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Editorial 

The Great Energy Embarrassment 

or 

All Red Faces Aren't Due to the Cold 

The mechanized world's dependence 
on the potential energy locked in petro
leum fuels has been for so long taken for 
granted that any threat to that depen
dence immediately invokes the word 
"crisis." And as a result, this nation has 
ended the year 1973 with but a whimper 
of industrial growth and a great deal of 
embarrassment. Now energy chief William 
Simon tries desperately to convince the 
American public that the shortage is real 
and the oil companies continue to maxi
mize their profits. The list is impressive. 
Here are the profit increase figures for 
some major oil companies for the first six 
months of 1973: Texaco, 44%; Standard 
of California, 42%; Exxon, 54%; Gulf, 
82%; and Occidental, a whopping 566% 
increase. The oil companies will have 
credibility problems for life if they con
tinue their profit-taking without making 

some explanation. The point is made 
that faces on all sides are becoming 
increasingly red. 

With the problem so well documented, 
print-worn and full of platitudes, perhaps 
it would be good at this time to ask a few 
questions about our own position in the 
scheme of things. The North has always 
been the last to feel the pressures of the 
world's woes. Remoteness has its advan
tages. But the North's main concern is 
with its future energy needs. At present, 
we are not suffering from a lack of fuel 
to any great extent, but we are most 
assuredly paying our share of the price 
increases. To find out why, I did some 
candid research on the position of Alaska 
with regard to its energy consumption and 
energy supplies. Alaska has two refineries, 
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both of which are located in the Kenai 
area and refine part of the crude oil 
produced in the Cook Inlet region. These 
two refineries produce approximately 25% 
of all the petroleum products consumed 
in the state. For the remainder of our 
needs, we depend upon production facili
ties in California and Washington. All of 
our propane is produced outside the 
state and is then shipped in over the AI Can 
Highway. But it is important to realize 
that Alaska already produces 2% of the 
nation's domestic crude oil, which ex
cludes any future production of the 
North Slope. It is our lack of refinery 
capability which makes us dependent 
upon outside supplies and not a lack of 
crude oil reserves. Our position stands to 
improve considerably if we can manage 
to protect our natural wealth of crude oil. 

One of the reasons we have been 
forced to pay higher prices for fuel has 
been the government's concession to 
raise the price limit more than 20 percent. 
Consequently, the price per barrel of 
crude oil produced in Alaska for our own 
consumption must increase as well to com

pete with an otherwise higher price out
side. To put it more simply, when 
Alaskan crude oil is worth more in the 
lower 48 than it is here, more of it will 
be exported because it brings a better 
price unless, of course, the price is raised 
in Alaska. So once again, Alaska faces 
the problems of colonialism: prices are 
controlled completely by the mother 
country even though nothing has really 
changed here. We should learn from 
this. Studies should be made in order to 
use government pricing limits and tax 
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laws to our advantage in keeping crude 
oil production here for our own use. 

At present and in the near future, con
ditions will get worse for all the North, 
but they need not remain so. What will 
really provoke the most calamitous situa
tion will be the construction of the Alaska 
pipeline. Energy consumption will in
crease enormously both through construc
tion demands and the commercial needs 
of the boom populace. A shortage will 

result as Washington and California, their 
own supplies restricted, reduce the oil 
they send Alaska. Additional shortages 
will result from a lack of adequate trans
portation facilities in Alaska to move the 
oil to wherever it is needed. This last 
point has been thoroughly investigated by 
officials from the Fairbanks Town and 
Village Association (T. V .A.) Development 
group. It is their opinion that the North's 
major weakness is its lack of adequate 
transport capabi I ity and their point is 
clearly difficult to dispute. The Alaska 
Railroad, by its own estimates, can handle 
a 50% increase in energy transport to the 
North, but could it also handle the 
increased freight and construction load 
which will accompany the pipeline con
struction? It is doubtful. Growth will 
take place at a far faster rate than our 
ability to cope with it, and again many 
red faces will appear unless we can recog
nize our position and prepare now. The 
time is right to take the reins, couple 
them with intelligent foresight, knowhow, 
and engineering experience in order to 
keep the whole picture from turning out 

-continued on page 12 
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Meet Our Editorial Board 

In its last issue, The Northern Engineer 
announced the names of its new editorial 
board members. These eleven men - en· 
gineers, consultants, architects, educators, 
and scientists - are all experts in their 
respective fields. The Northern Engineer 
staff believes that the knowledge and 
expertise they bring to the magazine will 

produce a journal that is comprehensive, 
eclectic, and more stimulating. We have 
included here a brief resume of each so 
that our readers will know a bit more 
about the men who comprise the Editorial 
Board. 

Charles E. Behlke 

Charles Behlke is the Dean of the 
College of Mathematics, Physical Sciences 
and Engineering and a Professor of Civil 

Engineering at the University of Alaska, 

Fairbanks. He is also a former head of 
both the Institute of Arctic Environmen· 
tal Engineering and the Institute of Water 
Resources. His professional experience 
includes doing hydraulic research at the 
Engineering Experiment Station at Oregon 
State University, and being Head of the 
Department of Civil Engineering at the 
University of Alaska. He has done much 
consulting work on various river and 
coastal engineering problems. He was a 

hydraulic consultant to the U.S. Fish 
and Wildlife Service, the Alaska State 
Highway Department on the proposed 

Turnagain Arm crossing, and is the arctic 

engineering consultant to the U.S . En· 
vironmental Protection Agency for the 

Trans-Alaska pipeline as well as an en· 

gineering consultant to the Arctic Com· 
pany in Montreal, Canada. 

Dean Behlke was also the National 
Science Foundation Faculty Fellow at 

Delft Technological University in Delft, 
Holland, and received the Carter award 

for outstanding teacher in the School of 

Engineering at Oregon State University. 

He has authored numerous pub I ications 
including, "An Investigation of Super· 

critical Flow of Channel Junctions," 
"Arctic Engineering for the Seventies: A 
Philosophy," "Arctic Operation Moorage 
of Large Ships," and many others. He is 

a member of the American Water Re· 
sources Association, the American Society 
of Civil Engineers, the American Society 
of Engineering Education, and the Marine 
Technology Society. He currently re· 
sides in Fairbanks. 

