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IN NORTHERN CLIMATES, snow accu
mulation caused by wind action is a serious 
factor to be contended with in the plan
ning and design of building developments, 
highways, railways, and equipment. Every 
winter, roofs collapse under unexpected 
local snow buildup, sometimes with fatal 
consequences, and hundreds of millions 
of dollars are spent in clearing snowdrifts 
off everything from front porches to ma
jor expressways. It is thus highly desirable 
to incorporate snow management methods 
into the design process in order to prevent 
the potential dangers and expenses of 
snowdrifts. 

The negative aspects of snow are partly 
compensated for by the development of 
skiing and other snow sports. These sports 
also make management of the micro
climate desirable, such as preventing the 
wind from scouring snow from ski slopes 
or trails and ensuring that the slopes are 
not overly exposed to chilling winds. 

Spring snowdrifts at the village of Wainwright, Alaska, on the Chukchi Sea coast. 
(Photo by Carl S. Benson.) 

Since the accumulation of snow due to 
wind action is a complex phenomenon, it 
is difficult to predict the probable accu
mulations in any particular set of circum
stances except by the judicious use of 
small-scale model simulation techniques. 
These techniques have been used by Mor
rison Harshfield Limited on several hun
dred projects in Canada and the USA; we 
relate some of these experiences below. 
We shall be discussing both model test re
sults and full-scale observations that throw 
light on the accuracy or shortcomings of 
the model simulations. Since a perfect sim
ulation of the various facets of snow drift
ing is not possible with current techniques, 
it is of great importance in interpreting 
model results to draw on past full-scale 
experience. In some instances, the model 
tests are capable of giving valuable quanti
tative data. In other cases, they serve mainly 
as a diagnostic tool for identifying the loca
tions, but not the exact size, of problematic 

drifts. One of the model test's greatest 
strengths is the facility with which the 
model enables the development of remedi
al measures, such as landscaping or building 
modifications, that will move snowdrifts 
away from problem areas to locations 
where they no longer cause inconvenience 
or danger. 

Two main methods have been used to 
model wind action on snow: one uses a 
water flume and the other a wind tunnel. 
Figures 1 and 2 show Morrison Harshfield 
Limited's water flume and boundary layer 
wind tunnel, respectively. In the water 
flume, the wind flow around a building is 
represented by water flowing around the 
model and the snow particles are simulated 
by sand grains. The patterns of snowdrifts 
at full scale are predicted from the pat
terns of sand accumulations observed 
around the model. The water flume method 
is used in most snow accumulation studies 
in Morrison Harshfield's laboratories. For 

Peter A. Irwin, director of technical services at Morrison Hersh field Limited, holds a B.Sc. and M.Sc. in aeronautical engineering 
and a Ph.D. in mechanical engineering. He worked at the Royal Aircraft Establishment in Farnborough, England, and was with the 
National Research Council in Ottawa before joining Morrison Hersh field. Colin J. Williams, general manager of Morrison Hersh field's 
Guelph laboratory, has a B.Sc., M.A.Sc., and Ph.D. in mechanical engineering. He has been a research engineer in microclimate studies 
with expertise in fluid mechanics. A version of this paper appeared in the proceedings of the Eastern Snow Conference held in 1983. 
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some studies, however, we have found the 
wind tunnel useful for determining the 
wind speed distribution, from which drift 
patterns are then inferred. A number of 
investigations in university or government 
laboratories have experimented with differ· 
ent particles in wind tunnels to represent 
snow. Examples of particles that have 
been tried are sand, sawdust, ground walnut 
shells, glass beads, styrofoam, and china 
clay. In all scale model studies, it is essen
tial to consider first how the model tests 
relate to full-scale actual snow behavior in 
nature, so this subject will be addressed 
first. 

MODEL SCALING CONSIDERATIONS 

Snow accumulates at a particular loca
tion first by a snowfall and then by subse
quent wind-induced drifting. Considering 
the snowfall accumulations first, wind 
blowing at the same time as the snow is 
falling causes more snow to land in some 
areas than in others. This phenomenon can 
be simulated at model scale fairly accu
rately. The theory behind the model 
scaling, as it appears in the original form 
of this paper,1 is an extension of Etkin's 
theory} which he developed when study
ing the effectiveness of air curtains as shel
ters from rain. The analysis shows that in 
order to obtain a correct model simulation 
in water, the terminal velocity of fall of 
the model particles Wtrn must satisfy: 

Wtrn = Wtp 

where 
Wtp =terminal velocity of fall for snow 
Lrn = length of model building 
Lp =length of full-scale building 

'Y =specific gravity of model particles 

This relation incorporates the buoyancy 
and virtual mass effects for water. When 
the above relation is satisfied, then the ra
tio of the water speed Urn of the model 
to the wind speed Up at full scale is 

Urn= Up Wtrn 
Wtp 

Thus, assuming a representative terminal 
velocity for snow of 0.5 m/s and using 
'Y = 2.65 for sand, a 1':200 model scale 
would require that the sand terminal ve
locity be Wtrn = 2.6 cm/s, which is within 
the achievable range for fine sand. The 
corresponding ratio of model water speed 
to full-scale wind speed would be Urn /Up 
= 1/19.2. The duration of the model test 
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for the snowfall simulation depends on the 
rate at which the sand is applied. 

The simulation of snow drifting is con
siderably more complex than the simula
tion of snowfall in wind.1

'
3

'
4 Most of the 

snow transport in drifting occurs by the 
process of saltation.5 (Saltation consists of 
particles bouncing over the snow surface in 
short hops typically 3 to 30 em long and 
not more than a few centimeters high.) 
Since in most areas around a building the 
wind speed does not change significantly 

over distances of 30 em, it is reasonable 
to relate the local snow transport rate to 
the local wind speed only. In other words, 
the wind speed a particle is subjected to 
at the point where it takes off is, by and 
large, the same as the speed at the point 
where it lands. Wind speeds elsewhere do 
not affect its behavior. Several simplifica
tions arise as a result of the thinness of 
the saltation layer and the shortness of 
the particle paths.1 In the water flume, the 
sand particle paths in saltation prove to 

Figure 1. Water flume apparatus used to model wind action on snow. 

Figure 2. The laboratory's boundary layer wind tunnel. 
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Figure 3. Effect of particle path length. 

Figure 4. A downwind or leeward drift at a settlement on Belcher Island in Hudson Bay. 

Figure 5. A model simulation of the leeward drift at Belcher Island. 
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be very short, only a few grain diameters 
long, which is desirable since this results 
in the path length being short in relation 
to the model building size, thus duplica
ting the full-scale condition. In the wind 
tunnel, the particle path length remains 
about the same as at full scale, i.e., in the 
range of 3 to 30 em, and this can be a dis· 
advantage since it means the particle path 
length is typically of the same order as the 
size of the model building unless very large 
models are used. Rather than particles sal
tating around the building, as they would 
at full scale, on a wind tunnel model they 
would often jump right over the top. Fig
ure 3 illustrates the problem of simulating 
the drifting of snow on a stepped roof in 
the wind tunnel as opposed to the water 
flume. The particles from the upper level 
tend to jump right over the step onto the 
ground in the wind tunnel, whereas in the 
flume and at full scale they drop onto the 
lower level of the roof, causing significant 
build-up. 

The water flume thus tends to provide 
a superior simulation in many instances, 
but it also has shortcomings. One is that 
there is a tendency in flat, open spaces for 
slowly moving dunes to form with their 
peaks and valleys running perpendicular 
to the water flow direction. While similar 
duries of snow have been observed in flat, 
open terrain at full scale, the tendency 
for them to form in the water flume is 
stronger than it is for snow in air. The dis· 
turbances to the flow caused by the model 
buildings tend to prevent the formation 
and propagation of these dunes; since the 
usual area of interest is near buildings, in 
most cases the dunes do not occur and 
the value of the study is not impaired. 
However, in some cases the dunes can 
complicate the interpretation of the model 
results, making it doubly important to 
draw on field experience. 

SOME MODEL AND FULL-SCALE 
EXPERIENCES 

The most commontypeofaccumulation 
is a drift on the leeward side of a structure, 
caused by snow particles accumulating in 
a region of aerodynamic shade. The re· 
duction in approaching wind speed found 
on the leeward side of a solid or porous 
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object causes snow particles to be depos- Figure 6. Initiation of a windward snowdrift. 
ited, with the best example of this being 
the snowdrift formed by a conventional 
snow fence. Simulation techniques are 
quite reliable for predicting this type of 
accumulation. Figures 4 and 5 show full
scale and model examples of leeward drifts 
at a settlement on Belcher Island in Hud
son Bay. 

Snowdrifts that form on the windward 
side of a solid object are less common but 
under certain circumstances can be the 
major form of drifting at a site. This type 
of drift is formed as a result of the inter
action between the vortex on the wind
ward side of an object and the approaching 
wind flow (Fig. 6). Figures 7 and 8 show 
examples of full-scale and model wind
ward drifts, again at Belcher Island. 

In the Arctic, a snowdrift tends to form 
into a thick pack that freezes so that sub
sequent shifts in the wind cannot move it. 
This often results in the superimposition 
of two different drift formations. Figure 7 
shows an example of a windward drift and 
a leeward drift superimposed. The super
position of arctic drifts by different wind 
directions could be simulated in the water 
flume in principle by fixing the sand shape 
artificially after completing tests for one 
direction and then testing for another wind 
direction with the previous drifts now held 
fixed. However, most of the more serious 
drifts at a site form during a specific storm 
when the wind is from a predominant di
rection. Thus, the cumulative effect of 
winds from several directions is usually a 
secondary consideration. When informa
tion on the cumulative effects of several 
wind directions is required, the model test 
results must be combined with a mathema
tical model of the probabilities of wind 
speed, wind direction, snowfall, and tem
perature in the region where the site is lo
cated. The computer analysis this requires 
is fairly complex and therefore is not 
lightly undertaken. For the great majority 
of projects, the results of such an analysis 
would not justify the effort, but for criti
cal situations, such as the snow loading of 
a large stadium roof, it is worthwhile. 

Another major type of drift formation 
found almost exclusively in arctic regions 
is the long, smooth drift that has its length 
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Figure 7. Two types of drifts formed near this building on Belcher Island. At the left is an upwind 
drift formed when this was the lee side of the structure. Next to the building is a superimposed 
downwind drift formed when the snow was blown toward this side of the building. 

Figure 8. Simulated upwind drift in the Belcher Island settlement model. 
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Figure 9. A coalescent drift, shown here, is aligned lengthwise with the wind direction. 

Figure 10. Aerial view of snowdrifts (A, B, and C) aligned with wind direction. 

Figure 11. Formation of a coalescent drift. 
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aligned with the wind direction. Figures 9 
and 10 show ground level and aerial views 
of long drifts. Drifts of this type are caused 
by stable vortices originating from build· 
ings or other obstructions, as illustrated 
in Figure 11. In this figure, the two vorti· 
ces shown originating from the buildings 
sweep the snow into the long drift down· 
wind of the gap between the buildings. 
Figure 12 illustrates a similar type of drift 
generated on a model. The model simula· 
tion is only partially successful in that it 
shows the start of a long drift but does 
not simulate the great length and size of 
the full-scale snow accumulations that can 
occur. Entire buildings can be buried by 
these long drifts. Clearly it is essential to 
combine field experience with the model 
data in a case like this in order to predict 
the size of the long drift. 

BUILDING AND SITE DESIGN 
APPLICATIONS 

The facilities at Morrison Hershfield 
Limited have been used to conduct a multi
tude of snow simulation studies over the 
past 10 years, and the firm has therefore ac
cumulated many design recommendations 
that have been observed to be effective at 
full scale in controlling drifting snow. A 
few of these recommendations are pre
sented here to demonstrate the usefulness 
-and, in some cases, the limitations-of 
snowdrift simulations made with a water 
flume. 

One of the primary requirements in 
siting a building in an area of heavy snow 
accumulation is that it must be oriented 
to minimize the accumulation of snow 
against critical areas on the building face. 
The effect of orientation can be impres
sive: many of the photographs in this paper 
show areas on a building that are relatively 
drift free while other areas are inaccessible 
because of drifted snow. It is often found 
that the corners of a building are relatively 
drift free, particularly if two or more wind 
directions predominate at the site. 

A model simulation will sometimes de
termine at the design stage that an entrance 
has been located in an area of severe snow 
accumulation. This occurred during the 
detailed design of a school at Coral Har
bour, which is located on Southampton Is
land on the north side of Hudson Bay. The 
school entrance had been located on the 
lee side of the building; by the time the 
problem had been identified, the design 
process was too far advanced to permit 
either altering the floor plan or reorienting 
the building. Therefore, wind deflector fins, 
which provided localized increased wind 
flows in the vicinity of the entrances, were 
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tested using the sand-and-water snow simu
lation technique. The results are shown 
in Figure 13. The prediction that the en
trances would remain clear of drifting snow 
proved correct, as shown in Figure 14. The 
final design of the wind deflectors used 
angled sidewalls to ensure efficient opera-

Figure 13. Model simulation of snowdrift con
trol for a northern Canadian school entrance. 
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tion during small variations in the direction 
of the wind. 

Model simulation techniques are useful 
for determining the effects of various wind 
directions, since a different solution geom
etry usually is required for each wind di
rection. A notable example of this is the 

T. T. C. Wilson Yard, Toronto, which had 
severe snow drifting problems before hav· 
ing a model simulation test conducted. The 
two prevailing wintertime winds required 
that a parallel and angled snow fence ar· 
rangement be used, as shown in Figure 15, 
an aerial photograph of the site. 

