removal. The rest
of this article describes how we are going
about this.
The most valuable deposit of a mineral
is of no economic benefit if the mined
product cannot be moved to market.
There are no extra-urban roads in the vast
extent of Alaska north of the Yukon River
with the exception of a few miles on the
Seward Peninsula and in the vicinity of
Prudhoe Bay. Although accessible to
some degree by waterways during the
summer and to a great extent by air, the
lack of overland transportation has placed
a substantial economic obstacle in the
path of developing the mineral potential
of this region. The research project will
survey the transportation needs to serve
known and probable mineral deposits
north of the Yukon River and describe an

MINE
LOCATION

I

ROUTE

3
4

A+B
A+C
A+E+G+I+J
A+ D+J

5

8

6

c

7

8

E+G+I +J
D+J

9
10

F+G+J + J
H + I +J

1

2

:n:

III

TABLE 1
optimum transportation to fulfill these
needs.
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MIRL, a team composed of members
knowledgeable in a variety of pertinent
fields was assembled in June of this year
to conduct the study. Dr. Wolff, applying
his wide background and experience in
mineral exploration and development in
Alaska, compiled a survey of the mineral
potential and possible mining sites, north
of the Yukon Basin (Figure 1 ). Dr. Nils I.
Johansen, Assistant Professor of
Geological Engineering, and Edwin M.
Rhoads, Research Assistant, made an
extensive literature search of existing
studies and reports of the environment,
existing and proposed transportation
routes and transportation economics
applicable to the study area. Dr. Richard
J. Solie, Department Head and Professor
of Economics, developed a mathematical
model to analyze and compare various
alternative transportation modes and
routes. Dr. Chris A. Lambert, Jr.,
Department Head and Professor of
Mining
Engineering, developed a
computer program for the model, and lent
his extensive experience in the mining
industry in providing input. Also assisting
in the project are Dr. Thomas D. Hamilton,
Associate Professor of Geology,
contributing geological information for
possible land routes in northeastern
Alaska, and Paul Clark, graduate student
in Mining Engineering, who made
available portions of his research on
development of coal reserves north of the
Brooks Range.
The Northam Engineer

The basis of the study is a comparative
economic analysis of technically feasible
transportation modes and routes from a
number of possible mining sites to Alaskan ports from which minerals can be
shipped to market sites. Transport modes
considered are highway, rail, cargo aircraft, river barge, winter haul road and air
cushion vehicles. The model incorporates
quantitative values derived from a wide
variety of sources for such factors as:
a. The gross amount tidewater
revenues received from the sale of
minerals mined at specific sites and
shipped to specific Alaskan ports by one
or more transport modes and' routes,
b. The total annual cost of mining the
mineral at the specified location,
c. The variable costs of transporting the
mineral from mine to port.
d. The total tax revenues derived directly from the mining, transporting and sale
of minerals considered, as well as from
the supporting industries. In addition a
multiplier effect of the direct expenditures on the economy will be considered. These tax revenues include corporate and personal income taxes, and
the reduction in welfare attributed to the
increased employment.
e. Additional tax benefits resulting from
establishment of new transportation
routes, such as tourism, recreation, and
developments other than minerals.
f. Cost of constructing new transportation facilities and the fixed annual costs
of maintaining those facilities.
The computer program will calculate
the present worth of benefits over each
route considered, and the present worth
of the fixed costs of each route. The fact
that segments of the technically feasible
route locations selected for tt)e study may
be used for transporting minerals from
more than one site results in a number of
possible combinations, as illustrated by
the schematic diagram in Figure 2.
Each route from mine to port:unique and
basic to the problem, will result in some
benefit to the state if used. This benefit in
terms of present value and opportuned to
the segments composing the route, is
stored in the computer. Also the present
value of the fixed costs for each segment
of each route is stored. The Benefit/Cost
ratio for each route is then computed by
summation of the benefits and costs of
each segment comprising the route. For
example, from the illustrative network
and Table 1, one combination which
would serve all three mine locations consists of routes 1, 7 and 9. The
Benefit/Cost ratio of this combination
would be:
The Northern Engineer

B/C ratio=

(Benefits A, B, E, F, G, I, J)
(Costs A, B, E. F, G. I, J)

That combination having the greatest
B/C ratio would be considered the
optimum, even though that B/C ratio may
be less than 1.0. As the study progresses,
the analysis may reveal that one portion
of a single network may degrade the
overall system, and that two or more
smaller networks would be more
desirable.
Obviously intangible or unquantifiable
factors such as social and environmental
impacts, Native Claims Act boundaries,
and national security aspects have an
important bearing on the study although
they cannot practically be incorporated in
the computer model. Judgement and
expert opinion, identified as such, will of
necessity be interjected into the study,
and will have some bearing on the
recommended optimum system or
systems. Although primarily oriented

toward the mineral industry, it is
expected that this study will be of value to
planners of other state and federal
agencies concerned with the future of
Alaska.
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Haldor W.C. Aamot (right) is shown superv1smg construction of a
protected membrane roof at the Laboratory.

CRREL Conducts Roofing Stud y
Hanover, NH - A new concept in
building flat roofs is being tested at the
U.S. Army Cold Regions Research and
Engineering Laboratory (USACRREL).
Called the protected membrane system,
the design utilizes a unique construction
technique. A roof utilizing this system has
been installed at the Laboratory.
Moisture is a basic cause of roofing
failures, invading a roofing system as
residual moisture entrapped in the
building during construction, external
moisture from rain and snow, or internal
moisture in the form of water vapor. Once
moisture has penetrated a roofing
system. solar. thermal and climatic
factors aggravate conditions, bringing on
early failure.
The new design consists (from bottom
to top) of a waterproof membrane laid on
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the concrete roof deck, a water-resistant
and
water-impermeable
insulating
material and protective paving slabs. The
waterproof membrane provides the same
protection offered in standard roofs:The
insulation is laid on the membrane to
protect it from stresses of temperature
extremes and sunlight which deteriorate
most membrane materials. In addition,
the insulation provides the desired indoor
thermal protection. The concrete slabs
hold the roof components in place and
provide protection for the insulation.
The roof at USACRREL has been
instrumented for study in the coming
winter season. The study is being
conducted by Mr. Haldor W.C. Aamot, a
research mechanical engineer and Mr.
David Shaefer, a research civil enginef:!r
at the Laboratory.
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CUSHION VEHICLES: A NEW SOURCE

OF TRANSPORTATION FOR THE ARCTIC?
by Edwin M. Roads
Fundamentals of the Air Cushion
Vehicle (ACV) were conceived as early as
1916 by the Austrian navy, while the
general concept of an efficient ship
"lubricated" by a cushion of air was
developed about one hundred years ago.
Christofer Cockerell, British, devised the
first practical means for providing an
effective and efficient sustained air
cushion, and was also instrumental in
developing the ACV in Britain. The U.S.
followed England's lead; today British
Hovercraft
Corporation
(largest
manufacturer) and Bell Aerospace (U.S.)
have designed, built and tested most of
the world's 90 transport type ACVs.
Canada, France, Japan and the U.S.S.R.
are also quite active with the work. I
The amphibious ACV incorporates a
plenum chsmber with flexible "skirts" to
contain the air cushion, one or more lift
fens to provide the required air preesure
in the plenum chamber, and one or more
propellors to provide forward thrust.(See
Figure 1).
A particularly attractive feature of the
ACV, in these times of ecological
concern, is its relatively slight effect on
the terrestrial surface. Cushion
pressures of current amphibious ACVs
run from 0.1 to 0.5 pound per square
inch. Past experience with the SRN6, a
machine of 10 tons gross weight (on the
North Slope in 1969) did not reveal any
detrimental effects on the tundra.
However, ACVs of several hundred tons
overall weight may exceed 1.0 pound per
square inch. Further research is needed
to quantitatively determine the effects of
large-scale operations. The U.S. Army's
Cold Regions Research and Engineering
Laboratories is presently conducting
such an investigation under the
sponsorship of the Advanced Research
Projects Agency.3
The ACV is capable -of traveling at
sustained speeds of 40 to 60 knots over
water, ice, relatively level hard ground,
snow. tundra, marsh or muskeg, and
through brush up to several feet in height.
Its capabilities have been demonstrated
in northern regions by operational ACVs
in Alaska, Canada and Norway, in both
civilian and military roles. 4 Typical
characteristics
of
cargo-capable
amphibious AC\(,8 are given in Table 1.

SRN 6 Hovercraft at lnuvik, May 1971. (Photo courtesy of Edwin
Rhoads)
Critical limiting factors of ACVs in
overland operation are the size of the
vehicle, controlability, vertical obstacle
clearance, and gradability. Figure 2
indicates the size of ACVs relative to
payload capacity. An inherent feature of
the ACV is the width-to-length ratio
dictated by design limits for stability. This
results in a vehicle of much greater width
than a truck, truck-trailer combination or
boat of the same payload capacity.
Vehicle width. plus the control

characeristics described below. dictate
the requirement for a broad right-of-way,
which may be from 300 to 600 feet for a
100-ton payload vehicle. 6 The vehicle can
get through narrower gaps, but at slow
speed, sacrificing time and fuel.
Aerodynamic mechanisms are used for
directional control and braking. Turning is
accomplished by changing the yaw angle
(and sometimes the roll angle), using
rudders, side air blasts from "puff ports,"
THRUST PROPEllER
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or both. Braking is achieved by reversing
the pitch of the propeller, sometimes
augmented by forward air blast and a
slight upward till of the vehicle. Some
designs feature swiveling propeller
mounts which can increate vehicle
maneuverability considerably. However,
without ground contact, ACVs require a
large turning radius and a long distance
to stop, can traverse only the gentlest of
side-slopes, and are greatly affected by
angling or crossing winds. The addition of
rollers or wheels to provide positive
directional and braking control is being
studied, but this approach would increase
the complexity of the vehicle, and its
practicability is yet to be demonstrated. 6
The ability of the ACV to clear vertical
obstacles such as embankments, rocks
and stumps is a function of the height of
the air cushion and depth of the flexible
skirt. Obstacle clearance-height is limited
by vehicle size, horsepower, stability
limits and skirt design. The practical
compromise of these factors is indicated
in the performance characteristics
shown in Table 1. A vertical obstacle
·clearance of 5 feet is a realistic design
parameter. Operational tests have
indicated that higher obstacles with
sloping banks can be crossed, providing
they are not spaced at such distances as
to cause the vehicle to lose the air
cushion. 7
The fourth major limiting factor is that
of forward slope angle. Because of
practical limits of horsepower and
dependence on aerodynamic thrust,
maximum slopes for a sustained climb
are limited to a range from around 9% to
13% (Table 1 ). Short slopes of steeper
grade can be crossed by getting a "run" at
them and depending on momentum to
carry the vehicle over the crest. This is not
difficu It for the smaller vehicles, 8 but may
be risky for craft weighing upwards of 50
tons.
In assessing the possibilities of the
ACV in Alaska, it is tempting to seek
correlaries to the highly successful
Hovercraft ferry operation across the
English Channel and more recent ACV
operations in San Francisco Bay.
However, the area most favorable for
such use, the busy and populous south
coastal region, is adequately, and more
economically, served by the existing ship,
ferry and airlines. Rather it is to the areas
where no surface transportation exists,
and in which the greatest benefits both
economic and social would be gained by
providing flexible, reliable and frequent
transportation, that we should turn our
The Northern Engineer

attention. These, of course, are the vast
regions to the west and north of
Fairbanks. Bearing in mind the
performance
characteristics
and
limitations of ACVs as discussed earlier,
the choice of specific areas is narrowed to
river valleys, gentle slopes, open plains
and lowlands if we are to capitalize on a
system capable of moving large tonnages
or numbers of passengers and requiring
minimum route preparation. Based on
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topography, the Tanana and Yukon river
system down to the Yukon-Kuskokwim
delta are offers a practically level route.
The next likely area runs from the Yukon
valley across the low drainage divide to
the Kobuk, affording access to the
Kotzebue-Seward Peninsula region, and
to mineral localities in the Interior. For
intra-regional use rather than access,
other areas- such as the North Slopeappear promising, and it is here that the
greatest interest and activity concerning
ACVs has been manifested to date.

