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FRYER IS NEW EDITORIAL BOARD MEMBER

Mark Fryer, P.E., our new editorial board member who replaces Houston Air
Pollution Control Chief, Ken Mac Kenzie, is no stranger to The Northern Engineer.
In fact, he was one of its founders and early·day editors. In 1968, as a staff researcher
for the newly-established Arctic Environmental Engineering Lab (AEEL), Fryer,
along with E. Staples Brown (then with the Department of Mechanical Engineering,
now with the University's Physical Plant and no relation to the present editor), sug·
gested to Dr. C. E. Behlke (then AEEL director) that there was a need to inform
other engineers and the public about arctic engineering research. From that suggestion
was born the idea for The Northern Engineer; that fall, the first issue of the magazine
was published. From then until early 1972, Mr. Fryer worked with the editorial staff
of the publication as the primary editor. Bill Hunt, also of our editorial board, was
instrumental in setting the tone of the publication from Vol. 1, no. 2 onward. In mid·
1973, the Institute of Arctic Environmental Engineering (AEE L's successor) am alga·
mated with the Geophysical Institute which, since then, has published The Northern

Engineer.
At about the same time, Fryer, who had been working in heat transfer in soils,
ice mechanics, building science and engineering planning, left the University and
IAEE to join R & M Consultants. Working first with their arctic engineering group, he
later headed their mechanical engineering effort. There he became involved in the
development of pipeline design criteri~ as well as working with buildings and heat
transfer analysis.

Mark Fryer

During the spring of 1975, Fryer left R & M to establish his own practice which
specializes in mechanical engineering design and engineering planning. In addition, he
lectures on "The Arctic Architectural Environment" at the University of Alaska,
Anchorage. In his letter of acceptance to Dr. Mather, Fryer expressed deep pleasure
in being invited to serve on the board. "I have, though working in private practice for
the past five years, remained interested in education and information dissemination
which are basic reasons for the existence of the publication." The Northern Engineer
warmly welcomes back Mark Fryer and we are proud that he will lend his expertise to
the editorial board.
-Gina Brown, Editor
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COVER PHOTOGRAPH BY MARIO GRASSl.
The Ester gold dredge during operation in the summer of 1963. Tailings are being dumped
out the tail line (middle right) as the dredge works its way across the pond. As an indication of
size, note the man sitting at the edge of the tailing pile in the center foreground or the truck on
the opposite shore.
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by Tom Osterkamp

A Conceptual Model of Offshore Permafrost
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FIGURE 1. A model of offshore permafrost to be used in areas where shoreline recession is very
fast (several meters per year) or as a limiting case for calculational purposes.

INTRODUCTION
Evidence has been accumulating that
shows conclusively the presence of
offshore permafrost (sometimes referred
to as sub-sea permafrost) off the coasts
of Canada, Alaska and Siberia (see the
recent review by the National Academy
of Science Working Group on Offshore
Permafrost). Offshore permafrost is potentially a greater problem for resource
development than onshore permafrost
due to its expected higher temperature
and its state of bondedness (the presence
of interstitial salt water can result in
permafrost that contains ice crystals but
is not ice bonded). The expected higher
temperature of the offshore permafrost
makes it more sensitive to thermal disturbances and its state of bondedness
determines its suitability as a foundation
for structures used in resource development. Due to the recent proposals to
lease the Outer Continental Shelf (OCS)
areas in Alaska, it has become imperative
to determine the extent of offshore
permafrost and its physical and mechanical properties. To do this, laboratory and
field research and modeling programs
have been initiated. In this article, I
derive a conceptual model of offshore
permafrost and examine its implications
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for future laboratory, field research and
modeling efforts.
PHYSICAL SETTING
Alaska's shelf area in the southern
Beaufort Sea from Point Barrow to
Demarcation Point is extremely shallow,
dotted with barrier islands, and, in some
places, has a rapidly receding shoreline.
The shallow nature of the shelf area is
demonstrated by the fact that the 5 m
depth contour extends up to 15 km from
the coast and includes all the major
bays and waters inshore of the barrier
islands. This is an important point, since
it is the shallow water areas that are most
likely to be u~derlain by offshore permafrost. These shallow water areas are also
the most complicated due to large areas
of ice frozen to the bottom in the winter,
restricted circulation under the ice, warm
water in the summer and their recent
submergence.
The specific physical model to be used
for the offshore permafrost depends
largely on how we envision the ocean
transgressing on the land. For areas where
the shoreline recession is very fast (several
meters per year) or as a limiting case, the
situation in Figure 1 can be considered. It
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should be relatively easy to develop a
mathematical model for this situation and
it is important to do so since this represents the limiting case. Another special
case is the situation when the ocean
breaks through to a fresh water lake as
shown in Figure 2. Eventually, further
erosion of the outlet and flushing processes change the lake into a salt water
inlet or bay. The mathematical model for
this situation would be similar to the one
developed for the limiting case shown in
Figure 1, assuming the lake was large
enough to neglect edge effects, but more
complex due to the thaw bulb under the
lake. It may be more realistic to consider
the coastal erosion process in more detail
as shown in Figure 3. The five stages
shown in Figure 3 were chosen such that
each stage represents different thermal
and chemical boundary conditions for the
underlying permafrost. This physical
setting will now be extended and considered in more detail.
The model for the physical setting
proposed in Figure 3 is time-dependent
with respect to a fixed point. This is because a given vertical soil profile on land
will be successively subjected to each
stage during the process of coastal erosion. It is necessary to consider onshore
permafrost (stage 1) since it forms the
The Northern Engineer

and Brown, 1965) and the presence of
large lakes near the coast and river
estuaries.

Coast

Stage 2 represents the beach but may
also be similar to low lying land masses
(e.g., points, spits, barrier islands). While
salt water does not normally exist over
the beach, waves, high tides and vertical
and lateral infiltration and diffusion may
cause significant salt concentrations in
the upper regions of the soil. This salt
may infiltrate the lower permafrost and
changes its state from ice bonded to
unbonded permafrost. Because of this
salt water infiltration, the active layer on
the beach may be expected to differ in
thickness and nature from that on land.
Therefore, while the beach is subjected
to the same thermal boundary conditions
as onshore permafrost, the chemical
boundary conditions imposed by salt
water infiltration and diffusion are
different.
In some cases, the beach will be
narrow (a few meters in width) and
would thus have very little effect on the
underlying permafrost. In those situations, stage 2 can be ignored or treated
as part of stage 3. However, when the
beach is wide (and also for wide, low offshore islands), stage 2 will have to be
treated separately.

fresh water
lake
ocean

FIGURE 2. The case where the ocean breaks through to a fresh water lake.
initial condition for any model of offshore permafrost. Lachenbruch and others (see Gold and Lachenbruch, 1973)
have shown that simple thermal conduction models can be used to describe the
gross aspects of the thermal regime of
permafrost at high latitudes. However,
coupled mass and energy transport
models will be necessary to understand
the transport processes in the upper
meter or so of soil, particularly the active

layer (Guymon and Luthin, 1974). The
implications are that thermal conduction
models can be used to describe the energy
transfer in the offshore permafrost below
the bonded permafrost table but that
coupled mass and energy transport
models will be necessary above the
bonded permafrost table. In coastal
regions, additional complications may
result from lateral infiltration and diffusion of brines under the land (Sellman

Land
Sea
bonded
permafrost
table

winter - - sea water in summer

--- . . . .?............

-......... ...........

_
---------? .......

_
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-.........

Stage I• Bonded
onshore permofrost.

Stage 2•
Beach

Stage 3 • Area out
to - 2m water depthice freezes to bottom
during winter.

--;.s...?

Stage 4 = Ice does
not freeze to bottom
but poor circulation
causes highly saline
water during winter.

Stage 5 • Normal
sea water all year.

FIGURE 3. Coastal erosion model of offshore permafrost. The system is time-dependent and
moves to the left by erosion of the coastline.

Volume 7, No.4

6

The Northern Engineer

Stage 3 involves the area out to about
2 meters water depth where the ice
freezes to the bottom during part of the
year. As a result, this area becomes
conductively coupled to the atmosphere
during winter and, in the summer, it is
overlain with shallow, relatively warm
sea water. This setting creates a different
set of thermal boundary conditions. The
chemical boundary conditions are also
different due to salt rejection from the
ice during its growth and the restricted
circulation under the growing ice in the
shallow water which creates highly saline
water under the ice. When the ice freezes
into the bottom, this highly saline water
may be forced into the sediments, drastically changing the chemical boundry
conditions. This could produce a salt
wave, with a period of 1 year, which
propagates into the soil or ponds on the
permafrost table. Brine drainage from the
ice during the thaw season can also produce a layer of concentrated brine at the
ice-soil interface. Obviously, coupled
mass (salt and water) and energy models
will be necessary to describe the transport
processes in the soil above the bonded
permafrost ta~le in this stage.
Stage 4 includes the areas where the
ice does not freeze to the bottom in the
winter, but where restricted circulation
still causes highly saline water between
the bottom of the ice and the seabed in
winter and spring. In the summer, these
areas are covered by normal sea water
due to the mixing action of waves and
surface currents. The existence of this
stage depends on the flushing processes
under the ice. Where strong curre1.1ts or
steep bottom slopes are present, it may
be small in extent or non-existent. The
reason for including it as a separate stage
in the development of offshore permafrost is that during part of the year (late
spring) it is buffered from the atmosphere
by a concentrated brine layer unlike
stage 3 which is conductively coupled to
the atmosphere at this time. This will lead
to different thermal boundary conditions
and to different chemical boundary conditions when compared to the other
stages of development since there is a
greater volume of water under the ice to
absorb the salt rejected from the- ice
(resulting in a lower salt concentration in

Stage 1

Bonded permafrost

Time

FIGURE 4. Seasonal variations on Stage 1.

the water under the ice).
Stage 5 is the area where there is
normal sea water over the seabed
throughout the year. This will cause
nearly constant thermal and chemical
boundary conditions at the seabed
which are fairly well defined (Lewellyn,
1972). It is probable that somewhere in
this area the bonded permafrost disappears although, if salt infiltration is very
fast because of special soil conditions, the
bonded permafrost may disappear in
stage 4 or even stage 3.

The above discussion of the physical
setting has not incorporated several factors such as the effects of the geological
setting, sedimentation processes and
ocean currents. In addition, degradation
of the permafrost from below (due to
the changed boundary conditions and
the geothermal heat transfer to the
bottom of the permafrost) has not been
discussed. These are important factors
which must be included in any model
of offshore permafrost.
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Occossionol sea water on
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frozen

~frozen
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Q.
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FIGURE 5. Seasonal variations in Stage 2.
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FIGURE 6. Seasonal variations in Stage 3.

TRANSPORT PROCESSES
Frozen ground and permafrost allow
salt and water transport, especially at
temperatures near 0°C (say -5°C to
0°C). The physical mechanism for this
salt and water transport involves the
unfrozen water film adsorbed on the soil
particles and ice crystals (Hoekstra and
Chamberlain, 1964). In addition, some
vapor transport may occur in unsaturated
soil pores and Osterkamp (1975) has
shown that ice lenses near their melting

point contain liquid 3 grain boundaries
which may make them permeable to
water. When potential gradients (osmotic,
matric, pressure, temperature and electrical) are impressed on a frozen soil, the
unfrozen water film (and, in some cases,
the water vapor) responds and is set in
motion. Since the unfrozen film may
contain soluble salts, it is apparent that
the salt will also move through the soil
with the water. In addition, the salts may
also move by diffusion along concentration gradients and thermal gradients. It is

Stage 4
Winter

Spring

Summer

Fall

Snow

Ice

Sea water
Concentrated

sea water

.c

=-------====--------------

ii

"'

p

Highly concentrateded sea water

important to recognize from this physical
discussion that, in the active layer and
unbonded permafrost, the fluxes of
mass (salt and water) and energy (heat)
are all coupled so that it is necessary to
use coupled mass and energy transport
models to describe the transport processes in the active layer and unbonded
permafrost.
In rare cases, determined by the soil
type and ice content of the permafrost,
gross infiltration of sea water into very
porous permafrost may be a factor in
changing bonded permafrost to unbonded
permafrost. Permafrost with low ice content and consisting of unsaturated coarse
gravels may be an example of this situation.

Sea bottom (

Unbonded permo frost
containing brines from

Consideration of the physical setting
proposed in Figure 3 and the above
transport processes suggests that the
bonded permafrost can be treated with a
heat conduction model but that it will
be necessary to use coupled mass and
energy transport models for the active
layer and unbonded permafrost. The
heat conduction models are well established (Gold and Lachenbruch, 1973)
and will not be discussed. Coupled mass
and energy models do not appear to have
been applied to unbonded permafrost
although much effort has been devoted
to the problem in unfrozen soils (Taylor
and Cary, 1964; Philip and DeVries,
1957). In addition, Hoekstra and Chamberlain (1964) and Cary and Maryland
(1972) have performed laboratory experiments on salt and water movement in
frozen soils.
The most general approach which
appears to be applicable to mass and
energy transport in unbonded permafrost is based on the general transport
equations developed from non-equilibrium thermodynamics by Taylor and
Cary (1964). Their flux equations are
( 1)

the sea water

-------------------------(?)
Bonded permafrost table

Time

Liu

FIGURE 7. Seasonal variations in Stage 4.
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FIGURE 8. Seasonal variations in Stage 5.