Figure 12. Start of a long drift in the 
model simulator. 

Figure 14. Deflector fins on the actual school modelled 
in Figure 13. Note the clear entrance. 

Figure 15. An aerial photograph of the T. T.C. Wilson Yard, Toronto, with new snow fences designed 

on the basis of model simulations. 
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Figure 16. A model simulation of snow drifting across Highway 400 in 
Ontario. Figure 17. Landscaping suggested by model tests helped keep Highway 

400 clear of drifting snow. 

Testing of problematic areas on high· 
ways usually leads to a better understand
ing of the reason for the drift formation 
and often provides an effective remedial 
solution. Highway 400 in Ontario has had 
severe drifting snow problems, as illustrated 
by the photograph of the model simulation 
in Figure 16. The highway bridge provided 
a disruption to the wind flow and the re
sulting reduced wind speed zone tended 
to fill with drifting snow. Collecting the 
snow particles with landscape features 
before the snow reached the critical area 
proved to be a successful solution (Fig. 17). 

A knowledge of the wind flows in the 
vicinity of an entrance and of the behavior 
of snow particles often produces design 
details that ensure a drift-free entrance. 
Figure 18 shows a wall detail designed to 
ensure that a sufficiently strong airflow 
exists at the deck level to prevent an accu
mulation of snow particles. 

Air intakes for ventilation systems can 
ingest undesirable quantities of snow. Fig
ure 19 depicts the inside of a model of a 
ventilation building for a railway tunnel 
under Rogers' Pass in British Columbia. 
Water was sucked into the model to simu
late the air intake flow. Figure 20 is a 
photograph of the actual model. Using 
the model simulation and data on snowfall 
in the pass, it was possible to predict the 
quantities of snow that would be ingested. 

Another example of the application of 
model tests has been with roof-mounted 
solar collectors, which can shelter the roof 
and give rise to considerably heavier snow 

10 

loads. 6 In this case, both water flume and 
wind tunnel techniques were used in com
bination to develop guidelines on how to 
avoid excessive snow build-up caused by 
the presence of the collectors. The guide
lines are of assistance particularly for retro
fitting solar collectors on an existing roof 
that was designed assuming the roof was 
exposed to wind scouring, implying a 
snow-load coefficient of less than 1. 

CONCLUSIONS 

Model simulations of snow accumula
tion are of significant benefit in the design 
of buildings and other structures, but the 
results must be augmented by a broad ex
perience in full-scale conditions. There is 
a continuing need for further research into 
model simulation techniques in order to 
improve the accuracy of the model results 

Figure 18. An entrance designed to be in a sufficiently strong wind to keep the deck clear of snow. 
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Figure 19. Design for a railway tun
nel ventilation system intake shown 
modelled in Figure 20. 

and to extend the range of snow drifting 
phenomena that can be predicted. 
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A PHOTOVOLTAIC POWER SOURCE 
FOR SEISMIC STATIONS AT HIGH LATITUDES 
by Steve Estes 

As PART OF MY WORK for the Geo
physical Institute, in the summer of 1980 
I was asked to design, build, and install a 
remote telemetered seismic network of 
three stations for use on Mount Erebus, a 
volcano on Ross Island, Antarctica, at 78 
degrees south latitude. The electronics 
package we had developed for use in the 
arctic and subarctic areas of Alaska seemed 
appropriate for use in the Antarctic as 
well. Both locations would require the 
same special cold-weather coaxial, seis
mometer, and power cables. Similarly, the 
hermetically sealed container that we use 
in Alaska for an electronics box, to defend 
against corrosion in marine and volcanic 
environments, seemed adequate for the 
Mount Erebus stations. 

EXISTING SYSTEMS 

The biggest problem that remained was 
the power source to run the stations. 
There were tight fiscal limits: I was given 
a budget of about $2000 for the three 
sites and told to do the best I could. There 
were also stringent technical limits. Each 
station consumes about 100 milliamperes 
(mA) at 12 volts DC. The Alaska stations 
used Edison Carbonaire cells. These are 
essentially overgrown flashlight batteries 
that consist of a zinc and a carbon elec
trode, a lime bed, and a solid potassium 
hydroxide electrolyte which dissolves into 
solution when the user adds water at the 
time of installation. The cells require air to 
complete the chemical reaction so they 
also need ventilation. Ten cells in series 
provide 1100 ampere-hours (Ah) at 12 
volts, enough energy to run a site for 12 to 
18 months. 

Although the manufacturer does not 
recommend using these cells at tempera-

Solar-powered seismic station located on the flanks of Mount Erebus, Antarctica. The solar panel 
is mounted on top of the antenna mast with 2-inch plumbing hardware. 

tures below 0°F, we had consistent good 
service from the cells in Alaska for at least 
10 years. However, the average annual tem
peratures on Mount Erebus at elevations 
of 6000 to 13,000 feet (1829 to 3962 m) 
were expected to be considerably colder 
than those of interior Alaska. I was very 
hesitant to use these primary cells in a 
much colder and perpetually frozen en
vironment where I could not depend on a 
layer of insulating snow to moderate the 
winter temperatures. (As it turned out, the 
layer of snow at one site was discontinuous 
and only a few inches thick at most. Foot
prints that I made in 1980 were still visible 
when I returned a year later.) 

AlTERNATIVE POWER SYSTEMS 

Several alternative power sources were 
examined. Other primary battery systems 
were available, but most of them operate 
on the same principle as the Carbonaire 
cells and were no improvement. Lithium 
cells were far too expensive and were hard 
to transport by aircraft. RTGs (radioiso
tope thermoelectric generators) were ex
pensive and hard to move (special certified 
cranes and operators are required), plus 
there was the great hazard of operating a 
radioactive device on the flanks of an ac
tive volcano. Wind power was considered, 
but the past performance of wind genera-

Steve Estes is a seismologist with the Geophysical Institute, University of Alaska-Fairbanks. He holds an M.S. in geophysics from 
UAF and B.S. degrees in electrical engineering, geology, and geophysics from the University of Hawaii. His primary interests are in 
remote data telemetry and computer data acquisition and processing. 
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The author making a final check on the electronics at the solar-powered seismic station on the east 
slope of Mount Erebus, Antarctica. (Photo by Dianne Marshall.) 

tors on the sea ice north of Prudhoe Bay, 
Alaska, had proved that these systems re
quire lots of maintenance to work in arctic 
conditions. Since our sites were to be un
manned and could be visited only during 
a short summer field season each year, 
wind power would not do. Propane-fired 
thermoelectric generators were considered, 
but their cost was beyond my budget. 
Furthermore, propane may be transported 
to Antarctica only by ship. The supply 
ship to McMurdo Station only sails once a 
year, arriving at the end of the field season 
-much too late for this project. 

A Partial Solution 

It did not occur to me at first, but at 
the summit of an active volcano like 
Mount Erebus there is some warm soil 
where we could bury the batteries. Since 
the summit station was the most impor
tant, and the batteries could be kept warm, 
we decided to use the conventional Edi
son Carbonaire cells at that site. 

The following year we returned to the site 
prepared to replace the antenna, mast, and 
Carbonaire battery. The cause of the fail
ure was a surprise: the cells were dry. At 
this very dry, high altitude (12,418 feet, 
3785 m), the electrolyte had evaporated 
in the relatively warm buried environment. 
There was no choice but to replace the bat
tery with another of the same type, as it 
was the only replacement we had brought 

along. We hoped to delay a repetition of 
the same failure by removing some of the 
insulation and letting the battery get a 
little cooler to decrease the evaporation 

rate. 

THE PHOTOVOL TAlC SYSTEM 

The most attractive alternative power 
source for the other stations (and the 
summit station also, after we learned of 
the evaporation problems) was the use of 
photovoltaic modules to charge storage 
batteries. Even though Mount Erebus 
receives no sunlight during the coldest 
months, calculations indicated that the 
right combination of charging and storage 
could provide enough power for significant 
data recovery. The photovoltaic modules 
selected were made by Solarex Corpora
tion. These were chosen primarily because 
they were immediately available, were 
within the budget, and had a rated output 
in the range suitable for our application 
(400 mA at 14.7 volts). 

The storage batteries were Globe Gel 
Cells U-128, rated at 28 Ah at 12 volts. 
The Gel Cell demonstrates exceptional per
formance at both high and low tempera
tures. Naturally, it is the low temperature 
performance that is of most interest in 
high latitudes. For example, a Gel Cell is 
about 40 percent efficient at- 40•F where
as a typical lead-acid battery is only 5 per
cent efficient at this temperature. 

These batteries contain a gelled electro
lyte and can be deep cycled (completely 

The Carbonaire battery was buried in 
the soil which was about 45•F (the ambi
ent temperature averaged about -15•F dur
ing the three weeks I spent in midsummer 
at the summit) and was vented to the out
side air with a tiny stove pipe. The system 
worked well for eight months but failed 
in midwinter. I speculated that weather or 
a volcanic bomb from an eruption (these 
occur two to six times a day) had de
stroyed the antenna or its supporting mast. 

A view of the Royal Society Mountains from 6200 ft on Mount Erebus, Antarctica. In the fore
ground is a 36-cell Solarex panel and transmitting antenna. 
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Seismic station at 6200 ft on the flanks of Mount Erebus, Antarctica. The antenna mast is secured 
by guy wires and volcanic material packed around the mast. Five gallons of water were poured to 
cement it in place. (Photo by Dianne Marshall.) 

discharged and recharged) a hundred or 
so times without damage. Unlike standard 
lead·acid batteries, Gel Cells can be trans
ported easily by commercial passenger air
craft. The electrolyte is of the reserve or 
excess type; it remains quite acidic when 
discharged, which allows easy recharging 
and offers some protection from freezing 
solid in extreme cold, as compared to the 
starved-type system found in automobile 
batteries. (In a starved-type battery, on 
any discharge, the electrolyte will be used 
up-turned to water-before the positive 
or negative plates have become discharged. 
Thus, it can freeze solid, warping the plates 
or damaging the battery case.) The plates 
are made of thick lead grids containing 
sponge lead on the negative side and lead 
dioxide on the positive side. The thick 
grids minimize failure from corrosion, and 
the extra strength helps make the battery 
more rugged and resistant to failures from 
freezing. As the battery discharges, lead sul
fate forms on the plates; this could become 
dense and reduce the capacity of the bat
tery. Normally, if left too long, the lead 
sulfate will not dissolve into solution when 
the battery is recharged. However, in cold 
environments, the effect of long periods 
of discharge seems negligible. Most of the 
batteries employed in Antarctica in 1980 
were still in use as of November 1985. 

APPLICATION 

In 1980 eight batteries were installed at 
one site and ten at another on the slopes 
of Mount Erebus, together with the 400-
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rnA Solarex solar panels which were 
mounted on the antenna masts about 6 
feet from the ground. No voltage regula
tors were used because the maximum panel 
output would never exceed a trickle charge 
to the batteries and the continuous drain 
of the electronics would help reduce any 
peak voltages that might occur. 

The solar-powered stations were ex
pected to cease operations in May due to 
battery exhaustion but kept running to 
the end of July after nearly four months 
of total darkness. Operation began again 
intermittently in late August with the 
appearance of bright twilight, and became 
continuous shortly thereafter. The stations 
then continued to operate through the 
following year without fail. 

Examination of the stations after the 
first year revealed no problems. The sta
tions looked exactly as we had left them a 
year earlier. There was no sign of freezing
induced cracking in the battery cases, and 
the solar panels looked great. They showed 
no abrasion from windblown volcanic 
dust, and because of the lack of snowfall 
there had been no decrease of power out
put because of shading by snow. 

During the 1981 field season, two addi
tional remote solar-powered stations were 
installed and the Carbona ire battery at the 
summit station was replaced (see above). 
In 1982 the summit station was upgraded 
to solar power. In 1984 four more stations 
were installed, bringing the total to nine. 
The number of batteries have been in
creased to about fifteen per station as the 

budgets permitted. Two of the nine stations 
operated continuously during the 1985 
austral winter. The remaining seven all 
came back to life as the sun came up over 
the horizon in the spring. 

INSTALLATION IN ALASKA 

By 1983 the economics of solar-powered 
stations looked attractive for Alaska. After 
the success in Antarctica, who could ar
gue? The Geophysical Institute was oper
ating a network of about 25 remote sites 
in Alaska, and the annual battery replace
ment was quite expensive. Money saved 
from just one less helicopter service trip 
would justify the capital cost. The first 
five test sites were chosen: one on Augus
tine Volcano in Cook Inlet, one on Anvil 
Mountain near Nome, and three in the 
Tanana Valley. 

Solar panel technology was changing 
rapidly. We updated our technology by get
ting more solar power in much improved 
packaging for the same price. International 
Solar Products supplied three small 150-

The seismic station at Woodriver Butte was in
stalled in 1983, one of the first solar power test 
sites in Alaska. The Arco panel shown has only 
30 cells in series. It was replaced in 1984 by a 
36-cell module. 
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mA units which were wired in parallel 
and installed with four 28-Ah Gel Cells at 
Augustine. The Arco company supplied 
2-ampere solar modules which were used 
with two new model 55-Ah Gel Cell bat
teries at each of the four northern sites. 
All five sites worked only intermittently 
for several weeks the first winter. 