Studies have been and are continuing
to be made by both industry and
government on the use of ACVs in Alaska.
A number of these were presented
publicly at the First International Arctic
Aviation Conference held in Fairbanks on
May 26, 1971. The Bell Aerospace
"Voyageur," mentioned earlier, is
scheduled for delivery for testing in mid1972. It is conceived as a carrier-1eeder
system, operating in conjunction with air
delivery by Hercules C-130. The Boeing
Company has expended considerable
effort on a concept of a 100-ton cargo
carrier for use in Alaska, and as
previously indicated, has coordinated
with the state Department of Highways
determining feasible routes. 10
When it becomes available, an ACV of
50 to 100-ton capacity will carry a larger
single-item payload as well as more
tonnage than aircraft now serving
Alaska, and deliver it in areas not
accessible by road, rail, or waterway. It
can extend the use of waterways when
they are closed to ships and barges. The
cargo space commensurate with its
tonnage capacity would permit multiple
use.
Another aspect of the total transport
system is the fact that it is in a dynamic
rather than a stable state. Within a period
of time (although perhaps not in the 20
years now planned), large gaps will be
filled by roads. The ACV can be relocated

TABLE I
TYPICAL AIR CUSHION VEHICLE CHARACTERISTICS

BHC
SRNG

Bell
SK5

Bell
Voyageur

BHC
BH7

Bell
Jeff(B)

AerojetGen. Jeff(A)

BHC
SRN4

38'10"

48'5"

64'6"

78'4"

86'9"

99'0"

130'2"

WIDTH

23'9"

23'0"

33'6"

45'6"

47'0"

48'0"

78'0"

HEIGHT

15'11"

19'0"

1'2.'5"

39'6"

23'6"

23'0"

45'8"

10.5

10.7

41.5

50

162.5

166.5

180t

LENGTH

GROSSWT(t)
PAYLOAD (t)

3

3

25

14

60

60

60

HORSEPOWER

1250

900

2600

4250

16,800

16.800

17.000

SPEED-(MAX)

60k

50k

53k

-(CRUISE) 50k

50k

55k

65k

2B-45k

45k

35-50k

70k
40-501<

RANGE(NM)

175

175

135

520

200

200

310

VERT. OBST.

3'6"

3'

3'(E)

4'(E)

4'

4'

6'(E)

MAX GRADE

13%

13%

1 1'h

9%

Note: Range based on fuel consumption at max sustained speed. (E)= Estimated
Source: Janes' Surface Skimmers.
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and rerouted with relative ease,
permitting more flexibility in the growing
system to meet changing transport
needs, and at the same time extending its
useful life.

NASA's Space Shuttle Gets Help from
UofA's Geophysical Institute Scientists
-University of Alaska
News Release

NOTES
1. Rendezvous, Vol. IX, No. 4, 1970,
Bell Aerospace Division of Textran,
Buffalo, New York, pp. 1-3, Janes'
Surface Skimmers, 1971-72, Roy
Mcleary, ed., James' Yearbooks, London,
England, p. 59.

University of Alaska scientists are
now designing an orbiting auroral
observatory for the National Aeronautics
and Space Administration's Space Shuttle
and may man it on flights of the newgeneration space vehicle.

2. Trillo, R.L., Design Problems of
Hovercraft, Hovering Craft and Hydrofoil,
Vol. u, No. 6, March 1968, pp 12-18.

Under the present NASA timetable,
the Shuttle would be operational by 1980
"and if things go as planned, we expect
our people would be flying by 1980 or at
the latest 1982," said Dr. T. Neil Davis,
professor of physics and deputy director
of the Geophysical Institute.

3. Courtial, A.W., SEVs for the Arctic,
The Northern Engineer, Vol. 3, No. 2,
September 1971, p. 4; U.S. Army Cold
Regions Research and Engineering
Laboratories, Hanover, N.H.,
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4. Janes' Surface Skimmers, op cit, p.
34, 59, 99; Bentley, John, Arctic Forays
by N6. Air Cushion Vehicles. July 1971,
pp. 10-14; Courtial, A.W., The SEV and
the Arctic, Rendezvous, op cit, pp. 12-13.
5. Shahan, Ray, Aerospace Div., The
Boeing Company, Research and Future
Development, presented at the First
International Arctic Aviation Conference,
Fairbanks, Alaska, May 26-28, 1971.
6. Trillo, op cit, pp. 16-17.
7. CAREL, op cit, unpublished.
8. Ibid, unpublished.
9. Chaplin, John, Chief ACV Engineer,
Bell Aerospace Co., Research and Future
Development, First International Arctic
Aviation Conference.
10. Shahan, Ray, op cit.

The institute's work on the orbiting
auroral observatory marks its initial entry
into the field of satellite instrumentation
design, said the scientist.
A number of the institute's senior
scientists are involved in the six-month
pioneering project which will determine
not only what instruments the flying
observatory should have aboard but
when and how auroral flights should be
carried out.
The Geophysical Institute was chosen
to undertake this work because of its
breadth of experience in auroral
research, said Davis.
"We've done more work in low-light
level imaging - taking pictures under
nighttime conditions with regular
cameras and television equipment than any other group in the country,"he
said.
The institute is designing the
observatory under a $70,000 contract
with NASA's Manned Spacecraft Center.
Davis is directing the project.
The scientists who ~an the first
observatory probably will be the first
humans to fly through an aurora, says the
scientist, pointing out that all satellites
launched to date have been placed in
other than polar orbits.

Courtesy of NASA

Launchings of men into polar orbit
have so far been considered unsafe since
they would begin over land rather than
sea. A new launch facility to be
constructed in Southern California will
allow manned flights in polar orbit, Davis
explained. Space Shuttle, unlike presentday satellites, will be a highly
maneuverable craft which will operate in
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space with some of the independence of
conventional aircraft.
The auroral observatory now under
design by the Geophysical Institute will
be large, perhaps 15 by 60 feet, and
deciding what will go into it is the basic
decision to be made.
"The observatory could carry in excess
of 100 instrments but that's just a guess
at thi$ time," said Davis. These likely
would include television systems to
observe the aurora, detectors to count
electron, proton and helium particles in
the aurora, mangetometers to survey the
earth's magnetic field, color-sensitive
photometers to measure auroral light.
Under the NASA contract, institute
scientists are also designing a small,
unmanned sub-satellite to be carried
aloft by Space Shuttle for placement in
the same orbit as the main auroral
observatory, It would likely make many of
the same measurements as the
observatory.
The Space Shuttle with its auroral
observatory payload would perhaps carry
two crewmen and two scientists on a
week-long polar orbiting mission that
would afford a much broader view of the
auroral phenomenon.
Scientists
estimate the aurora extends up into the
magnetosphere for several hundred
miles.
Such a mission would only be one of
many envisioned for the Space Shuttle.
With its tremendous payload, it could
prove a scientific workhorse in the future.
NASA now plans to disband its
scientist - astronaut corps by 1980,
retaining only a pilot-training role and
turning over all research to the scientific
community, said Davis.
Among Geophysical Institute and
senior scientists taking part in the design
of the aurora I observatory and satellite for
NASA are Dr. Sun-lchi Akasofu, Dr.
Howard F. Bates. Albert E. Belon, Dr.
Charles S. Deehr, Wallace B. Murcray,
Dr. Raghavaiyengar Parthasarathy, Dr.
Gerald J. Romick, Larry Sweet, DanieiW.
Swift, and Dr. Eugene Wescott.

The Northern Engineer

A Challenge for Alaskan Economics and
Engineering: A Transportation Consideration
for

Our

Unique

Problems

by Jimmie C. Rosenbruch
My article is directed toward a northern
Alaska transportation alternate, not what
I have finally recommended, as the
transportation consultant for the Northern Alaska Planning Project, but as one
of many considerations for resource
managers, and which you may wish to
consider.
The joint federal-state planning effort
is unique in that it involves state and
federal employees on a full-time basis.
Congress
has provided
special
authorization, as has the State
Legislature, I believe any land-use plan or
recommendation will not realize its full
potential unless those wt1'o will be called
upon to consider its results have had a
hand in its preparation. This, of course, is
one of the primary reasons this joint
federal-state planning agreement was
assembled. Some fifteen different disciplines are involved representing
thirteen different ag~ncies or bureaus.
At the annual meeting of the Alaska
Society of Professional Engineers, the
majority of engineers represented a
strong interest in highways. In this unconventional area we call Alaska I believe
we should develop transportation
methods specifically suited to our needs.
They must meet our needs as dictated by
our
ecological,
geographical, and
climatological area. I believe we have difficulty objectively doing this.
We often restrict our consideration to
transportation as developed in the south
very efficiently. With today's technology
providing us sophisticated air, sea, and
ground modes to meet our specific requirements, we must use each to our best
advantage.
We are not alone in this transportation
dilemma. Canada has sought to develop
her resources utilizing a direct subsidy
system. The Canadian "Road to
Resources" program will provide up to
two-thirds government subsidy for roads
constructed for resource development.
A privately constructed winter road extends 960 miles from Ft. Providence on
Great Slave Lake to lnuvik on the
MacKenzie River Delta. A new railroad
with a parallel highway has been
constructed to Hay River on Great Slave
Lake with marine transportation down
the MacKenzie River to the Arctic Ocean.
These are primarily to support Canadian
The Northern Engineer

Arctic oil exploration and development.
We should observe and compare the
success of this system with the various
ones we have proposed for our own Arctic
development.
Russia employs quite a different approach than rail or highway extensions.
Resource development in Siberia has
been accomplished by government
owned Aeroflot air systems and extending the North Sea shipping season
through the use of more powerful
icebreakers. This difference is noteworthy; USSR's use of Aeroflot and powerful

or buried in general transportation costs?
Are special tax allowances or direct subsidies best?
Many bush villages in Alaska receive
all of their air freight, case goods, supplies, etc., by parcel post. In some areas
the parcel post rate is one-halfthe freight
rate. This is a good example of a subsidy
buried in general transportation costs.
The Winter Haul Road from Livengood
to the North Slope, according to the
Alaska Plan fortheArcticRegion, by FAA,
did ultimately cost $700,000. Approximately 7,500 tons were transported

Parcel post being loaded on 737. (Photo courtesy of Jimmie
Rosenbruch)
icebreakers has provided their continued
development at small capital costs compared to highways and railroads.
Once surface systems are constructed
they must be maintained or abandoned!
Careful study and planning must precede
geographically inflexible systems before
they are implemented.
One acceptable and required tool in
transportation development is the use of
government subsidies. Forms of "user
fees" such as the Federal Highway Trust
Fund are also invaluable. Should subsidies for Alaska's transportation system
development be directly identified as in
Canada's "Roads to Resources" program,
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over this route ... an AlasKan example of
a direct subsidy amounting to nearly
S100 per ton
Federal legislation in 1970 provided for
highway trust funds to be used for ferries
connecting federal aid routes. The Alaska
Marine Highway System has a 29 miilion
dollar, five year capital improvement
pr2gram of which approximately 9
million, or 30%, will be federal funds. If
sufficient federal funds were available,
up to 94% federal participation could be
utilized as on some highway projects.
Some recent examples of resource
development accomplished with little or
no transportation subsidy are the Copper