Fick's second law and the transient heat
flow equation are special cases of the generalized equations.

(2)

£k=1 Luk[Fk- T _q_dz
Luu

d

dz

(~) ]
T

(In T)

where Ji is the flux of the ith component
in the soil (e.g., salt or water); Ju is the
energy flux; Lik are the Onsager coefficients; fk is any external force acting
on the k th component; f-lk is the chemi.cal
potential of the k th component; and T
is the temperature. Equations (1) and (2)
are coupled through the Fk and, in a
multicomponent system, any given flux
will depend on the Fk and on the fluxes
of all other components. These equations
reduce to the usual flow laws (Fourier's
Law and Darcy's Law) when only temperature gradients or hydraulic gradients
are present in the soil.
Equations (1) and (2) may be used for
steady state transport or for predicting
instantaneous flow across a cross-section
in a transient system. In a transient system, the equations may be combined
with the equation of continuity to obtain
a set of coupled, time-dependent, second
order equations of motion. These equations of motion will be the generalized
equations governing the mass and energy
transport in the coupled transient case.
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This preliminary consideration of the
theories suggests some measurements that
should be made in the field and/or
laboratory. The thermal and chemical
boundary conditions must be known to
solve any equations describing the heat,
salt and water transport. In addition, it
will be necessary to know (Cary and Mayland, 1972) the hydraulic conductivity
and thermal conductivity at given water
contents, and handbook information on
the soil exchange reactions and salt

Cary and Mayland (1972) have applied
Equations (1) and (2) to the special case
of the flow of soil -water and salt in
unsaturated, frozen soils. Since Equations
(1) and (2) have not been applied to
unbonded permafrost, their specific
forms need to be evaluated for the
components, driving forces and saturation
conditions present in unbonded permafrost. Also, present data on unbonded
offshore permafrost are not complete
enough to apply the equations to it.
The rare case of unbonded permafrost with low ice content and coarse
gravels may be treated using infiltration
theories (Baver" et al., 1972) developed
for unfrozen soils since the effect of a
small amount of ice in the pores would
be to reduce the pore space. However, a
complicating factor will be the phase
change when the salts contact the relatively fresh ice in the permafrost.
The problem of defining the motion
of the bonded-unbonded permafrost
boundary after the sea water encroaches
on the land has not yet been solved. This
appears to be a Stefan-type probl~:m and
some initial attempts at solving it have
been made (Rogers et al., 1975) and it
will not be further addressed here.
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DEVELOPING A MODEL
It should be recognized that the problems of coupled mass and energy transport in freezing and frozen soils and
permafrost are extremely complex and
satisfactory solutions will require the
combined efforts of numerous investigators over a period of many years. The
purpose of this section is to suggest one
method of attacking the problem in the
case of offshore permafrost based on the
physical setting suggested in Figure 3 and
using the generalized equations developed
from non-equilibrium thermodynamics.
Figure 3 suggests there are, in principle, at least 3 distinct soil regimes in
which the transport problems must be
solved: the active layer, unbonded permafrost and bonded permafrost. Pure conduction models appear to be sufficient
for the bonded permafrost; this leaves the
first two regimes. In the case of stage 3,
the active layer may be expected to
freeze in the usual sense, but in the case
of stages 4 and 5 it may be somewhat
different from what is usually envisioned
(i.e., the sea bottom in much of these
shallow water areas may be expected to
be warmer than 0°C in summer and
colder than 0°C in winter, but not necessarily ice bonded). In fact, if the sea
bottom temperature in winter is > -1.8°
C, the soil may not even contain ice.
Time-dependent boundary conditions
which occur over several scales will be
important in developing the model. While
daily variations in .the thermal and chemical boundary conditions can probably be
ignored, it will be necessary to take the
seasonal changes into consideration.
Figures 4 - 8 are each of the stages shown
in Figure 3, illustrating the expected
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seasonal variations. In addition to the
seasonal variations, there will be longterm changes in the boundary conditions
due to the fact that as coastal erosion
proceeds past a particular soil profile,
that profile will be successively subjected
to the boundary conditions of each stage.
Therefore, each stage may be expected to
contain a certain "memory" of its previous stages which must be considered in
the model.
These memory effects, due to the
differing thermal and chemical boundary
conditions of each stage shown in Figure
3, can be readily incorporated into a
model. When the transport equations
(Equations 1 and 2 in a form applicable
to offshore permafrost), thermal and
chemical boundary conditions and the
necessary soil properties have been determined, a fairly detailed model of offshore permafrost may then be developed.
The procedure would be to start with
stage 1 in the time frame 0 < t < t 1and
to solve the transport equations for an
appropriate set of boundary conditions
and soil properties (determined by
meteorological data and a shallow drilling
and sampling program). This solution
would be the thermal and chemical
condition of the soil in a vertical profile
and would also constitute the initial
conditions for stage 2. The next step
would be to consider stage 2 in the time
frame t1 < t < t2 and to solve the transport equations for the initial conditions
(determined by the solution for stage 1)
and the appropriate boundary conditions
and soil properties (again determined by
meteorological data and a shallow drilling
and sampling program). Continuing in
this way, in principle, it should be possible to determine the thermal and
chemical condition of a vertical soil
profile as it is successively subjected to
each stage in Figure 3.
A procedure of this type includes
many assumptions which may invalidate
the final results or make it impossible' to
obtain results. For example, the length of
time to which the vertical soil profile is
subjected in each stage may not be
obtainable; the thermal and chemical
boundary conditions determined for each
stage may have been different at an
earlier time due to unknown climatic
changes; the unknown sedimentation proVolume 7, No.4

cesses and ocean currents may be major
factors in determining the thermal and
chemical boundary conditions; and the
geological setting and soil types in some
areas may require the use of empirical
infiltration equations rather than Equations (1) and (2). In addition, it may not
be possible to solve the coupled transport
equations in reasonable time periods
even with the use of large computers.
These factors indicate that it may be
more realistic at this time to attempt to
solve relatively simple problems (e.g.,
limiting cases, degradation of the permafrost from below, pure diffusion of salt
into the permafrost, etc.) in place of
attempting a full solution of the coupled
mass and energy transport problem in
offshore permafrost.
SUMMARY
The coastal erosion process has been
examined for the northern Alaskan coast
for the purpose of developing a conceptual model of offshore permafrost. A
series of as many as five stages of coastal
erosion, which are characterized by different thermal and chemical boundary
conditions, are necessary to describe the
physical setting of the offshore permafrost. The seasonal variations of the
thermal and chemical boundary coditions have been discussed and it is
suggested that these varying boundary
conditions can be incorporated into a
model of offshore permafrost consisting
of the generalized transport equations
from non-equilibrium thermodynamics
by successively applying the transport
equations to the five stages experienced
by a vertical soil profile during the erosion process.
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by Lewis W. Saxby
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FIGURE 1. Straight pipe insulation sections will be fabricated and
shipped as flat panels. Installed, the sections will have
only one longitudinal joint to reduce the risk of water
intrusion and heat loss.

TNE requested this article from Owens-Coming so that our readers could learn
more about some of the engineering aspects of the Trans Alaska pipeline. We wish to
thank the company very much for its response. However, it should be noted that the
trade name(s) in the article are left in for the sake of content and in no way constitute
an endorsement of Owens-Corning or their product.
-The Editor
Among the more important construction operations currently underway on
the trans Alaska pipeline is the insulating
of the approximately 400 miles of the
aboveground portion of the pipeline. In
June 1974, Alyeska Pipeline Service
Company (Aiyeska) awarded a $70
million contract to Owens-Corning to
provide the aboveground insulation system. For Owens-Corning, the application
of its insulation system to the pipeline
was the culmination of over 50,000 manhours of research, testing, design and
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engineering work. The ultimate objective
of each step of the project was to develop
an insulation system that fully metthe
owner's expectations in terms of constructibility, cost, performance and
schedules.
Long actively involved with arctic
thermal insulation problems, OwensCorning first participated in competitive
bidding for a contract to develop performance specifications for Alyeska's
insulation requirements for the pipeline.
In April 1973, the corporation was
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TO TOP AND BOTTOM
FLANGE OF MODULE HALF

INSULATION
MODULE

POLYURETHANE
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SLIDING SUPPORT
MODULE

The two top sections of insulation
around the pipe are a higher density rigid
material with a compressive resistance in
excess of what is needed to withstand the
weight of foot traffic, ice and snow loads.
The remaining insulation is a medium
density, less rigid material, capable of
withstanding side impact and wind
loads.

R!GIO JOINT
WITH CLIPS

SUPPORT INSULATION MODULE
PLAIN SUPPORT

VERTICAL SUPPORT MEMBEA

FIGURE 2. Support and anchor insulation modules are 12 ft. long
and will be field cut to fit various sizes of support structures designed to accommodate variation in pipeline slope
and movement.

awarded this contract. The year-long
contract involved engineering design and
specification preparation work at both
Alyeska's Houston offices and at OwensCorning's Technical Center in Granville,
Ohio.
The insulation performance criteria
specified by Alyeska are intended to
maintain oil temperatures to achieve
design production rates, to maintain a
minimum temperature of -20° F. for
the steel pipe in the event of a 21-day
winter shutdown and to provide for a
reasonable restart after shutdown.
After being awarded the design contract, Owens-Corning accelerated its independent activities. Insulation prototypes were designed at Granville to
verify constructibility and to demonstrate
the performance of the proposed insulation systems. This research included
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half-sections, each with a core of polyurethane foam insulation totally encapsulated in a Fiberglas-reinforced plastic
laminate.
The straight pipe insulation is made in
sections 15 feet wide by 24 feet long
(Figure 1). The Fiberglas insulation is
longitudinally grooved to permit close
conformance to the pipe. Installed
around the 48-inch pipe, the straight pipe
insulation sections will have only one
longitudinal field joint secured by rivets
on 12-inch centers to Pninimize the risk
of water intrusion and heat loss.

A full-length, 7-inch wide by 3-3/4inch thick, strip of light density, compressible fibrous glass is provided at the single
longitudinal joint to assure complete field
closure. "Weep" or drainage holes in the
steel jacket at the bottom of the installed
insulation breathe and vent any possible
accumulation of moisture.

INSULATION SYSTEM DESIGN

The support and anchor insulation
modules are 12 feet long (Figure 2). The
polyurethane foam core varies in thickness from 4 inches for the modules' main
bodies to 3 inches at the nose or transition areas. The outer Fiberglas-reinforced
plastic layer is 1/8-inch thick, while the
inner layer is 1/16-inch thick. Molded
polyurethane foam and Fiberglas re-inforced plastics were used for these applications due to the irregular shape of the
support and anchor structures.

The final design called for two basic
insulation components -one for sections
of pipe between supports, and the other
for pipe at supports and anchors. Each
section of pipe insulation between supports is a one-piece, 3-3/4 inch thick composite of fibrous glass insulation, factorybonded to a galvanized steel outer jacket.
The insulation modules for the pipeline's supports and anchors consist of two

A high performance, polyester gel coat
protective layer is factory-applied to the
outer jacket for long-term weatherability.
Along the pipe, adjoining sections of
insulation will be sealed using two types
of field-applied closures: rigid joints
capable of withstanding axial loads of
4250 lbs., and expansion joints. The
latter closure accommodates normal pipe
expansion and contraction (Figure 3).

techno-economic studies, and used complete computer analysis of comparative
costs, time schedules and design capabilities of the candidate systems. In June
1974, Owens-Corning was awarded the
competitively bid contract to provide
t:.e 400-mile aboveground insulation
system.
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FIGURE 3. Expansion joints are installed between the panels of fibrous glassinsulation to
accommodate normal expansion and contraction of the pipeline. The joints consist
of a fibrous glass filler and a flexible, weather-tight bellows riveted to the insulation
(Aiyeska Pipeline Service Co. photo).

specifications for the model required an
environment capable of simulating ambient temperatures as low as -70° F., as
well as specific internal temperature
profiles expected within the pipeline
itself.
Alyeska supplied the pipe which was
identical to that which is being laid in
Alaska. The hot crude oil within the line
was simulated by No. 2 fuel oil and
heated by electric heaters to simulate
actual operating conditions.
The pipeline was divided into five
heat-control chambers; one each for support, anchor and straight pipe com·
ponent, and one at each end of the line
to control heat loss. Thermocouple
probes, which fed into a computerized
data acquisition system, monitored and
recorded temperature variations at 200
strategic locations along the inside and
outside of the pipe and within the insulation. The data system, along with refrigeration equipment, was housed in a
control and instrumentation room at one
end of the chamber (Figure 5). Insulation
components and the pipe were alternately
heated and cooled to extremes according to a specified schedule. The structural
integrity of the insulation system was also