These failures were a bit of a mystery. 
Analysis showed that the Alaska sites with 
the 2-ampere capacity panels were well 
over-designed compared to the antarctic 
locations with the 0.4-ampere models. Al
though a bit less battery was supplied at 
the Alaska locations, much more sunlight 
is expected in the spring, winter, and fall 
months. 

The original design assumptions of the 
number of daylight hours, sun angle, tem
perature, cloudy days, initial charge of 
batteries, and current drain were checked 
and the calculations redone. Nothing 
seemed wrong, but for some reason the 
system had failed. The decision was made 
to improve the design by supplementing 
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Seismic station box 
on Augustine Island 
in Cook Inlet, Alaska, 
containing three 28-
Ah cells (lower left), 
one 55-Ah Gel Cell 
(lower right), and the 
electronics box. 

it with additional batteries so it wouldn't 
fail the following winter. Two additional 
batteries were ordered for each station. 

I still was unable to explain the failure. 
One morning while I sat at my desk organ
izing my photo file, I came across pictures 
of both the Antarctica and Alaska solar
powered stations. I looked at them, and 
something just didn't seem right. After a 
few minutes I realized what it was: the 
panels used in Antarctica each contained 
36 silicon cells while those used in Alaska 
(both the International Solar Products 
and the Arco units) each were made up of 
only 30 cells. That was the answer. The 
30-cell units had performed poorly in low 
light conditions and charged the battery 
only when they were exposed to very 
bright light. The 36-cell units had a per
formance that more closely matched the 
calculated obtainable power. 

During the summer of 1984, the five 
Alaska stations were upgraded using 36-
cell, 2-ampere modules from Solarex and 
two additional Gel Cells. Five additional 

Seismic station near Cape Douglas on 
Kamishak Bay, Alaska, with Augustine 
Volcano in the background. The 
station box, telemetry antenna trans
mitting to Homer, and the 36-cell 
Solarex panel can be seen. 

stations were solar powered in Cook Inlet 
the same summer using several combina
tions of 1- or 2-ampere panels and from 
two to four 55-Ah Gel Cells. During the 
summer of 1985, three more stations be
came solar powered, this time using Arco 
36-cell, 2-ampere panels. The Arco panels 
were cost effective because the mounting 
system was available off the shelf and in
expensive compared to the custom-made 
mounts that were used on the Solarex 
modules. 

Since the 36-cell modules were installed, 
there have been three station failures. One 
failed because-apparently-someone stole 
the solar panel. Another failure occurred in 
the Tanana Valley during the winter mili
tary exercises when some large tracked 
vehicle came through the site and tore up 
the seismometer and its cable; the teleme
try and power supply still functioned. The 
third failure occurred in Nome. I visited 
the station and could not find anything 
wrong with it. Further investigation re
vealed the problem: the failure of the radio 
receiver located at Nome Community Col
lege that monitored the station. None of 
these failures is attributed to the solar 
power system design. 

THE FUTURE 

I am happy to report that the current 
design is adequate and there are no plans 
to change it. All stations were working 
well as of November 1985. Plans call for 
changing the last few stations still operat
ing on Carbona ire cells to solar power over 
this next year. 

LESSONS LEARNED 

I learned a number of lessons through 
this experience. Don't use Carbona ire cells 
in a warm, extremely dry environment. Gel 
Cells are easy to transport into the bush, 
work well in cold environments, and have 
been able to take the abuse of subfreezing 
temperatures and mild overcharging. Solar 
modules must be selected carefully for 
their intended task. A high open circuit 
voltage and many cells in series are musts 
when they are to be used for charging 
batteries in low light conditions. + 
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IN 1965, WHEN insulation boards were 
first used in Norway to prevent frost heave 
in roads, it was expected that this use of 
plastic foam would increase steadily over 
the years. However, for many years now 
only 5 to 10 kilometers of roads have 
been frost proofed annually with insula
tion boards. In other words, using insula
tion boards to frost proof roads has not 
created the boom that was expected in 
the 1960s and the early 1970s. 

However, road engineers have accumu
lated a great deal of know-how concerning 
the mechanical behavior of insulation 
materials over the years. Based on this ex
perience, in 1972 the Norwegian Road 
Research Laboratory proposed to apply a 

1-meter-thick layer of expanded poly
styrene (EPS) to cross a boggy area sus
ceptible to settling on Road No. 159 just 
outside Oslo. The idea here was not to 
take advantage of the insulation proper
ties of the foam, but to use its extremely 

light weight of 20 kg per cubic meter (de
sign density 100 kg per cubic meter). 

To overcome settling or stability prob
lems associated with soft clays, silt, and 
peat subgrades, roads are generally laid on 
embankments that are restricted in height. 

Polystyrene insulating boards have been 
used for frost protection in Norway since 

1965 but the material can also solve 
' other problems. 

For high fills, traditional lightweight 
materials may still be too heavy to solve 
the stability or settling problem. The 
density of EPS is 20 kglm 3• 

Geir Refsdal is a civil engineer with the Directorate of Roads, Norwegian Road Research Laboratory, Oslo. Mr. Refsdal ha~ an 
M.S. degree from the University of Trondheim in civil engineering-soil mechanics. His main areas of work have been frost protect ton, 
pavement design, and road bearing capacity. 
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POLYSTYRENE-THE MATERIAL 

Expanded polystyrene (EPS) is 
normally foamed to a density of 20 
kg/m3 and a compressive strength of 
100 kN/m2 • It is the white material 
used for packing stereo equipment. It 
can take an unlimited number of 
loads as long as each load is not higher 
than 80 percent of the compressive 
strength. 

Extruded polystyrene (XPS). such 
as Styrofoam, is chemically the same 
as EPS, but the compressive strength 
is normally 3 to 5 times higher. Also 
higher are the density (30 to 50 
kg/m3 ) and the price (2 to 3 times 
that of EPS). The material has mois· 
ture pickup characteristics that are 
better than EPS (normally 2 to 10 
times better). It is preferred for in· 
sulation purposes but has an unneces
sarily high quality for foam fills. 

When higher road levels are required, for 
instance up to a bridge abutment, tradi
tionally lightweight materials such as 
porous concrete waste, expanded clay 
(Leca). or even bark have been used. These 
materials have an in situ density of about 
0.8 to 1.0 tons per cubic meter. This is 
much lower than ordinary fill materials 
with 2.0 tons per cubic meter, but for the 
engineer it may in many cases not be suf
ficiently low to provide a solution to the 
settling or stability problem. 

In 1972, a layer of polyurethane was 
foamed in place and used to cover the EPS 
blocks. The idea was that the foam would 
protect the polystyrene from being dis
solved by petrol or other chemicals (from 
an overturned petrol tanker?). For more 

recent projects, the polyurethane foam 
has been replaced by a 1 00-mm concrete 
slab, which also contributes to the strength 
of the pavement structure. The chance for 
a petrol tanker overturning just on an EPS 
fill is of course extremely small, and even 
if this should happen, it is likely that only 
the outer part of the fill would be affected. 
With a polyurethane price in Norway of 
about $150 per cubic meter it is also clear 
that one should look for alternatives. 

The idea of using EPS blocks for light
weight road fills spread rapidly, and today 
more than 50 projects have been carried 
out in Norway. 

CONSTRUCTION WITH EPS 

The technique for construction with 
EPS blocks is relatively simple. Neverthe
less there are a few points that are vital in 
order to obtain good results: 

• The first layer of blocks should be 
placed on a well-levelled area. If this is 
not done, trouble may appear at higher 
levels in the fill. 

• A new EPS layer should be placed 
only when the earlier layer is even. For 
the fill itself this is not so important, but 
if good contact between the layers has 
not been established, this will affect the 
pavement's service life due to high deflec
tions under wheel loads. 

• In a multilayer fill, the blocks should 
be placed so that the joints between the 
blocks are not continuous. 

• The blocks preferably should be placed 
on well-drained soil, and above the mean 
water level. If the water level at times rises 
within the polystyrene layer, it will not 
so much affect the material's tendency to 
pick up moisture as it will cause problems 
because of the material's buoyancy. 

MATERIAL REQUIREMENTS 
FOR EPS CONSTRUCTION 

Compressive Strength 

The compressive strength is meas
ured on 5 x 5 x 5 em test specimens. 
The compressive strength should be 
on the average a minimum of 100 
kN/m2 within 5 percent deflection 
(2.5 mm). Single measurements should 
not be below 80 kN/m2

• 

Geometry 

The polystyrene blocks should be 
cut with sides at right angles. 

The evenness measured on hori
zontal sides of blocks with a 3-m 
straightedge should be within 5 mm. 

In order to fulfill these require
ments, the producer often will have 
to cut the blocks prior to delivery. 
The cutting is carried out normally 
not earlier than 24 hours after the 
production of the block. 

The coefficient of friction between 
polystyrene layers is J.l=0.5. Nevertheless 
there may be situations where one would 
want to ensure that no horizontal move
ments take place. Double-sided timber 
fasteners are then used (e.g. Bulldog diam
eter 117 mm). They are easily pressed 
into the lower block and the overlying 
block is then lowered onto the fasteners. 

THE ROAD PAVEMENT 

Normally a layer of 100-mm lean rein
forced concrete is put on top of the EPS 
fill. The quality of the concrete should at 
least correspond to quality C 15 ( 15 
N/mm2 , 28 days; in American terms this 

EPS blocks should be placed so that continuous joints are avoided. 
A layer of lean concrete is placed on top of the EPS fill. 
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In a comparison with alternative solutions, the results very often come out in favor of EPS. 

equals 2175 psi). A reinforcement net is 
laid in the middle of the concrete layer. 

For pavement design, the EPS, with a 
compressive strength of 1 OOkN/m 2 , is 
considered the same as a subgrade soil of 
bearing capacity class VI (similar to clay 
or silt). According to Norwegian speci
fications, this leads to certain minimum 
pavement thicknesses as listed in Table 1. 

Table 1. Minimum Pavement Thicknesses 
for 10-ton Axle Loads in Norway. 

Annual Average 
Daily Traffic 

0 to 1000 
1000 to 10,000 

over 10,000 

Pavement Thickness, 
Including Concrete Slab 

40cm 
50 em 
60cm 

In some cases, at least in a country with 
a climate like that of Norway, the poly
styrene may create unfavorable road icing 
conditions. The pavement thickness is 
therefore sometimes increased, depending 
on the adjacent road sections. In general, 
road icing is reduced by using pavement 
materials that can bind water, i.e., a fines 
content is essential. 

ECONOMIC CONSIDERATIONS 

In favor of EPS blocks are the low trans
portation costs, which means that even a 
long haul for the polystyrene blocks will 

EPS delivered on site in Norway has been 
the equivalent of $30 to $35 per cubic 
meter in 1985. For flame-resistant quality 
$3 may be added. 

It has turned out that for most projects, 
EPS has had better results in terms of econ
omy than traditional lightweight materials. 
Most projects in Norway requiring light
weight fill are therefore carried out with 
EPS. 

Even on a clear day, and from the best 
viewpoint, it is difficult today to see the 
EPS competitors, at least when the require
ment is for a material with a design density 

below 200 kg per cubic meter. For design 
densities around 1000 kg per cubic meter 
or somewhat below, however, other mate
rials may also be economically feasible. 
Probably there will still be projects where 
expanded clay and porous concrete waste 
will be used simply because they offer 
better economy in a particular case. How
ever, in the low density group it seems 
difficult to beat the economy of EPS. 

PRESENT USE OF EPS ROAD FILLS 

Typical projects in which EPS is used 
are embankments, crossing of bog areas, 
and reconstruction of slide areas. EPS 
projects are usually on the order of 500 
to 2000 cubic meters, but fills up to 
12,000 cubic meters have been completed. 

Both in 1984 and 1985 a total of 
35,000 cubic meters of EPS blocks were 
used for road embankments. This equals 
10 percent of the total production of EPS 
in Norway. Existing plans indicate that 
the EPS volume will increase rapidly in 
the coming years. In Vestfold County 
alone, one of the 18 counties in Norway, 
more than 50,000 cubic meters will be 
used on several projects within the next 3 
years. 

Today EPS fills are built also in Swe
den, France, Holland, Canada, England, 
and Japan, and many other countries 
have such fills in the planning stage. 

EPS IN A PERMAFROST AREA 

In the continuous permafrost zone, the 
subgrade below an EPS fill will be perma
nently frozen-at least it will be if con
struction is carried out during the winter. 

not affect the price so much. The price of In 1984 and 1985,35,000 m3 of EPS were used each year in Norway. An average EPS fill is 1500 m3 . 
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This frozen subgrade does not pose settling 
problems, and EPS is useful here only as 
an insulator. An ordinary fill material 
placed on an insulating bed of 200 to 300 
mm of EPS or 100 to 150 mm of extruded 
polystyrene (XPS) should be sufficient to 
provide a permanently frozen subgrade. 
Ordinary fill materials then can be placed 
on the insulation boards. 

In areas within a discontinuous perma
frost zone, the use of EPS will be more 
customary, if there are settling or stability 
problems to be solved. 

But apart from this now-standard use 
of EPS, the material can be used also in 
other types of structures than road fills, 
and to solve other problems than those 
connected with soil mechanics. 

EPS POSSIBILITIES 

Today the main EPS use is for road em
bankments 1 to 4 m high where stability 
or settling is a problem. Most likely this 
will be a typical EPS application for many 
years, but new applications for the mate
rials can be expected. 