River Railroad by Kennecott, Knob Lake
Railroad in Quebec, and the TAPS
Highway by Alyeska. Each of these has
generated only that development for
which it .was constructed.
FAA's A/asks Plan for the Arctic Region
further demonstrates "excess transportation will not, in itself, spur more rapid
development."
Current figures per ton-mile for air
transportation vary. Reliable sources indicate' 7 cents, 5.2 cents, and 4.5 cents
per ton-mile for 747 or C-5A type aircraft.
Rail shipping in Alaska is approximately 6 cents per ton-mile. Rail
rates for the northern rail extension Anchorage to Kobuk have been projected at
3 cents per ton-mile. Neither rail rate for
Alaska considers amortization of the
capital expenditure. The Alaska Railroad
is for sale for $130 million and estimates'
for the northern rail extension range from
$300 to $600 million. The 6 cent per tonmile transportation rate for the Alaska
Railroad is based only upon annual
operating costs. Would the northern extension be able to operate for half as
much?
Truck rates within, to, and from Alaska
are approximately 7 cents per ton-mile.
Ocean shipping is normally approximately 1 cent per ton-mile, but
lightering on Alaska's west and north
coasts increases this to 3 centsor4cents
or even greater.
Highway construction in northern
Alaska is approximately $300 thousand
per mile for a 24-foot ·highway.
Maintenance costs are in excess of
$3,000 per mile annually to maintain
year-round traffic on such a highway.
The Seward Peninsula highway, a 500-

Ranges like the Delong Mountains reveal the difficulties of-surface
transportation links. (Photo by Jimmie Rosenbruch)
mile link connecting Nome with Fairbanks, will probably cost in the
neighborhood of $150 million. Annual
maintenance costs could be $1.5 million
to insure year-round access. Further expense may be involved in the form of a
subsidy to attract needed. enroute
lodging, eating, and fueling highway services.
$150 million would construct facilities
capable of accommodating 747 or C-5A
aircraft at eight locations in northern
Alaska. It would also provide comple~e

r--------------::-------------------,..
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Trade
Centers
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•

Yukon

navigation a1ds and proviae a start toward
improving all village strips to Becommodate
F-27 or comparable aircraft. The eight locations would ideally be
at traditional trade centers, but could be
at mineral resource sites. A highway link
would connect the trade center with any
resource development site or vice versa.
Barrow, Bethel, Ft. Yukon, Dillingham,
Kotzebue, Nome, Prudhoe Bay, and
Unalakleet, eight logical regional trade
centers, all have airfields in excess of
5,000 feet. Most are paved, provide
modern navigational aids and currently
accommodate 737 jet aircraft.
If the proposed Lost River fluorite
development on the southwest end of the
Seward Peninsula is feasible, an air
facility capable of handling 747 aircraft
could be constructed on the site, then a
highway constructed the approximately
50 miles to Teller, connecting to the existing road to Nome.
Freight co~.tld be flown directly te outlying villages from the Lost River facility. A
100-mile highway link would provide
Nome with its freight and/or passenger
traffic. This would, of course, be
facilitated by all village airfields having
the capability of handling F-27 or comparable type aircraft. Schedules could be
developed to ac.commodate freight and
passengers daily or at a minimum, 3
flights weekly as needed. If projected
production at any given mineral
development site would not warrant the
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air facility, it would be constructed at the
trade center. The surface link would then
be constructed to the resource site.
The system could be expanded to
provide air service to recreational sites,
resource exploration centers, and any
other use conventionally served by
surface. Villages are widely distributed;
short links would provide access to most
areas. Obviously some type of
concentration process would have to take
place at the resource site. Degree of
manufacture would depend upon the
commodity and available energy. Origin
and/or destination of each 747 flight
would depend upon the resource being
developed. Anchorage could be a final
destination providing back-haul for sea
shipments currently being utilized.
Perhaps points in the lower 48 would
be required or even foreign countries.
Each development would be geared to
provide back-haul as needed by various
points in Alaska.! believe this 4Y:t cents to
7 cents per ton-mile air transportation
figure can be competitive. Sea exports
from western and northern Alaska require stockpiling for 8 to 10 months each
year. This alone can edd $1 or $2 per ton
for extra handling and inventory.
It can be surmised that this all requires
a great deal of subsidy. We have examined briefly the subsidy and funds
available for each other mode of transportation.
The Problem of lntrs-A/ssks Air Rates,
by the Federal Field Committee in 1970,
states: "Since no major breakthroughs in
technology are in Sight that will have the
effect or reduced transportation costs to
small villages, it is obvious that any
substantial reduction will be accomplished by increas~ subsidies."
Current legislation provides for the
Federal Aviation Administration to bear
62% of the expense to improve or
construct new aviation facilities.
What about a State-owned or leased air
system, or with increased State and/or
federal subsidy attracting private enterprise? The Marine Highway System, and
in fact, our existing highway system
functions very well under State ownership. Wouldn't an air 'transportation
system such as this merely be an extension of the highway system? Comparable
subsidies could make air transportation
rates more favorable than highway links.
New enroute roadside services must be
police
protection
and
provided:
emergency assistance. FAA is currently
organized, designed, and equipped to
handle each of these. Obviously arw subsidy extended to the 74"1 operation would
make the per ton-mile rate more atThe Northern Engineer

tractive. Subsidized rates into the villages
would be a must. These co&1s would
appear to be less than providing a surface
link, however. This type of air system
would surely be acceptable to its heaviest
users, the Native people. How many will
own automobiles to take advantage of a
surface link?
Traditional travel for northern Alaskans
for the past two decades has been by air.
I'm sure improved air service at one-half
the rate would meet with great approval.
A one hour flight as opposed to a 10or 12
hour automobile drive at comparable
costs would leave little to decision. The
environment except the small area
devoted to the air terminal facilities,
would not be disturbed. There would be a
substantial reduction in the number of
environmental protection statements to
prepare and perhaps also in the accompanying drawn-out litigation
procedures that have marked some environmental statements.
Capital investment for an air system
would be but a fraction of a comparable
highway system. Maintenance on a surface system and interest savings on
capital investment might well provide for
the total air system subsidy needed. lfthe
air system proved unworkable, no irreversible decisions have been made. Leased
or or purchased equipment can readily be
expired or sold. Terminal facilities will
always be available for a continued level
of air operation.
The Stanford Research Institute, in its
recently completed planning guidelines
for Alaska, seems to favor development of
air transportation systems over other
modes. Transportation policies and plans
applicable in other states may not be appropriate in Alaska because of the
immensity of distances, the extremes of
climate. the ruggedness of terrain, and
the low population density.
This is not a final proposal, but I believe
a viable alternate which must be analyzed
further.
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I WR Visitor Luthin
Helps Investigate Water
Movement in Permafrost
I

Dr. James N. Luthin. (Photo
courtesy of Gary Guymon)
Distinguished visitors to the Fairbanks
campus include Dr. James N. Luthin,
Chairman of the Department of Water
Science and Engineering, University of
California at Davis who was a guest
scientist at the Institute of Water
Resources, from June 20 through July
18. Dr. Luthin is internationally known for
his work in drainage engineering related
to agricultural production. His work includes numerous scientific journal
articles, two authoritative books, and
numerous committee and consulting assignments.
His visit to Fairbanks was to assist Dr.
Gary L. Guymon of the Institute of Water
Resources initiate a comprehensive
investigation of the storage and
movement of water in permafrOst soils
which will involve Dr. Thomas E.
Osterkamp of the Physics Department as
a co-investigator. Japanese scientists of
the Hokkaido University at Sapporo,
Japan, will also collaborate with other
Ameri!<~rucientms in t~project, which
is headed by Dr. Guymon.
During his stay here, Dr. Luthin
familiarized himself with Alaska and soil
conditions in the Fairbanks and Barrow
areas. He and Dr. Guymon instrumented
several sites and collected soil samples to
initiate field data collections of soil moisture energies and soil moisture
movement parameters.
Dr. Luthin will periodically return to
help guide the research and will provide
support through the extensive soil and
engineering laboratories atthe UniversitY
of California at Davis. He will provide a
key role in fulfilling the objectives of the
project: a computer model of
suprapermafrost water storage and
movement. The results of the work
should provide much needed information
to the Tundra Biome investigators, who
will collaborate in the project, to
engineering design of roads and pipeline
routes, to on-going and potential
agriculture in Alaska, and to other future
northern needs.

SATELLITE BIOMEDICAL COMMUNICATIONS PROGRAM
IMPROVES REMOTE VILLAGES' LINK WITH DISTRICT DOCTORS
By

R. P, Merritt

frequency of 149.22 megahertz and
The Stete of A Ieske declered e desire . obtained. All transmissions authorized in
25,000 miles, the value of attenuation
to meke use of the NASA A TS -1 Sstellite April occurred during periods in which
becomes. a= 37 + 20 log (149.22) + 20
for VHF snd SHF communipetion there were no significant ionospheric
log (25,000) = 165.5dB.
experiments in e letter from the Office of disturbances.
The transmitting equipment used for
the Governor on August 18, 1969 to
With a transmitter output of 340
NASA Heedquerters. The Governor's the initial tests consisted of the following
watts. 55.34 dB above one milliwatt
letter wes followed by s deteiled propose/ standard equipment available locally: A
(+55.34 dBm) and an antenna gain of 12.5
for e "Setellite Communicetion "porta-mobile," eight watt transmitter.
dB, the radiated power becomes +67.8
Demonstration in Alesks." In thet was used to drive an old base station final
dBm or 6050 watts effective radiated
document "Educetionsl Redio Service," amplifier using a single 4Cx-250tube and
power (ERP). The received signal at the
es well es "Public Ssfety end Record delivering 340 watts into a 50 ohm load.
satellite may be computed w ith a
·service," were proposed for the very high A crossed yagi antenna was fed with a
receiving antenna gain of 8.5 dB as 67.84
frequency (VHF) (149. 22 MHz, phase harness to obtain circularly
dBm + 8.5 dB - 168.5dB = -92.16 dBm.
135.60MHz) bend end en Educetionel polarized radiation. with a gain of 12.5
Additional losses, such as 3 dB for
Television demonstrstion plsn wes dB. The transmitting antenna was
polarization loss and about 2 dB for cables
outlined for the supef high frequency
(SHF)(6-GHz, 4GHz)bend. On Februery 2.
1970, Dr. Pein, the. edministrstor of
NASA Bt thst time, replied most fsvorebly
to the Alesks propose/. A subsequent
letter from Dr. R.B. Mersten, Director of
Communicstion Progrsms. NASA, to Mr.
Chsrles Buck, the Stste Director of
Communicetion, geve e deteiled ens lysis
of the signs/levels endprogrem quelity to
be expected on both the VHF snd SHF
systems. In the letter pert of Merch, the
Electricel Engineering Depertment of the
University of Aleske wes esked by Dr.
Northrip, the Aleske Stete Educstionel
Broedcsst Commission executive
secretsry, sbout the feesibility of
estsblishing e VHF educstionsl
brosdcssting system using ATS-1 .
Trsnsmitter, receiver snd sntenne
equipment were instelled end tested by
April 2. NASA end the FCC were
contscted by telephone for permission to
trsnsmit under the euthority of the Stete
of Aleske's epproved progrem. A
telegrem grenting temporery license
epprovel wss received from the FCC on
April 7. NASA epprovsl end en opereting Designed and built at the U. of A.'s Geophysical Institute for use In
remote villages. this helical antenna at · Anatuvik Pass looks south
schedule were received the next dey.
Mr. Zene Thornton of the Nstione/
Librery of Medicine (NI.M) celled end seid
he hed heerd thet we were instelling e
sstellite ground terminslend esked us to
psrticipete in some tests with NLM.
Stenford University end the University of
Wisconsin on Fridey, Apri/10. We esked
for end received permission from NASA
to test our equipment on Thursdsy, April
9, prior to the Fridey schedule.