TESTING THE DESIGN

To confirm the performance of the
insulation system developed for the trans
Alaska pipeline, Owens-Corning constructed an 80-ft. long, full-scale, hot-oil
pipeline section housed in a specially
constructed test chamber. It was used to
demonstrate the insulation's thermal
capabilities, durability and constructibility under simulated arctic operating
conditions (Figure 4).
The facility was built in accordance
with Alyeska's qualification test requirements. In addition to being the world's
largest thermal test chamber for testing
pipe insulation, the facility also conforms
to the American Society for Testing and
Materials Standard ASTM 35, "Standard
Material of Test for Thermal Conductivity of Pipe Insulation."
Alyeska's
specifications
required
Owens-Corning to build a section of the
pipeline, complete with support and
anchor, and insulated with "as manufactured" insulation components. Further
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FIGURE 4. Owen~orning Fiberglas constructed an 80-ft. long, full-scale section of the pipe·
line to confirm the insulation system's performance under extreme arctic operating
conditions. The pipeline section is contained within a 105-ft. test chamber capable
of simulating ambient temperatures as low as -70° F, as well as specific internal
operating temperatures expected within the pipeline itself.
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checked to measure its performance
under simulated wind, foot traffic and
impact loads, as well as to demonstrate
its ability to withstand possible water and
air infiltration.
The components were dismantled and'
thoroughly inspected for evidence of
damage. The program, which began in
September 1974, is now completed. All
tests have shown that the insulation
system either meets or exceeds Alyeska's
specifications.
PROCESS ENGINEERING

The insulation system went into production at the Corporation's new plant in
Tukwila, Washington, near Seattle, less
than five months after award of the contract. The plant has two basic manufacturing lines - one for the straight line
sections and the other for the support
and anchor modules.
The straight section line uses mostly
standard steel forming and cutting
equipment. However, due to availability
problems, certain pieces of equipment
had to be designed "in-house."
The basic process calls for standard
coils of galvanized sheet steel to be uncoiled, straightened, cut into 4-ft. x 25-ft.
sections and moved via a conveyor to a
Lockformer machine. The sections of
steel are then joined to form a 16-ft. x
25-ft. panel. Vent holes are punched in
the sheet and the sheet passes through a
fold joint press.
While the galvanized sheet steel is
being formed, the factory pre-cut Fiberglas insulation is placed on another conveyor and moved through an adhesive
spray booth. The sections of steel and
Fiberglas insulation are joined down the
conveyor line. Suction systems and
compression rollers draw the metal down
tight against the insulation to assure a
tight bond.
The 700-pound completed straight
section is picked up by a unique vacuum
lifting device and positioned on a specially designed folding machine. The panel is
folded in half, metal-to-metal, for ease in
crating and shipping. This process is
repeated until eight sections are on a
skid. The loaded skid is then moved from
the folder to a poly shrink oven and then
to the wooden crating area of the plant.
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FIGURE 5. The control room for the test chamber houses the power input, data acquisition and
computer equipment used to conduct the testing required by Alyeska.

FIGURE 6. Two machines designed to install insulation on the trans Alaska pipeline are a craneoperated manipulator and an unfolder. Packaged,. pre-formed blankets of insulation
are unfolded on the elevated platform at center. Workmen standing on the platform
will attach suction cups, hanging from the suspended manipulator, to the insulation
for lifting. The elevated section of pipeline, at left, is part of the approximately 400
miles of the line to be elevated on pipe supports and insulated in areas of ice-rich
permafrost soils. About half the line will be buried without insulation in thaw-stable
soils, where heat from the oil in the line would not cause thawing and loss of soil
stability (A lyeska Pipeline Service Co. photo) .
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FIGURE 7. The manipulator lifts and cups the insulation blanket as
the crane boom swings the device into place above the
pipeline. Workers use lines to help align the insulation
over the pipe. A section of insulation is already in place
on the pipe in the right foreground (Aiyeska Pipeline
Service Co. photo).

The process seems relatively simple.
However, to meet tight schedules, the
design and, in some cases, the fabrication
of the manufacturing equipment were be'ing conducted at the same time the actual
design and development of the insulation
system were going on in the research
laboratories.
The large size and irregular shape of
the support and anchor modules posed
significant engineering problems. The
solution was to develop a unique, highly
automated polyurethane foam molding
operation and then encapsulate the foam
in Fiberglas reinforced plastic (FRP).
Foam parts have to be made rapidly.
Thus precise timing and temperature control had to be built into the equipment.
The resulting equipment is highly automated, has a precise time cycle and
requires a minimum of operators.
Two large foaming machines are used
to simultaneously pour the foam into the
sides of each mold. The importance of
evenly distributing the foam resulted in
the development of two design concepts
- a special carrousel process line and
automated molds. The carrousel, a large
moving circular conveyor carrying over
12 molds, rotates each mold under the
foam heads. The conveyor line, weighing
over 90 tons, carries the molds plus all
their auxiliary equipment. Each mold is a
self-contained unit which operates independently of the others and incorporates

FIGURE 8. The manipulator wraps sections of insulation around tha pipeline. Tha insulation consists of 3-3/4 inch thick fibrous glass, bonded to
28 gauge galvanized steel sheeting (Aiyeska Pipeline Service Co. photo).
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positioned. The sections are then bolted
together at the top and the base to form a
complete module (Figure 9).
The manipulator, unfolder and module
lifter comprise Owens-Corning's specially
designed equipment system for insulating
elevated portions of the pipeline. OwensCorning had 8 complements of the special
equipment built under a separate contract.
ENGINEERING CHALLENGES MET

FIGURE 9. At supports and anchors of the pipeline, pre-formed insulation modules are installed.
Two half sections of polyurethane foam are bolted together to form the insulation
modules. (Aiyeska Pipeline Service Co. photo).

a logic system which permits the performance of certain functions depending
on its location on the carrousel.
The process line for applying the FRP
outer and inner shell has 21 stations. The
laminating starts with the placement of a
foam bun on a cart at Station 1. The cart
travels to the next station where an
exterior application of pre-impregnated
Fiberglas woven roving is manually
applied to the external foam surface
through impregnators.
The cart moves to the infrared oven
for curing of the exterior FRP skin. Then,
the module is automatically turned over
and moved via the cart to the station for
applying the interior laminate. The curing
process is repeated for the interior F R P
shell.
The part then moves to an automatic
spray booth where a special exterior gel
coating is applied. The coated part then
travels to a final infrared curing oven,
prior to moving to the packaging area for
crating. Crates of both components are
now being shipped to piers at the Port of
Seattle for shipment by barge to Alaska,
and by rail and truck to marshalling yards
along the pipeline's right-of-way.
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CONSTRUCTIBILITY VITAL
Because of the relatively short construction season in the Arctic and subArctic, ease of field installation was an
essential consideration in the design of
the insulation system for the aboveground portion of the trans Alaska pipeline. The insulation sections between
supports are installed using a craneoperated
"manipulator"
which
is
equipped with 26 vacuum cups and
hydraulic arms. The mechanism lifts,
holds and wraps each 700-lb. insulation
section around the pipe (Figures 6, 7 and

The detailed performance criteria
set by Alyeska posed vital areas of
operational concern and engineering
challenges: environmental protection,
constructibility, thermal performance,
structural performance and cost.
Owens-Corning engineers and research
and development people have responded
to the challenge of the nation's toughest
construction environment with an insulation system that will meet the owner's
performance criteria. As a result of this
accomplishment, the Owens-Corning insulation system for the trans Alaska pipeline has been cited by the National
Society of Professional Engineers as one
of the top ten outstanding engineering
achievements of 1974.
Lewis W. Saxby is vice president and general
manager of Owens-Corning Fiberglas Corporation's Mechanical Operating Division in Toledo,
Ohio.

8).

Before a section of insulation can be
handled by the manipulator, it must first
be unfolded. Skids of folded insulation
sections are placed in the special unfolding equipment where special mechanical
fingers are inserted between the folded
insulation to open the section.
The modules are installed using
another special piece of handling equipment. One 325-lb. module half section is
lifted into place using a special vacuum
suction device. A temporary clamp holds
it in place until the other half section is
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HISTORICAL ENGINEERING

Moving A Gold Dredge

by Donald C. Cook

In 1928, the United States Smelting
Refining and Mining Company began
gold dredging operations in the Fairbanks
area. During the peak of its activity, it
operated seven gold dredges within a 30mile radius of Fai.rbanks. The operating
life of a dredge on any particular creek
depended primarily upon the dredge's
digging capacity, the volume of gravel
that it had to move and the physical
characteristics of the ground. Since dredging operations took place over a 30-year
period in this area, it was inevitable that
some of those dredges would have to be
moved to new fields of operation. If the
contemplated move were to a site within
a reasonable distance, it was considered
beneficial to conduct the move during the
winter season and to do so with as little
dismantling of the dredge as possible.
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There are two good reasons why attempts
to move dredges were normally made in
the winter. Gold dredging is a seasonal
operation since extreme winter temperatures force operations to shut down in
October or November. If the dredge
could be moved during a normal shutdown period, it could be re-constructed
in time to work a good portion of the
next mining season. In addition, since the
moving routes were picked to take
advantage of the terrain and to provide
the most direct and level road possible,
this usually meant traveling over swampy,
tundra ground. This kind of terrain was
all but impassable during the thawing
months.
During the winter of 1947-48, Dredge
No. 5, a 1200-ton, 6-cubic foot boat, was
moved to Little Eldorado Creek after
The Northern Engineer

----

~

....

.......
... .......

t

.......

y-Dredge No. 5
--~-..•.~inter 1954-55

.

North

Cleary Hill
•Mine

Dredge No.
Winter 1947-48

...

Fairbanks Creek •
Camp

Pedro Dome •

Dredge No.2
Winter 1949-50

00

Dredge Movement Map
I

I

2

0
I 5 0

I
I

2
2

3

SCALE 1:63360

3
4

4 Mtles
5Kt7ometers

FIGURE 2. Diagram of an 18-cu-ft. offshore bucket-line dredge ltaken from Figure 17-95,
page 17-165, SME Mining Engineering Handbook, A. B. Cummins, I. A.
Given, eds.,01973,AIME, N- York).

thirteen seasons of operating on Cleary
Creek. Dredge No. 2, a 1910-ton, 10cubic foot boat, was moved from Gold·
stream to Fairbanks Creek during the
winter of 1949-50 after seventeen years
of operation. And, after seven seasons on
Little Eldorado Creek, Dredge No. 5
was once again moved in the winter of
1954·55, this time to Dome Creek (see
Figure 1). This is an account of those
three moves and describes the techniques
that were developed to move the dredges,
the obstacles that were encountered during the moves, and the special equipment
that it took to relocate these huge, heavy
pieces of machinery.
ROADS
The winter moving roads were usually
scouted a year before the anticipated
move so ·"that gla~ring conditions that
might be ,enqountered during the next
winter's · moving project could be
observed and noted in advance. Brushing
and leveling was done with a bulldozer
during \the late summer and early fall
prior to the winter's f.reeze-up. The road
was usually cleared to a width of 30 to 40
feet. However, when it became necessary
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to "line" the loads up steep grades, 70 to
80 feet of roadway were cleared. If creeks
or small gullies had to be crossed that
contained wat1:lr · that might glacier,
culverts were built by bolting together
discarded dredge screen plates. After the
culverts were laid, they were back-filled
to give a level roadway.
During its first move, Dredge No. 5
followed a route up the head of Cleary
Creek valley across the Cleary-Little
Eldorado saddle, and down Little Eldorado Creek (see Figure 1). The total
distance was 3Y2 miles. There were upgrades on the Cleary slope that ranged
from 10 to 26 per cent, and a maximum
down-grade of 13 per cent on the Little
Eldorado side.
When Dredge No. 2 moved, its route
from the dismantling pit followed an old
narrow gauge .railroad bed as far as Fox;
from there it was moved on dredge tail·
ings that followed the Steese Highway to
the junction of Gilmore and Pedro
Cteeks. Then the route went-up the ridge
between the two creeks to the head of
Fish Creek, down Fish Creek and up Fairbanks Creek to the erection pit. The total
distance was 21 miles. Uphill grades
ranged from 5 to 19 per cent along the
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five miles of ridge road, and downhill
grades ranged from 9 to 14 per cent at
the head of Fish Creek.
The second time Dredge No. 5 was
moved, it followed Little Eldorado Creek
down to the Livengood Highway, along
the highway for 1Y. miles, and then up
Dome Creek to the erection pit. The total
distanc~. 9% miles, was over practically
all level ground since the steepest grade it
encountered was crawling out of the
Little Eldorado dismantling pit.
DRY DOCKING THE DREDGE
The same dry docking method was
used before each move but there were
minor variations made necessary by local
conditions. Dredge No. 2's move will be
used as an illustration.
As Dredge No. 2 progressed upstream
on Goldstream Creek during its seventeen
years of operation there, it gradually ran
out of dredgable ground. Like all dredges,
it left in its wake a rolling blanket of tailings. These were a perfect location for an
excavation needed for the dry docking
foundations. When it became apparent
that the dredge had to be relocated, a
large area was excavated in the tailings
The Northern Engineer

and the dry docking foundations were
laid. These consisted of four rows of 14inch x 14-inch fir stringers that were cut
the same length as the dredge. These
stringers were spaced to give an even distribution of weight and with the proper
interval for loading and unloading the
hull cuts. They were placed over 6-inch x
1-ft. x 4-ft. rough spruce cribbing to
allow a working space under the hull. The
top surfaces of the stringers were greased
and 6-inch x 14-inch fir skid timbers,
called "butter boards," were placed on
top of them. Clips were bolted to these
"butter boards" so that they later could
be welded to the bottom of the hull. The
whole foundation was weighted down
with dredge buckets so that it would
remain submerged.

FIGURE 3. A portion of Dredge No. 2 moving road looking up Goldstream Valley from the
dismantling pit area.