Up to now, EPS fills have been limited 
to heights of 4 to 5 m. This is definitely 
not a technical limit and we may soon see 
fills up to 10 to 20m in height. 

EPS is a material that can be placed 
and removed quickly. It should therefore 
have a high potential for use in construc
tion of temporary roads, an area where 
EPS has not been used up to now. New 

EPS fills that reach 10 to 20m in 
height may be used in the future. 

Where uneven settling is expected, EPS may provide the formworks for concrete beams in order to 
obtain a more rigid structure. 

solutions could also emerge combining 
the good effects of reinforced earth and 
EPS. 

Pedestrian or culvert underpasses may 
be constructed, with the EPS forming the 
sidewalls and with a concrete slab bridging 
the area between the two sides. This is an 
example of an application in which EPS 
has advantages other than solving stability 
or settling problems. 

where it is of importance that the EPS fill 
acts as a single rigid structure. 

And why should not EPS be used for 
floating bridges in order to cross Norwe
gian fjords? 

Plans for Road No. E18 in Vestfold 
County and E6 in Slbr-Tr0ndelag County, _ 
Norway, also suggest the use of EPS where - tl'll - - -- -the soil mechanics aspect is not the major 
issue, but where the length of a culvert 
under a road fill can be dramatically re
duced by incorporating EPS in the struc
ture. Instead of building a conventional 
embankment of considerable height and 
width, it has been suggested to build a 
relatively narrow embankment of conven
tional design, topped by an EPS fill with 
vertical walls to reach the required height. 
The economy here lies in the reduced cul
vert length. 

In Sande, Sogn og Fjordane County, 
in 1983, EPS was used to create the form
works for concrete beams. This principle 
may be used for other construction proj-
ects where uneven settling is expected or 

.t--- ORIGINAL CULVERT LENGTH --f 

The bog bridge concept may be used where un
even settling is expected. 

So far, after 13 years of use, what we 
have seen is fascinating and interesting, 
but a guess is that we still are at the very 
beginning of this type of EPS use, both in 
terms of volume and in applications. 
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A pedestrian underpass may be a suitable place By topping an embankment with EPS fill, the 

The Use of Plastic Foam in Road Embankments . 
(A collection of conference papers, maga
zine articles, etc.) Internal Report No. 1191, 
Norwegian Road Research Laboratory, Dec. 
1984. • to use EPS. length of a culvert can be reduced. 
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A HOUSE FOR A COL 
by John F. Ross 

ALTHOUGH it doesn't suit the romantic images of rugged 
individualistic northerners, most Alaskans live in or near urban 
centers. They have access to the support systems common to 
the rest of North America, from fast-food restaurants to mod
ern utilities, but they also have the challenges posed by an 
extreme climate. Their homes must reflect this unusual com
bination of features. 

The design presented here is intended to suit settled areas 
in either interior or southcentral Alaska. It meets or exceeds 
all pertinent building code requirements. The specifications 
permit using relatively inexpensive materials that are available 
locally. The simple framing system makes for ease of construc
tion and minimal labor costs. The actual price will vary by lo
cation, contractor, timing, and how much the owners do for 
themselves, but by rule-of-thumb estimation, to build this 
design should cost little more than to build a conventional 
home. 

URBAN ADAPTABILITY 

As drawn, the house could be a stand-alone single home, 
half of a duplex, or one unit in a townhouse condominium 
complex based on repeating the module. It would fit within a 
50- by 100-foot city lot zoned for zero lot lines. The building 
can be variously positioned on a given lot, depending on street 
access, while maintaining access to sunlight as well. 

The design does make certain assumptions about the site. 
The lot should be level or sloping to the south for the solar 
systems to operate as planned. The site should have no perma
frost; the soils on which the house is built should be moder
ately well to well drained. The operating premise is that the 
soil can absorb heat lost from the building with no adverse 
effects. 

John F. Ross, AlA, is head of the firm J. F. Ross Architect/Planner, 
Anchorage, Alaska. He holds both bachelor's and master's of architecture 
degrees, worked for architectural firms in Fairbanks 1972-77, and was 
Facilities Planner for the state from 1977 to 1981. He submitted this 
house plan in the Alaska Energy Center/Division of Energy and Power 
Development residential design competition, source for this continuing 
series of articles on energy-efficient house designs. 
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TRANSLUCENT PANEL ROOF COVERING--~ 
WARM AIR REDISTRIBUTION DUCT 
TAKES WARM AIR FROM GREENHOUSE 
LOFT OR LIVING ROOM CEILING TO 
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CITY 

VENT@ SIDE WALLS 

2X12 ROOF FRAMING W/91/2" 
FIBERGLASS INSULATION 

HOT WATER 
TEMPERING 
TANKS 

RIBUTION SPACE 

91/2" FIBERGLASS INSULATION IN FLOOR 

DOUBLE 2 x4 STUD WALLS 
@ EXTERIOR PERIMETER 
2 LAYERS 31/2" FIBERGLASS 
INSULATION 

VENT@ SIDE WALLS 

VENTED COLD ATTIC: 21' TRUSSES 
2' O.C., 14" FIBERGLASS INSULATION 
CEILING LEVEL, 6 MIL VAPOR BARRIER 

5/8" TYPE X SHEETROCK 

STUDY/ 
BEDROOM 

GARAGE 

4" CONCRETE SLAB ON GRADE 
...._ __ 2 x 8 AWW FOUNDATION WALL 

4" RIGID INSULATION 

THERMAL MASS FLOOR 
& HEAT REDISTRIBUTION 

5" CONCRETE 11/2" STEEL DECK------, 
(REDISTRIBUTED WARM AIR 
TRAVELS THROUGH FLUTES) 
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2 x 6 ALL WEATHER WOOD 
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2" RIGID PERIMETER INSULATION 
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Electricity is assumed to be available 
at the site. Water could be supplied by a 
municipality via mains, or by a well if the 
lot is large enough to permit drilling one. 
Similarly, wastewater may be piped away 
for municipal treatment or, if lot size and 
soil conditions are suitable, treated by 
means of a septic tank and leach field. 

Although this design was intended for 
building in an urban or suburban location, 

RECREATION 

or 

1.!::::=:::::;-,---, 
I 
I 
I 
I 
I 

it would be suitable for rural lots as well
as long as the soils and utility require
ments are met. The solar design features 
would make certain demands on the land
scaping, however. The house ideally should 
have spruce growing on the northeast, 
the north, and the northwest sides; birch 
and aspen growing on the west and south
west; and lawn or low deciduous plants to 
the south and the southeast to allow solar 

GARAGE 
1/2 LEVEL 

DOWN 

LIVING 

BEDROOM BEDROOM 

LEVEL 1 
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radiation to reach the building the year 
round. 

ENERGY EFFICIENCY 

The heated portion of the house is ap
proximately cubical, minimizing exterior 
heat-losing surfaces. Warmer living spaces 
(kitchen, dining room, living room) are 
located on the higher floor while spaces 
that may remain cooler without discom-

r DECK 

DECK 

LEVEL 2 
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fort to the inhabitants (recreation room, 
bedrooms) are located on the lower level. 

Heated living spaces are buffered by 
unheated enclosed areas from the extremes 
of the assumed 145° F temperature range 
(-50 to +95° F) that will mean 11,000 to 
15,000 heating degree-days. A mini
greenhouse can wrap the perimeter of the 
base from the southeast to southwest, 
providing 45 linear feet of planting room, 
or can occupy any portion of the south
erly walls, depending on the owner's budg-

STORAGE 7 
h 

et and wishes as well as on the availability 
of sunlight. The mini-greenhouse is de
signed to be 4 feet wide, with openable 
hinged panels to provide access to the 
planting beds or pots within. 

A garage and an arctic entry protect 
the northeast, north, and northwest sides; 
this portion of the structure would be 
a half-level above the ground floor. The 
living quarters on the ground floor are 
protected by earth berms banked halfway 
up the outer walls .. 

The top of the house is buffered by a 
loft or attic The north side of this attic, 
lying against the top 
storage space 4 feet w 

of the garage, is a 
ide by 28 feet long. 
the attic is covered 
lass panels that per
d heat to penetrate 
ng it to be used as a 
g tanks in this green-

The south portion of 
with corrugated fiberg 
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house attic raise the temperature of the 
domestic water before it goes to the stand
ard water heater. These tanks can be by
passed and drained in midwinter. 

Ninety percent of the window area is 
in the southerly plane, from southeast to 
southwest. To minimize infiltration of 
cold air, operable windows are used only 
where ventilation is required. Insulated ex
terior shutters mitigate heat loss through 
the windows; since the shutters are man
ually operated, the actual energy savings 
from this feature will depend on the ef
forts of the home's inhabitants. The living 
area incorporates a concrete-block thermal 
mass to store the solar heat entering 
through the south-facing glass as well as 
the heat produced by the wood-burning 
stove. 

STRUCTURAL POINTS 

The building would requireonlyconven
tional construction techniques. The core 
structure is 28 by 28 feet, based on 4-foot 
modules. The foundation plan calls for 
poured concrete footings topped by all
weather wood walls. No large beams are 
required; the front and back walls are 
bearing walls, as is one interior wall. 

To contain 7% inches of fiberglass in
sulation, the walls are double, with stag
gered 2 x 4 studs placed 2 feet apart (on 
center) in each wall. The ceiling between 
the living space and the attic has 9 inches 
of insulation as does the ceiling of the 
loft itself, where it is not sheathed with 
the fiberglass panels. All insulated walls 
are sealed with a 6-mil polyethylene vapor 
barrier. 

The lower floor slab consists of 5 inches 
of concrete atop channeled 1 %-inch steel 
decking. The combination of deck plus 
concrete is intended to allow for both 
warm air distribution and heat retention, 
as discussed below. 

MECHANICAL SYSTEMS 

Ventilation of all levels is possible by 
opening the appropriate windows. The 
plumbing system is standard and straight
forward, with the only unusual feature 
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COLD WEATHER HEATING 

Cone. Block Thermal Mass 
Gets Hot from Wood 
Stove, Redistributed 
Air Passes Through 
Block Holes Gaining 
Extra Heat 

Heated Air Enters 
Space Below Lower 
Floor 

Buffer Spaces 

{'.c~,e~~d Air Distributes Heat 
into 5" Floor Slabs, Is 
Distributed Through Flutes 
in Steel Decking from Front 
to Back (cool side of house) 

LATE FALL/WINTER SPACE HEATING 

HEATED SPACE 

& Costs 

being the tempering tanks in the green
house loft. 

The heating system combines passive 
solar techniques, a wood stove, and a fur
nace (gas-fired in southcentral Alaska, oil
fired in the Interior, assuming use of the 
least expensive regionally available fuel). 
The furnace is in the garage, a location 
that reduces aesthetic and practical diffi-
culties from air intake and smoke exhaust. 
Warm air is redistributed within the house 
via a duct with three intakes, one at the 
top of the greenhouse loft, another at the 
upper ceiling level in the living room, and 
a third at the top of the mini-greenhouse. 
Each intake can operate separately. The 
warm air is ducted from all or any of the 
intakes by means of a fan on the lower 
level to an open space below the first-floor 
concrete slab and metal decking. There it 
is distributed along the full width of the 

-15°F front wall and into the flutes of the deck
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or Mini-Greenhouse 
at Lower level 

Soil Temperature 
40° to 45°F 

SPRING, SUMMER, EARLY FALL SPACE HEATING 

Passive Solar Heat Gain 
from SE, S, SW Sunlight 

ing. The fan pushes the air through the 
flutes to the back wall; the air warms the 
slab in the process. On the back wall, a 
duct carries the air into the garage where 
the last of its heat is put to good use. The 
fan would be operated by an on-off vari
able-speed switch with two thermostatic 
controls, one in the greenhouse loft and 
one near the intake in the living room. 

The warm air duct passes through the 
hollow cores of the dark-colored concrete 
blocks that make up the thermal-mass wall 
in the living room. The block wall receives 
solar heat in season from the window side 
and is heated by the wood stove on the 
room side. 

It is anticipated that the furnace and 
wood stove would handle the bulk of the 
heating load from October through Feb
ruary, with solar heating providing the 
majority of the needs for the remainder 
of the year. A house built from this de
sign should consume 50 percent less fuel 
compared to a similarly sized house of 
more conventional design. The savings 
realized from this reduced fuel consump
tion would depend on the cost of the fuel 
used. + 
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Sea Ice 
and the Fairway Rock Icefoot 

by A. Kovacs, D.S. Sodhi, and G.F.N. Cox 

The Northern Engineer, Vol. 17, No.3 

IN DESIGNING OFFSHORE structures 
to be placed in arctic waters, the loads de
veloped by ice moving and failing against 
a structure are major considerations. Ice 
action sometimes creates an ice rubble 
field that could increase the effective 
width of the structure and the forces trans
mitted to it. The phenomena of ice pile-up 

and override are also major design concerns 
for structures in high-latitude seas. 

A variety of analytical and model studies 
have been made to investigate ice forces 
on offshore structures, but they are incon
clusive because their results have not been 
verified by field measurements. Early in 
1980, we undertook an investigation of 
the morphology of the sea ice rubble sur
rounding a natural offshore structure
Fairway Rock in Bering Strait (Figs. 1 and 
2). Our aim was to gather data that would 
be applicable to offshore structures in 
general and to those placed in deep water 
in particular. We made estimates of the 
relative force levels required to form the 
observed rubble and of the relief across a 
number of sea ice rubble fields formed in 
a nearby shear zone in order to document 
the size of ice features that may impinge 
against offshore structures placed in the 
northern Bering Sea. 