A calculation of the transmitted and
received signal ··levels corresponds
closely with the actual measured values

through the paiS towards the satellite. (Photo courtesy of Robert
Merritt)
·
mounted on the roof of the Duckering
Building of the University of Alaska
campus at College. Alaska. The azimuth
of the antenna was 185° TRUE with an
elevation of 17.5°. The 3dB beam width of
the antenna was about 50°.
The path attenuation in dB between
the earth station and the satellite may be
computed from the equation a = 37 + 20
log f + 20 log d, where f is the frequency
in megahertz and . d is the distance in
miles. For the up link transmission
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from the transmitter to the antenna,
would lead to an expected received signal
of about -97 dBm, a relatively strong
signal for a low-noise communication
receiver sustem. The signal is translated
in frequency from 149.22 megahertz to
135.60 megahertz in the satellite and
retransmitted at 40 watts, with a
transmitter antenna gain of 8.5 dB.
The receiving system at the Electrical
Engineering Department in the
Duckering Building · consisted of the
The Northern Engineer

following equipment: A surplus NASA
antenna, consisting of eight crossed yagi
units connected through a low-noise
preamplifier with a 30 dB gain to a hybrid
network. The right and left circularly
polarized signals from the hybrid are
brought down from the roof through
coaxial cables in special ducts to the
communication laboratory and
distributed to several different types of
receivers by a vacuum tube power splitter
providing unity gain and receiver
isolation. The receivers consisted of two
R-220 general coverage VHF
communication receiver, and a low-noise
crystal converter connected to an R390
HF receiver. This last unit was connected
tb a Sanborn chart recorder and was
capable of detecting and recording -135
dBm signals at the receiver converter
input. The received signal level from the
satellite may be computed for 40 watts
(+46dBm), a transmitting antenna gain of
8.5 dB and a receiving antenna gain of
19.0 dB as 46.0 dBm + 8.5 dBm - 168.5 dB
+ 19.0 dB = -92.0 dBm with 3 dB of
polarization loss and about 2 dB of coaxial
cable loss. The expected received sig nal
was -97 dBm.
The first tests in April 1970 were
conducted with the assistance of the
NASA-Mohave ATS control station. The
transmission, after contact was
established, consisted of test tones,
speech and music. Radio frequency
signal strength and audio frequency
signal to noise ratio were measured.
Signals were transmitted to the satellite
and received at the same site for test
purposes. Signal reports were also
provided by the Mohave station, -1 05
dBm.
All
transmissions were taperecorded forfuture reference. Tapes were
also received from Mohave and Stanford
University, giving an indication of the
quality of reception at quiet receiver
locations.
As a result of our early experience
with the educational broadcast
demonstration and subsequent
cooperative tests with the state division
of communication, the· University of
Alaska Department of Electrical
Engineering
and the Geophysical
Institute were eager to implement a
preliminary field evaluation of the'
application of low cost, portable, satellite
ground stations for use by Alaskans in
remote villages to provide reliable voice
communication.
The village medical communication
program was suggested to the Alaska
Native Health Director in February 1971.
In much of Alaska the only health service
The Northern Engineer
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FIGURE 1
RECORD OF 135.60MHz RECEIVER AGC AT COLLEGE DURING GEOMAGNETIC DISTURBANCE

available is provided by a dedicated group
of health aides in the remote villages
supported and advised by Public Health
Service Hospitals and resident physicians
in larger communities. The health-aide
depends on the district physician for
advice, consultation and direct support.
The communication between the healthaide in a remote village and the doctor
located at the district hospital is often
provided by a high frequency radio
transmitter and receiver. The highly
disturbed ionospheric condition that
exists much of the time over the northern
regions of Alaska make the HF radio
communication extremely difficult for
extended periods of time. The possibility
of having clear, dependable
communication available for the daily
"Doctor Call" servce in which the
physician is available for consultation
with the health-aid was regarded as the
most important innovation that could be
provided.
Two remote,isolated native villages
were selected for the program as being
representative of areas most in need of
reliable communication in Alaska. The
villages of Allakaket and Venetie were
chosen from among many because they
do not have any communication other
than HF radio, have a population of about
100 persons, and no roads connect either
of these locations with the rest of Alaska.
These villages in the Tanana hospital
district, had very few HF radio contacts in
the preceding months. The equipment
placed in the villages for communication
were 80 to 120 watt narrow band FM
transmitters with 5 KHz bandwidth and
sensitive communication receivers with
low noise preamplifiers. A single broad
band helical antenna designed and built
at the Geophysical Institute was provided
each village site. The eight-turn helical
antenna, with a gain of approximately 13
dB was designed to be disassembled and
strapped to the skis of a Cessna 180 and
reassembled at the field site by two men
in about 3 hours. The impedance of the
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prototype antenna was measured at the
transmitted frequency, 149.22 MHz, as
53 + j3 ohms and at the receiving
frequency 135.60 MHz, as 51 + j0.5 ohm.
Additionally at each field site a low noise
crystal controlled converter and tube type
receiver were bridged across the output
of the preamplifier to drive a chart
recorder providing a record of the receiver
automatic gain control (AGC) level. This
provides a permanent record of the
received signal strength at each field site.
These data were used in quantative ev
aluation of the radio path from satellite
transmitter to the ground receiving site.
Chart recordings taken atthe MojaveATS
control station near Barstow, California,
showing the degree of saturation of the
satellite receiver give a quantitative
measurement of the up link transmission
path from the remote ground station to
the satellite. Complete receiver AGC
recording and audio tapes of all
transmission conducted during the test
period are obtained at the Alaska Control
Station on the University campus.
A careful, detailed study of the data
made available by these measurements
was completed before the final
equipment specification and awarding of
bids on the additional terminal equipment
required for the Lister Hill biomedical
communication experiments planned for
the fall and winter 1971-1972. A look at
the radio propagation data indicates th_at
the low power transmitters in the two
field sites saturate the ATS-1 spacecraft
receiver during most of the operation
period. The ionosphere electron density
and charge distribution change rapidly
both spacially and with time during
optical auroral display. During several
days of the medical communication tests
the ionosphere was highly disturbed and
brilliant optical aurora was visible in the
early evening. A radio wave of the 130 to
150 MHz range propagated through a
disturbed ionized layer will not be
absorbed but the energy may be
momentarily scattered away from or ·

toward the rece1v1ng antenna, a chart
recording. Figure 1 is typical of the rapid,
deep fading on the signal received at
College from one of the transmitting
stations in the Alaska group during a
highly disturbed period. It was reported by
the Mohave support personnel that
during one transmission, the up link
signal received from Venetie, Alaska
dropped in level by 9 dB at the satellite
receiver. The chart recording shows
received signal amplitude scintillations of
up to 25 dB on the down link Venetie
signal recorded at College. These fades
usually last less than one second but
represent a large loss in power. During
these highly disturbed periods there was
no loss in voice communication although
the receiver quieting inherent in an FM
System was momentarily lost on many
occasions and the background receiver
channel noise increased
, almost20 dB.
The preliminary test program has
conclusively shown the ability to provide
reliable voice communication between
distant points through the ATS-1 VHF
transponder. Some circuit degradation
may be expected during disturbed
ionospheric conditions. This interference
will usually be greatest during the late
evening hours (local time, 2000-2400
hrs.) when the auroral oval moves down
over the northern portion of Alaska. It
appears that most of the time 100 watt
transmitters will be adequate to saturate
the satellite receiver and insure
maximum satellite transmitted power.
The up link fading that has been observed
could be offset with an increase in
transmitted power or a great increase in
the size and complexity of the antenna
system. Neither of these steps appear to
be warranted. The receiver system at the
village site consists of the same 8 turn
helix used for transmitting connected
through a transmit-receive relay (TR) to a
low noise preamplifier and standard FM
communication receiver. The noise figure
of the preamplifier was measured at
2.0dB.
As a quick mea'sure of the antenna
and sky noise temperature the antenna
input to the preamplifier at the University
station was replaced with 50 OHM high
quality coxial termination at room
temperature(2960K). It was observed that
the AGC chart recordin indicated slightly
more power was received from the 50
ohm load than from the antenna and sky.
This test was performed at 2300 hours
(150° west time) with the antenna

pointed in the direction of A TS-1 after the
satellite had been turned off following a
test period. It is easy to recognize when
the ATS-1 satellite translator is active
because the unsaturated receiver noise is
translated to the down link frequency and
modulates the satellite transmitter. This
signal is 5 dB over the sky noise. There is
also characteristic amplitude modulation
on the satellite carrier produced by a
nonuniformity in the electronically
switched transmitting antenna pattern
which repeats each revolution of the
satellite.
The Alaskan participants in the
Biomedical Communication program are
looking forward to the opportunity to
continue the experimental service of
providing much needed voice
communication between area doctors
and village health-aides as well as field
testing such other communication
systems as become available.

Based on this feasibility study, the
Satellite Biomedical Communications
Program wes funded by Lister Hill Center
for Biomedical Communications,
National Library of Medicine, HEW.

The Siberians. By Farley Mowat;
Little, Brown and Company, 1970;
paperback, Penguin Books, Inc.,
1972 ($1.45)
This delightful and very readable
book deals largely with the impressions
on an already seasoned arctic traveler
through arctic Russia. The author, well
known for his numerous books, including
Never Cry Wolf and People of the Deer.
has considerable literary and arctic
credentials. He used these to good effect
in promoting extensive travel in the USSR
in 1966 and 1969. As he states, he and
his party "traveled together for some
14,000 miles from the Ural Mountains to
the Sea of Okhotsk, from the Mongolian
border to the Arctic Ocean. This book is
the outcome of these two journeys."
While entertaining reading for
everyone, it is of particular interest to
those involved in development and
construction in the Subarctic or Arctic.
The comparisons, implicit or stated, of the
way the United States. Canada, and the
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.USSR have approached opening up the
vast frozen areas of their countries are
worthy of special note now. These relate
to the rapid acculturation problems of the
Alaskan natives, and to the successes
and failures (including major blunders)
that would probably be encountered or
made in all the countries on the Arctic
Circle.
He deals with the geology,
geography, history, and especially the
present people of Siberia. Thus there are
discussions ranging from the probable
cataclysmic event that led to the
formation of Lake Baikal to the modern
ecological fights over its pollution. Ice is a
potent force in Siberian construction, but
liquid water apparently figures less in the
life of the people, with whom Mowat is
definitely entranced; indeed, sometimes
it seems a subtitle to the book like "the
drinking man's guide to Russia" is
appropriate. As in all of Russia, the
contrasts in problems and solutions are
great. For example, there are stories
about the careful work leading to the
discovery of the diamond fields at Mirny
contrasted with the carelessness in initial
production which destroyed large
permafrost areas in the haste to get at the
gems.
Planners of future communities and
transportation systems for Alaska can
profit from this book. Those concerned
with the fate of tile Eskimos should read it
also. The comparison of official treatment
of Siberian Russia's "Little Peoples" and
Canada's far north natives is extremely
interesting. However, the evident
bitterness of the author toward his own
government (as far as native policy is
concerned) and the probability that he
has (or at least presented) an incomplete
picture of the Russian policy cloud this
comparison.
A minor flaw is the placement of a
good map of northeast Siberia too late in
the text. This contains names and
locations I could find on no other maps I
consulted. The. reader will benefit by
peeking (p. 248) before he gets along too
far.
Obviously I enjoyed and profited from
this book. It belongs in any arctic library,
and probably will be reread several times
by anyone interested in the polar and
subpolar regions.
- Tunis Wentink, Jr.