Edwin Crittenden 

Edwin Crittenden is President of 
CCC/HOK (Crittenden, Cassetta & Can· 
non/Hellmuth, Obato & Kassabaum) and 
has practiced architecture in Alaska for 

twenty three years . He is responsible 

for all phases of management, new busi· 

4 

ness, and client relations, design, produc· 

tion, and construction management. 
Originally from Connecticut, he received 
his Masters of Architecture at Yale Univer· 
sity, studied Housing and City Planning 
at M.I.T. and Architectural studies in 
Helsinki, Finland. He is registered in 
Alaska, California and Washington. Mr. 

Crittenden has served as Executive Direc· 
tor for the Alaska State Housing Author· 

ity, which is responsible for statewide 
programs of planning, urban renewal and 

housing, and has lectured and written 
about planning for earthquake prone com· 

munities and community design in the 

North. He also has served on the Alaska 

Board of Architects and Engineers, the 

Anchorage Planning Commission and was 

the first President of the Alaska chapter, 
American Institute of Architects. He lives 

in Anchorage and is the father of six 
children. 

David M. Hickok 

Dave Hickok is the Director of the 
Arctic Environmental Information and 
DataCenter and Director of the Sea Grant 

Program, both under the sponsorship of 
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the University of Alaska, Anchorage. Mr. 

Hickok received his education at the 
New York State College of Forestry at 

Syracuse and has held a wide range of 
positions in natural resource and engineer· 
ing programs. He was the Natural Re
sources Officer and Regional Planning 

Coordinator for the U.S. Department of 
Commerce in Washington, D.C. and the 

Planning Officer for Natural Resources 

for the Federal Field Committee for 
Development Planning of Alaska. Hickok 

is also the author of many publications 

including "Alaska Natives and the Land," 
"An Approach to Marine Resource Devel

opment in Alaska," and "Observations on 
Marine Affairs in Alaska." He currently. 

resides in Anchorage. 

William R. Hunt 

Bill Hunt is Associate Professor of His

tory and heads the History Department 
on the Fairbanks campus of the University 
of Alaska. Dr. Hunt has contributed 
many articles to this magazine in the 
past, including "The Great Telegraph 
Race," "Northern Munchausen," and "A 
Look at lnuvik." His books include a 
Reference Guide to Early Maps in the 
Northwest Collection, a Dictionary of 
Rogues, and an unp~blished work (in 
press) on the histories of Alaska's gold 
rushes and the Bering Sea Frontier. He 

has worked as a high school teacher, and 
was a Visiting Professor at the Memorial 

mer of 1969. Currently he is Chairman of 

the Northern Studies Committee which is 
involved in the development and guidance 

of interdisciplinary degree programs at the 

University of Alaska. 

John M. Miller 

John Miller is Head of Scientific Ser

vices at the Geophysical Institute, U niver
sity of Alaska. He is a Registered Pro

fessional Engineer in Alaska and holds 
electrical engineering and engineering 
management degrees from this University. 

His technical interests are broadcasting, 

electronics and communications engineer
ing, spacecraft telemetry systems and 
environmental applications of satellite 
data, and he has been interested in the 
special needs of the arctic and subarctic 

regions for 20 years. 

University of Newfoundland in the sum Kenneth W. MacKenzie, Jr. 
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Ken MacKenzie is the Pollution Control 

Officer for the Fairbanks North Star 

Borough and manages the Department of 

Environmental Services which is respon

sible for air quality management, solid 
waste management, environmental impact 
statement development and review, and 
advising the Borough Mayor and Assembly 

on environmental matters. He received 
his M.S. in Engineering (Environmental 

Resources Program) from the University 

of Washington and has worked for The 
Boeing Company, the Fisher Body Divi

sion of General Motors and K.W. MacKen

zie & Associates in Detroit, among others. 
MacKenzie has co-authored many techni
cal papers, most recently the "Cold 
Regions Automotive Emmissions" study 
and "The Spatial and Seasonal Distribu
tion of Two Atmospheric Pollutants 
around a Sub-Arctic City." He is a mem
ber of the Air Pollution Control Associa· 
tion, the Greater Fairbanks Chamber of 
Commerce and the American Pub I ic Works 
Association. He and his wife and son 

reside in Fairbanks. 

Arthur J. Movius 

Jim Movius is an engineer associated 
with R & M Engineering and Geological 

Consultants of Fairbanks where he has 
engineering, supervisory and client reports 

responsibility for projects related to the 

Trans-Alaska Pipeline; community facili

ties design development and operation; 

and feasibility investigations for other 
projects. He has a law degree from the 

University of Denver and is a Registered 
Professional Engineer. Before joining 

R & M, he w.as General Manager of the 
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Fairbanks Utilities System during a time 

when it was experiencing over a 100 per

cent expansion of facilities. His principal 
experience has been in design, construc
tion, and the operation and management 

of electric, steam, water and telephone 
facilities both in private and public utility 
organizations. 

R. Sage Murphy 

Sage Murphy is an associate witn 
Dames & Moore and is a specialist in 

sanitary engineering and water quality 
management. He has worked on a water 
supply project in Nigeria and, among 

other projects, has consulted on a number 

of waste treatment problems in Alaska 
and the Canadian Arctic. 

Prior to joining Dames & Moore, Dr. 
Murphy was the Director of the Institute 

of Water Resources at the University of 

Alaska. He was also a Professor of En

vironmental Health Engineering. Research 

under his direction was primarily involved 
with water supply, waste treatment, and 
water quality engineering in cold climates. 
This work has resulted in over 15 journal 
articles, 25 technical research reports and 

the co-editorship of one book. Other 

experience gained, prior to joining the staff 

of the University, included Chief of the 
Environmental Engineering System, Arctic 

Health Research Center in Anchorage and 
Fairbanks where he performed engineering 
studies for sanitation facilities for Alaskan 
Native villages. As a private consultant, 
Dr. Murphy has been retained by the 

World Health Organization and the Polish 

government to recommend industrial 

waste treatment schemes for the highly 

industrialized Upper Silesia area. Other 

consulting assignments have included 

waste treatment and receiving stream 
studies for a pulp mill in Saskatchewan 

and other numerous assignments with the 

petroleum companies working on the 

Alaskan North Slope. He received his 
PhD in Sanitary Engineering from Penn

sylvania State University and he has an 
M.S. in Civil Engineering. 