Once the dismantling pit was ready, a
dam was built downstream from the dismantling pit and the water level was
raised so that the dredge would dig back
into the pit area. The bucket line, ladder,
stacker, spuds and tail sluices (Figure 2)
were removed to a previously prepared
yard along the edge of the pit. The hull
was keelhauled, floated over the foundations, and located by survey over the
foundations. The water was pumped out
of the pit and the dredge was allowed to
settle in place before it was dismantled.
A 15-ton Guy derrick with a 105-foot
mast and a 90-foot boom was erected at
the site to aid in both the dismantling
and in the unloading of smaller items that
had to be hauled by truck. A ramp, constructed with a maximum grade of 10
per cent, led out of the dismantling pit
to the roadway cleared for the move.
Footings were installed before freeze-up
so that an extension of the foundation
could be built to serve as a loading platform for the hull sections.

ERECTION PIT AND FOUNDATIONS

FIGURE 4. Dismantling pit foundations nearing completion. Dredge buckets will be used to hold
down submerged foundation timbers.
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At the same time the dismantling of
the dredge began on Goldstream Creek,
an erection pit was being excavated at
Fairbanks Creek. Foundations were
built that were similar to those in the
dismantling pit, except that they were
cribbed higher to allow working room
for riveting and caulking the hull. Also,
The Northern Engineer

no weights were required on the stringers
as they were braced to prevent any movement when the hull sections were skidded
into place. The top surfaces of the stringers were greased, however, so that the
"butter boards" attached to the bottom
of the hull sections could slide more
smoothly.
The erection pit was dug in "virgin"
ground, not in tailings, and, as a result,
both surface and seepage water had a
tendency to cause extensive glaciering.
Therefore, a drainage system was dug to
channel the water so that the pit would
remain dry and free from glaciers. The
drains were covered and insulated around
the pit area and underwater stoves were
installed at advantageous locations to
keep the water flowing.

DISMANTLING THE DREDGE

The dismantling procedure was similar
in all three moving operations, even
though there were a few variations. Cutting the hull into sections was planned so
that the heavy main trusses would not
have to be dismantled and so that enough
steel house framing was left to support
the walls and screen deck whenever possible. The walls, roofs and miscellaneous
equipment that could not be left on the
hull cuts because of their excessive weight
or lack of support were removed by
derrick and hauled by truck.
Prior to an anticipated move, calculations had to be made as to how the hull
should be cut into sections. The weight
of each section, as well as its center of
gravity, had to be calculated so that it
could be positioned onto the sleds.
Dredge No. 5 was cut into five sections
for its first move. The weight of the
largest section was 120 tons. In its second
move, four hull sections were cut; the
heaviest weighed 150 tons. Dredge No. 2
was cut into four sections and the largest
weighed 154 tons.

FIGURE 5. Dismantling pit being flooded. Dredge will be positioned over foundations when flotation depth is obtained.

SLEDS

During Dredge No. 5's first move, the
sleds used for hauling had a 100-ton
capacity and were built by Streik & Bros.
Company of Oshkosh, Wisconsin. Each
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FIGURE 6. Dredge on dismantling foundation after water has receded from pond.
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sled consisted of two bobs with 6-inch x
10-inch x 12-ft. oak runners side-plated
with %-inch mild steel and shod with %inch steel plate. The bunks were constructed of steel channel and plated. The
center-to-center gauge of the runners
was 9-ft. 3-inches. Cross reach chains of
7 /8-in. 888 were used as connections be·
tween the bobs and draw chains of 888
quality were originally supplied for the
lead bob. The draw chains were found to
break in extreme cold weather use and
had to be replaced by 1%-inch wire rope
bridles.
With the anticipated need for hauling
heavier loads during Dredge No . 2's move,
sleds with a capacity of 150 tons were
company-designed and were fabricated
by Hydraulic Supply Manufacturing Company of Seattle, Washington.
Each sled for Dredge No. 2's move
was made of two bobs with 10-inch x 12inch x 14-ft. long runners made from
channel iron and steel plates. The centerto-center gauge of the runners was 10
feet. There was a total height of 4 feet
from the bottom of the runner to the top
of the bunks. The 7 /8-inch 888 cross
reach chains originally installed broke
repeatedly with the first load and were
replaced with 1%-inch wire rope and
drilled-eye turnbuckles.

FIGURE 7.

150-ton bob sled with propane burner for thawing runners.

The need to heat the runners to
facilitate their restarting in cold weather
initiated experiments with steam and
electricity. Neither system proved economical. In collaboration with Standard
Oil Company engineers, a system of heating with Flamo gas burners was developed. A Flamo gas tank was mounted
on the back end of each runner with the
regulator under the bunk and 22 burner
jets in each runner. With this arrangement, only two to five minutes of heating
were required to thaw the runners loose
after stops.

LOADING

The procedure in loading the large
hull sections was to skid each piece on to
a stern extension of the dismantling
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FIGURE B.

154-ton stern section positioned on sleds and ready for moving.
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foundations. The sled bobs were then
placed at the desired location under the
section. One end of the hull section was
jacked up. The foundation extension
stringer was removed and the section was
lowered onto the sled bunk. The whole
thing was repeated at the other end of the
hull section. The pieces with the "butter
boards" welded to the hull were skidded
with lines attached to the winches of two
D-8 Caterpillar tractors. The center of
gravity for each section, already carefully
calculated, was centered accordingly on
the sled bunks. Angle clips were welded
to the hull at the edges of the sled bunks
and the loads were tied with chains and
binders to prevent shifting.

HAULING
To compare the hauling conditions
and equipment, each move should be
considered separately.

FIGURE 9. Moving up Goldstream Valley on the way to Fairbanks Creak with stern section of
Dredge No.2.

Dredge No.5; First Move
The lighter loads of the stacker, spuds,
and bow gantry were hauled on a direct
draw bar which was pulled without difficulty by two D-8 tractors. When the
heavier loads were encountered, it was
found that four D-B's could haul a 50ton load on a direct draw bar pull on
grades up to about 14 per cent. Although
more capacity was available, the traction
on the tractors was lost when the track
cleats churned in the dry snow and could
not dig into the underlying frozen
ground .
The heavier pieces were hauled directly up to the foot of the Eldorado saddle
and it then became necessary to "line"
them up from there. Blocks with 20-inch
sheaves were attached to "deadman"
anchors situated, abreast, on each side of
the roadway. Two 1-inch x 1000-ft.
wire ropes were attached to the pulling
bridles of the front sled bunks and run
through another set of blocks 500 feet
ahead of the sleds. A D-8 tractor was
attached to each of these wire ropes.
After being given a starting signal, the D-8
moved downhill and drew the load up
with an even, steady pull. As it pro-

FIGURE 10. Construction pit foundations and unloading pads.
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gressed, the blocks and lines were moved
and fastened to anchor sets farther up
the hill.
Progression on the downhill grade on
the other side of the saddle was handled
easily with one D-8 pulling ahead to guide
and three D-8's attached to hold back
the lines at the rear of the load.

Dredge No.2 Move

The heavier loads and the long, steep
slopes encountered during this moving
operation required the use of six Caterpillar D-8 tractors and one Allis Chalmers
H.D.-19.
The two spuds and the bow gantry
were hauled on the 100-ton sleds and
managed to negotiate all the grades using
D-8's on a direct draw bar pull.
A "deadman" anchor system similar
to that used on the Dredge No. 5 move
was installed on the steep upgrades of the
ridge road so that the heavier places could
be "lined" up. The only exception was
that just one set of anchors was used at
a time with 1900 feet of 1'V..-inch wire
rope attached to each of the runners of
the lead sled and these were reeved
through the 20-inch sheaves at the anchor
locations.

FIGURE 11. Stern section being positioned on construction foundations.

The 110-ton digging ladder was hauled
up the ridge with a total of five tractors,
one on a draw bar and two heading downhill on each side of the road. The 65-ton
stacker required four tractors, two on a
draw bar pull and one heading down on
each side to traverse the steep slope.
The large hull sections were moved
over level ground by direct draw bar pull
with three or four tractors; the number
depended on the road conditions. For
moving these sections uphill, a total of
seven tractors was used. Two D-8's and
the H.D.-19 pulled uphill with a hookup
in front of the sleds. The two D-8's pulling uphill were hooked to the draw bar
and the H.D.-19 was hooked to a bridle
on the front sled. After the runners were
thawed loose, the six D-8's were given the
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FIGURE 12. Construction completed and dredge floated for digging at Fairbanks Creek.
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TABLE 1

Move
Dredge No.5 19474B

Cost!Ton Mile
Road Construction
$1.53

Cost!Ton Mile
Hauling
$2.39

Total
Cost!Ton Mile
$3.92

Total Adjusted
Cost!Ton Mile
$5.56

Dredge No.2 1949-50

0.47

0.61

1.0B

1.44

Dredge No.5 1954-55

0.70

0.56

1.26

1.26

starting signal and as they tightened their
lines, the H.D.-19 jerked on the load to
give it a start. These sections were taken
downgrade to Fish Creek with one tractor
pulling ahead to guide and six tractors
holding back.

ton mile basis, the short haul with the
lighter loads of the Dredge No. 2 move
should have been the most economical
per ton mile, but the necessity of traversing the steep slopes of the Pedro-Gilmore
ridge slowed progress and raised costs to
a great extent.

Dredge No.5: Second Move
ASSEMBLING THE DREDGE
The relatively level ground along this
route required only a minimum of tractors for hauling purposes. The lighter
loads of the stacker and ladder were
pulled the entire route with one D-B. Hull
sections 1 and 2 were pulled the first 5Y:z
miles of the slight downgrade of the
Little Eldorado valley. Two D-B's were
used for the remainder of the trip to the
Dome erection pit. Hull section 3, weighing 14B tons, was pulled by two D-B
tractors on the slight downgrade and by
three D-B's on the upgrade to Dome
Creek. The 150-ton stern section was
pulled by two D-B's on the downhill
slope and by four on the uphill slope.
Costs tabulated in Table 1 are the
costs per ton mile for the three moves. In
order to make a more accurate comparison, the total cost/ton mile of the earlier
moves has been adjusted to the higher
wage and supply costs of the 1954-55
moving project. It can be noted that, on a
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The loading platform on the assembly
site was at the opposite end of the
dredge. Footings for this extension were
placed before freeze-up and were spaced
so as to clear the sled runners. As the hull
sections arrived at the erection pit from
their arduous overland journey, the sleds
were spotted over the loading platform.
One end of the section was jacked up
while the extension foundations were
placed. Then the end was lowered onto
the foundations. This same procedure was
repeated at the other end of the section.
Each section was skidded back to assembly position on the greased foundation
stringers by pushing with a tractor and
bulldozer on each end of it. As the sections were joined, the hull and trusses
were riveted with splice plates and the
deck cuts were welded with continuous
bead. The super-structure and miscellaneous machinery were replaced with a
derrick similar to that used at the dis-
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mantling site, and the bow gantry, digging
ladder, tail sluices, spuds and stacker
were replaced from the bank after the
dredge was floated free of the foundations.
It required approximately ten months
to complete a move of this type, but because three to five of those months
occurred during a normal shutdown
period anyway, only half the time was
lost from the productive digging operation.

Dr. Cook is a Professor of Mineral Engineering at the University of Alaska, Fairbanks.
Prior to his university affiliation, he worked
for six years as a Dredge Engineer and Mining
Engineer with the U.S. Smelting Refining and
Mining Company. During that period he participated in the engineering aspects of the three
dredge moving operations described in this
article.
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by Terry Mcfadden

Ice Fog SUPPRESSIONA Review of Techniques

INTRODUCTION
Can ice fog that is generated from the
open water surfaces of power plant cooling ponds be suppressed or reduced?
This article will discuss the state-of-the·
art on ice fog suppression and will
attempt a preliminary analysis of the
effectiveness and potential of several
techniques.
Power plant cooling ponds have long
been recognized as a major contributor
to ice fog in the Fairbanks area. Benson
(1965, 1970) estimated that cooling
ponds contributed about 60 per cent to
the total iee fog accumulation. Although
more recent studies by Ohtake (1970)
and McFadden (1974) indicate that
evaporation from open water during ice
fog conditions is not nearly as great as
Benson originally estimated, the fact re·
mains that fog produced by cooling
ponds is a considerable problem, especial·
ly in their immediate vicinity. Often the
cloud of fog is so dense that it can
severely limit visibility on nearby roads or
runways.
Suppression experiments by McFadden (1974) have shown that an ice cover
can be used to eliminate fog emissions
from open water cooling ponds. However,
this procedure is difficult, time-consuming and expensive. Alternate solutions
using monomolecular films have been
Volume 7, No.4

studied and show some degree of
promise.
The area of open water is directly
related to the temperature of the water
surface. The ice/water interface on the
cooling pond fluctuates in its position to
maintain the necessary water surface
area for heat exchange. If the average
temperature of the pond increases, the
0° C isotherm moves downstream on
the pond and thus exposes more open
water. As a result of the higher temperature and additional open water area,
radiative, convective and evaporative heat
losses increase to restore equilibrium.
Likewise, a decrease in pond temperature
allows the ice surface to move upstream
on the pond and decreases the open water
area. Any technique which aids in lowering the average water temperature of the
pond is therefore beneficial to ice fog
suppression.
Lower
average pond
temperatures promote smaller open water
surfaces and the result is therefore smaller
evaporative heat losses. Smaller evapora·
tive heat losses, of course, mean less ice
fog is produced.
COOLING LOAD DISSIPATION:

allowed to flow into the pond.
Mechanical cooling towers have been
considered, but in order to avoid the
possibility of freeze-ups during winter
months, they would need to use a non·
freezing liquid; therefore, a closed system
would be necessary. Capital investments
for this type of installation are large (per·
haps enormous) and should a failure
occur, easy change-over to a back-up
cooling system can be difficult.
Heat Pumps
Heat pumps provide a means for re·
moving a large portion of the heat from
the cooling water before it is discharged
into th~ pond. The heat removed by the
heat pumps could then be used for space
heating; this makes use of the previously
"wasted" heat. Experiments along this
line had been proposed (Aamot and
McFadden, 1974) to the Fairbanks
Municipal Utilities System (MUS), the
city-owned public utility which operates
a large, coal-fired power plant along the
banks of the Chena River near downtown
Fairbanks. Currently, MUS disposes of its
hot cooling water by injecting it into the
gravel beneath the Chena River.