BERING STRAIT 

The Bering Strait is 85 km wide and has 
an irregular bottom, with a depth of 52 m 
near the western side and about 60 m 
near the eastern side. The bottom relief is 
probably the result of scouring by strong 
currents, ice gouging, and ancient river 
scouring.1 On the western side of the strait 

Austin Kovacs is a research civil engineer in the Applied Research Branch of the 
Experimental Engineering Division at the U.S. Army Corps of Engineers Cold Regions 
Research and Engineering Laboratory, Hanover, New Hampshire. Devinder S. Sodhi is 
a research hydraulic engineer in the Ice Engineering Branch of the EED, and Gordon 
F. N. Cox is a geophysicist in the Snow and Ice Branch of the Research Division also at 
CRREL. 

25 



is the formidably steep and rugged moun
tain topography of Cape Dezhneva, and on 
the east is the bold mountain landscape of 
Cape Prince of Wales. Winds in the strait 
tend to be funnelled and accelerated in 
northerly or southerly directions by these 
headlands. 

Within the strait lie three islands: Little 
Diomede, Big Diomede, and Fairway 
Rock. Fairway Rock lies about 24 km 
west-southwest of Cape Prince of Wales, 
Alaska; it is 350m in diameter, a block of 
igneous rock that rises almost vertically out 
of water 50 m deep2 to a height of about 
165 m above sea level. Its top slopes gradu
ally from the northwest to the southeast 
and is covered with a thin growth of hardy 
tundra vegetation, including grasses, lichens, 
and mosses. At sea level, the island's sur
faces are near-vertical rock and steep talus 
slopes composed of large boulders. From 
the tidal zone to a depth of about 5 m, ice 
abrasion inhibits marine growth, but below 
this depth, flora and fauna are abundant. 3 

In winter a very high pile of ice rubble sur
rounds the island. The lateral extent of this 
icefoot is limited by the abrupt drop-off 
of the island into deep water and by the 
erosional forces of drift ice, which pluck, 
cleave, and grind away the ridged ice. 
Oceanographic instrument cables extend
ing downward along the submarine boulder 
surface of the island have been damaged 
extensively to a depth in excess of 30 m 
by ice impact and abrasion. 4 

Fast ice extends offshore about 1 km 
at Cape Prince of Wales and increases in 

Figure 1. Landsat view of the Bering Strait on 22 June 1973. 

width to the north. Its maximum thick- Along the western edge of the fast ice, ex
ness is about 1.4 m. All ice seaward of this tending in a general north-northeast direc
shorefast ice is in nearly constant motion. tion, very long shear-ice rubble fields form 

as a result of pack ice pressing in against 
the stable ice. 5 Many of these shear ridge 
fields have been estimated to be over 7 m 
high. 6 On Prince of Wales Shoal, which 
extends some 60 km in a northward direc
tion from the western tip of Cape Prince 
of Wales, large isolated formations of 
grounded ice, 14 m high, also have been 
observed.6 

Figure 2. Fairway Rock in Bering Strait. The dark objects on top of the island are large propane 
gas tanks and a generator installation. 

Oceanographic cables laid offshore at 
Cape Prince of Wales have been cut or 
damaged consistently by drift ice, usually 
early during freeze-up when pressure ridges 
develop along the edge of the fast ice zone 
or during spring breakup when grounded 
ice is pushed across the sea floor. Time 
domain reflectometry measurements on 
the broken cables have revealed that the 
damage begins at about the 10-m depth 
and extends outward to about the 25-m 
depth. Sounding surveys have shown that 
ice gouging into the sea floor can be expec
ted to a depth of about 4 m and that ice 
gouging extends out to about the 25-m 
water depth. 4 
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Ice movement southward through the 
Bering Strait is driven by northerly winds 
and southerly current flow (Fig. 3). Wind 
and current combined produce drag forces 
on the ice that exceed its arching strength. 
The arched or jammed-up ice that bridges 
the strait then fails and moves rapidly 
southward. One such event, in January 
1977, caused ice to move through the 
strait at an estimated mean velocity of 4.1 
km/hr; another, in March 1978, resulted in 
a mean ice velocity of 2.8 km/hr. 7 These 
speeds are much higher than those typical 
for ice floes in the Bering Sea as measured 
by means of satellite imagery; typical ve
locities are usually less than 0.7 km/hr and 
always less than 1.1 km/hr. 8 

Under strong driving forces acting over 
a prolonged period, sea ice in a belt 100 or 
more km wide, extending from the strait 
northward along the east side of the Chuk
chi Sea to Point Barrow and beyond, grad
ually moves southward. In some years, this 
brings multiyear ice floes into the northern 
Bering Sea. Once the Bering Strait ice arch 
collapses, more than 60,000 km 2 of sea ice 
from the Chukchi Sea can move southward 
at high velocities and in a relatively short 
period. 7 Fairway Rock is situated in the 
center of the major ice floe stream through 
the strait. 

Ice movement northward through the 
Bering Strait is also driven by wind and 
current. Figure 4 shows the movement of 
an ice field tracked on satellite imagery 
by Sea Ice Consultants in February-March 
1979.9 Between 27 and 31 January, the 

Figure 3. An area map of the Bering Strait. 
The dashed Jines indicate the zone of the major 
ice stream which occurs during the large south
ern ice drift. The stippled area is the zone of 
maximum drift. 
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ice field moved northwest with the strong 
coastal current out of Norton Sound. 
Thereafter, under changing winds, the ice 
floes moved first southward to a location 
east of St. Lawrence Island, and then north
ward through the Bering Strait. About 75 
km north of the Bering Strait, the floes 
changed direction again, first heading east 
and then south. These ice movements are 
instructive, for they represent one of the 
more complex routes that might be fol
lowed by petroleum accidentally intro
duced into the waters of Norton Sound. 

Clearly, ice movement through the Ber
ing Strait is both highly variable and quite 
dynamic. As a result, Fairway Rock is hit 
frequently by ice floes moving either north 
or south throughout the winter. 

FIELDWORK 

The 1980 field program consisted of 
two reconnaissances of Fairway Rock in a 
small fixed-wing aircraft, during which we 
made visual observations and took photo
graphs with a hand-held camera. Stereo 
aerial photographs of the island and of 
portions of the ice rubble in the shear zone 
along Prince of Wales Shoal were also ob
tained from one overflight by an appropri
ately equipped aircraft. 

The first reconnaissance took place on 
15 February. The day was overcast, with 
a ceiling of about 150 m (Fig. 5). The rock 
was surrounded by an icefoot with a very 
high vertical face. The piled-up ice seemed 
to be highly consolidated; evidently floes 
had frequently pushed in against and 

CHUKCHI 

SEA 

Figure 4. Ice field movement from Norton Sound into the Bering Sea and on into the Chukchi 
Sea from 27 January to 28 March 1979.9 
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Figure 5. South side of Fairway Rock. Note the 
low cloud ceiling. 

sheared past the ice rubble formed by vari
ous north and south ice movement events. 
On the south side of the island, a large floe 
had been driven against the icefoot by the 
prevailing northward current flow (Fig. 5). 
To the north of the island was open water. 
The large area of rock talus at the base of 
the island on the north side was first taken 

to be rubble from a large ice ride-up (Fig. 
6). 

The second reconnaissance was made on 
26 April under a broken cloud cover. High 
winds and associated turbulence around 
the rock threw the small aircraft about and 
prevented a close inspection of the icefoot. 
Nevertheless, the photos taken show an 
impressive accumulation of pressurized ice 
forming the icefoot, particularly on the 
north and south sides. At the time of our 
reconnaissance, significant open water lay 
south of the island, with a diffused pack; 
to the north, the pack ice seemed to be 
held on a line between the Diomede islands 
and Cape Prince of Wales. The northerly 
winds, while high, were not strong enough 
to drive the pack ice south against the 
prevailing southerly current. 

Figure 6. Morphology of the icefoot on the north side of Fairway Rock. Note that the rock talus 
area is covered with snow. 

Our photograph taken from the south 
on this reconnaissance (Fig. 7) nearly rep
licated one taken on 8 April 1962 from a 
U.S. Navy aircraft (Fig. 8). Seen side by 
side, these photos illustrate the persistence 
of the steep icefoot. We surmise that the 
shape of the icefoot is controlled in part 
by the submarine relief as well as by the 
general shape of the island. The northern 
half of the island was caked with snow, 
with glaze and spray ice along its lower 
reaches; on the eastern side, thick icing 
accumulations covered the vertical rock 
face to an apparent height in excess of 40 
m above sea level. 

Following the flyby of Fairway Rock, 
we planned a reconnaissance of pressure 
ridge features within the shear zone west 
of Prince of Wales Shoal and of ice rubble 
piles on the shoal. However, an aircraft mal
function and a short (30-m) two-bounce 
sideways forced landing (Fig. 9) prevented 
our accomplishing this objective. 

Elevation profiles of the ice rubble sur
rounding the island were made from stereo 
photograph pairs (Fig. 10); two examples 
of these profiles are given in Figures 11 
and 12. The profiles revealed that the ice
foot attains an elevation greater than 14m, 
has a slope steeper than 70 degrees on the 
seaward side, and in places rests against an 
apparently near-vertical rock wall. Calcula
ted interior ridge slope angles averaged 33 
degrees. 

Field measurements of free-floating 
first-year pressure ridges10 have shown that 
their sail-height to keel-draft ratio is on 
the order of 1 :4.5. If the 14-m-high ridges 
composing the icefoot at Fairway Rock 
were free-floating, it could be assumed 
that their keels would extend down to a 
depth of 63 m. Since the water surround
ing the rock is at least 10m shallower than 
this, and given that the boulder talus 

Figure 7. The south side of Fairway Rock as photographed on 26 April 
1980. 

Figure 8. U.S. Navy photograph of the south side of Fairway Rock on 8 
Apri11962. 
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compnsmg much of the submarine rock 
face slopes gradually outward with depth, 
we concluded that the icefoot is firmly 
grounded. Furthermore, ice that was not 
grounded securely would be dislodged rap
idly by the forces generated during major 
north or south movements of the pack 
ice. 

In April 1981 we continued our obser
vations with a short visit to the rock by 
helicopter. The ice floe on which we land
ed was relatively stationary during our 
visit, but on the west side of the island 
the ice was moving briskly northward with 
the current. An aerial view of the south 
end of the island is shown in Figure 13; 
the numbers on this photo correspond to 
those shown on the surface-level view of 
the ice rubble (Fig. 14; the photographer 
was standing atop a nearly vertical portion 
of the icefoot, 16.5 m high). The north 
side of the rock again was covered with 
ice and snow, and the shape of the icefoot 
was consistent with what we had observed 
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Figure 10. Aerial view of Fairway Rock. 
Elevation profiles were made, from stereo

graphic photo analysis, along the lines shown; 
two of these profiles are shown in Figures 11 

and 12. North is to the right. 
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Figure 11. lcefoot profile 28. The ice ridge 
slopes 1 through 5 are 73, 30, 35, 37, and 38 
degrees, respectively. The highest point on the 
icefoot is 14.7 m. 
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Figure 9. Termination of the 
reconnaissance flight due to a fuel 

loss through a failed gas cap seal. 
The landing gear was destroyed, 

and the right wing tip, prop, and 
stabilizer were bent. 
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Figure 12. Elevation profile of the icefoot and Fairway Rock along line 1A. 
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in 1980. Bear tracks were noted in the ice 
rubble and in the snow alongside the 
island. 

Following our stop at Fairway Rock, 
we visited Little Diomede Island. The 
south and east sides ofth is island were also 
found to be surrounded by a massive ice
foot. On the north side, the rock surface 
up to 10 m above sea level was coated with 
ice as much as 0.3 m thick. This icing, 
while decreasing in thickness with eleva
tion, did extend to the top of the island. 

The rubble fields located in the shear 
zone west of Prince of Wales Shoal would 
pose a major obstacle to winter navigation. 
These shear-ridge fields are not as massive 
as some that have been observed farther 
north, near the Arctic Circle,6 but they 
are large, and because they form under 
shear-compression, can be assumed to be 
reasonably compact. On occasion, these 
formations are dislodged and driven south
ward. They therefore represent one of the 
major ice features to be considered in the 
design of any structure to be placed in the 
northern Bering Sea. 

Profiles of the rubble fields were con
structed by analyzing elevation data ob
tained from stereographic photos; all ridge 
peak and trough elevations were deter
mined along a profile. Additional elevation 
determinations were made at random 
among these features to provide represen
tative indications of the intermediate relief 
of the ice. Typically, each profile comprised 
between 100 and 180 data points, which 
translates into 1 data point about every 5 
m. Thus, the elevation data were sparse 
and unevenly distributed along each 
profile. Nevertheless, to obtain a general 
idea of the ice thickness in the rubble fields, 
the data were analyzed to determine the 
root mean square ( RMS) elevation for each 
profile by: 

RMS= 
h~ + hi + h; + ... + h~ 

n 

where h = individual ice elevation and n = 
number of data points. 

The average of 8 R MS values calculated 
was 2.0 m. Using a 1 :4.5 sail-height to 
keel -depth ratio for first- year pressure 
ridges,10 we can deduce an RMS ice thick
ness of 11 m. While the analysis is limited 
by the data and by the fact that some rub
ble profiles included short segments of un
deformed ice, it does give some indication 
of the relative ice thickness in the rubble 
fields. 