Elbert F. Rice 

Eb Rice is a Professor of Civil En
gineering at the University of Alaska and 
received his PhD in Civil and Hydraulic 

Engineering from Oregon State College. 
He was an instructor of general engineer

ing at Oregon State before joining the 
faculty of the University of Alaska in 

1952. He was also a National Science 
Foundation Faculty Fellow in City and 
Regional Planning at the Massachusetts 
Institute of Technology. Besides being 

listed in American Men of Science, Dr. 
Rice is a member of many societies includ

ing the AAAS, The Glaciology Society, 
the American Society for Civi I Engineers, 
the American Society of Engineering Edu
cation, the Seismology Society of Ameri

ca, and the National Society of Professors 
of Engineering. Dr. Rice is well-known 

to the readers of The Northern Engineer 
as the author of a series of articles (the 
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latest appears in this issue) on building 
in the North. He is also spearheading a 

group of engineers who are compiling an 
"Arctic Primer"-or "What You Always 

Wanted to Know About Building in the 

North" -which, hopefully, wi II be pub

lished next year. Dr. Rice does consul
ting work in both City and Regional 

Planning and in Arctic Engineering and is 

an enthusiastic light plane pilot. 

Thomas D. Roberts 

Tom Roberts is an Associate Professor 
of Physics and Electrical Engineering at 

the University of Alaska, Fairbanks, and 
received his PhD in Physics from Oregon 

State University in 1965. He was a mem

ber of the Radio Plasma Physics section 
of the National Bureau of Standards in 
Boulder, Colorado, before joining the 
University of Alaska in September 1966. 
He taught electrical engineering for a year 
at the University of Washington as a 

visiting associate professor and has held 
positions as test and development engineer 

for the Chrysler Corporation and research 
engineer for the U.S. Bureau of Mines. 
His published work includes articles on 
electron and plasma physics, molecular 
lifetimes, and engineering education. Dr. 
Roberts is a member of the American 
Physical Society, the I.E.E.E. and the 
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American Society for Engineering Educa
tion . He is presently conducting research 
on instrumentation, and is completing a 
textbook on physical electronics. 

Charles W. Slaughter 

Charles Slaughter is a Research Hy
drologist with the U.S. Army Cold Regions 
Research and Engineering Laboratory, 
(USACRREL), Alaska Field Station, Fair
t.anks, Alaska . His duties include research 
in cold regions hydrology and watershed 
management and acting as the scientific 
liaison for USACRREL. Previous to 
working with USACRREL· in Hanover, 
New Hampshire , Dr. Slaughter worked for 
the U.S. Forest Service both in Pomeroy, 
Washington, and in the Arapaho National 
Forest in Golden, Colorado. 

Dr. Slaughter received his B.S. in 
Forest Mangement from Washington State 
University and his PhD in Watershed Man
agement from Colorado State Un iversity . 
Currently his research with USACCREL 
includes work as a Project Leader in cold 
regions hydrology centered on Caribou
Poker Creeks Research Watershed in cen
tra l Alaska; principal investigator on a 
civil works research work unit for water
shed studies in cold regions; principal 
investigator for work unit 005, task 05, 
Cold Regions Environmental Quality Eval
uation and Management ; investigation of 

vehicle trails on permafrost terrain; and 
membership of the ERTS-A Analysis 
Group working on hydrology and snow 
cover. 

He is the author of three journal 
articles, twenty-three technical reports, 
and is a member of the society for 
American Foresters, the Soil Conservation 
Society of America, Society of Sigma Xi 
and the American Geophysical Union . 
Dr. Slaughter is also a member of the 
National Ski Patrol, and is a licensed 
private pilot. At the present time, he also 
holds an unsalaried appointment as an 
Associate in Watershed Management with 
the University of Alaska's College of 
Biological Sciences and Renewable Re
sources and in this position he assists in 

the guidance of graduate students 
and enhances cooperation between 
USACRREL and the University of Alaska. 

Tunis Wentink, Jr. 

Tunis Wentink is a Professor of Physics 
at the Geophysical Institute, University 
of Alaska, Fairbanks, and was a former 
Director of the Institute of Arctic En
vironmental Engineering there. Dr. Wen
tink has held a wide range of positions 
including being Head of the Experimental 
Physics Department of the Panametrics 
Division of the Esterline Corporation; 
National Science Foundation Visiting Pro
fessor in Physics at the Geophysical I nsti 
tute in 1967; senior staff scientist, Space 
and Atmospheric Sciences Directorate 
with the GCA Corporation; and the Senior 
Consulting Scientist, Aerophysics Depart-
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ment, Research and Technology Labora
tories, Avco Corporation Missile and Space 
Systems Division, among many others 
too numerous to mention here . 

He is most recently concerned with 
the application of advanced scientific 
techniques to the problems of the arctic 
environment-sea ice properties, perma
frost detection with acoustics, and the 
characterization and abatement of ice fog 
and pollutants. The national energy 
crisis, the wind potential of Alaska (see 
article in this issue by Dr. Wentink) and 
wind machines are other areas of recent 
concentration. Despite current emphasis 
on applied research, in his professorial 

role he continues work in fundamental 
molecular spectroscopy. 

He has extensive experience in the 
fields of electronics and molecular phy
sics, especially absolute intensity radiation 
behavior in the ultraviolet, visible, in
frared, and microwave spectral regions. 
Long laboratory experience has been cou
pled to field problems like planetary 
aeronomy, aurora, reentry physics (ICBM 
program) , and nuclear blast radiative 
transport and debris. 