Cooling Towers
Injection Wells
Several mechanisms are available for
cooling the incoming water before it is
26
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low as 3° C ). When ground water is in·
jected into the pond with the normal
condensor water, the pond's water level
rises. Since the pond is in intimate con·
tact with a ground water aquifer, an
increase in pond level simply causes an
increased flow out the bottom into the
ground water aquifer. (An increased pond
level has no negative effect on the power
plant cooling cycle.) Assuming turbulent
mixing of the two water sources, the
water lost through the bottom would be
at some higher temperature than the
normal ground water. This represents a
net heat injection into the ground water
aquifer and the entire bottom of the
pond becomes a low head injection well.
For a 1 : 1 ratio (by volume) of cold make·
up water to warm cooling water, the aver·
age temperature of the incoming water
to the pond would be 12° C instead of
20° C , a net drop of 8° C. The increased
temperature of the water returning to the
ground represents a sizeable portion of
the total heat load of the pond. A heat
balance of the pond can be written:

Surface temp.

Cooling Utilidoor
FIGURE 1. Cooling utilidor.

posed the use of an injection well to eli·
minate the warm water that was being
discharged into the cooling pond during
the winter months. The required cooling
water would be drawn from ground water
wells drilled upstream in the flow field.
The injection would be accomplished
downstream from these points. Supply
well and injection well clogging could be
possible problems, as well as the large
cost of re-plumbing and well-drilling.
Another problem concerns the tern·
perature of the cooling water entering the
condensors. If the water is too cold, it
causes condensation or "sweating" on the
condensors and this causes corrosion.
This condensation can be avoided by mix·
ing some of the hot water from the
condensors with the cold well water,
tempering it and raising its temperature
before it enters the condensors.
Above-Ground Piping
The use of above-ground piping be·
tween the power plant and the cooling
pond to dissipate as much heat as possible
from the water before allowing it to flow
into the pond has been suggested. By
using finned pipe, and by divinding the
Volume 7, No.4

single 18-inch diameter pipe into several
smaller diameter pipes to increase the
surface area, a sizeable amount of the
heat load of the pond can be dissipated
into the surrounding area without fogproducing evaporation. To avoid the
problem of frozen lines during very cold
periods, the lines could be housed in a
utilidor that had a cold air circulation and
damper assembly. The surface tempera·
ture of the pipe would be used to control
the flow of cold air over the pipe and to
provide optimum cooling without freez·
ing, regardless of the outside air tempera·
ture (Figure 1).

0.+0.=01+0

c1

g1

s

co

+0

go

(1)

where
Oci = Cooling water input
Ogi = Ground water input
Osl = Surface heat losses
Oco = Cooling water output
Ogo = Ground water loss through the
bottom of the pond

Substituting for the
equation (1) yields

components of

"Ground Water Mixing"
A technique not previously considered, but which provides an inexpensive way of lowering the cooling
pond temperature, is to discharge water
through the bottom of the pond. For lack
of a better name, it will be referred to as
"ground water mixing." By the time it
reaches the pond, the temperature of the
cooling water from the condensors is
approximately 20° C. Ground water
temperature can be expected to be close
to 4° C. (Some measurements set it as
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(2}

where
m =Mass of cooling water input
1
m = Mass of ground water input
2
m =Mass of cooling water out
3
m =Mass of ground water out
4
c = Specific heat
~i = Temperature of cooling water in
The Northern Engineer

T co = Temperature of cooling water
out
T gi = Temperature of ground water in
T x = Temperature of ground water
and is a function of the distance (x) from
the inlet. [ T x = f(x) ]
since the volume of cooling water needed
by the plant remains nearly constant,
m 1 = m , and therefore, if the pond level
3
is to remain constant, m must equal
2
m . Rearranging equation (2) and can·
4
ceiling:

Qsl = m1 cp T ci + m2 cp T gi - m 1 cp T co
- m2 Cp

Integrating the last term of equation (3)
yields:

f1 Ti ax dx = Ti (a-1)

lii'"a

0

for a= 0.4
Monomolecular Films
f1 Ti aX dx = .65Ti
0

Without "ground water mixing" (m =
2
m4 = 0), the surface heat that must be
lost is:
Qsl = m1 cp (Tci- Teal =

fXTx dx
0

2x104 (.24) (13) = 6.24x104 Kcal/min
=

m 1 Cp
·

(Tci

- Tc 0 1

(4)

m2 Cp [ fXTxdx-TgiJ
0

(3)

It is apparent from equation (3) that Q
1
is a maximum when ground water input fs
zero (m = 0). Any value of m reduces
2
2
the heat loss necessary at the surface.
Applying some reasonable numbers to the
terms of equation (3), let:
4
m = 2.0 x 10 kg/min,
1
4
m = 2.~ x 10 kg/min, and
2
T . = 17 C.
Tel = 4o C.
co 0
Tgi = 4 C.

1974). It is evident, therefore, that reduc·
tions in the total heat input to the pond
reduce evaporation by only one-fourth of
that total amount. It quickly becomes
obvious that this is a game of diminishing
returns, and that utimately, the final
suppression must be done at the open
water surface of the pond.

with equal amounts of "ground water
missing," (m 1 = m = m = m ).
2
3
4
Qsl = 6.24x1o4 - (2x104) (.24) (6.894.0) = 4.88x1o4 Kcal/min

(5)

For this example, 22 per cent of the heat
input is discharged to ground water.
Evaporation during ice fog comprises
approximately 25 per cent of the total
heat loss at the surface (McFadden,

Long-chain alcohols such as hexadecanol, octadecanol, nonodecanol and
eicosanol have all been shown to be effective (Dressier, 1969), biodegradeable
(Chang, et al., 1962) films for evaporation suppression in temperate climates.
However, a major problem facing the
use of the technique is that of film
strength. The films simply do not have
enough tensile strength to resist the effect
of even the slightest breeze, and will "pile
up" on the lee side of the pond whenever
a breeze is present. A means of film reinforcement must be provided. One
method of accomplishing this is to cover
the surface with hoops made from plastic
tubing. By dividing the surface area into
smaller, discrete units, the film will
experience much smaller forces, and its
own internal strength and spread pressure
will be adequate to maintain its integrity
(Figure 2).

From measurements at the Eielson Air
Force cooling pond, it was found that to
a first approximation, the temperature
T can be expressed by the function
X

T

X

=

T. ax
I

where
a=0.4
x = distance along the pond (0 to 1
length)
T = initial mixed temperature of
,I
cooling water and ground water =

FIGURE 2. Plastic "hoops" on the cooling pond. These provide a reinforcing grid to improve
film integrity.
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The long-chain alcohols have been
used for years in cosmetics such as lipsticks, and their environmental effects
appear to be nil. They are non-toxic,
practically invisible and biodegradeable.
In fact, they are so quickly attacked by
common water bacteria such as pseudomonas and flavobacteria that the life of
the film is reduced to a few days. The
chemical must be constantly re-applied to
maintain the film.

E

Low Temperature Psychrometric Chart
(Metric Units)

...0
...
a.
...
0
a.
g

(.!)

Q)

Suppression efficiency of the film has
been shown to be about 60 per cent in
temperate climates (Bean and Florey,
1968; Crow, Allen and Fry, 1969). Under
ice fog conditions, the film may be even
more effective, approaching 84 per cent
(McFadden, 1974).
However, it is unlikely that efficiencies
much higher than this will be attained.
There appears to be a fundamental limitation to ice fog suppression by this means.
The low temperature psychrometric chart
(Figure 3) shows the amount of water
vapor that saturated air can hold. As the
temperature of the air drops, the amount
of vapor it can hold decreases dramatically. Air at -40° C can hold .00015 gms
of water while at 0° C, it can hold .0037
gms, an increase of over 24-fold.
This suggests the imperfect suppression of the heavy alcohols might appear
to work superbly at warmer temperatures
(when the air could dissolve the vapor
that escaped). but appear to be impotent
at colder temperatures when the rv20 per

FIGURE 4.
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FIGURE 3.

Low temperatura psychrometric chart (metric units).

cent of vapor that still entered the atmosphere was more than the cold air could
hold. As a result, ice fog was formed.
Figure 4 shows fog generation at the
Fort Wainwright power plant cooling
pond on March 4, 1975 at 0800 hours.
Hexadecanol was then applied to the
pond. During the hour that the chemical
was dispersed on the pond surface, the
sun remained behind a heavy overcast,
the wind was calm and the air temperature rose 1° C. Figure 5 shows the same
view one hour later (0900 hours) at the
end of the chemical application. Results
appear dramatic but this experiment was
conducted at an air temperature of -14°
C. Similar experiments at an air tempera-

Fog conditions before suppression.

FIGURE 5.
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ture of -40° C were as dramatically
disappointing. The colder air, unable to
hold the vapor still escaping through the
hexadecanol film, filled the air with fog.
Viewed from the pond side as in Figure 6,
at -30° C • the technique appears a complete failure.
However, although local visibility is
poor, the vapor load from the pond is
greatly reduced, and the plume of fog
neither rises as high nor travels as far.
Figure 7, taken from the air at the
same time as Figure 6, shows that the fog
does not extend far enough to cause
visibility problems on any of the nearby
roads.

Fog conditions after suppression.

The Northam Engh-r

FIGURE 6. Pondside view of fog at about -30°C

Evaporation Measurements
The volume of water vapor evaporating· from pans during ice fog has been
measured by Ohtake (1970) and Behlke
and McDougal (1973; see also The
Northern Engineer, v. 5, n. 3, Fall 1973).
Measurements at the Eielson Air Force
Base cooling pond were made by McFadden (1974). All three results agreed very
closely.
The work on the Eielson AFB pond in
1974 resulted in an evaporation formula
for ice fog conditions. Figure 8 shows a
plot of vapor entering the air as calculated from the following equation at
three suppression efficiencies:
E=
QE

(4.84+0.21 [Tw-Ta])(ew-ea)

L

L
(6)

where
2
E = evaporation (gm/m )
2
OE =heat lost to evaporation (W/m )
L = latent heat of vaporization (Wmin/
gm)
T
= water surface temperature,
w
0° c

FIGURE 7. Aerial view of fog at same time as in Figure 6.

T a= air temperature, 0° C
ew = saturation vapor pressure (mb) at
the temperature of water
ea = saturation vapor pressure (mb) at
the temperature of air.
If an air velocity of 1 m sec-l is
assumed, the air mass in the 5 meter
thick layer above the pond 1 could be
changed approximately every 3 minutes.
This makes 1.6 m3 /min of air available
over every m 2 of pond surface to absorb
the water vapor evaporating from the
pond. At -30° C, this volume represents a mass flow of 2.3 x 103 gms/
m 2 /min. Referring to Figure 8, it can be
seen that if the air enters the pond at 50
per cent relative humidi~ (RH). each
gram can absorb 1.6 x 10 gms of water
vapor or a total of 0.37 gms/m 2 /min.
However, evaporation as calculated by
equation (6) 2 is 4.14 gms/m 2 /min of
vapor. Even if 70 per cent of this is suppressed by applying hexadeconal, 1.24
gms/m 2 /min still enter the atmosphere
and supply 0.87 gms/m 2 /min surplus
vapor to create ice fog .
The amount of ice fog produced will,
of course, be dependent on the state of
saturation of the incoming air (the relative humidity). If the air has recently
been much colder and is now undergoing

a warming trend, the relative humidity
may be low; however, if the temperature
is dropping, the RH may approach 100
per cent, and all of the water vapor
escaping the suppressing film will create
ice fog.
Referring again to Figure 8, if the
assumptions made above are in the proper
range (and experience indicates that they
are reasonably close). then the best that
can be done is to suppress fog at temperatures below about -27° C (-17° F) to
-30° C (-22° F). but the technique
should .eliminate fog under the most
adverse conditions at temperatures above
-10° C (14° F). The area between will
depend on conditions of the incoming air,
the degree of suppression and the mass
flow rate of air.