In early April 1982, we again briefly 
visited Fairway Rock by helicopter and 
made several observations. A strong breeze 
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Figure 13. The icefoot on the south side of Fairway Rock in Apri11981. 

was coming out of the south. This driving 
force, coupled with that of the northward 
current flow, was pushing 1-m-thick sea ice 
past the rock at about 1 km/hr. Just as on 
our earlier visits, the icefoot was composed 
of densely packed sea ice rubble up to 15 
m high, and the rock walls were covered 
in places with a thick glazing of ice to an 
elevation of over 30m. This time, however, 
we were able to observe ice floes being 
driven against the icefoot. There the floes 
were failing in the following ways: 

• An ice floe would contact the icefoot 
and begin to crush or fail in flexure along 
the contact areas. This would be followed 
by the floe's splitting into two or more 
fragments, followed by renewed crushing 
or flexural failure at the icefoot contact 
areas. 

• A floe would contact the icefoot, stop, 
and undergo crushing or flexural failure 
upstream of the contact area. During this 
process, ice ridges formed. These ridges 
were typically less than 2 m high. 

• A floe would contact the icefoot, under
go crushing or flexural failure at the im
pact areas, and then split. A portion of the 
floe would then be driven past the rock, 
where it would undergo continuous crush
ing and flexural failure as it moved along 
the icefoot shear boundary. During this 
process much of the broken ice was re
duced to rubble with dimensions less than 
the thickness of the ice floes. 

• An ice floe would contact the icefoot 
and undergo complete disaggregation by 
crushing and flexural failure. 

Crushing of ice floes at the base of the 
icefoot was the common mode of failure 
and, during our observations, appeared to 
occur over half the width of the icefoot. 
The ice blocks produced by this crushing 
process were typically less than half the 
thickness of the ice in the floe being 
crushed. When we stood near the failure 
zone, we noted that the ice sheet did not 
appear to be moving up or down during 
crushing. 

The icefoot did not grow during our 
visit. The ice that had failed and piled up 
against the icefoot would from time to 
time appear to cave in or slump downward. 
The ice keel of the rubble was apparently 
undermined by the strong current, which 
transported the submerged ice blocks away. 
The icefoot itself was securely grounded; 
it was the new rubble that was being swept 
away. 

ESTIMATION OF ICE FORCES 
ON FAIRWAY ROCK 

An estimate of the ice forces against 
Fairway Rock was made based on limited 
observations of the icefoot and the eleva
tion of ice pile-ups as revealed by stereo
graphic photo surveying. The magnitude 
of the ice forces is dependent upon the 
mode of sea ice interaction with the island 
and upon the available forces. Five ice 
failure modes were considered and an 
estimate of the available forces in each 
mode was presented in our 1982 report. 11 

Since the failure modes actually observed 
were crushing and flexing, the calculations 
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Figure 14. lcefoot rubble along the south side of Fairway Rock. 

for those and for the operating driving 
forces are presented here. 

Crushing Failure 

The potential ice force due to the crush
ing of an ice sheet against the "vertical" 
faces of the rock or the icefoot rubble 
pile may be calculated from the Korzhavin 
formula,12 

F= lmkacDt ( 1) 

where 
F =total ice force 
k = factor to account for the lack of 

uniform ice contact 
I =indentation factor; I= 2.5 for 

narrow structure, I= 1 for wide 
structure 

m =shape factor; m = 1 for circular 
structure 

ac = uniaxial compressive strength 
D = structure width (about 400 m in 

the case of Fairway Rock) 
t = ice thickness 

than the peak stress for a narrow structure. 
Although there are no recommended or 
suggested values of k for a wide structure, 
a low value of 0.4 has been suggested by 
Korzhavin for fast-moving floes. 14 

The selection of a compressive strength 
for the ice is a difficult task, as it depends 
upon so many parameters, such as ice 
temperature., salinity, grain size, crystallo
graphic structure, and strain rate. In the 
Arctic, the average temperature of sea ice 
is about -10°C, and we may use the lab
oratory ac data determined at that tem
perature. 

Michel and Toussaint15 have proposed 
an empirical definition of strain rate as 
€eft = Vi/4D, where Vi is the velocity of ice, 
and D the structure width. This definition 
of strain rate is slightly less conservative 
than that proposed by Ralston,16 €eff = 
Vi/2D. However, using a denominator of 
4D gives better agreement between uni
axial compression and indentation tests at 
moderate strain rates. The strain rate for 

Vi = 0.5 m/s and D = 400 m is €eff = 3.1 x 
10-4

• Using the compressive strength of sea 
ice at this strain rate as given by Wang~7 the 
crushing strength of ice is found to be on 
the order of 4830 kPa (700 psi). Substitu
ting these values into equation 1, we have 
p = F/Dt = lmkac = 1930 kPa (280 psi). 
The total force is given by F = pDt, and it 
is estimated to be 385 MN (85 x 106 lb), 
770 MN (170 x 106 lb),and 1160MN (255 
x 106 lb) for 0.5-, 1.0-, and 1.5-m-thick 
ice sheets, respectively. 

Flexural Failure 

The following formula can be used to 
calculate the ice forces on a sloping wide 
structure 12 

: 

where 
H = horizontal force required to 

break and push the ice sheet up 
b = ice sheet width 

Uf = ice flexural strength 
t = ice thickness 
E = ice modulus of elasticity 

Pw = water density 
Pi = ice density 
Z = height reached by ice on the 

slope 
g = acceleration due to gravity 

c,,c2 =factors which depend on slope 
angle a and coefficient of fric
tion 11 as obtained from Figures 
11 and 12 

The slope of the beach (if there is any 
at Fairway Rock) is not known; however, 
taking a = 33° (average measured ice pile
up slope angle), 11 = 0.3, Uf = 700 kPa 
( 1 00 psi), E = 106 kPa ( 1.45 x 105 psi), 
Pw = 1030 kg/m3 (64.3 lb/ft3 

), Pi = 920 
kg/m 3 (57.43 lb/ff ), Z = 15m (49.21 ft), 
we get the values of Hlb shown in Table 1 
for different thicknesses of ice. 

As can be seen from the values in the 
table, the force required to push the ice 
blocks up the ice pile-up slope constitutes 
the major portion of the force per unit 
width. The ice pile-ups may reach 15m 

The values for m and I are taken to be 
1 because D!t is much greater than 1. The 
contact factor k accounts for the non
simultaneous failure of the ice sheet across 
the entire structure width. Kry13 presented 
a statistical study in which the variation 
of the stresses with respect to ice displace
ment is shown to be reduced due to non
simultaneous failure action. Thus, the 
effective stress for a wide structure is less 

Table 1. Values of H/b 

Ice Force/Width to Push Total Force/Width 
Thickness Ice Upslope H/b Pressure P 

(m) (in) (kN/m) (lb/ft) (kN/m) (lb/ft) (kPa) (psi) 

0.5 19.7 149 10,204 161 11,057 322 46.8 

1.0 39.4 298 20,408 327 22,436 327 47.5 

1.5 59.1 447 30,612 591 40,488 394 57.13 
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high but are certainly not this high every
where. Therefore, the estimates given are 
considered to represent an upper value. 
In addition, because flexural failure is not 
expected to occur simultaneously across 
the entire width of the rock, the above 
breaking force values would be inappro
priate to apply uniformly across the entire 
face of the island or the icefoot. 

Driving Forces 

In addition to considering the forces 
associated with the different types of ice 
failure modes against the rock, it is appro
priate to consider also the environmental 
driving forces. Ice forces on the rock will 
be governed by the ice thickness, failure 
mode, and available driving forces. 

The dominant factors affecting ice 
motion and forces in the Bering Strait are 
wind and water drag on ice cover. Internal 
ice stresses are small because of the open 
nature of the pack. Consider a large ( 1 0-
km-square) floe impinged against the north 
side of Fairway Rock acted upon by south
ward 30-m/s winds and 1.5-m/s currents. 
Using the drag coefficients given by Prit
chard et al. 18 for ice in the Bering Strait,, 
we can calculate the ice driving forces orr 
the rock from 

where 
Pa = air density 
Ca = ice -air drag coefficient 
Va = air velocity 

Pw = water density 
Cw = ice - water drag coefficient 
Vw = water velocity 

L =floe size 

For PaCa = 1.1 x 1 0"3 kg/m 3 and PwCw = 
8 kg/m 3 and the assumed winds and cur
rents, a driving force of 1900 MN (4.27 x 
108 I b) is obtained. If both the winds and 
currents were reduced by a factor of 2, 
we still would obtain a driving force of 475 
MN (1.07 X 108 lb). 

SUMMARY 

The information obtained in this study 
revealed that a massive icefoot appears to 
form around Fairway Rock each winter. 
This icefoot is the result of ice impinging 
against the island, failing, and subsequent
ly piling up, forming ridges up to 15 m 
high. The icefoot varies from less than 10 
m to over 100 m wide. The slope of the 
inner ridges averages 33 degrees while the 
slope of the outer face of the icefoot can 
exceed 70 degrees. This is apparently the 
result of nongrounded ice rubble having 
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slumped or been cleaved off. The instruc
tive findings are, as anticipated, that ice 
rubble formation around a large structure 
placed in "deep" water will not extend 
appreciably beyond the width of the struc
ture, and therefore will not add significant
ly to its effective diameter. In order for 
this to be so, the submarine slope needs to 
be relatively steep. At Fairway Rock, it is 
reasonable to assume that the shallowest 
submarine slope was at or near the angle 
of repose of the rock talus. 

Fairway Rock and Little Diomede Is
land were observed to be encrusted with a 
thick icing layer that extended high above 
sea level. For offshore structures placed 
in these waters, this phenomenon needs 
to be considered as a hindrance to loading 
as well as to on-board operations. 

Shear ridge rubble fields observed in 
this study near Prince of Wales Shoal were 
found to reach heights on the order of 6 
m, with an apparent average of 2 m. The 
average ice thickness was estimated to be 
11 m. These rubble fields are, on occasion, 
driven south, and therefore represent one 
of the major ice features to be considered 
in the design of a structure placed in 
these waters. 

The ice force levels given here are only 
estimates based upon assumed ice data and 
geometry considerations. Larger forces 
are possible at local contact points where 
stress is concentrated. 
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ENERGY AND MINERAL RESOURCES 
IN GREENLAND 
by Jprgen Taagholt and H.C. Bach 

IN THE COURSE ofthe 15or20years immedi
ately following World War II, interest in the 
arctic region was mainly concerned with strategy 
and air traffic. Now there is additional interest 
in all arctic areas, including Greenland, as sup
pliers of energy and minerals. In order to protect 
the rights of Greenland residents with regard to 
nonliving resources, and in accordance with the 
Greenland Home Rule Act, the administration 
of mineral resources is a joint Denmark-Green
land responsibility, with the right of veto on 
either side. 

MINING HISTORY 

70' 

Up to the present century, mineral produc- 65' 

tion has been scant in Greenland. The main prod-
ucts are cryolite, graphite, copper, and marble. 
Of these, the only significant contribution to 
Greenland's economy has been cryolite, which 
is a glassy, white fluoride of sodium and alumi-
num. During World War II -when Greenland's 6o' 
links with Denmark were severed -the export 
of cryolite to the United States and Canada pro-
vided a reliable basis for the island's economy. 
The production of aluminum, which uses cryo-
lite as a catalyst, was greatly increased in the 
war years. The deposits of cryolite are now ex
hausted after a production of 3.5 million tons, and the 
export of cryolite has ended. 

Between 1924 and 1972, 600,000 tons of coal were 
mined at Outdligssat on the island of Disko. The mining 
settlement was closed in 1972. Future coal mining in 
the Nugssuaq area will be discussed in a later section. 

Lead and zinc are among the five metals in the world 
that are of greatest importance to industry, so these re-

BAY GREENLAND 

DAVIS 
STRAIT Narssaq 

Kvanefjeld~Na~jsarssuaq 
Julianehaab ~ 

Cape Farewell 

40' 

75' 

70' 

Areas of mining and resource exploration in Greenland. 

sources in Greenland have seen some exploitation. In 
the period 1956 to 1962, some 130,000 tons of con
centrated ore were shipped from the lead mine at Mes
tersvig in east Greenland. 

The lead and zinc mine at Marmorilik in the district 
of Umanak is the only mine that is still being worked. In 
1971 the firm Greenex A/S obtained a concession to 
explore and exploit this area for the period up to 1996. 

JGrgen Taagholt, Danish Scientific Liaison Officer for Greenland, earned his M.Sc. in 1961 from the Technical University of Den
mark in plasma physics. He served from 1969 to 1983 as head of the Ionosphere Laboratory and since 1967 has been the scientific 
adviser to the Danish government on research in the Arctic. H. C. Bach graduated as Royal Danish Navy Officer in 1958 and served 
the Commander of the Standing Naval Forces of NATO in the North Atlantic. He also served at the Danish Defense Command's 
Long Term Planning Section, and at the NATO Headquarters in Brussels. 
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About 80 percent of Greenland is covered by ice, and below the ice is a mountainous terrain. The 
topography of the bedrock has been mapped based on measurements by Danish-built 60-MHz radar 
equipment. The photo shows a unique method of exploratory drilling in the Umanak district, in 
search of minerals in the rocks below the ice. (Photo by J. Taagholt.) 