Since 194 7 Wentink has published over 
thirty-five articles in major scientific 
journals and twelve major articles in 
classified journals and periodic nat ional 
symposia proceedings. Several major re
ports remain classified. 

Dr. Wentink received his B.S. from 
Rutgers University in 1941 and his PhD 
from Cornell University in 1954, after 
interim study at Princeton and the Massa
chusetts Institute of Technology. He is a 
member of the American Physical Society, 
the American Radio Relay League and is 
listed in the Tenth and later Editions of 
American Men of Science. 
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by Tunis Wentink, Jr. 

Wind Power for Alaska 

An Impossible Dream? 

I~TRODUCTION 

The utility of the wind in Alaska is 
unquestionable. Windmills are the result 

of an old and highly developed technolo· 
gy, and Alaskan winds permit the exploi· 

tation of this technology over wide areas. 
Small windmills were used in various 

parts of Alaska for years until oil, though 
often expensive, replaced wind. The real 

problem seems to have been either a lack 

of generating capacity (size) or an inabil· 
ity to control the charge of the storage 
batteries. However, the fuel crisis and the 

availability of improved wind machines 

and controls indicate that a re-examina

tion of wind power for rural Alaska is 
very worthwhile. 

In discussing windmills, and especially 
those producing electricity, one should 
separate past results (and discussion of 
the decline of wind power), the present 
status and application of wind-driven 
generators or so-called wind machines, 
and the future prospects of wind power 
where recent advances of modern science 
and technology would be incorporated 
in modern windmills. Here we very 
briefly review the past, peek into the 
future, but dwell mostly on the possi

bility of rural electrification in Alaskan 
villages through windmills NOW. 

The Past 

Many critics ignore the successes of 
wind power. The windmill is mentioned 
in ancient literature; the Encyclopedia 
Britannica makes references to its use as 

early as about 600 A.D. The major 
application, in Europe, seems to date 

from about 1150 A.D. The Dutch wind
mills used to grind grain and to win much 

of Holland from the sea by pumping 

are well known; in 1850 there were 
9,000 such windmills in Holland. By 

1960 there were about 900, mostly mu

seum pieces. Windmills were displaced 
by cheap coal, the steam engine, and 

then by the internal combustion engine. 
Ironically, the day of cheap fossil fuel 
is gone and thus a new life for windmills 
is possible now. As late as 1954 some 
10,000 windmills on the island of Crete 
were used for pumping water and to the 
best of our knowledge, many still are. 
Wind turbines producing 100 kW of 

electricity were operational in England in 
1956. In 1942 a large windmill fed 1.25 
megawatts into the Vermont state utility 
grid. In Denmark the 200 kW windmill 

at Gedser operated from 1957 to 1969, 
working well until scrapped. Numerous 

windmills, admittedly small, are opera

tional in the United States, Australia, 

Paraguay, Russia and elsewhere. 

The important point of this brief 

summary of windmill history is that a 
well-known, proven store of knowledge 
exists for application now. The general 

consensus of windpower experts is that 
the availability of reliable wind-driven 

generators producing up to at least 100 
kW (and probably much more) represents 
no problems, except,ing the economic in

centives to modernize past designs and 
go into production. 
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The Future 

Future news items could read like 
this: "1978 - at Dutch Harbor, proud 

residents of Unalaska watched the depar· 
ture for Japan of the first tanker loaded 

with liquid ammonia produced at the 
entirely wind-powered local plant. 

1979 - At Lost River, Alaska, a spokes

man announced an expansion of the 
existing wind-driven electricity plant to 

allow local refining of new ores recently 
discovered on the Seward Peninsula and 

pointed out that 40 percent of the new 

power would be made available to the 

expanding local community. He also 

revealed plans for a new bank of fuel 

cells. 1982- A major shipyard in Wash

ington today revealed plans for construc
tion of newly developed, super-insulated 

tankers for the economic transport of 
liquid hydrogen. First use will be on 
routes from the Aleutian Islands to Seattle 
and Los Angeles. The announcement 
noted the hydrogen to be transported 

will be produced with windmill power, 

and the process will involve no pollution 
during manufacture or final use. First 

launches of these tankers are expected in 
1988." 

What nonsense is this? Ancient wind· 
mills, space-age fuel cells, fertilizers, liquid 

hydrogen, and non-polluting industry all 

related? No nonsense, if serious studies, 
none yet implemented on a practical 

scale, prove economically feasible. Tech· 
nical feasibility of windpower plants of 

significant size seems assured, but the 
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economics so far are uncertain. However, 

what is out of reach now, economically, 

may prove a bargain in the 1980/2000 

period as the still relatively cheap energy 
crunch intensifies. The year 2000 is only 

26 years away! 

And Today 

But, the news and energy needs of 
today must push aside the bright future 

prospects of large scale (megawatts) wind 
power. For instance, a December 1973 
news story in the Fairbanks Tundra Times, 
was headlined, "Fuel Shortage Hits Bush." 

Present oil shortages and reduced future 
allocations are sure to influence rural 

Alaska. Thus we reserve (for Part II) the 

"big picture" aspects of wind power, and 

here consider small village electrification. 

We treat the fast-changing status of actual 
windmill availability, the need for wind 
surveys, the amount of power to be 
expected in an Alaskan "bush" location, 

and costs. The intent is to show what 

can be done with windmills now, or at 

least in the next year or so, in rural 
Alaska. 

AVAILABLE WINDMILLS 

Windmills in the (peak) power range 
of 2 to 6 kW are now commercially 
available, with order backlogs starting 
to influence delivery. These windmills 
are of Australian, French, and Swiss man

ufacture. Our best information indicates 
that foreign 12 kW units will be available 
as productions items in late 1974. A pro· 
totype 70 kW double-rotor windmill (2 

sets of blades on a single shaft) was 
operated in 1972-73 in Switzerland. We 

have been told that various similar double
rotor units with output capacities of 30 
to 230 kW have been projected and 
probably are awaiting funds to permit 

construction. A U.S. 100 kW wind· 

powered generator may be tested in 1975. 