CONCLUSION
Some may take issue with the loose
manner to which ice fog and fog are
referred and insist that above certain
temperatures what is really present is
super-cooled water fog. They, of course,
are correct. However, since the visibility
restriction of both types of fog is equally
severe for those living in it, the two have
been treated more or less synonymously,
with apologies to anyone who may have

1 The 5 meter height above the surface is arbitrarily assumed to be approximately the maximum volume of air that interacts with
the surface to absorb vapors.
2 Tw

is assumed to be +lrP C
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been offended by the laxity of our
terminology.
Ice fog generation from open water
cooling pond surfaces appears to be controllable. The remaining task is to determine the optimum combination of
methods to accomplish this feat. As
proper techniques are worked out, and
proper installations made, the cost for
actual control of this portion of the ice
fog problem should be reduced to very
low levels.
New construction will be in an excellent position to capitalize on these
techniques since most of the needed installations will be able to serve doubleduty, requiring little additional cost. In
some cases, it is entirely feasible that a
financial benefit may result.
For example, the new sewage treatment plant being designed for Fairbanks
will be required to dissipate a heat load
of several million watts, since discharging
the uncooled (20-25°C ) effluent into
the Tanana River would cause ice fog
problems at the nearby Fairbanks International Airport. By extracting this heat
load, with heat pumps for example, and
by using the heat load to heat the plant,
the entire heating requirement of the
facility may well be satisfied. Additional
unneeded heating capacity could be discharged into the city water Iines to be
sold to other nearby buildings.
The use of waste heat is of prime
importance in this time of high energy
costs. By drawing on present technology,
1
the elimination of ice fog from cooling
ponds is not only possible, but may even
prove economically beneficial.
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by Sue Ann Bowling

The Effect of Ice Fog
on

Thermal Stability

A Description of Ice Fog
Ice fog, as defined ih the Glossary of
Meteorology, includes any fog which is
composed of ice crystals. In this article,
however, the alternate definition given by
Benson (1970) will be used: "Ice fog is a
form of air pollution which appears at
temperatures below -35°C (-31°F) in
populated regions where topography,
combined with strong inversions, causes
air to stagnate." Our only modification
of this definition, written in 1965, would
be to include the possibility of ice fogs at
temperatures up to -30°C (-22°F).
Aerosols of well-formed, relatively large
(diameter 2:.. 25,um) ice crystals, which
may produce marked optical effects
(halos, parhelia, etc.) are considered to be
ice crystal displays. Ice fog itself is com·
posed mainly of small (diameter < 20,um)
crystals which have frozen from droplet
form so rapidly, and which had so little
excess vapor available for further growth,
that they remained nearly spherical in
shape with only a few rudimentary
crystal facets. These crystals, sometimes
called droxtals (Thuman and Robinson,
1954), form a fog which is optically
Volume 7, No.4

indistinguishable from
fog.

ordinary water

Aside from localized occurrences
around hot springs, caribou herds and the
heated cooling water discharged by power
plants (see McFadden's article in this
issue), the existence of ice fog may be
traced to the use of hydrocarbon fuel.
All commonly used petroleum-derived
fuels produce more than their own weight
in water vapor upon complete combus·
tion; even coal, when burned, normally
produces over half its own weight in
water. At normal temperatures this water
of combustion causes, at most, a slight
increase in relative humidity. But an
amount of water vapor sufficient to in·
crease the relative humidity of +20°C
(68°F) air by only a little more than half
a per cent is enough to completely
saturate an equal volume of dry air at
-40°C (-40°F !). Furthermore, the normal presence of a snow surface below
the -40°C air will assure that the -40°C
air is already nearly saturated with
respect to ice. Automobile contrails
normally become persistent at temperatures around -30°C, which probably
indicates the temperature at which
32

exhaust compounds other than water
become effective as ice-forming nuclei.
(Pure water droplets do not generally
freeze at temperatures above -40°C.)
The blending of auto exhausts, moist
air from heated buildings, and water
vapor from other low-level sources (e.g.,
cooling ponds) into a fog layer may take
place at any temperature below that at
which the auto contrails freeze. The
denser the source distribution, the higher
will be the temperature at which individual plumes blend into a single fog
layer. The fact that most fuel consumption at high latitudes is for the ultimate
purpose of producing both heat (for
buildings and the motors of parked
vehicles) and light means that peak fuel
consumption normally coincides with the
lowest temperatures and darkest days.
Thus, water vapor outputs peak just at
the time when the atmosphere is most
sensitive to this added water.
The importance of having ice nuclei
as well as water vapor is emphasized by
comparing the temperatures and visibilities at Fairbanks (which has both water
vapor and nuclei) with those of the small
village of Manley Hot Springs where
The Northern Engineer

TABLE 1

COMPARISON OF VISIBILITY-TEMPERATURE RELATIONSHIPS AT FAIRBANKS AND AT
MAN LEY HOT SPRINGS

(Table entries are per cent of observations within the given temperature
range having the indicated visibility.)

> 15

Total No. of
Observations

1-2

3-6

19.5

18.8

24.8

26.2

10.7

149

.3

1.2

1.2

6.4

90.9

341

Fairbanks

79.4

14.7

5.9

0.0

0.0

34

Manley

23.4

7.8

16.4

11.8

40.6

128

Fairbanks

97.2

1.4

1.4

0.0

0.0

70

Manley

67.0

17.5

7.1

3.8

4.6

239

Fairbanks
-32°C ~T _::-38.6°C
Manley

-38.7°C,::T~- 40.9°C

-41°c.::_T

water is abundant but ice nuclei are rare.
Table 1 shows that, at Fairbanks, the
visibility is already deteriorating at
-32°C. At Manley, the transition from
clear to foggy conditions is much sharper
and occurs, within the accuracy of the
temperature records, at the "spontaneous
nucleation temperature" (i.e., the temperature at which water droplets freeze
without nucleation) of -40°C. Actually,
the change at Manley is even sharper than
it appears, for most of the clear observations (with temperatures below -40°C)
were made during very long cold episodes
when the usual area of open water had
frozen over.

-40°C, But Rising
A temperature of -40°C was formerly
considered to be critical for the formation of severe ice fog in Fairbanks,
although
with increased oil-related
activity since 1968, a warmer critical
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temperature seems indicated. In Fairbanks there have been only two winters
out of the last twenty-three in which
minimum temperatures have not reached
-40°C at least once, and only four in
which -43°C (-45°F) was not reached.
At the other extreme, the winter of
1964-65 had twenty-five days with
minimums below -43°C and over 400
hours of temperatures below -40°C.
Temperatures have been observed to remain below -40°C continuously for as
long as 231 hours, and two-week periods
of nearly continuous -40°C weather
seem to occur at 5- to 10-year intervals.
When the sky is clear - as it nearly
always is when the temperatures are very
low - the snow surface cools by emitting
longwave infrared (thermal) radiation.
The air does not cool nearly as fast as
the ground, so an inversion develops -

that is, the air near theground becomes
colder than that higher up. Since cold
air is heavier than warm, air with an inversion resists vertical mixing, and poilu-
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tants emitted into the cold air will be
trapped near the ground.
Ice Fog as Pollutant
In addition to water in the form of
crystals and vapor, ice fog is known to
contain heavy concentrations of carbon
monoxide and lead (Winchester et al.,
1967). Carbon dioxide concentrations
may also be increased locally, as this gas
is produced even more abundantly than
water during fuel consumption. Automobile engines are notoriously inefficient
at low temperatures (winter gas mileages
are around 5 to 10 mpg for the average
Fairbanks car). Heightened lubricant
viscosities may partially account for this
poor combustion chamber performance,
but the low efficiency may also be involved specifically during the starting of
a cold engine (see TNE, v. 5, n.3). Such
poor efficiency would sug!lest large
hydrocarbon outputs.
In general, Fairbanks ice fog appears
The Northern Engineer

to have the same basic chemical ingredients (from the same sources) as Los
Angeles smog (along with the accompanying eye irritation), but with the important
difference that the sun at Fairbanks is up
only a few hours a day during the ice
fog season (roughly December and January) and then rises only a few degrees
above the horizon. Consequently, the
photochemical reactions typical of Los
Angeles-type smog are probably neglible
during ice fog, although they may be
important in clear conditions from spring
to fall.
The most obvious effect of ice fog is
the reduction in visibility that it produces. Visibilities between 1/8 and 1/16
mile are common under severe ice fog
conditions in downtown Fairbanks, and
the tail lights of an automobile (which
suffer additional obscuration by the car's
own exhaust plume) may be invisible at
distances of only 3 to 5 meters! Prior to
1967, the ice fog around the Fairbanks
International Airport was not continuous
with that from the downtown area; only
about half the days with minimum temperatures less than -40°C were accompanied by visibilities under 1/4 mile.
Starting with the winter of 1968-69, 1
however, a continuous area of ice fog
between Fairbanks and the airport became the normal situation, and the
number of days when the airport was
(and is) closed - at least temporarily because of low visibility frequently
approaches or exceeds the number of
days with minimum temperatures less
than or at -40°C. (A later section will
deal more completely with this phenomenon.)

Suburoo11 Fog
100 Crystals/cc

F=55.8

o~~~--~--L-~~~~----~---L~
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FIGURE 1. Cooling rates in suburban ice fog, 10 m deep and 100
crystals cm·J, Left side: initial temperature. Right side:
light line, computed cooling rate without ice fog; heavy
line, computed cooling rate with ice fog; shaded horizontal line, fog top. Values of F are radiative energy
losses, in cal cm-2day, at the snow surface and
at the
top of the fog.

Fairbanks- A Super Bowl for Pollution
Combustion products, including water,
are held in the Fairbanks area by a combination of topography and meteorology.
Fairbanks is located on a flood plain
surrounded by hills on three sides. There
is little heating of snow~overed ground
by the sun under the near-polar night
conditions in December and January; and
if skies are clear, there is considerable
longwave loss to space from the snow
surface, since it is a far better radiator
1

than the relatively dry atmosphere. As a
result, in undisturbed areas, the usual
temperature structure under clear skies
begins with a very strong inversion right
at the snow surface. Less strongly inverted lapse rates extend upward from
there to a kilometer or more. Under these
conditions, layers of air at different
heights may move in very different ways
and strong wind shears are common. In
particular, air motion in the flood plain
area is almost entirely dominated by cold

air draining off the surrounding hills.
However, wind velocities are rarely great
enough at activate a conventional anemometer, and there is some observational evidence that even these weak
winds are partially produced by km-scale
horizontal eddies. which accomplish little,
if any, mixing between foggy and clear
air. Upward mixing of the polluted air
is, of course; strongly inhibited by the
inversion.
Benson (1970) pointed out that an

... which was the beginning of oil exploration. Fairbanks International Airport at that time became the departure point for
hundreds of flights per month to the oil fields on the North Slope of the Brooks Range.
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old ice fog sometimes develops a normal
lapse rate (slightly warmer at the bottom)
with an inversion at the fog top, and indicated one case (December, 1961) in
which this change in thermal structure
was visible on rawinsonde records. The
nature of rawinsonde records, together
with the fact that soundings were taken
at the airport where fog has never been as
dense nor as deep as in downtown Fairbanks, suggests that a normal lapse rate
in the city fog may not always appear on
the records. Such a change in lapse rate,
however, is of very considerable significance from the point of view of air pollution mechanics (Fleagle et al., 1952). A
method has been developed for calculating how fast air with ice fog in it cools by
thermal radiation. This is compared to
cooling rates for clear air and snow
surfaces. This method was used to find
out how deep and how dense an ice fog
had to be in order for an adiabatic lapse
rate to develop. 2

City Fog

200 Crystals/cc

Suburban Fog

00 Crystalslcc

Fog, Fog Everywhere

Suburban ice fog is mostly composed
of auto exhaust, which produces very
small ice particles. Downtown ice fog has
both auto exhaust and larger ice particles
emitted from power plants, cooling water
and furnaces. Most ice fog particles are in
a size range where their effective thermal
infrared emissivity depends very strongly
upon size. Therefore, a city fog is more
effective at cooling the air, particle for
particle, than is suburban fog. Cooling
rates were calculated for the temperatureheight relationship shown in Figure 1 for
five possible fogs. The suburban fogs were
10 m deep with 100 crystals cm-3 and
20 m deep with 200 crystals cm- 3 ; the
city fogs were 20 m with 200 crystals
em -3 , 50 m with 500 crystals/em -3
and 100 m deep with 1000 crystals/
cm-3 . The resulting cooling rates are
shown in Figures 1 through 4.
It is immediately apparent that the
effect of suburban-type fog at the depths
and densities considered is purely to
enhance the radiative cooling in the fog
layer by a factor of five to ten. There is

2
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FIGURE 2. Cooling rates in ice fog 20 m deep and with 200 crystals
cm-3. Left side: suburban fog. Right side: city fog. Same
key as Figure 1.

no evidence for destabilization in either
fog. An urban-type fog with the same
depth and crystal density as the more
severe suburban fog does show a definite
local maximum in the cooling rate at the
top of the fog, but the overall maximum
cooling rate is still found near the ground.
The values of F shown in the figures give
the net rate of energy loss from the snow
surface (the lower value) and from the
top of the fog; the difference gives the
energy loss from the fog itself. When the
effect of conductive cooling from the
snow surface (which can be seen to be
radiating energy at from 4 to 30 times the
rate of the entire fog layer) is taken into

account, it is clear that a strong ground
inversion, possibly with a local steepening
at the top of the fog layer, will be the
equilibrium thermal structure if only the
natural cooling processes are considered.
In the 100-m fog with 1000 crystals/
cc, however, the net radiation at the snow
surface has become negative - i.e., with
the given lapse rate, the snow is actually
warming up. An obvious question was to
what extent the form of this cooling rate
was a result of the strong ground inversion. The dotted line in Figure 4 shows
the result of calculations with an
adiabatic lapse rate below the -32°C
temperatures at 1000 m. These indicate

An adiabatic lapse rate means that the air is 1°C cooler for each additionallOO m of height- just as much as the air would
cool by expansion if it were lifted. An adiabatic lapse rate does not resist mixing as an inversion does. Air heated from below
and allowed to mix up wll have adiabatic lapse rate.
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City Fog
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FIGURE 3.