The Northern Engineer

Ice Fog:Big Problem
-One Solution
Lee Leonard
Ice fog is a form of air pollution unique
to cold regions, and particularly to the
urban areas of Interior Alaska. It consists
of ice crystals which have formed about a
nucleus of particulate matter, such as
dust or soot, most commonly some form
of carbon particles. It becomes a problem
when a winter temperature inversion (in
an urban area) causes prolonged periods
of cold weather, during which these ice
crysta'ls form snd accumulate to the point
that a dense fog is formed. It is then called
"ice fog."

Figure

1.

Operating

without condensing.

The main objection which becomes
most obvious is that visibility is reduced to
a minimum. This factor, added to heavy
traffic at peak "work" periods of the
normal day, early in the morning and late
in the afternoon.g1ves r"1seto an increased
number of hazardous conditions. Many
automobile accidents, and as many
pedestrian/automobile accidents, are a
The Northern Engineer

direct result of heavy ice fog and its accompanying low visibility. The low
temperatures. of from -200F to -500F
produce the most severe cases of fog.
Although a good deal of research has
been done with respect to the study oft he
physical properties of ice fog, little has
been done with regard to its elimination.
Now, finally, a start in the right direction
is being made.
To produce ice fog in any quantity,
three factors or requirements must be
fulfilled. The temperature must be -20°F
or lower; there must be water being introduced to the air continuously, and
there must be particulate matter
suspended in the air, which will act as a
nucleus for the fog particles themselves.
Elimination of any one of these three fac-

Figure

2.

tors will eliminate the ice fog. Since control of the winter temperature is virtually
impossible, and a certain amount of
particulate material is always present in
the air in and around urban communities,
our only recourse in the prevention of the
production of ice fog is to keep from
introducing water into the air while the
other conditions exist. Water enters the
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air in large quantities in two ways: first,
as water vapor from evaporation over
open water surfaces, such as cooling
ponds for power plants, running streams,
sewage lagoons, ect., and second, as
water vapor which results from the
combustion of hydrocarbon fuels. This
article deals with a system to eliminate
ice fog caused by this second method of
the introduction of water to the air. ·
The principles involved in keeping this
combustion - produced water from
entering the air is not a new one.
Engineers and technicians had known for
many years that ice fog could be
controlled by simply condensing the
water vapor produced out of the flue gas
before it is emitted to the air.
Since
this
theory
seemed

Operating

with condensing.

sound, the only problem was to work out
the engineering details, and finally, to
put an actual device into use. This was
not to become a reality; many years
passed before actual work began on the
solution.
During the summer of 1971, however,
an engineer from the Bureau of Land
Management came to the University of

Alaska campus at Fairbanks. He, William
Stringer, of BLM Denver, was
concerned with the reduction of the ice
fog produced by an oil-fired heating plant
at the B.L.M. fire control station. The
major consideration was its proximity to
the landing field of the Fairbanks
International Airport.
He was aware that placing a condenser
in the exhaust stack of the heating plant
would conceivably do the job. In fact, he
had already ordered one, and the only
thing would be to find technicians and
engineers who would be in the area, and
who could direct and monitor the
operation of this system, as well as to
solve any problems which would arise
during its "functional" period. This need
was taken care of when the Institute of
Arctic Environmental Engineering signed
a contract with the Bureau of Land
Management to conduct the research.
Throughout the fall and early winter,
BLM and IAEE personnel constructed the
condenser and began testing it at the fire
control station. The "bugs" in the system
were numerous, but one by one they
were eliminated, and on the 13th of
January, at approximately -20°F, the
system was successfully put into
operation. Where once large billows of
ice fog were produced, nothing was
visible. It worked.
Figure 1 shows the ice fog produced
with the condenser not condensing. It is
easily noted in the accompanying
photograph (Figure 2) that the ice fog
production is greatly reduced by
condensing. This photo was taken only
ten minutes after the first photo. The
operation was efficient. Ice fog was finally
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being eliminated, but the final question
remained; would the system be feasible
for general usage?
Figure 3 shows, in diagram, how the
system basically works:
Exhaust gases leave the boiler at
about +400°F, and are diverted from the
normal stack, then passed through the
condensing tubes of a heat exchanger.
Cold outer air (normal ambient) is blown
over these tubes with fans which cool the
gases to +35°F, well below the dew point
of approximately 115°F. The water vapor
in the stack gas is then condensed
and collected in a trap, then finally
diverted to a drain. The remaining dry
gases are then exhausted to the air and,
since the water has been removed, no ice
fog can form.
Tests showed that when the stack
gases left the condenser at +35°F, one
hundred percent of the theoretically possible removeable water was extracted.
This constituted around 94% of the total
water vapor in the gas. It was also found
that, while the condensing process was
taking place, many of the normal
pollutants found in stack gases, such as
SO 2 and particulate matter, were being
dissolved and carried away by the
.condensate water. This was an added
benefit to help control the air pollution.
The testing program showed with
dramatic results that the ice fog can be
eliminated, but the system will only be
practical if a control system can be
developed to allow it to function
unattended.
During the coming winter, the B.L.M.
test facility will again be in operation. The
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control system will be the area in which
most of the engineering will be concen-.
trated. Since there is nothing really new
in this system, only a new application of
e:dsting techniques, thare is every reason
to expect that the control system will be
perfected. The big question is, how much
would a devise of this type cost for
general use. Here can be only
speculation, since a large part of the cost
is wrapped up in the control system.
If support can be found to continue the
research already started, perhaps the
next few years may see the implementation of a system of this type on
several large ice fog producers in the
Fairbanks area. Perhaps the usage could
even be extended to the automobiles
used by private citizens. As the
population of the area increases, it will
become a more vital issue to solve the ice
fog problems, whatever the system of its
elimination would be. It at last has a start
with the use of this device.
A more detailed report of this project
can be obtained without cost by writing
to the Publications Office of the Institute
of Arctic Environmental Engineering,
University of Alaska, Fairbanks, Alaska
99701. (A.A. McKay and L. Leonard, IAEE
Report 7204).

PARROTI RETIRES FROM USACRREL
Hanover, NH - Mr. William H. Parrott,
Lebanon, retired from the staff of the U.S.
Army Cold Regions Research and
Engineering Laboratory after twenty-two
years of federal service. A research
physicist, Parrott served as the
Laboratory's consultant on the design
and fabrication of instrumentation in support of the research and engineering
program.
Prior to joining the USACRREL staff,
Mr. Parrott served successively as Director of the Army's Central Sierra Snow
Laboratory, Soda Springs, CA, and the
Keweenaw Field Station, Houghton, MI.
With these laboratories he directed a
;esearch program in snow hydrology,
micro meteorology and vehicle mobility.
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Mr. Parrott is a graduate of the University of Washington and served as a
research associate at the University from
1946-50. He is a member of the
American Geophysical Union and the
American Meteorological Society.
The Northern Engineer

Effects of
Highway Bridge Construction
on a Subarctic Stream
By
L.A. Peterson and D. Nyquist
Effects of construction of roads and
highways along and over flowing waters
and the subsequent reduction in water
quality and disturbance of the associated
flora and fauna have been the focal point
of much heated debate in the United
States. Until recently, the primary
objection to channel alteration has been
based on the protests of the sport
fisherman. Currently, objections are
being raised by various well-meaning
conservationist
and
preservationist
groups for a myriad of reasons. Perhaps
the sport fisherman is closer to the real
problem when one con_:;iders the longterm destruction of habitat. Certainly the
several states and their contractors have
been made aware of the benefits
(tangible and intangible) of completing a
project with a minimum of environmental
damage, while on time and within their
alloted budgets.
A project fnvolving the collection of
base line data on two dissimilar subarctic
streams was initiated during 1970. As
coicidence would have it, two highway
bridges were constructed during the early
stages of the study, one over each stream.
This article is concerned with the effects
of construction of a highway bridge over
Goldstream Creek in central Alaska.
Goldstream Creek in the past has
been subjected to extreme environmental
damage, both aquatic and terrestrial, dur
to past gold dredging and placer mining
operations. The stream has been
rerouted and channelized to facilitate the
mining
operations.
The terrestrial
vegetation has never recovered;
however, the aquatic ecosystem seems to
have fared better. Young grayling were
observed in Goldstream Creek in 1971.
Presently, Goldstream Creek does not
contain a viable sports fishery (Tack,
1972). This article will concern itself with
the changes in water quality and bottom
organisms between August 1970 and
October 1971.
Owing to the geology of the area,
engineering design, and economics, the
bridging of Goldstream Creek was
accomplished via a steel stringer single
pile structure (Figure 1 ). The choice of this
bridge configuration is not normally
recommended by the Alaska Department
of Highways as it has a tendency to clog
with logs, trees, and other debris during
break-up or at other times of high water
The Northern Engineer

(Lotspeich, 1971 ).
Four sampling stations were
established
two above the
construction site and two below the
construction site. One sample station
was located at Fox, approximately one
mile above the bridge construction site,
while another was located directly above
the construction site (station ACS). A
third was located directly below the
construction site (station BCS), while the

turbidity (a measure of suspended
particulate
matter)
and
electrical
conductivity (a measure of dissolved
solids) showed any significant variation
that could be attributed to construction
activities. Excavation
and backfill
activities for the bridge foundation
occurred between August 31st and
September 4, 1970. During this time,
turbidity increased from 15 Jackson
turbidity units JTU) above the

Figure 1.
last was situated above Ballaine Bridge
crossing
Goldstream,
6
miles
downstream (station BB) (Figure 2).
Sixteen physical and chemical water
quality parameters were measured as
well as the collection of benthic samples
for biological analysis. Physical and
chemical water quality characteristics
were measured by techniques outlined in
"Standard Methods for the Examination
of Water and Waste Water" and
"Engineer's
Laboratory
Methods
Manual" (Anon. 1971, Anon. 1966).
Benthic samples were collected by
Surber sampler technique and evaluated
with respect to species diversity index
(Surber, 1937; Needham and Usinger
1956; Brillouin 1960).
The physical and chemical data
collected during the study period is
presented in Table 1. Of the sixteen
parameters monitored, only water
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construction site to 22 JTU below it.
Electrical conductivity increased from
142.0 to 170.0 umhos/cm at the same
two sites. On September 4th and 5th a
36" culvert was placed in the stream bed
and covered with fill to create a temporary
construction crossing. This device
effectively
minimized
stream bed
disturbance
and
associated
sedimentation. This temporary crossing
backed up a sufficient amount of water to
create a pool approximately five feet deep
and one hundred feet long. Subsequent
measurements of electrical conductivity
and turbidity at the Fox, ACS, and BCS
sites resulted in conductivity values of
163.0, 182.5 and 189.0 umhos/cm
respectively on October 3, 1970, and
values of 179.5, 211.0, and 212.5
respectively on October 28, 1970.
Turbidity at each site en the above dates
was 5.0 JTU.