Thus, to show what could be expected 
soon, this article assumes that we would 
install one or more 6 kW units in a given 

location. Paralleling the units is easy, 

and hence, the modular concept provides 
for only partial loss in case of a machine 
failure. Also, adding windmills as demand 

grows permits gradual plant expansion, 
instead of installing single and too·large 

units at the beginning of electrification 
of a village. 
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FIGURE 1. Power Output vs Wind Speed Characteristic of a 6 kW Rated Wind-driven Generator 
(Eiektro Model WVG-50G). 

Figure 1 shows the typical power·wind WIND DATA AND SURVEYS 
speed characteristic of a 6 kW wind· 

driven generator. Note that the rated 

power (really the maximum) is reached 
at about 28 mph, an average wind speed 
achieved near ground at very few loca
tions. Thus, to determine the expected 

actual power output, details of the wind 
speeds need to be known. 

Wind speeds can vary considerably 
from site to site. For instance, in con· 
sidering the western and northern coastal 
area of Alaska, proceeding north and 
then east along the coast, we find varia· 
tions, using published data, like those 
shown in Table 1. 

TABLE I 

Yearly Average v3 103 

Community Wind Speed, mph (mph) 3 Number of Years of Data 

Kotzebue 12.8 2.08 25 
Cape Thompson 20.0 8.03 2 
Pt. Hope 12.3 1.87 3 
Cape Lisburne 12.1 (15.1)* 1.76 (3.43)* 18 
Barrow 12.0 1.71 23 
Barter Island 12.7 2.03 23 

*See text for height effect. 
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These curves were derived by combining 
Figures 1 and 2. From Figure 3, by 

counting squares under the various curves, 
we deduce that, for the average month, 
the monthly energy yield is about 1200 
kWh; for October it is 1530 kWh, if the 

artificial situation of a windmill 13 ft 
above ground were used. The October 
energy productivity. if h were 40 ft, 
would be 2170 kWh. The fact that the 

October yield only increased 42% in going 
from a 13 to 40 ft height is due to the 
fact that, even at the lower height, the 
power was sometimes at maximum; limit
ing by the windmill (Figure 1) permitted 
no further power at the higher wind 
speeds. Regardless of the details involved, 
it is clear the height effect plays a signifi
cant role in the amount of energy pro
duced, and so is important in planning a 
wind-generator installation. 
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% Time Above V In any event, some 1500 to 2000 kWh 
(per 6 kW windmill) of energy each 

month is worthwhile in many communi
ties. This is especially true in smaller 
Alaskan villages, where the monthly 
average energy use, per capita, is only 
about 100 kWh. Hence, windmills in the 
bush make sense if the wind conditions 

are appropriate. This must be determined 
village by village, or as a minimum, by 
careful area wind surveys. 

FIGURE 2. WIND SPEED DURATION CURVES FOR CAPE LISBURNE, AK. (1953-70 Datal 
Solid Curves for average of all months, June, and October, at 13ft height. Dashed 
curve for October adjusted by theory to h =40ft. 

One could conclude that, excepting 
Cape Thompson, on the average the winds 
of the various locations along the western 
and northern Alaskan coast are quite 
similar. This is not correct, however, and 
that conclusion can lead to poor estimates 
of actual windmill productivity. (The 
power produced depends on the cube of 
the wind speed.) A major factor in 

using known wind speed data is the wea
ther station anemometer height (h) which 
can vary considerably from station to 
station. For example, using proper height 
corrections, it can be shown that Cape 
Lisburne (h=13 ft) has a yearly average 
wind speed 26% greater than at Barrow 
(h=31 to 39 ft). and the productivity of 
the same windmill at the same height 
( h=40 ft) is 100% greater at Cape Lis
burne than at Barrow. 

While yearly wind speed averages are 
good indicators of windmill worth, the 
variation of wind speed over an extended 
period is a better guide to the expected 
energy yield. Figure 2 shows the so-called 
velocity (or speed) duration curves for 
two separate months and for the year at 
Cape Lisburne. The curve for October 
was also adjusted for the expected use 
height (for the windmill) at 40ft. 

POWER AND ENERGY YIELDS 

The curve we really want is the so
called power production or productivity 
curve of the type shown in Figure 3, for 
Cape Lisburne. The area under these 
curves represents the energy obtained. 

Location-Cape Lisburne, AK 

Note.- 1952-?0 data 
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FIGURE 3. POWER PRODUCTIVITY CURVES FOR GIVEN MONTHS AT CAPE LISBURNE, 
AK. (using one WVG-50G Windmill). 
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GENERATION COSTS 

We now turn to a brief consideration 
of the approximate costs of generating 
electricity by wind-driven generators for 
remote Alaskan communities. It is neces
sary to consider the special situation that 
exists because of the present limited 
availability of windmills and the formida
ble logistics of installing them in remote 
areas. To illustrate these points Anak
tuvuk Pass in the Brooks Range was 
selected as the village for possible wind
mill installation. This community is 
served only by air transport. The costs 
for Anaktuvuk Pass should set an upper 
limit on corresponding estimates for 
coastal Alaska, where both, sea and air 
freight can be employed. 

Usually a discussion of the economics 
of power generation first deals with the 
question of cost of the installed power 
plant capacity, i.e., the cost/kW installed. 
However, the real question is the cost of 
the energy produced, i.e., the cost/kWh. 
Both are treated here. The development 
that follows shows that, presently, the 
cost/kW installed appears to m.ake wind
mills economically unattractive. How
ever, it will be shown that the cost/kW 
installed is offset by costs/kWh in a short 
time, and that wind as an energy source 
can significantly decrease the cost of 
electrical energy in rural Alaska. 

We do not consider loan amortization 
or labor installation costs here. We 
assume these will always be less for wind
based systems than for fossil-fueled sys
tems, due to the more rapid pay-back by, 
and greater simplicity of, the wind ma
chines presently available. 