During the first 3 years of production 
(1974·76), prices on the world market 
were fairly high, and the company made a 
profit of about $12 million per year. Zinc 
prices then slumped dramatically, thus re· 
ducing profits. Beginning in the spring of 
1979, prices rose again and there were 
several good years. During 1985, however, 
zinc prices again dropped dramatically. 

The mine produces around 650,000 
tons of ore per annum with a yield of 
about 140,000 tons of zinc concentrate, 
40,000 tons of lead concentrate, and 
35 grams of silver per ton of ore. The 
mine employs some 320 people, 150 of 
whom are Greenlanders. 

Environmental Effects 

The Danish government and Greenex 
A/S have made a comprehensive study of 
the effects on the environment around 
the fjord communities involved in mining. 
This has resulted in a dramatic reduction 
of disturbance to the environment. At 
present an effective relations committee 
exists between the mining company and 
the district of Umanak. 

winter hunting near the fjords is in no 
way disrupted. 

RAW MATERIALS AND ENERGY 
RESOURCE DEVELOPMENT 

At lsukasia near the bottom of the 
fjord complex at the edge of the ice cap 

-some 150 km northeast of Godthaab
there are deposits of iron ore. The purity 
of this ore is just over 30 percent, which 
is low, but about 550 million tons have 
been traced, and the expectation is some· 
thing approaching 2 billion tons. If iron 
mining activities are to be established, 
hydroelectric energy will be needed, as 
well as a harbor and transport facilities, 
and these developments take time and 
investments. 

Chromium has been found at Fisken· 
aesset in southwest Greenland. The com· 
pany that holds the concessions to explore 
is investigating the possibility of exploita· 
tion, but the deposits are fairly sparse and 
the chemical composition of the ore is 
unfavorable. 

At Malmbjerget just south of Mesters· 
vig, large deposits of molybdenum have 
been found. The purity is not impressive 
-about 0.25 percent-and the molyb· 
denum lies between two glaciers and would 
be difficult to mine. 

While searching for molybdenum in 
the concession area in northeast Green· 
land, Nordisk Mineselskab A/S discovered 

Furthermore, it has been established 
that the mining activities do not endanger 
the health of the population, and clear 
agreements for shipping methods have 
been reached to ensure that the traditional 

More than 3.5 million tons of cryolite have been exported from the mine in lvigtut; today, the 
deposits are exhausted. (Photo by J. Taagholt.) 
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silver and other precious metals. The great· 
est interest has, however, been aroused by 
a deposit of scheelite, which contains tung· 
sten. Tungsten is used in steel production, 
and for other industrial purposes such as 
the manufacture of filaments in light bulbs 
and in radio tubes. As the price of tungsten 
is very high and the deposits look promis· 
ing, production may begin in the next 
few years. Air transport would be the 
most likely method used for moving the 
scheelite out of the area. 

Several of the known deposits of ex
ploitable minerals are too small to develop 
for international industry. These mineral 
deposits (copper, nickel, platinum, molyb
denum, chromium, thorium, fluorine, zir
conium, lead, niobium, and iron) could, 
however, be mined on a small scale. Al
though Greenland has no history of small
scale mining by families, possibilities exist 
for such ventures. Small-scale mining 
would make use of rather primitive equip
ment and would require little monetary 
investment; it would also allow much more 
mobility than does large-scale mining. 
Methods of extracting these resources 

Transport of ore from the lead and zinc mine to the processing and shipping area at Marmorilik. 
(Photo by J. Taagholt.) 

need further investigation-in cooperation 
with experts who have the practical ex
perience. 

Uranium 

The uranium deposit at Narssaq is the 
only deposit that has been investigated 
with a view to exploitation. Prospecting 
for uranium is being carried out in various 

The production facility at Marmorilik seen from the entrance to the mine 700 m above the fjord. 
(Photo by J. Taagholt.) 
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other places in southeast Greenland, in 
part financed by the European Economic 
Community. Several deposits have been 
found, but their extent has not yet been 
charted. 

The Narssaq uranium deposit has been 
determined to be 27,000 tons plus a re
serve of some 16,000 tons. Production 
costs are expected to be fairly high, since 
the purity is relatively low (300 to 500 
grams of uranium per ton of ore). and be
cause the uranium is chemically linked to 
the minerals in the ore in a way that makes 
it difficult to extract. Mining ended at 
Kvanefjeld in 1980, after 20,000 tons of 
ore had been extracted; 4,000 tons of this 
amount was taken to the National Labor
atory at Ris0 where the cost of extraction 
has been evaluated. For production to 
occur in Greenland, a sales price of about 
$50 per ounce is necessary. The decreasing 
world market price of uranium does not 
encourage further development at present. 

In addition to the economic considera
tions of mining the uranium, policies con
cerning energy and environmental factors 
play a major role. The question of whether 
to introduce nuclear power in Denmark is 
also of importance. Demands are being 
voiced in Greenland for exploiting alter
native raw materials and resource deposits 
found in Greenland. An objective view of 
the various options is desirable before a 
final decision to mine uranium is made. 
Extensive research into the environment 
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has been initiated in the whole of the 
Narssaq area in order to provide a survey 
of the natural environment before produc
tion would begin. 

Coal 

With regard to coal production, atten
tion is concentrated on the Nugssuaq pen
insula, which has been estimated to con
tain 100 million tons of coal. Traditional 
methods of mining, however, would fetch 
out only about 20 million tons. The geol
ogy of an area approximately 325 square 
kilometers has been surveyed with a view 
to establishing the quantity and quality of 
the deposits, and more especially the ener
gy value of the coal. 

Some interest in these investigations 
has been shown by Danish power stations. 
However, on the basis of present informa
tion as to the thickness, location, and 
quality of the seams, they have not judged 
it to be technically and economically vi
able to exploit the coal, and have therefore 
not thought it reasonable to take part in 
the investigations. 

Greenlanders attach great importance 
to these investigations for prospects of 
employment and energy resources. Since 
Denmark is among the biggest importers 
of coal in the world, production of coal 
in Greenland would be of great signifi
cance if large recoverable deposits can be 
located. 

Oil and Natural Gas 

An oil survey was made on the conti
nental shelf off west Greenland in the late 
1970s. Five drillings were carried out in 
the area between 63° and 68°N, and all 
showed negative results. Thus, present in
formation about this and other areas on 
the west continental shelf does not en
courage further exploration. 

In north Greenland, a sedimentary 
basin stretches from Peary Land in the east 
via Inglefield Land to the Canadian Archi
pelago, including Ellesmere Island, Sver
drup Basin, and Melville Island in the 
west. The expectation of finding oil and 
natural gas in this area is high. In the 
Canadian portion to the west, large gas 
reserves have already been found near 
Melville Island and Ellef Ringnes Island 
and oil has been found at Bathurst Island 
and Ellesmere Island near Eureka, a dis
tance of only 300 to 400 km from Ingle
field Land in Greenland. 

Jameson Land presents the most inter
esting geological factors in the east Green
land area today with regard to oil. Nordisk 
Mineselskab A/S held a concession cover-
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ing the period from 1952 to 2002 for ex
ploring and exploiting all metals, coal, oil, 
and natural gas resources in an area cover
ing 117,000 square kilometers between 
70° and 74°N in east Greenland. The 
concession has now been transferred to a 
consortium called A/S ARCO Greenland 
(Petroleum Exploration and Production, 
Copenhagen) made up of the Atlantic 
Richfield Company; the Arctic Minekom
pagni A/S, Copenhagen; and a public cor
poration owned half by the Danish govern
ment and half by the Greenland Home 
Rule Authorities. The share capital of the 
latter public corporation will be $2.5 
million. 

Jameson Land concession area, with location 
shown on inset map of Greenland. Sites for seis
mic exploration are indicated by the broken 
lines. 

The map shows the concession area in 
east Greenland corresponding to the 
Jameson Land concession signed in De
cember 1984, running from January 1, 
1985, and covering 6- and 12-year periods. 
The concession includes some 10,000 
square kilometers; between 1985 and 
1990, the consortium is obliged to con
duct an 800-km seismic profile indicated 
by broken lines on the map. It will also 
drill two holes down to 60 meters below 
the Upper Permian layer limited to a maxi
mum of 3,660 meters. During the period 
following 1990, another 500-km seismic 
profile and 9 drillings will be made. 

Geothermal Energy 

Geothermal energy plays a part in 
many communities in the far north 
Atlantic. This ranges from warm springs, 

rather poor in energy in Greenland, that 
maintain water supplies throughout the 
year in small communities such as the ones 
around Scoresby Sound and on the island 
of Disko, to a greater exploitation in Ice
land where hot springs ensure reliable and 
cheap heating and form the basis for ex
tensive market gardening. Geothermal 
energy is, however, of only slight signifi
cance industrially, because the areas that 
are rich in this type of energy are geologi
cally young and rather unstable, a fact 
that does not tend to encourage massive 
investment in industrial plants. 

Hydroelectric Power 

For many years it has been appreci
ated that hydroelectric power stations in 
Greenland were a possibility. Because 
there are no local demands for large 
amounts of energy in Greenland, there 
has been no incentive to invest in hydro
electric power stations. 

Since the energy crisis in 1973, interest 
in making use of the arctic water reserves 
has arisen, and the Ministry for Greenland 
has in recent years received various prop
ositions from several Danish and foreign 
companies. 

In recent years comprehensive glacio
logical, geological, and meteorological in
vestigations have taken place under man
agement of the Danish Government, in 
order to map out the technical and physi
cal possibilities of setting up hydroelectric 
plants. Drafts have been made of 16 power 
stations in the area between Cape Farewell 
and the Nugssuaq Peninsula. Particular in
terest centers in the extensive basin areas 
off the settlements that can be reached 
by sea, where the power stations might 
provide energy for such things as mining 
and the production of fertilizers or alumi
num. Also of interest are the basins close 
to settlements that might be used for local 
energy supplies. 

Preliminary calculations in connection 
with forming an energy plan for Greenland 
up to the year 2000 show that over the 
next 15 years savings in energy cost for 
Greenland may amount to a million 
dollars, if oil and coal are replaced by 
hydroelectric power. On the other hand, 
the cost of setting up the plant would 
correspond roughly to the savings. If, 
however, such a change were to be made, 
calculations show that after the initial 
period of the changeover, Greenland soci
ety would be able to achieve an annual sav
ings on the energy budget in about the 
year 2000 of some $50 million, even if the 
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Nordbo$46 in Johan Dahl Land about 25 km 
north of Narssarssuaq is being explored for 
hydroelectric power possibilities. The lake, 
which is situated at 660 m above sea level, 

drains a precipitation area of 150 km2 and a 
melting area of the ice cap covering 35 km2

• The 
annual volume of water leaving the lake is 

presumed to be able to form the basis for a 
production of energy totaling some 225 million 
kilowatt-hours per year, corresponding to twice 

the present consumption of electricity in 
Greenland. (Photo by J. Taagholt.) 

price of coal and oil were to rise only 
moderately (about 2.5 percent per year). 

Industrial exploitation of hydroelectric 
reserves in Greenland would require in
vestment on a very large scale in plant 
and distribution systems and in the ac
tual consumer industries. 

One of the large basins included in 
the survey is situated in Johan Dahl Land 
north of Narssarssuaq. If a power station 
were to be positioned here, it would be 
able to deliver energy to Narssarssuaq, 
Narssaq, and Julianehaab and to uranium 
production at Kvanefjeld or to any future 
industrial activities in the district. 

~ 

The hydroelectric resources that have 
so far been pinpointed, and that are ex
pected to be viable, would have a total 
production capacity corresponding to 

about half of the present output of elec
tricity in Denmark. Hydroelectric investi
gations are still at the preliminary stage, 
but perspectives are wide. + 

Back of the Book 
~7~~~--------------------

• Noted 
We are pleased to report the appearance 

on the UAF campus of the Institute of 
Northern Engineering. The new institute 
brings the Transportation Center, the for
mer Institute of Water Resources, and the 
Engineering Experiment Station under 
one more cohesive (and conspicuous, 
fortunately) administrative umbrella. Dr. 
Tom Roberts is director of the Institute 
of Northern Engineering. 

***** 
Declining federal assistance will mean 

that Montana and Idaho will show smaller 
construction volumes this coming summer, 
but Washington and Oregon will be en
gaged in healthy public works construction 
projects. Thus predicts the Pacific Builder 
& Engineer. a Seattle-based magazine de
voted to the interests of the northwestern 
United States' heavy construction industry. 
PB&E credits the coastal states' stronger 
building programs to their competition 
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with California for foreign investments and 
their planning ahead for funding. In Ore
gon, this has been done by setting aside 
$23 million in state lottery income for 
biennial public works expenditures. 

PB&E also noted that developers are 
eager to get new commercial and indus
trial projects underway in the Seattle and 
Portland metropolitan areas because these 
"are less overbuilt than other parts of the 
country." Although "less overbuilt" sounds 
less than enthusiastic, Alaska firms that are 
dismayed by what falling oil prices are 
doing to the state's capital project plans 
might cast their eyes southward for the 
'86 season. 