Cooling rate in city ice fog 50 m deep and 500 crystals
cm-3. Keyed as in Figure 1.

th t, although there is some cooling of
th snow surface, the total energy loss
fr m the snow is less than half of that
fr m the fog, while cooling rates drop
fr m 46°C/day at the fog top to 16°C/
da in the bo~tom 2 meters of fog. Consi ering that only about half of the
en rgy loss at the snow surface is
ba anced by conduction from the atmosp ere (Wendler, 1969). it appears that the
Ia se rate within a fog at this depth and
de sity will be wet adiabatic, 3 and that it
wi I be controlled by convective overtu ning due largely to the extreme coolin observed near the top of the fog. The
sa e cooling will produce a strong
in ersion with its base at the top of the
fo .

3

On the basis of purely radiative considerations, the intermediate (and most
nearly "normal" in the downtown area)
case of 50 m depth and 500 crystals per
cm 3 would maintain neither a strong inversion nor an adiabatic lapse rate. An
adiabatic lapse rate would probably
develop in the upper part of such a fog,
with strong inversions near the ground
and just above the fog top.
The Fairbanks Heat Island -A Model
The cooling rates and quasi-equilibrium temperature profiles described
above were predicted on the assumption
that radiative cooling of the air and snow
surface, latent- to sensible-heat transfer.

and conductive/ convective redistribution
of the remaining thermal energy were the
only processes involved. In a natural
situation, this would be very nearly true,
for the maximum net incoming short
wave radiation at 65°N during the season
of persistent ice fog ( 1 December through
12 January) is less than 20 cal/cm 2 day
at the top of the atmosphere, with atmospheric optical depths exceeding 14
atmospheres at all times. The solar radiation actually absorbed at the snow
surface would not normally exceed 4 cal/
cm 2 day. This is not quite enough to
cause a daily temperature variation which
is perceptible on individual records, and
even on a five-day average, there is less
than 1°C ( 1.8°F) between maximum
and minimum temperatures (Wendler,
1969). However, ice fog is not usually a
natural situation. The water vapor is
added by processes which also produce
heat and other pollutants. The effects of
this heat addition must also be taken into
account.
Myrup (1969) has made calculations
for a hypothetical city in southern California and found that the factors contributing to the heat island were (in
approximate order of importance) reduction of evaporation, increased roughness,
thermal properties of paving and building
materials, and wind speed. Self-heating
(0.5 cal cm- 1 min- 1 or 72 cal cm- 1 day- 1)
was found to be unimportant. In the Fairbanks area, there is a snow cover over
both the city and countryside, virtually
no solar radiation and very low wind
speeds.
Furthermore,
any sizeable
amount of evaporation will produce immediate recondensation and freezing so •
that the latent heat is merely part of the
self-heating effect. Hence, differences in
evaporation - and, to a large extent,
roughness - are unimportant. The lack
of diurnal variation also makes the difference in substrate thermal properties
unimportant in midwinter. Self-heating,
however, assumes considerable importance when one considers that an effort
is being made to keep the interiors of
most buildings 60° to 75° C above the
outside temperature.
The isolation of Fairbanks makes it

Or, more accurately, frozen adiabatic. Either term refers to an adiabatic lapse rate modified to allow for the latent heat of
condensation (and, in this case, freezing).
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are 102 cal/cm 2 day in the urban area,
6 cal/cm 2 day in the suburban area and
.8 cal/cm 2 day in the rural area. If the
majority of this heat is added near the
bottom of the fog layer (as is certainly
true for automobiles and homes - probably the two greatest contributors). 4 it is
clear that the urban heat addition is
enough to destabilize almost any fog
considered. Urban destabilization will be
further encouraged by the fact that the
"snow surface" radiative cooling is spread
over the building heights. That such a
destabilization is occurring is indicated
by observations of individual auto
exhaust plumes under mild ice fog conditions. Auto exhausts in the outlying
and suburban areas stay near the ground,
while those in the urban area rise until
they blend with the fog.

City Fog
1000 Crystals/cc
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FIGURE 4. Cooling rates in extreme ice fog 100 m deep and 1000
crystals cm·3 . Heavy and light lines as in Figure 1; dotted
line, cooling rate with an adiabatic lapse rate in the fog
(ground temperature -31° C). Fluxes in parentheses
apply to the adiabatic calculation.

relatively easy to calculate the fuel imported to the area (Benson, 1970). This,
in turn, allows computation of the selfheating effect. Several assumptions were
made for this calculation: (1) Benson's
values of fuel consumption, compiled in
the 1962-65 period, are valid for the
present (this is a serious underestim!lte);
(2) Combustion is complete and all heat
of combustion ultimately goes into heat·
ing the air near the ground (an over·
estimate); (3) Mean monthly values are
typical of ice fog days (underestimate);
and (4) One-half of the energy released is

4

spread over a 5 km 2 area, one third is
spread over a 50 m 2 area, and the remaining sixth is spread over 200 km 2 . These
divisions correspond to the urban, suburban and rural areas.
The total fuel energy generation per
day for the entire area is 9.6 x 10 12 cal.
The latent heat of sublimation of released
water vapor, and the heat of fusion of
evaporated cooling water, adds another
.6 x 10 12 cal., for a total heat input of
10.2 x 101 2 cal/day. If this is divided as
outlined above, the equivalent heat fluxes

Under dense fog conditions, it is possible to model a simple heat island by
assuming that (1) all heat added is mixed
into the fog, and (2) that the net radia·
tion at the top of the approximately
isothermal fog just balances the added
heat flux due to self-heating. The downward radiative heat flux at the fog top
may be assumed to be the same as that at
the snow surface away from the fog;
this gives a city fog temperature of
-41°C, in contrast to an undisturbed
2-m temperature of -44°C. If the out·
lying snow surface is assumed to be in
radiative equilibrium with the sky at
-50°C, the equilibrim city temperature
would rise to -31°C. Heat islands
predicted on the basis of this simple
model would range from 3 to 13 degrees
C, with the upper part of the range being
highly unlikely (actual balance between
snow surface and sky radiation is rare).
The measured heat island prior to 1965
was 5 to 6 degrees C (Benson, 1970) and
measurements in 1974-75 gave values up
to 12°C, so the agreement between the
predicted and measured values is quite
satisfactory.
Possible Feedback Effects of Ice Fog
The concentration of air pollutants is
determined by the motions of the air into
which they are released. These, in turn,

Assuming that most of the electrical power generated is used for home heating and lighting and automobile headbolt heat·
ers, etc.
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are driven by the horizontal and vertical
temperature gradients in the air and by
the regional pressure gradients. In the
Fairbanks case, winds near the ground in
the absence of ice fog would be very light
(1-2 mps) and vertical mixing would be
virtually non-existent. A low-volume
and/or cool emission, such as auto
exhaust, would form a layer at or close
to the emission level; a high temperature,
large-volume emission such as a power
plant stack plume, would rise and cool by
mixing, radiating and expanding, until
the gases reached a level at which their
temperature was the same as that of the
ambient air; at that temperature they
would also spread out into a thin layer.
Since vertical motions would be weak to
non-existent, Stokes Law fall speeds of 2
to 10 meters per hour would apply to the
majority of the ice crystals produced in
these exhausts, and there is some evidence that this ice crystal fallout would
also remove substantial amounts of other
pollutants (Benson, 1970).
Once a convective lapse rate develops,
however, only the largest crystals have
any chance of falling out. (The impaction
of crystals on trees, houses and snow
surfaces will provide a removal mechanism, but its importance is unknown.) All
pollutants emitted within the fog layer
will be mixed fairly uniformly through
the depth of the fog. If automobiles are
the major polluters, this in itself would
lead to reduced pollutant concentrations
at street level. The effect of higher level
sources, however, would be increased,
and if the reduction in pollutant removal
rates from ice crystal fallout and horizontal mixing · is sufficient, even the
automotive pollution at street level
could increase. Turbulence will tend to
increase the equilibrium fog density by
reducing crystal fallout once convection
sets in and will provide a positive feedback mechanism for making the fog
denser. If the total optical depth of the
fog exceeds the critical value for convection due to radiative processes alone
roughly 5 x 106 to 107 crystals per cm 2
for the city fog considered here
convection, with its attendant inhibition of
fallout, will continue even after the fog
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FIGURE 5. Predicted temperature and air flow along a N-S traverse
through Fairbanks under heavy ice fog. Solid arrows,
normal katabatic flow; open arrows, predicted flow due
to radiative cooling from the fog. FAI = Fairbanks, CR =
Chena River, FLR =Farmers Loop Road.

drifts away from the city. The fog may
then remain stable for considerable distances downwind. Finally, since the fog
i~ made up of water released at the same
points as other pollutants, the fog-top
inversion will automatically develop at
the height which will cause the maximum
trapping of pollutants.
In addition to the direct feedback
effects mentioned above, the changed
temperature may affect the local winds.
Figure 5 shows the temperature structure
predicted for Fairbanks with a dense,
100-m deep ice fog, assuming only radiative and heat island effects. If the -30°C
isotherm is assumed to be an isobaric
surface as well, the temperature distribution will produce locally high pressure
over the city center at fog-top level. The
distribution will also produce locally
high pressure at the fog boundary with
low pressure in the city at ground level.
Such a pressure pattern would tend to
produce the type of circulation shown
by the arrows in Figure 5. This air flow
would cause a deepening of the layer of
cold air north of the city, 5 at least until
the ground pressure in the clear area in-

creased enough to equal that in the fog
boundary area. At this stage, some fresh
air might flow northward aloft. However,
the deepening of the cold lens north of
town would be significant in itself since
the region near Farmers' Loop Road
(F LP on the figure) is a major residential
area, the popularity of which is due
largely to its relatively mild temperatures
(and elevation above the ice fog).
On this basis, it can be predicted that
there exists a threshold density and depth
of ice fog, of the order of 50 meters
thick with 500-1000 crystals per cm 3
throughout, and that once this threshold
is exceeded, the climatological effects of
the fog will make an almost discontinuous jump as the positive feedback effects
of radiation come into effect.

What Happened After '68 .•.
It is of some interest to compare the
predictions of the previous section with
phenomena actually observed in the Fair·
banks area. Automobiles in outlying areas
or under light ice fog leave trails near the

Current dimensions of the foggy area are such as to form a complete barrier across the mouth of the Chena valley.

Volume 7, No.4

38

The Northern Engineer

Z ro----.----.----r----.---,,---.----,----~---.----.----.----.,350
0

i=

0

0:::

300 ·o

LL

-.<::

(.!)

..c:

e-

<[
~

QJ

0

0'

0

250

LL

w

~

w

(f)

::>

e

-.<::

(J)

Q;

-40

0'

200 li3

z

(J)
(J)

w

-

0

0

a.

+

0

G

150

~

1::

0'
-~

0

100

(J)

c:

.£

0
(J)

50

"0

c:
0

(J)

::>
0

..c:

I-

58

60

62
Year

64

66

68

70

72

74

76

FIGURE 6. Changes with time of the median onset temperature for
ice fog with visibility less than % miles at the Airport.
The bar diagram gives the total tonnage (passengers and
freight) handled by the Airport.

ground; exhausts from those in heavy city
fog mix rapidly upward. Until quite recently, power plant plumes were never
observed to blend with the ice fog before
evaporating, although large crystals from
such plumes occasionally fell out through
the fog (Ohtake, 1970). During the two
severe winters of 1968-69 and 1970-71,
and during even moderately severe
winters since, however, these plumes
have been increasingly observed to blend
indistinguishably with the ice fog. In
1965, 50 meters was considered a maximum ice fog depth (Benson, 1970). Ice
fog depths now routinely exceed 50
meters and temperatures recorded as high
up as 90 meters above the flats along the
hill slopes north of the city are now often
almost as cold or even colder than those
in town.
Figure 6 is a demonstration of the
change in character of the ice fog which
apparently occurred around 1968, near
the start of the North Slope oil boom.
The median daily minimum temperature
for days with visibility of 1/4 mile or less
due to ice fog fluctuated between -42°
and -45° C from 1952 through 1967.
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During 1968-69 and 1970-71, the temperature jumped to nearly -40°C, and
in 1969-70, with no days as cold as
-40°C, the airport was closed twice by
ice fog. Application of a Student t-test
indicates a probability of less than .001
that such a deviation would occur by
chance. Part of this increase in fog was
undoubtedly due to increased airport
use, also depicted in Figure 5. But the
increase in ice fog severity was also
associated with an increasing spread of
ice fog to the southwest. Prior to 1968,
at least one clear stretch was usual on the
drive from Fairbanks proper to the airport; since that time, continuous ice fog
along Airport Road has become the
normal situation. In 1965, (Benson,
1970), it was possible to say that the
maximum southwestward (downwind)
extension of ice fog was barely past
Chena Ridge (a 200-m hill, 5 km west of
Fairbanks); in 1968-69 and since 1970,
ice fog has extended southwest beyond
the limits of vision from Chena Ridge.
Climbs along hill-slope roads free of ice
fog with a thermometer mounted on an
automobile have shown temperature

39

inversions so sharp as to approach discontinuities at or near the fog top level.
Rapid fluctuations of temperature, diagnostic of wave motions in the inversion
and formerly typical of altitudes 10 to
20 m above the flats, have recently been
observed at least as high as 80 meters.
Finally, on several occasions, the
author has observed a northward drift in
the upper part of the fog which is sufficient to form an extensive low stratus deck
(unfortunately too cold to raise the
ground temperatures appreciably) extending almost to the hill slopes northeast of town.