Cost of Installed Power Capacity 

Some costs for fossil fueled plants are 
of interest, mostly to establish a base for 
comparison: 

stalled. The relative effects of the 
smaller scale (compared to 1, above) 
and transportation are not known to 
us. However, even smaller installa
tions like 1 MW, using coal, should 
cost well above $200/kW in the 
contiguous states. 

3. In the Alaska Village Electric Co
operative (AVEC) system, mostly 
medium sized diesel-powered gen
erators are used to electrify remote 
villages. For a 50 kW oil-powered 
generator and associated oil tanks, 
the cost is $1700/kW installed. 
While oil is cheaper than coal, as 
far as the required plant is con
cerned, the high cost here reflects 
both the economic inefficiency of 
small size and the expense of ship
ping generators and fuel tanks. 

In the case of windmills there is no 
opportunity to consider the economy of 
size, since only small wind machines are 
available and for these units the cost 
effectiveness of true mass production is 
not achieved. Costs have been estimated 
in past years, ranging from $68/kW 
(1948 estimate, if 1000 machines were 

made) to $323/kW ( 1963, one large 
machine). A 1972 estimate of $350/kW 
has been made for about one hundred 
50 kW machines per year. Nevertheless, 
we are confined now to only few choices: 
the largest available "off-the-shelf" unit 
is a 6 kW windmill produced in Switzer
land. 

Various situations based on this 6 kW 
windmill were examined, including de
livery to Anaktuvuk Pass. This site was 
chosen to show the considerable effect 
of logistics costs and the influence of the 
lack of U.S. manufacturers of wind ma
chines. Table 2 summarizes the result of 
our cost investigations. 

Case 1 (Idealized) 

Assume the 6 kW Swiss wind machine 
system, comprising the wind-driven gen
erator, tower, and associated voltage and 
protective (from high speed winds) con
trols. No energy storage is included. This 
is the most optimistic situation, in that 
the wind speed and duration are supposed 
to be sufficient to produce the maximum 
rated power output at a steady rate. In 
this case the cost per installed kW is 
$614 in Switzerland, $698 in Maine, and 
$871 at Anaktuvuk Pass. At the last 
location, duty (7,5%) and freight to
gether account for a 28% mark-up of the 
manufacturer's price. This idealized case, 
providing no energy storage for electri· 
city, would be of interest in a real 
situation only for intermittent use, such 
as refrigeration or water heating. 

Case 2 

Now assume storage batteries are pro
vided, and an inverter is also made 
available to provide steady A.C. power 

TABLE II 
Costs of a Small (6 kW) Windmill at Various Locations 

Case Situation Cost Power, kW $/kW 

A 6 kW windmill, tower fob Switzerland, $3683* 6 614 
and controls; no energy fob Maine, $4185 6 698 
storage. For example, fob Anaktuvuk, $5225 6 871 
SW-60 system less both 
batteries and inverter 

1. In Oregon, a coal-fired 1000 mega- B SW-60 system, which fob Maine, $8690 2 4345 
watt ( 1 MW=1 000 kW) power plant 
cost $175/kW installed. This price 
reflects both the "lower 48" loca-
tion and the economics of large 
scale. No fuel costs enter into this 
figure, or those of 2 and 3 below. 

2. At Healy, Alaska, a coal-fired 25 
megawatt plant cost $400/kW in-

includes batteries and fob Anaktuvuk,$11090 2 5545 
2 kW inverter 

c Like B, but with fob Maine, $9140 3 3047 
inverter rated at 3 kW fob Anaktuvuk,$11540 3 3847 

*No firm 1973 value known to us; assumes duty and freight from Switzerland to 
Maine account for 12% of the 1973 fob Maine price. 
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from the battery bank. Further assume 
that the wind productivity is sufficient, 
on the average, to keep the batteries 
charged and so permit the steady load on 
the system to be that of the inverter 
(2 or 3 kW). Then the cost per installed 
kW ranges from $3047 (3 kW in Maine). 
to $5545 (2kW) and $3847 (3kW) at 
Anaktuvuk. So far a very poor case for 
windmills seems to have been made. 
However, the central question in many 
remote areas is the cost of the energy 
(kWh) compared to that produced by 
expensive (often air-delivered) fuel, usual
ly #1 heating oil. The AVEC estimate, 
averaged over all villages served by various 
transportation methods, was 36¢/gal for 
1973. However, at Anaktuvuk Pass the 
usual 1 delivered (not retailed) cost is 
about $1.77/gal (36.7¢/gal at Fairbanks, 
and before the Arabian embargo effect). 

Now consider this oil cost in terms of 
3 kW of firm power. Monthly, this 
steady 3 kW power amounts to 2190 
kWh of energy. Again using AVEC 
averages ( 7. 13 kWh/gal), 2190 kWh can 
be obtained from 307 gal. This nor
mally Would cost $544 at Anaktuvuk. 
There the minimum generation cost based 
on #1 diesel fuel would be 24.8¢/kWh. 

Assume now that wind conditions are 
such as to perm it the 6 kW rated output 
windmill to operate, on the average, at 
50% output and to permit a steady load 
of 3 kW. This is reasonable in many 
coastal Alaskan locations. In any event, 
the wind productivity must be checked 
for any location and at Anaktuvuk Pass. 

This installation delivered at Anaktu
vuk would cost $11,540. If this system 
were operated for one year, the wind
produced energy would then cost 
43.9¢/kWh; but when operated for years, 
the cost averages out to 8.8¢/kWh. Thus, 
in the years following installation the 
energy production costs drop steadily; 
but in reality, of course, truly free power 
is not achieved. 

However, in terms of the oil cost 
savings accomplished by the substitution 
of wind power, the cost of the wind sys
tem is quickly equaled. For oil savings 
at 24.8¢/kWh or $544/month ( 1973 
prices), the windmill system in 21.2 

1 Currently the cost is 50¢/gal, due to a 
corporate gift, but this seems to be a 
temporary state of affairs. 

months (or 1.8 years) would pay off the 
capital (including delivery) costs of the 
equipment. The lifetime of the windmill 
can be expected to be ten to 20 years, 
and that of the batteries ten years, if all 
are properly used and serviced. 