Stations
above the construction
site and below the construction site
little variation after the
showed
temporary bridge was established.
Subsequent measurements of turbidity
and electrical conductivity at these
sampling stations showed little variation.
During the initial construction phases in
the fall of 1970 freeze-up, no significant
variation in pH, calcium, magnesium,
ammonia nitrogen, nitrate nitrogen, and
sulfate were noted. There was a slight
variation in dissolved oxygen towards
freeze-up which was thought to be
primarily due to the formation of an ice
cover, not the result of construction
activity.
During spring break-up in May 1971,
increases in turbidity between the
upstream station at Fox and the station
immediately below the construction site
were evident. The rise in turbidity from 23
JTU to 35 JTU was undoubtedly due to
the construction activity of the previous
fall since at the next downstream station
(Ballaine Bridge) turbidity measured 22
JTU which was essentially the same as
the Fox sampling site. It must be
remembered that high turbidities at the
time of spring break-up are normal in
subarctic streams (Vascotto, 1970,
Morrow, 1971 ). What is of importance is
that the turbidity directly below the
construction site was approximately
twice the level of the natural value
derived from the normal cleansing action
in Goldstream Creek.
Upon the initiation of construction
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LOCATION

ACS

8CS

FALL 1970
FOX

88

ACS

8CS

88

Total Alkalinity
asCaCo3

83.3

65.0

89.3

122.5

67.5

85.0

67.5

105.0

Carbon dioxide

7.0

8.0

7.0

7.5

6.0

6.0

7.0

6.0

138.9

149.5

165.5

208.0

171.3

196.8

200.8

233.8

9.6

9.0

9.7

9.5

10.8

10.9

10.4

10.1

7.3

7.1

7.4

7.5

7.0

7.0

7.1

7.2

15.48

Elec. Conductivity
in u mhos/em, ,25°C

Dissolved
Oxygen
pH (Hydrogen-ion
cone)

Water Temp. oc

6.9

2.5

7.0

7.9

Calcium

9.78

9.92

10.56

13.68

11.78

13.00

11.94

Iron

1.04

0.89

0.81

1.04

1.63

1.03

1.15

0.99

Magnesium

6.00

6.20

6.43

9.98

6.20

7.60

7.65

10.55

Ammonia
Nitrogen

0.10

om

0.06

0.06

0.05

0.04

0.05

om

0.11

0.10

0.07

0.06

0.08

0.08

0.07

0.09

Nitrate
Nitrogen

Nitrite
Nitrogen

0.008

0.001

0.002

0.002

0.001

0.001

0.001

0.001

Ortho-Phosphate

0.01

-

0.14

-

0.19

0.12

0.07

0.23

Silica
Sulfate
Turbidity (JTU)

3.32

5.90

5.74

OF

STUDY

there was a decided difference in the
fauna directly in and 150 yards below the
construction site. This was verified by the
drastic reduction in the total number of
organisms and a species diversity index
of zero. However, from the biological data
collected both prior to and after the
advent of construction, it is evident that
the environmental damage to the aquatic
ecosystem fauna was minimal and shorttermed.
The area of disturbance appeared to
be fully recovered approximately one year

SUMMER 1970
FOX

5.09

3.88

3.86

)

I

TABLE 1
Average Chemical and Physical Values from Goldstream Creek for
Summer and Fall 1970. •

Unit

\
FO

3.40

4.14

24.8

30.0

31.3

38.8

30.0

39.0

37.5

49.0

8.0

15.0

14.0

17.0

5.0

5.0

5.0

7.8

*Values in milligrams per liter unless otherwise noted.
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AREA

after construction was initiated. This is
evident in both the quantity and quality
(as indicated by total numbers and the
species diversity index) of the organisms
collected during the 1971 season. More
specifically there was a reduced fauna in
the disturbed area of the stream bed in
June, 1971, but by the latter part of the
season (September and October) it had
approached full recovery, as assessed by
comparison with the upstream station.
Similar aquatic invertebrate recovery
rates have been shown where natural
flooding and placer mining operations
have been investigated (Anon. 1969,
Morrow 1971 ).
The start of construction in early
September of 1970 probably was of
greatest significance to the area since
this was after the aquatic biological
climax for the year. The biological data
collected during 1970and 1971 indicates
there is a definite peak in the total
number of aquatic organisms from midJuly to the first week in August in both
years. The raw data evaluated by species
diversity index also indicates the study
area located in Goldstream Creek
exhibited its greatest diversity during the
same time frame. After the first week in
August a continual decline in the species
diversity index and total number of
organisms was observed until freeze-up
and the cessation of sampling. This
means that the emergence of the aquatic
fauna for the year was generally
complete and the repopulation of
upstream and downstream areas was not
significantly affected as it would have
been if construction had been initiated a
The Northern Engineer

month or six weeks earlier. In addition,
rapid recovery of the areas was aided by
the concerned efforts of the state and
contractor to keep the environmental
disturbances to a minimum during
construction.
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Japanese

Review Team
Alaska

Supplement and Revised Edition
The popularity ·of the first edition
(1969) of the University of Alaska's
Environmental Atlas of Alaska prompted
a second printing (1971) by the Institute
of Arctic Environmental Engineering. No
fundamental changes were made in the
volume's content in the second printing.
The Atlas, compiled and edited by
Philip R. Johnson of IAEE and Charles W.
Hartman of the University's Institute of
Water Resources, covers a broad range of
Alaskan environmental material. Fortynine plates are encompassed within the
five major sections, with text furnished
for each one.
PHYSICAL DESCRIPTION
provides information on such topics as
glaciation, forest types,
permafrost,
potential cultivable land, earthquakes,
and distances within the state. Depths,
summer and winter currents of coastal
waters, summer and winter sea
temperatures, sea ice distribution, and
extreme tides at harbors are provided in
ALASKAN WATERS. Two sections are
devoted to LIGHT and CLIMATE, while
ENGINEERING INFORMATION gives
heating degree days, and thawing and
freezing indices for Alaska. But the Atlas
gives much more information than that
mentioned here.
The IAEE has received numerous
queries for Atlas price information. The
111-page volume (second printing)
normally sells for $12.00. Students in

school that certify such on their order
receive a special rate of $8.00.
Instructors can order quantities at this
special rate, if they certify these are for
resale to bona fide students at the same
rate.
Plans are underway for a major
expansion of the Atlas, with probable
publication in late 1973. Both public
interest and availability of new
information indicate this is desirable.
Present plans call for a supplement to
accommodate present Atlas owners, and
also a revised volume containing the
present information plus the
supplementary data and plates. Costs are
presently uncertain, but no monetary loss
will result to those ordering the present
volume now and the supplement later, or
just the new volume.
Indications of interest in this project
will be welcome. Also solicited are any
corrections recommended for the present
edition
and
recommendations fC?r
desirable new material in the third
edition.

Address all related correspondence
and orders for the Atlas to:
Director
Institute of Arctic
Environmental Engineering
University of Alaska
Fairbanks, Alaska 99701

Visits

The Japanese Mining Industry
Association Review Team, headed by
Kanji Shiobara, Director of Mitsui Mining
and Smelting, visited Alaska auring the
month of A~,;gust, 1972, to in11estigate
possibilities for investment in mineral
development within the state. The croup
consisted of experienced geologists,
mining engineers and businessmE'n from
a number of leading firms of Japanese
mineral industry.
Their itinerary included a visit to
petroleum firms in Anchorage, the
fluorite development at Lost River, the
copper deposits at Bornite, and mineral
and research activities in the vicinity of
Fairbanks, the Prudhoe Bay oil fields,and
finally, meeting with .the governor and
state officials in Juneau.

The Northern Engineer

IAEE's\Environmental Atlas of Alaska 'Plans

Review team visits USACRREL Permafrost Tunnel, Fox, Alaska (Photo
courtesy of Edwin Rhoads).
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Permafrost: Its Care &Feeding
by Eb Rice

nature does it.

Introduction

Where is it?

"Permafrost" is one of those
casually-coined terms designed to be used
until the "right" word comes along, but
whose popularity has become so great
that it has become fixed in both the
technical and the popular vocabulary of
the world. It has turned into the "right
word" despite repeated efforts to replace
it with a better one.

In general, permafrost is associated
with the polar regions, and lies as a thick
layer (under a thin "active layer" of
seasonally melting soil) in the very high
latitudes, thinning gradually towards the
equator, until the layer becomes
discontinuous, then fragmented, at its
southern boundary. On mountain peaks,
it is possible to find permafrost near the
equator, but permafrost south of the
"bush country" of Alaska, Canada and
Siberia is rare. Even Scandinavia, despite
its high latitude (to 72°N.), has
permafrost only in isolated areas of high
altitude. Yet the continuous layer of
frozen subsoil extends far southward in
some parts of Canada and Siberia (down
to 53°N. ). Although trees can and do grow
over frozen ground, the "tree line" marks
fairly well the southern boundary of the
continuous layer of permafros. It is not far
wrong to say the treeless tundra overlies
continuous permafrost, and the forested
taiga covers the frayed margins of the
permafrost blanket. In the interior of
Alaska, in a taiga of the Yukon,
Kuskokwim and Copper River valleys, the
permafrost is marginal. Almost at the
melting point, permafrost exists or not in
these areas depending on such
apparently minor influences as whether
the land slopes to the north or to the south
or the forest cover has remained intact in
recent years, or, the land is swampy.
There are sporadic occurrences of
permafrost even around Anchorage and
on the Kenai peninsula.

suppose the fruitless efforts to
abandon the term are brought about
because perma implies foreverness, which
is not a necessary condition; and frost
implies ice-crystals and cold air, which
give a sense of chill, maybe, but fail to
give an impression of the ground the term
is intended to describe. The word has not
appeared in dictionaries until recently.
My own unabridged dictionary doesn't
show the word "permafrost" at all, but a
later College edition has the wholly
unsatisfactory definition: "subsoil in the
Frigid Zones that remains permanently
frozen to depths of over 1000 feet." And
other definitions are similarly unhelpful.
For now, we will define permafrost as
"perennially frozen ground" and go on
from there.

Permafrost: What is it

Ground of any kind stays colder than
the freezing temperature of water
throughout several years qualifies as
permafrost. If the ground is dry sand, it is
permafrost no less than if it were a
conglomerate of soil particles cemented
by ice. From an engineering standpoint.
frozen soil, with no ice in it, is nearly as
tractable as similar soil in temperate or
tropic regions. But much frozen ground
tends not only to be cemented by ice, it
also will be interlarded with large ice
masses whose melting could bring about
subsidence, erosion, and structural
distress.

Deep in the earth, heat is generated,
probably through nuclear decay, and this
heat flows forever to the earth's surface
to be lost eventually to outer space. The
surface of the world has its temperature
determined by solar radiation and the
distribution of solar heat through air and
ocean currents.
The heat flow results in a remarkably
constant temperature gradient
throughout the earth-about the same in
the arctic as in the tropic regions. Apart
from volcanic areas, the gradient is
somewhere about 3 Celsius degrees per
100 meters. If the soil surface
temperature averages say, 10°C, the earth
at a depth of 100 meters could be
expected to be somewhere around 13°C,
and so on. Wherever the average soil
surface temperature is a degree or so
colder than freezing water, permafrost
will be present, and of course, the colder
the average surface temperature the
thicker the permafrost layer will be [Fig.
1]. This conceptual picture is
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FIGURE 1.

Why is permafrost?
If the climate is cold enough, for long
enough, there will be permafrost. You
could even create your own: by keeping
the ground surface cold for a long time
the frozen volume you would build
would be indistinguishable from naturally
occurring permafrost. This is the way

21

'

'

'

''
'

'

'

VARIATION OF AVERAGE TEMPERATURE WITH DEPTH.