• Meetings 
This year, the Arctic Science Conference, 

also known as the 37th Alaska Science 
Conference, is going temperate: the meet
ing will be held the week of 8-13 June on 
the campus of the University of British 
Columbia in Vancouver. The location re
flects not cabin fever but a search for 

better links with the Pacific Division of the 
American Association for the Advance
ment of Science, cosponsors of this confer
ence with the Arctic Division. The Western 
Society of Soil Science, Arctic Institute 
of North America, Botanical Society of 
America (Pacific Region), Ecological Soci
ety of America (Western Section). Pacific 
Coast Entomological Society, and local 
chapters of the American Meteorological 
Society will meet with the Pacific and 
Arctic Divisions, holding their own techni
cal sessions and cosponsoring others. Ap
parently engineering fields will not receive 
heavy attention, but with such sessions 
as "Geological Hazards Along the Plate 
Boundary: SE Alaska, British Columbia, 
Washington and Oregon," "Integrating Re
mote Sensing Information into Resource 
Management," and "Long Term Manage
ment of High Level Radioactive Waste 
Disposal," a person with applied-science 
interests could easily find enough useful 
information to justify attending the con
ference. (For those who feel no need to 
justify their presence at an Arctic Science 
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Conference, be warned that Vancouver 
will be even more distracting than usual: 
the city is celebrating its 1 DOth anniversary 
with EXPO 86, a massive fair with numer
ous events. Fair and conference will over
lap, causing a housing crunch as well as 
distractions from the serious business of 
the conference.) 

Further information is available from 
the Arctic Division, American Association 
for the Advancement of Science, P.O. Box 
80271, Fairbanks, Alaska 99708. If you're 
sure to be attending, consider calling the 
UBC Conference Center to make a room 
reservation at extremely reasonable rates 
(e.g., a one-bedroom suite costs $55 Can
adian per day): (604) 228-5441. 

***** 

The registration fee of $80 covers all 
materials, coffee and doughnuts, and a 
luncheon as well as entrance to the 1986 
Alaska Transportation Forum, to be held 
15 April on the University of Alaska
Fairbanks campus. Sponsors for the meet
ing include four UAF schools (Engineering, 
Agriculture and Land Resources Manage
ment, Mineral Engineering, and Manage
ment). the Alaska Department of Trans
portation and Public Facilities (Northern 
Region Planning Division). the Alaska 
Truckers Association, and the Fairbanks 
North Star Borough Council on Economic 
Policy. The tentative program indicates 
morning presentations ranging from a 
national perspective (keynote speaker will 
be L. Gray Byrd, director of the federal 
Strategic Highway Research Program) to 
a local one ("Fairbanks Railroad I ndustri
al Area Relocation" will close the first 
session). with concurrent technical ses
sions on design and environmental consid
erations filling the afternoon. Call the UAF 
office of Conferences and Continuing 
Education at (907) 474-7800 for further 
information. 

***** 

Not quite a meeting, the forthcoming 
short course on Snow Engineering will be 
part of the University of Saskatchewan's 
program of continuing education for tech
nical professionals. The course will be held 
from April 21 through 25 at the Banff 
Centre, 135 km west of Calgary, Alberta, 
in the sure-to-be-snow-covered Canadian 
Rockies. "Snow Engineering is a post
graduate short course that forms part of 
the Cold Regions Engineering School and 
which has been organized under the aus
pices of the Subcommittee on Snow and 
Ice, National Research Council of Canada," 
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states the announcement received here. 
"The course content will focus on the im
portant processes which characterize the 
seasonal snowcover including metamor
phism, blowing snow, snowmelt transmis
sion and infiltration. Special emphasis will 
be given to snowcover measurement and 
data analysis and the physical basis of 
streamflow simulation." The organizers 
warn would-be participants to bring a sci
entific calculator for the problem sessions; 
participants should as well be warned to 
bring appropriate garb for the "labor
atory" sessions, which will be held in the 
field. 

Tuition for the course is $690 Canadian; 
graduate students may register for $230, 
but will be accepted only if space is avail
able. Registration by phone is acceptable: 
(306) 966-5539. More information is avail
able from Jacques Le Cavalier, Division of 
Extension and Community Relations, Uni
versity of Saskatchewan, Saskatoon, Sas
katchewan S7N OWO, Canada; (306) 966-
5581. 

***** 
The last of the winter 85-86 workshops 

of the Alaska Avalanche School will be 
held 16-20 April in the Chugach Mountains 
above Turnagain Arm. This one empha
sizes applied mountain rescue technology, 
and participants must have not only the 
$135 tuition fee but also the skills and 
equipment appropriate to intermediate
level mountaineering and rock climbing. 
The school holds several workshops every 
winter; the overall goal of all sessions is to 
reduce the number of avalanche accidents 
in the state, but different workshops have 
different emphases, from identifying and 
avoiding avalanche hazards on family out
ings to avalanche hazard evaluation in land 
use planning. To register for the forthcom
ing session, or to get on the mailing list for 
notice of future ones, write the Alaska 
Avalanche School, Department of Natural 
Resources, Division of Parks and Outdoor 
Recreation, Pouch 7-001, Anchorage, AK 
99510. 

***** 

The American Association for the Ad
vancement of Science, in collaboration 
with the Illinois Institute of Technology's 
Center for the Study of Ethics in the Pro
fessions, will sponsor a two-day workshop 
on professional ethics, coinciding with the 
AAAS Annual Meeting in Philadelphia 
over Memorial Day weekend in 1986. The 
workshop speakers will present examples 
of professional society ethics programs, re-

port on legal standards affecting profes
sional behavior, and review educational 
programs which clarify ethical principles 
and problems within science, engineering, 
and the health professions. Workshop par
ticipants will be encouraged through small 
group sessions and case discussions to assess 
ethical issues and to exchange experiences 
and resources for the development of pro
fessional ethics materials and programs. 

The workshop will be held on May 24 
and 25 at the Hershey-Philadelphia Hotel. 
The registration fee is $125, with discount 
rates available for several participants from 
the same organization. 

Further information is available from 
the Office of the AAAS Committee on 
Scientific Freedom and Responsibility, 133 
H Street, N.W, Washington, DC 20005. 

***** 

Offshore Oil Development is the eighth 
annual program with that title held by 
The Energy Bureau, Inc. The programs are 
specifically geared for executives in the 
offshore oil industry, the financial com
munity, and offshore support services. In 
this one, particular emphasis will be given 
to the outlook for continued development 
off the Gulf Coast, California, and Alaska 
"under the current threat of continually 
dropping prices." The program will be held 
on 21 April at the Greenway Plaza in 
Houston, Texas. The person to contact is 
Jared Smith, Vice President, The Energy 
Bureau, 41 East 42nd Street, New York, 
NY 10017; (212) 687-3177. 

***** 

The ninth annual Arctic and Marine Oil
spill Program (AMOP) Technical Seminar 
will be held 1 0 through 12 June 1986 in 
Edmonton, Alberta. These seminars are in
tended to provide opportunities for AMOP 
contractors and scientists to exchange 
technical information with the people who 
need to make use of the technology devel
oped in the program. Organizers of the 
ninth seminar "have invited papers from a 
wide spectrum of Canadian and interna
tional workers in the field," according to 
the announcement received here. The regi
stration fee of $90 (Canadian) includes 
luncheons and a copy of the proceedings 
volume. 

Details are available from Mr. M. F. 
Fingas, Head, Chemistry and Physics Sec
tion, Environmental Emergencies Technol
ogy Division, Technical Services Branch, 
Environmental Protection Service, Envi
ronment Canada, Ottawa, Ontario KTA 
1GB, Canada; phone (613) 998-9622. 
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• Publications 
Development of the Norman Wells oil 

field during World War II is featured in The 
Canol Project: An Adventure of the U.S. 
War Department in Canada's Northwest, 
by P. S. Barry, published in a limited edi
tion in June 1985. The 509-page book con
tains maps, a table of oil wells, engineers' 
diagrams of pipelines, and a chronology of 
events. 

Dr. Barry's history of American military 
activities in the Mackenzie Basin, 1942-
1945, is based on Canadian government 
and military documents and numerous 
other sources. Two chapters present the 
early history of the Mackenzie Valley oil 
industry and changes in regulations by 
Order-in-Council up to and including the 
Canol Project. Other sections treat the es
tablishment of landing field sites and aero
dromes from Edmonton to the Arctic, and 
construction of camps, roads, pipelines, 
and refineries. 

Dr. Barry made a portion of The Canol 
Project available for review here; it is a 
very well written and thoroughly docu
mented account of changes wrought by 
wartime operations in a huge wilderness 
in the course of a pioneering and little-

• Letters 
Editor: 

known project. It should be of interest to 
Canadians and Americans who were part 
of the Canol work force, as well as to stu
dents of geography, international relations, 
socioeconomics, and to people in the oil 
and air transport industries. It is also a 
source book for high school, university, 
and special libraries. Signed and numbered 
hardbound copies may be purchased from 
the author at 14322 Ravine Drive, Edmon
ton, Alberta T5N 3M3, Canada, for $65 
(Canadian) plus postage and handling. 

***** 

It's been some time since we've remind
ed readers of the U.S. Geological Survey's 
publications from its Water Resources Div
ision, and the backlist of reports is steadily 
growing. One considering the whole state 
is Cost-Effectiveness of the Stream-Gaging 
Program in Alaska, by Robert D. Lamke. 
Among other findings, Lamke concludes 
that the number of gages is inadequate to 
represent streamflow characteristics in 
many areas, that no method now exists to 
determine the accuracy of records made 
during the time when streams are frozen, 
and that the quality of the records could be 
improved if the amount of lost gage-height 
records could be reduced. The report, 

Water- Resources Investigations Report 85-
4096, may be ordered from the Open-File 
Services Section, Branch of Distribution, 
Box 25425, Federal Center, Denver, CO 
80255. Review copies are available for in
spection only at USGS libraries in Denver, 
in Reston, Virginia, and in Menlo Park, 
California; and at Public Inquiries Offices 
in Anchorage, Los Angeles, San Francisco, 
and Spokane. 

Similar rules apply for obtaining or re
viewing copies of Surface-Water Quantity 
and Quality in the Lower Kenai Peninsula, 
Alaska (no. 84-4161); Water Resources of 
the Copper River Basin, Alaska (USGS 
Hydrologic Investigations Atlas HA-686); 
Hydrology and Geochemical Processes of 
a Subarctic Landfill, Fairbanks, Alaska: 
Basic Data (Open-File Report85-195);Es
timation of Selected Flow and Water
Quality Characteristics of Alaskan Streams 
(no. 84-4247); Arsenic, Nitrate, Iron, and 
Hardness in Ground Water, Goldstream 
Road, Yankovich Road, and Murphy 
Dome Road Areas (T. 1N., R. 2W., FM), 
Fairbanks, Alaska (Open-File Report 85-
341); and Effect of Glacier Ablation on 
the Snettisham Hydroelectric Project, 
Long Lake and Crater Lake Basins, Alaska, 
with a section on Streamflow Records (no. 
85-4315). 

This morning's mail brought Volume 17, Number 2, Summer 
1985 issue of The Northern Engineer. Months late, as usual. 
However I've come to accept this, but not without some exas
peration! You see, the Summer '85 issue noted the Winter Cities 
Forum '86 to be held in Edmonton, Canada, 15-19 February. 
Too late, much too late at this date for arranging to attend. 

phasis is emphasis.) Monetary constriction also affects mailing 
procedures. To save labor costs, we now have our mailing done by 
a local nonprofit organization. The more uniformly the mail can 
be handled, the less expensive the processing-and, of course, 
bulk rate offers the lowest-cost postage. 

We have considered offering air mail delivery as an option to 
those subscribers who wish to pay for it. Comments such as 
yours help move that option forward; barring unforeseen prob
lems, we shall offer it with Volume 18. Note, please, that be
cause of the additional sorting required, the cost will be greater 
than the difference in postage alone. 

Depending on The Northern Engineer, among other publica
tions, for information and keeping abreast of technology, we 
wonder whether something can be done to facilitate faster circu
lation. Perhaps increasing subscription rates for the lower 48 to 
include air mail? 

Or, am I missing something along the line? I will, however, 
appreciate a response concerning when and how mailings are 
handled. -J. Dulet 

Snohomish, Washington 

***** 
Dear J. Dulet: 

Well, so much for my making frequent and foolish noises 
about always being glad to hear from our readers. Unfortunately, 
your points are inarguably well taken. In more or less reverse 
order: 

The only thing you might have missed is the editorial in Vol. 
17, No. 1, which addressed the budget squeeze, reasons for it, 
and reaction to it-and the reactions did include our deliberate 
decision to be sloppy with schedules rather than let content slip. 
(Whereupon we discovered some abominable slips, leading to a 
lengthy erratum in Vol. 17, No. 2. So be it. Rats. However, em-

The Northern Engineer, Vol. 17, No.3 

Meeting announcements, as noted in passing under the first 
such listed in the last issue, often don't reach us in time. We 
could not tell you of the Fourth International Cold Regions En
gineering Specialty Conference (24-26 February) or Energy Op
tions 86 (20-23 March) or Offshore and Arctic Frontiers (23-26 
February) because their PR people assume monthly schedules or 
better for the publications they aim to reach, or because the 
postal service has not dealt kindly with their bulk mailing either. 
Sometimes we try a reasonable gamble-the Alaska Transporta
tion Forum may be past by the time you read this issue, but 
readers here in Fairbanks may have a few days' notice. You would 
at least be reminded that this meeting series existed, and could- if 
you cared to- have yourself placed on their mailing list to re
ceive direct notice of future meetings. The Winter Cities meeting 
ffll in the latter category; in fact, we're glad you had a week's 
notice before that forum actually occurred, and sorry that was 
too short. 

Believe it or not, we're also glad you wrote-and sorry it was 
necessary. -Editor 
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