So we can conclude that: 
1. Foreign origin, and resulting duty 

and freight, increase the cost of 
wind-driven generators about 12%. 
Further shipping across the Ameri
can continent and then to remote 
Alaskan areas can increase the de
livered price, relative to the cost at 
point of manufacture, nearly 28%. 

2. Present costs per installed kW of 
windmills at Anaktuvuk Pass com
pare poorly with fossil-fired con
ventional generators installed else
where 

3. The savings in high cost fossil fuels 
delivered to remote areas make the 
energy cost of wind-derived energy 
very attractive. 

4. The high cost of present day wind 
machines can be recovered in a few 
years, based on the fuel savings 
alone. 

PRESENT STATUS 

What is happening now to electrify 
Alaskan villages with windmills? Detailed 
plans for installation of one or more 6 kW 
windmills at Anaktuvuk Pass, Point Lay 
and Belkofski have been readied. The 
villages of Atka, Port Heiden and Kakto
vik are also being considered. Cold Bay, 
Wales, Tin City and the planned devel
opment of Lost River likewise seem to 
offer outstanding possibilities for the 
maximum exploitation of windpower. 

Several governmental agencies, like the 
North Slope Borough, various departments 
of the state government, and also AVEC 
haye expressed a keen interest in these 
plans and some have indicated a willing
ness to partially support a village demon
stration. But to date, no funded program 
has been started. 

Time and events will determine whe
ther the villages of Alaska will one day 
utilize the cost-saving energy of the wind. 
Windmills, anyone? 

Dr. Tunis Wentink, Jr. is a Professor of Physics 
at the Geophysical Institute, University of 
Alaska, Fairbanks ca.mpus. 
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-Editorial continued 

Embarrassment 

to be a major embarrassment. It is also 
an excellent opportunity to, establish base
line planning methods to cope with the 
inevitable development in all the areas of 
the North. Energy is a most basic tool, 
and all this furor has at least served to 
sharpen everyone's awareness of that uni
versal fact. 

What steps should we take? The most 
logical would be those of conservation 
and self-preservation. In addition to con
serving our oil resources for our own 
well-being and that of all future Alaskans, 
we should develop our hydroelectric 
capabilities. It is this writer's opinion, 
based on economic feasibility studies 
made by Fairbanks T.V.A. Development 
Inc., that the Rampart Canyon project 
should be abandoned in favor of devel
oping a hydroelectric generation plant on 
the upper Susitna River. This project 
has geographic and environmental advan
tages which make it a more desirable 
alternative to the Rampart Canyon dam. 
Extension of the Alaska Railroad into 
Canada and connecting it with the rail 
system of that country would enormously 
benefit the economics of transportation 
to Alaska as well as providing an alterna
tive means of transport and tourism. It 
would also develop strengthened commer
cial relations with Canada and would have 
mutual benefits for the Canadians. 

And finally, nothing makes less sense 
energy-wise than shipping out our crude 
oil to be refined 2000 miles away and 
then shipping it back for our own use. 
Economic and tax benefits should be 
provided to enable us to construct our 

own refineries for handling our own 
demands. Nothing short of this should 
be acceptable. It would not even be 
necessary that private investment capi
talize such a project. The state could do 
it, or if that makes some shudder, how 
about a public utility? After all, the 
resources belong to everyone. Economic 
and political prowess will be ours if we 
show maturity of action and a respect for 
the problems now. 

Richard Seifert is a Research Hydrologist with 
the Institute of Water Resources, University of 
Alaska, Fairbanks. He is currently doing re
search in operational applications of NOAA 
satellites for Alaska. 
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by Christian Bettignies 

WIND ENERGY 

Its Utilization • 1n Isolated & Arctic Regions 

INTRODUCTION 

At the time of the Renaissance, the 
windmill was already eight hundred years 
old. But it was the Renaissance mind 
that saw wind power as an alternative to 
the toil of men and animals. Wind was 
a pure source of energy, non-polluting, 
inexhaustible, and existed in vast quan
tities that only needed to be harnassed. 
And harnassed it was~in the middle of 
the 15th century, the windmiU became 

the great saviour of the Low Lands, 
reclaiming hundreds of acres of fertile 
farm lands from the encroaching sea. 

Yet with the introduction of the steam 
engine in Europe in the 19th century, 
the slow but steady decline of the wind
mill began. Instead of energy from the 
wind, man was now burning fossil fuels 
that drove his ships, pumped his water, 
ground his grains and performed the 
myriad tasks that once were the sole 
domain of windpower. Now, when he 
has all but exhausted the available fossil 
fuel supplies, man is once more exper
iencing a rebirth of ideas: he is looking 
once again to the wind to answer one of 
his most critical needs~ energy. 

In his article, M. Bettignies discusses 
the possible uses of small and medium 
(!4 to 100 kW) sized modern wind power 
plants. While the use of wind power is 
not significant as yet in the Arctic and 
subArctic, the North has many places 
where wind is usually available. Due to 
the remoteness of most sites in arctic 
regions, and the resultant high costs of 
fuels, modern aerogenerators can provide 
a viable non-polluting alternative to local 
power needs in the North. While this 
article briefly reviews wind power plants 
used in isolated regions elsewhere in the 
world, it demonstrates the feasibility of 
applying wind power in the Arctic as well. 

~Ed. 's Note 

(~ to 100 KW) 

POWER EXTRACTED FROM THE WIND 

The power in the wind varies with the 
cube of the wind speed and with the 
swept area of the windmill. However, due 
to aerodynamic considerations, the energy 
that can be converted by a windmill can 
only be a fraction of the wind's total 
power; only 20% to 40% of the power 
can be extracted depending on the type 
of airscrew. 
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An approximate formula (Golding, 
1955) for arriving at the percentage of 
power actually extracted is as follows: 

P = (0.2 to 0.4) · K ·A· v3 
where P is the power, A is the swept are~ 
and V is the wind speed. K = 5.3 x 10-
if P (kW), A (sq ft) and V (mph). 
K "' 1.37 x 10-5 if P (kW), A (sq m) and 
V (km/h). One could expect to extract 
0.2 kW per square meter of swept area 
for a 36 km/h wind (Vadot, 1958). More 
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accurate methods, both empirical and 

theoretical, permit the calculation of the 

actual power harnessed from the wind 
(Golding, 1955; Putnam, 1948; Bettignies, 
1970). Figure 1 (from Vadot, 1958) 
represents the energy produced in 
kWh/m2yr as a function of the rated 
wind speed which is the speed at which 
the windmill produces its full output. 