"true··-that is, it represents what really
happens, but one shouldn't expect it to
represent perfectly any single case. The
The Northern Engineer

average geothermal gradient will vary a
little with differences in material, with
long-term changes in climate, and so on.
And I've postu Ia ted a flat earth with a
plane surface and no lakes or streams.
Nevertheless, the picture represents the
true average case, free of complexities of
surface slope, seasonal temperature
variations, and the like.
Real cases (as distinguished from "true
cases") are more complicated. For
instance, if the surface temperature were
suddenly elevated, the temperature curve
would bend sharply toward the right near
its top, as the surface warmed and
thawed. Since it takes time and heat to
warm up masses of soil, the soil at depth
is delayed in "getting the word." This
happens every spring. ByJ the time the
thaw penetrates a short distance into the
frozen ground, it may be fall again, and
the surface is freezing once more. As
winter continues, the curve bends sharply
to the cold side as the surface
temperature goes lower and lower, while
a few meters down the soil is still
warming-up with last summer's heat.

warm late-summer temperatures and cold
late-spring temperatures. A few
centimeters below, however, the
temperature is never quite so hot, nor
quite so cold, as the surface; and greater
depths show even smaller fluctuations,
unti I at a depth of 10 or 15 meters the
fluctuations are too small to measure
conveniently. The upper and lower limits
of temperature for the soil are asymptotic
to the mean temperature gradient, and
can be called the "trumpet curves." The
temperature as measured in
mid-November is shown for each trumpet
curve, and others could have been
sketched for other months. These
instantaneous temperature curves are
called "whiplash curves" because of the
way they lash to and fro as the seasons
change.
From such a plot as Figure 2, one can
derive some surprisingly important
insights. For example, it is apparent that,
for Fairbanks, the soil is thawed at some
time in the year at all levels shallower
than about 5 meters. The top 5 meters
therefore is the "active layer" -it is
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VARIATION OF TEMPERATURE BY SEASONS, WITH DEPTH.

Figure 2 shows the effect of seasons on
the temperature curves. A moving picture
of the curves would show the surface
temperature fluctuating wildly between
The Northern Engineer

It is also apparent that, on the average,
the active layer must freeze clear down to
the permafrost every year. If it should fail
to do this for more than a few years, the
permafrost would be on its way out, and
would thaw from the top and bottom
both, until a new thermal gradient
formed representing equilibrium with the
new climate.
What, then, of the supposition that
permafrost is a fossil relic of the ice ages?
Some of it could well have been frozen
since the Pleistocene, but it is
unnecessary to postulate ice ages to
explain permafrost, and to do so hides
the truth. Barring a few anomalous cases,
permafrost is a product of equilibrium
with the present climate.
In places like Fairbanks, where the
permafrost is marginal and near the
thawing point, a location on a
north facing slope will be underlain by a
deep layer of permafrost, whereas
permafrost may be entirely absent under
a slope that faces south. Swamps tend to
be frozen very deeply, with only a fewinches of thaw during the summers.
Well-drained level ground around
Fairbanks may or may not have
permafrost, depending on such subtle
things as the vegetal or structural cover of
its recent past. Mere clearing, in some
instances, will so change the surface
temperatures that the icy ground will
begin to melt. If it is highly ice-filled, it
may take many years to reach a new
equilibrium and a new permafrosttable, if
any at all, is left.

Fairbanks

t.comes o•c

35

also not much colder than 0°C. And any
little thing that would raise the surface
temperature a degree or so would, in
time, destroy the permafrost completely.
(That is, the permafrost would thaw.)

sometimes frozen, sometimes not. Below
the active layer is the ground that never
gets warmer than 0°C-permafrost. At
Fairbanks, you can see the permafrost is
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From Figure 2 it also can be seen that
the thermal situation in Barrow is not at
a II so precariously balanced as is
Fairbanks: a little of the surface thaws
during the short summer, and that's it. It
takes a very great change indeed to cause
serious melting below the top meter of
soil. The frozen ground is in little danger
of thawing unless someone plunks a
heated slab on it. in which case there can
be spectacular structural deformations.

raised edges, or humped backs of the
polygons). As long as the ground never
thawed, the ice filled cracks endured, and
the following year, newcracks formed in
the same place. Interestingly, the new
cracks occur, usually, right down the
center of the ice in the old cracks, which
become wider each year. Ice wedges can
grow to startling dimensions. Since the
process could go on foreve·r, the
dimensions of active ice wedges form an
important clue as to their age, and
possibly also to the age of the current
cold phase of the climate.

Whence cometh all that
clear ice in the ground?
When ground of silty texture freezes,
there is frequently a migration of
moisture to the freezing surface. The
mechanism is not yet perfectly
understood, but to oversimplify the
phenomenon a bit, one can say that by
vapor transfer or by liquid migration
along grain boundaries, masses of ice can
begin to form along the freezing front.
This process results in a drying effect in
the adjacent soil. If water is available
nearby (below, for instance) and if the
soil "has capillarity" -that is, if it can act
like a wick, the moisture can migrate to
the freezing front and ice layers of
considerable thickness ( 1 mm-1 Ocm is not
uncommon) may develop, displacing the
soil to make room for t~e incoming ice.
This is the familiar "frost heave" that so
bedevils engineers and others, wherever
soils are fine and exposed to freezing.
Frost heave is the prime cause for
displacement of house porches and steps,
highway pavements, and retaining walls.
The icy kind of permafrost (the only
kind that's troublesome) got some of its
excess ice this way when it was originally
frozen. But there's another mechanism
responsible for the truly massive volumes
of ice in perennially frozen ground.
Everyone who has flown over the arctic
in summer is impressed by the vast areas
of ground that appear to be divided into a
more or less regular pattern of rectangles
or hexagons. Sometimes the polygons
have raised edges and ponds within.
Sometimes the centers are high and the
edges low. Always the boundaries prove
to overlie masses of ice, wedge-shaped in
cross-section, with the point of the wedge
down. If the ice were removed without
the surrounding soil being disturbed,
there would result a network of
inter-connected wedge-shaped tunnels
with their flat tops at the depth of the
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Line

Thaw

1st. Winter

The mechanism of ice wedge formation
was not alWays so plain. Such acute
observers. as Nansen and Stefannson
attempted without success to explain the
exposures of massive ice they observed in
eroded shore lines. Stefansson, in fact,
postulated that the sea ice, under pressure
of wind and current, pushed its way like a
bulldozer under the tundra edge.
Ingenious, but inadequate.

2nd. Winter

the winter; and the cracks filled with
snow and frozen meltwater. The ground
re-expanded as it warmed (but did not
thaw) during the summer. It could not
expand into its former cracks, since these
were filled with ice. So it "upset" and
expanded upward (accounting for those

There are a few places in the world
where ice wedges have grown so wide that
their upper parts have coalesced, and
there is clear ice everywhere under the
tundra. Except for the explanation just
given (by Leffingwell, in 1910) scientists
would still be hard-pressed to explain
how all that dirt and vegetation managed
to form atop a continuous layer of ice.
The polygons vary in size according to
the tensile strength .of the ground, but
generally range from about 8 to 18

annual thaw. These tunnels would be as
much as 3 meters wide at the top and
perhaps 10 meters deep (Figure 3).

It seems obvious to us now how these
polygons were formed with their
ice-wedge boundaries. The ground
contracted when frozen hard and cold in

FIGURE

4.

SOMETIMES ICE WEDGES JUST CANNOT STOP GROWING
(Novosibirsk)
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Larger lakes (over 400 m. wide) are
likely to have a thaw bulb that
completely penetrates the permafrost
(Figure 5c), so that under such a lake
there should be no massive ice in the
ground, and consequently no disastrous
settlement due to melting. (Of course,
one might have disastrous settlement due

b.

A Few Decades

Ice-wedge polygons. Old Crow Basin. Y.T. (Photo courtesy of Dr. Tom
Hamilton)
meters across. Incidentally, the same
kinds of polygons occur in temperate
zones as well. But where there is no
permafrost, the cracks are re-closed each
summer. Since they are usually hidden
under the snow in winter, temperate zone
polygons are rarely noticed except for
their surface manifestation as they cross
roadway embankments. (These we
carefully preserve with asphalt, including
even the upset edges, doubtless to remind
us of the way frost cracking
plays-for-keeps in permafrost areas.)

Near Fairbanks. it is common for
even perfectly constructed houses
to encounter the embarrassment of
having been built over ice wedges
deep underground. This one has a
differential settlement greater than
one foot. The trees remain vertical!
(Courtesy of Terry Mcfadden)
It is not widely realized that the
Alaskan interior has vast areas of

The Northern Engineer

ice-wedge polygons under the spruce
forests. These show up in a matter of 20
or 30 years after the forest is cleared
away, leaving fields filled with humps of
rounded polygons, of relief so great that
farm machinery cannot operate until
re-leveling has taken place. The ice
wedges in marginal permafrost often go
unsuspected, since they are masked by
the very deep (circa 5 meters) active
layer and heavy vegetative cover.
Of late, many heated structures have
been innocently built on such ground.
After a few years, deformation may
become too great to tolerate. A
conservative estimate of the cost to date
of the premature abandonment of houses
and other structures on ice-rich ground is
over a mi Ilion dollars in the Fairbanks
area alone. And yet, with competent
engineering advice, such ground may be
used acceptably for structures of any size
or complexity.
Of ponds, pipelines & pingos
Ponds and lakes deeper than a couple
of meters do not freeze to the bottom, as
a general rule, so geothermal heat is
interrupted in its path to the surface, and
each such pond comes equipped with an
unfrozen "thaw bulb" (Figure 5). The
size of such a bulb depends on the rate of
heat flow and the climate (the thaw bulb
is smaller where the climate is colder),
and in the North American arctic the
depth of thaw under medium-sized lakes
approximates the width of the lake.
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Decades
Thawed

d.
Thawed

FIGURE

5

Stages in the thawing under
a heated slab(reservoir,new
lake,etc.)

to soft mud, but the care and cure of that
problem is hardly different in the arctic
than in Louisiana.)
Some lakes are newcomers. These may
not have been in place long enough to
establish their eventual thermal balance,
and their bottom may not yet have had
time to "thaw through." Conversely,
when a lake is silted full, or freshly
drained, its thaw bulb may remain,
steadily diminishing in volume, to testify

After
10 Years
100 Ye a rs
I

I
I

I

I

'
Dim i n ishing tha w bulb p r oduces high ..,ate r
p r ess ur e, fo r min g an ice-f i !le d bl i s t e r
cove r ed with a v ege t ati ve l aye r .
FIGUR E

6.

fORMAT I ON OF ARCTIC PINGOS

that once upon a time there was a
lake .. . If such a thaw bulb is surrounded
by i m pervious material (read
"permafrost") the freezing water may
find its expansion room limited as it turns
to ice. A slow fountain may result,
freezing as it ponderously raises a blister
on the earth . Such blisters-ice mounds
with a topping of soil-are called pingos,
and there are thousands of them on the
North Slope between Prudhoe Bay and
Amundsen Gulf, with the most
spectacular specimens near Tuktoyaktuk,
east of the Mackenzie River delta. In flat
areas, pingos (which can be up to 50
meters high and 150 meters across)
provide the only high spots in the
landscape, and have long been used as
sites for geodetic triangulation stations.

Oddly enough , small pingos are formed
in Alaska's interior valleys by an entirely
different mechanism. There are several of
these in the Goldstream valley within a
few miles of Fairbanks.
Occasionally it is desired to bury warm
conduits in the frozen ground-utilidors,
water lines, sewers, oil wells, and so on.
Around such a conduit there will be a
thaw bulb (more accurately, a thaw
cylinder) regardless of the amount or
kind of insulation supplied. This can
make things "interesting" for engineers .
If the ice-rich ground is newly thawed,
the resulting mud could flow down the
trench, leaving the pipe uncovered, and
exposing a gorge to further erosion.
Thoughts like this provide topics for
endless imaginative speculation. In some
communities the difficulties of
maintaining a warm tunnel in frozen
ground have impelled engineers to decide
on above-ground utilities. The cost of
doing this is also high, and the subtle
social costs and inconveniences may even
outweight the physical difficulties of the
buried system.