What It All Means
In summary, the level of water vapor
emission in the Fairbanks area appears to
have reached the point at which feedback due to radiative processes is beginning to produce climatological effects
extending beyond the immediate city
area. If further development is to take
place in such regions of extreme winter
temperatures, it is imperative that the
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siting of em1ss1on sources be done with
careful consideration of both the natural
and the potentially disturbed airflow
under conditions of strong radiative
cooling.
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Hunt's intriguing book, Arctic Pasis billed as "the turbulent history of
the land and the people of the Bering Sea
1697-1975." But this brief description can
hardly capture the understanding and intellectual insight that Hunt brings to his sweeping
narrative of western Siberia, the Aleutian
Archipelago, Alaska and the sea that joins
them.
This history of the Bering Sea encompasses
nearly 300 years - and while that III!Ould generally presuppose a superficial treatment of the
subject, it is not the case here: Hunt's appetite
for detail, objectivity and accuracy is insatiable
and the reader is regaled with countless anecdotes and vignettes which bring all his subjects
to life.
The book moves chronologically, beginning
with the earliest Russian penetrations of the
Pacific frontier, and builds incrementally until
the final chapters focus on the Bering Sea as it
is today and speculate on what the future
holds for it. In between, Hunt deals with the
early explorer/scientists, the promyshlenniks (traders), the navigators, the whalers,
the fur traders, the political and economic
despots, the empire builders, the engineers and
the gold seekers. Yet throughout, he is keenly
aware of the balance which must be struck between the recorded history of this period and
the historical perspective he must bring to it.
He has brilliantly "read between the lines" of
the self-serving pages recorded by traders, missionaries, bureaucrats and rogues, and has
presented sometimes corroborating, sometimes
conflicting views of the same era.
Bill

sage,
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William R. Hunt
Most important, Hunt parlays these details
into a sensitive portrayal of the people most
affected by the 300-year attempt to explore,
control and settle the Bering Sea: the native
peoples of Siberia, the Aleutians and Alaska.
Continued at top of next page-
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-Continued from page 40.
Obviously, until recent times, these native
people had no vehicle for telling their story,
which is, as Hunt continually points out, almost
uniformly tragic. Arctic Passage has an under-lying, persistent theme: no one, from the
first Russian explorers to the Government of
the United States, saw any compelling need to
consider the effects of their actions on these
indigenous people. The portrayal of western
rapacity and greed serves as a sorry reminder of
the ways in which they were generally mistreated.
This is not to say that heroes are unknown
in Hunt's book: indeed, they abound. There
were men of vision, compassion and sensitivity;
there were colorful and romantic figures who
stirred the imagination with their epic undertakings: men like George Steller, William Healy
Dall, Capt. James Cook, Vitus Bering, Otto van
Wrangell. Sheldon Jackson, Carl Lomen, Max
Gottschalk and Olaf Swenson. Some possessed
vices that far exceeded their virtues, but all left
a lasting imprint on the history of the Bering
Sea.
But Arctic Passage
is about events as
well as people. The grand, and sometimes
nefarious, schemes for taking fur, for hunting
the whale, for mining the gold and for bridging
the continents are all told with a keen attention
to detail and softened with humor. In a chapter
dealing with the grandiose plan to build a
Bering Strait railroad, Hunt writes with puckish
overstatement: The Nugget [Nome's newspaper] described the journey that would soon
be possible. One would board a Pullman at
Nome and, after a few days of easy traveling,
would arrive in Paris. Nome to Paris - a convenient link between two of the most romantic
cities in the world."
The book also probes the more serious
encounters that took place in the polar sea.
While many armchair historians are familiar
with the great WW II battle of Attu which
ended Japanese resistance in the Aleutians, few
are aware of the Bering Sea victories won by
the Confederate raider, Shenandoah, as she
routed Union whalers.
Hunt's. encompassing history documents all
this, and his final chapter is an even-handed
treatment of the Bering Sea and its cultures as
they enter a new age. He recognizes the
bounties of this fertile fishing ground and
acknowledges that the fate of this unique area
is again in the hands of international political
and social forces. His prediction is that, once
again, man's exploration for natural resources,
either from the sea or from beneath it, will
continue to shape the destiny of the Bering Sea
and its people.
-G. Brown
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MATERIALS ENGINEERING IN THE ARCTIC
September 27 - October 1, 1976
Grey Rocks Inn, St. Jovite, Quebec, Canada

This Conference, sponsored by the Canadian Council of the American Society for Metals,
is planned to provide an up-to-date state of the art consensus on materials performance in arctic
environments. Interested persons are asked to contact
Dr. M. B. Ivas
McMaster University
Hamilton, Ontario LSS 4M1
Canada

Ace Builds New Ice Research Facility

Construction of an ice engineering
facility, an ultra modern laboratory for
research into navigation and other problems created by ice, will begin shortly at
Hanover, New Hampshire. The award of
a construction contract for the $5 million
facility was announced by the U.S. Army
Corps of Engineers, New England Division.
Colonel John Mc.;;on, Head of the Division, said Wexler Construction Company, Inc., of Newton Highlands, Mass.,
was the lowest of 15 bidders. Bids ranged
up to $5.5 million. The 2-story masonry
and steel structure will provide 70,000
square feet of space and will have three
refrigerated zones. It will be located at
the site of the Cold Regions Research and
Engineering Laboratory and will be
operated by that laboratory commanded
and directed by Colonel Robert L.
Crosby.
The facility will encompass a 30 x
120 x 8-foot narrow and deep test basin;
a flume 4 x 2 x 120 feet long; and a wide
and shallow research area 80 x 120 feet,
plus office, workroom and instrumentation space. Working for the entire Corps,
CRREL engineers and scientists will
conduct research investigations of ice
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phenomena, particularly those related to
rivers, lakes, harbors and other navigable
waters.
"Typical studies to be accomplished
in the test basin will include the evaluation of ice forces on structures, the formation of ice pressure ridges, ice
mation of ice pressure ridges, ice
problems in and around navigation locks,
and the effects of ice on marine plant
and equipment," Col. Crosby said. The
refrigerated flume is needed to study the
formation of sheet and frazil ice, as well
as the hydraulics of ice-covered rivers,
jams and other aspects of ice engineering.
The laboratory's research area will
contain the necessary pumps, piping and
flow instrumentation to conduct related
investi!:Jations.
The facility, when completed, will
provide the means of developing imj)roved designs for lock gates, approach
structures and intakes; roller and tainter
gates for dam spillways, water intake and
discharge penstocks for dams and powerhouses; ice control structures and/or
fences such as ice booms and artificial or
man-made islands and peninsulas and
mooring facilities in lock chambers.
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THIRD INTERNATIONAL CONFERENCE ON PERMAFROST
Edmonton, Alberta, Canada

July 10- 13, 1978

First Call for Papers: The Organizing Committee for the Third International Conference on Permafrost wishes to announce the first call for papers for
this meeting to be held 10- 13 July, 1978, in Edmonton, Alberta, Canada. Acceptable topics in permafrost science and permafrost engineering are
listed in this announcement. Papers must be submitted no later than January 1, 1977. A quota system has been arranged to ensure that all countries
are adequately represented. Papers will be printed in a single volume and distributed to all delegates two months prior to the Conference. Detailed
instructions on preparing and submitting papers will be sent to those persons who write to the Executive Secretary of the Organizing Committee that
they intend to make a submission. The address is: M. K. Ward, Executive Secretary, c/o National Research Council of Canada, Ottawa, Canada,
KIA OR6.

PERMAFROST SCIENCE
THERMAL ASPECTS

ground temperatures: heat and mass
exchange, measurement, modelling, interpretation
thermal properties of frozen ground
paleoclimates; climatic change
PHYSICS AND CHEMISTRY OF
FROZEN GROUND

thermodynamics of frozen ground
ice-water phase relationships; moisture
movement
interfacial phenomena
electrical phenomena
HYDROLOGY

ground and surface waters including
lakes
icings
freezing phenomena and water quality
marine waters and sea bottom permafrost
modelling; flow systems; heat and mass
transfer
GEOCRYOLOGY, PAST AND PRESENT

cryolithogenesis
ground ice: types, origin, recognition
frost action; patterned ground
mass movements
thermo karst
REGIONAL

inventory and mapping
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offshore (submarine) permafrost
alpine permafrost
ECOLOGY OF NATURAL AND
DISTURBED AREAS

vegetation
snow cover
fire
natural and disturbed areas
PERMAFROST ENGINEERING
SITE INVESTIGATIONS AND
TERRAIN ANALYSIS

drilling; sampling
in situ testing
geochemistry
shallow geophysics
interpretation of remote sensing data
GEOTHERMAL CONSIDERATIONS

influence of terrain disturbance on
ground thermal regime
influence of engineered structures on
ground thermal regime
geothermal considerations in engineering
design
application of geothermal calculations
GEOTECHNICAL PROPERTIES OF
FROZEN, FREEZING AND
THAWING GROUND

strength and deformation characteristics
of frozen ground
thaw settlement and consolidation
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strength of thawing ground
frost heave characteristics
mechanical behavior of ice
GEOTECHNICAL ENGINEERING

design, construction and performance
of foundations
stability of slopes
engineering implications of ground water
flow
blasting and excavation of frozen ground
roads; railroads; airfields; dams
pipeline design
instrumentation and monitoring
MUNICIPAL SERVICES

water supply
waste disposal systems
utilidors
community planning
MINING ENGINEERING

design of underground mines
design of open pit mines
production drilling and blasting
handling frozen ore
erosion and drainage control
PETROLEUM ENGINEERING

deep geophysical sounding
well completion
reservoir development
engineering aspects of submarine permafrost
gas hydrate problems
deep drilling
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27TH ALASKA SCIENCE CONFERENCE
University of Alaska, Fairbanks, Alaska
August 4 - 6, 1976

SPOTLIGHT ON THE NORTH
Resource Development- Processes and Problems
THE SPOTLIGHT will focus on the following topics of special interest through presentation of contributed papers and in panel discussionsIssues surrounding current and proposed northern pipeline developments:
The trans Alaska oil pipeline, its successes and failures in the environmental protection process, its impact on social, legal, economic and insti·
tutional systems.
Offshore continental shelf regions in the North: environment, development and man119ement:
Technology, ecology, policy planning, legal considerations, on~hore effects, community responses, transportation and contingency planning
in relation to the Alaskan and arctic Canadian OCS areas.
Exploration and extraction of resources in the North:
Techniques for assessing potential resources by the use of conventional photometric techniques and by remote sensing applications. Processes
and problems related to exploration, extraction, transportation, and utilization of resources- oil, gas, uranium, hydropower, wind power, and
geothermal energy;metallics- copper,lead, tin, zinc and others; materials- sand, gravel and water; petrochemical processing in the Arctic.
Biological aspects of resource development in the changing North:
Basic and management oriented biological studies including wildlife, marine, and freshwater concerns related to northern resources development.
The role of agriculture, forestry, and recreation in the North - perspectives for development and management:
Interpretation of edaphic, biological and climatic factors and relationships among these fact~rs in the management of agricultural crops, livestock, commercial timber and recreational lands in the North.
Engineering in the North:
Development of new techniques and the impact of engineering on the environment. (Note: traditional engineering fields related to the North
constitutes the theme for a symposium on Cold Regions Engineering, Changes and Developments, August 12-14, 1976 on the University of
Alaska Fairbanks campus.)
Social, economic and political impacts of resource development:
land use planning; the D-2 lands question; cultural changes in Native populations; medical problems; education in rural areas; provision of
services, and their impacts -air, road, marine and railroad transportation; housing, food, recreational facilities; environmental protection pollution, ice fog, waste disposal.
For more information, please write (airmail please):
Dr. George C. West, Conference Chairman
Institute of Arctic Biology
University of Alaska
Fairbanks, Alaska 99701

CORRECTION

2ND CONFERENCE ON SOIL WATER PROBLEMS
IN COLD REGIONS
September 1 - 2, 1976, Hotel McDonald, Edmonton, Alberta, Canada
The Conference is sponsored by the Special Task Force on Soil Water Problems in
Cold Regions Section of Hydrology, American Geophysical Union. For more information, please write to
James N. Luthin, Chairman
Veihmayer Hall
University of California
Davis, California 95616
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In his article. "User Designed Housing
for the Inuit of Arctic Quebec," (The
Northern Engineer, v. 8, n.3) Professor
Leo Zrudlo of the School of Architecture, Laval University, wishes to amend a
statement he wrote which appears on
page 39, under the sub-title, "Foundations." The statement, "Discussions with
an engineer from the Nordic Engineering
section of the Ecole Polytechnique de
Montreal brought forth no new solutions
either," should be changed to state: ''No
official contact was made with the Northem Engineering Centre of the Ecole
Po/ytechnique de Montreal concerning
foundations. "
-Editor
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