ULTIMATE THAW CYLINDER

FIGURE 7 .
BUR Z: ED

This pingo, near Tuktoyaktuk,
NWT, is one of the largest in the
world. (Photo courtesy of Mike
Tauriainenl

WARM

CO NUUIT

Actually, the problem can be solved by
an astute combination of insulation and
heat sinks, but the solution is both
intricate and expensive. There have been
a cou pie of extremely interesting
proposals along this line concerning the
projected Trans-Alaskan Pipeline (Figure
7). The trick is to extract enough heat
during the cold months to freeze a heat
sink composed of a brine whose melting
point is a few degrees colder than the
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thaw point of permafrost. Melting of the
heat sink takes place during the summer.
Astutely designed systems should have
enough capacity to weather a full summer
before the entire heat sink becomes
melted. By fall, the heat sink should be
nearly melted and ready for winter's
recharge . There are a number of
remarkable devices on the market which
HEAT OUT IN
\./INTER

(PERMA FROST NEVER THAWS WITH THIS SYSTEM)
FIGURE 8 .
BURlED HOT PIP E WITH HEAT SI NK.

act as thermal valves. They allow the
efficient transmission of heat out of the
ground during winter without a reciprocal
input during summer. In this way it is
possible to trap the winter's cold and
preserve a volume of ground to remain
frozen through the years, all without
moving parts. These devices are just now
coming into their own, and will be used
in numerou's ingenious designs in the
future . They are highly promising for the
arctic engineer.
A special case for pipelines is the
oilwell-a vertical tube, filled with oil
fresh from the hot depths . Such a tube
must produce a vertical cylinder of
thawed ground around it. Trouble from
this can develop in two ways: a producing
well may melt a cylinder containing
massive ice, whose conversion to water
leaves the overlying appurtenances
without support. Or, if the well is
inactive, freeze -back may take place ,
squeezing the line with the same kind of
hydrostatic pressure that in a d ifferent
context produces pingos. There are many
ways to combat these difficulties-about
as many as there are engineers to think of
them . Probably the simplest is to arrange
The Northern Engineer

for the oil producing structures to be
located under or near a large lake, so that
drilling can be done solely in thawed
!J"Ound. (If you know how to arrange
this, let r:ne know. Remember, merely
moving lakes about won't do the job:
thawing clear through the permafrost
would take hundreds of vears.)

DEPARTMENT OF ENVIRONMENTAL

CONSERVATION SEES 'COLD' AS
RESOURCE AND CHALLENGE
by Amos J. Alter

Prevention and abatement of pollution
are high priority goals of Alaska's new
Department
of
Environmental
Conservation.
Not
only
are pollution conThere's no rub. If permafrost can be
trol priorities high, the promises of
kept frozen, it can be treated like any
success are equally high. Governor
other rock, with due regard to its physical
William A. Egan and his cabinet-post
character. If not-well, there is a problem
commissioner for the relatively new
there. In the high arctic, the permafrost is
department, Dr. Max C. Brewer, have a
cold and insensitive to casual
seldom-used resource at their disposal.
Cold is not only a challenging force, it is a
disturbance, hence makes an admirable
resource, and nature supplied ample
foundation. Where permafrost is
quantities of low temperature in the
marginal, more careful design is
Arctic.
indicated. Instead of the credo, "Keep it
After years of living and working in the
frozen," which works so well in the North,
Arctic,
Commissioner Brewer has come
one must select among these: "Keep it
to know cold as a resource which must be
frozen even if you have to refrigerate," or
understood and appreciated at all times
"Keep it thawed by melting it out to begin
and one to be used to advantage
with," and "Watch out for an aggressive
wherever
possible..
Environmental
and intractable active layer."
management of the Arctic demands inIn later articles, we will explore the formation, interpretation of the information, appreciation of its value and
design of pilings, poles and posts in
implementation of proper measures for a
heaving ground, the problems of handling
cold region life style which is favorable
sanitary water supply and waste disposal
now and in the future.
systems in the arctic, and other special
The five divisions of the new
problems of polar communities.
department provide a good framework for
environmental management in Alaska:
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and the Division of Permafrost and Soils
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Engineering; each division headed by an
authority in his own field will provide the
Leffingwell, Ernest deK. The Canning leadership in Alaska for conservation of
River Region, Northern Alaska resources.
USGC Prof. paper 109, Wn. 1919.
Land, water, air, terrestrial and aquatic
life and other resources, renewable and
Stefansson, Vilhjalmer, My Life with the non-renewable must be kept in a sound
state for use and enjoyment of all. Utility,
Eskimo Macmillan, 1924.
beauty, sanctity and majesty ofthe frozen
mountains, slopes and valleys of the far
Burdick, John L., Editor. Symposium on
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Cold Regions Engineering Vols. I & a result of the extreme low temperatures.
II, Dept. of Civil Engineering, U. of By unlocking low-temperature "secrets"
Alaska & ASCE, 1971 (Contains of nature, environmental excellence in
many articles of significance to the Arctic may be possible to a degree
unachieved elsewhere.
engineers dealing with permafrost).
Low temperatures ca~ be effective in
combatting thermal pollution removing
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pollutants from air and water, stabilizing
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Pipeline in Permafrost. USGC eroding soils, stabilizing foundation
materials for roads, foundations and
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airfields and in many other aspects of en1970.

So what's the rub?
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vironmental conservation. The low
temperature of the Arctic could well
prove to be one of man's best weapons in
pollution control. Under the direction of
Dr. Brewer with his knowledge in environmental control methods, compatible
with the arctic environment, the Navy
built new facilities at Barrow for their
station, NARL, established in 1947 under
the direction of · another northern
specialist, Dr. Lawrence Irving.
As a side note, this was built in an extremely high cost construction area at a
competitive cost, in fact, with a cost:actor
less than that normally obtainable in
Fairbanks. Such an approach to environmental management is encouraging
to preservationists, industrialists, and
taxpayers.
A great amount of effort must be ex- ·
erted by researchers, government, industry and the public to develop and
institute sound cold region environmental management and, resultant,
the information necessary for maintaining that management and control.
Operating agencies of government and
investigato~s must communicate. Environmental data must have more
purpose than that of collection; it must be
a tool for wise management.
Regulatory bodies must have more
purpose than regulation. A new life style
is developing in the Arctic - it is a life
style in which low temperature is treated
as a reality, a resource to be managed to
the advantage of all, as other resources
must be managed.
Fish and game, highways and public
works, health, economists and similar
specialists are
the experts in their
respective fields and the Department of
Environmental Conservation seeks to
avoid overlap in such activities. By consideration and coordination of the results
of the work of such specialists, and
interpreting and projecting overall environmental
effects
properly,
management can be favorab!e. Overall
effects, actual or anticipated, must be
interpreted in a way to identify both
favorable and unfavorable response to
low temperature stress. Pollution control
and maintenance of a quality arctic environment requires both specialty expertise and informed coordination for
favorable results under low temperature

conditions.
Pollution control in the Arctic is not an
easy job. Cold water erodes and carries
far more soil particles than is commonly
believed. Frozen soils are sensitive and
may become unstable when subjected to
much warmth. Normal reductive and
stabilizing processes for organic
materials are retarded. Solid wastes,
garbage, sewage, and similar materials
decompose slowly, if at all. Organisms
which cause disease are protected by low
temperature and survive and travel great
distances in water as it moves on the
surface and through the soil. Water supplies may appear safe but actually be unsafe. Physical, chemical and biological
reactions are influenced by temperature.
Low temperatures tend to retard them.
Most of the parameters of quality and
design, operational methodology, and
equipmen
used for environmental
management are based on temperate
climate experience. Inconceivably high
costs might well be controlling influences
on the success of temperate climate practices applied at arctic sites.

The Division of Terrestrial Ecology and
Environmental
Engineering
Management synthesizes existing and
new knowledge in providing an analytical
basis for predicting effects of natural and
man-initiated actions on the fauna, flora,
inland waters, lands and other natural
features of the state. Nature and extent of
resiliency of the environment as well as
time dependency of such resiliency can
be qualified and quantified. Where additional
information is necessary,
research and investigative needs can be
identified and promoted. Coordinated and
informed overa!l-good management can
be instituted for long-term benefits.
The Division of Water and Air Quality
Control provides for protection and
enhancement of air, water, land, and subsurface qualities of the state. Objectives
can be achieved through quality
management of water supplies, sewage
and industrial waste disposal, solid waste
disposal, pesticides, radionuclides, and
non-ionizing radiation sources.

The Division of Land Use and Urban
Standards for environmental quality Development formulates and develops
and operation appropriate for the Arctic plans on a multi-disciplinary basis for
should be developed. Specific res- ·utilization of Alaskan land resources in a
ponsibilities for excellence in all manner to protect, conserve and enhance
operations should be identified. Plans can the environment to the greatest degree
be developed and formulated for protec- possible, consistent with orderly
tion, conservation, enhancement and development.
utilization of both renewable and nonrenewable resources. Plans should be
The Division of Permafrost and Soils
developed to maintain an orderly expansion of the state's economy, concurrently, Engineering is responsible for synthesis,
giving full consideration to the ecological, interpretation, prediction and regulation
aesthetic, cultural and historic values in of effects caused by proposed
modifications to land surface in
all of Alaska.
permafrost areas. Determination of
Statutorily-expressed Alaskan policy to veriation
in
parameters
affecting
improve and coordinate environmental
permafrost conditions can be qualified
plans, functions, powers and programs of
and quantified in relation to geology,
the state should be implemented, in
terrain, climate and hydrology, in areas
cooperation with the federal government.
opened for ground traverse, land use or
regions, local governments, other public development.
and private organizations and individuals.
Basic resources of water, land and air
should be developed and managed in
Environmental management in the
fulfillment of the state's responsibility as Arctic should set an example in extrustee of the environment for present cellence for the rest of the world to view.
and future generations.
The region
is largely unspoiled.
Objectives should be prevention of abuse
In Alaska, a team approach with
and wise use of resources rather than the
leaaership and coordination provided by ·
too little, too late, corrective pathwork
the
Department of Environmental
that has evolved in more temperate
Conservation and its five divisions
climates. The Arctic is blessed with many
provides implementation.
of the assets for success, available
elsewhere, besides having an extensive
The Division of Marine and Coastal
low temperature resource. Alaska has
Zone Management will develop
created a governmental mechanism for
operational methods and techniques to
leadership, coordination of effort, and
protect the state's interest in the coastal
wise manaqement.
zone.
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The name Kuroshio, literally "black
current." is commonly applied to a continuous band of strong currents flowing
toward the northeast along the continental slope between Taiwan and Cape
lnubo, Honshu. This band consists of a
sheaf of parallel flows, a few thousand
meters deep, crossing island arcs, ridges,
and seamounts, a·nd is the counterpart in
the North P~cific of ~he ~_ulf Stream.
More observations have been made in
the area of the Kuroshio than in any other
deep-sea region in the world, ana this
volume is the result of efforts to
systematize the vast accumulation of
data on the subject. A balanced and complete account of work done before 1964,
it provides a foundation for scholars
concerned with the results of the
Cooperative Study of the Kuroshio which
started in mid-1964 at the recommendation of UNESCO as the first program of
synoptic observation in the Kuroshio
area.
Henry
Stommel,
professor of
oceanography at the Massachusetts
Institute of Technology, is author of many
works on the Gulf Stream and ocean
circulation. Kozo Yoshida, professor of
oceanography at the University of Tokyo,
is editor of Studies on Oceanography
(University of Washington Press, 1965).
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