ENERGY STORAGE 
VS STAND-BY POWER 

Due to the intermittent nature of the 
wind, storage of its energy is necessary 
if a stand-by power system is not availa
ble. So far, hydraulic and electrical 
energy storages have been the most popu
lar methods. Storing wind by the elec-

trolysis of water is also possible; hydrogen 
and oxygen can then be recombined in a 
fuel cell to produce power at will. How
ever, wind energy can also be stored as 
"sensible heat" or "heat of fusion." 
By heating water, rocks, or soil with 
energy when it is available, that energy 
is recoverable at a later stage. Yet so far, 
heat of fusion methods have been used 
mainly in solar energy technology. Some 
of these forms of storage can only be 
economical on either a very small or a 
very large scale. For medium-sized appli
cations discussed here, energy storage is 
not always feasible. In these cases, it is 
more practical to employ a windmill and 
a stand-by power plant. 

USING WIND POWER TO 
SOLVE SOME ENERGY NEEDS 

FIGURE 2. 15 kW RUSSIAN BUILT SOKOL 

The following illustrate some of the 
experimental applications of windmills to 
small energy needs . These experiments 
have proved successful and can easily be 
applied in the Arctic and other isolated 
areas of the North. 

that pumps 9000 liters a day with an 
18 km/h wind and a 7 m lift. Another is 

a Dutch built Hertog windmill which 
pumps 3000 liters a minute with a one 
meter lift. A 10 hp Brace Institute proto-
type windmill, used to irrigate a field by 

Water Pumping sprinkler irrigation in Barbados, pumps 

1400 liters an hour with a 32 km/h wind 
This is the oldest and most traditional and a 30.5 m lift. A 15 kW Russian 

use of the windmill. Detailed studies can built Sokol can pump 15,000 liters from a 
be found in the available literature (Vadot, head of 100m with a 25 km/h wind (see 
1957; Brace Institute; United Nations, . fig!.!re 2). The Savonius rotor (see Figure 
1956 and 1961, etc.). 3), a small wind machine made of twoemp-

with a 16.1 km/h wind and a lift of 3.3 m. 
These are a few examples of some of the 
commercially available wind machines that 
are currently pumping water for various 
uses. 

Village Electrification 

The price for energy in many small 
Arctic villages comes very high . One 
reason for this is that these villages often 
have very small power requirements (from 
30 to 100 kW). Combined with today's 

Several small water pumping wind ty oil drums cut in half along their longi· rising price per barrel of fuel oil, plus the 
machines are available commercially. One tudinal axes and assembled on a vertical additional rising costs of transporting that 
is a German built Lubing ·aerogenerator axis, can pump 1200 liters in an hour fuel to remote towns, arctic utilities may 
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FIGURE 3. SAVONIUS ROTOR 

begin to see that, despite the high initial attractive. 
costs of wind generated power, windmills 
may prove a very economical way of 
getting energy . Of course, economic and 
wind power studies will reveal whether a 
medium sized wind generator, coupled 
with a stand-by power plant, is a feasible 
alternative to the standard two diesel 

set-up. In the past, several medium sized 

aerogenerators ( 10 to 100 kW) have been 
tested for village electrification purposes. 
Some are still in operation, but most, 

because of the availability of fuel oil, 
were discontinued because they were no 

longer competitive. However, as man

tioned earlier, rising fuel prices and world

wide shortages of fossil fuels have made 
the competitiveness of wind power more 

One should also mention that in some 
sites, secondary power can also be used 

when wind is available. For example, a 
theoretical study of the available wind 

power at Deception Bay in northern 
Quebec, Canada, was undertaken. Under 
some conditions, and considering different 
initial costs of 12 hp windmills varying 
between 7500 and 14,000 CDN dollars, 
the costs of secondary electrical wind
produced energy varied from 15,000 to 

24,000 kilowatt hours (Bettignies, 1970). 

Wind power generated electricity 
proved to be competitive with the tradi

tional fuel methods (up to 30 cents per 
kilowatt hour). In each site, economic 
and wind power studies must be con-

15 

ducted to determine the break even point: 

where and when does the wind-turbine 
become more economical than the usual 

two diesel plant? 

To give an example of medium scale 

wind power application in Denmark, a 45 

kW synchronous generator driven by a 13 

m diameter wind rotor produced 87,170 
kWh in a year for a rated wind speed of 

43 km/h, and a mean wind speed of 16.8 
km/h at the site. The electricity produced 

was fed into a utility grid (Golding, 1955). 

Powering Navigation Aids 

Aerogenerators have been used with 

success to power automatic beacons in 
New Zealand and to power lighthouses in 

both Australia and France. 
The Service of Lighthouses in France 

carried out an experiment (Prunieras, 

1966) in Sept-lies, France. A lighthouse 
was powered with a modern 5 kW Aero

watt aerogenerator which produced, in 

total, about 7500 kWh/yr. This Aerowatt 
wind machine was a two blade airscrew 

5. 73 meters in diameter. The output from 

a four pole generator was 160 Volts at 

30 Amperes, or an output power of 
4800 Watts. The machine had automatic 

braking above 330 r.p.m. During the five 
year testing period, the wind machine 

produced up to 80% of the total necessary 
energy . Economic studies showed that 

the "wind power + stand-by+batteries" 
system was, by far, more economical than 

the classical "two diesel sets + batteries" 
system . 

Aircraft navigation aids, too, can be 
powered by aerogenerators. Money could 
be saved in the operation of some naviga
tion aids at many windy Alaskan or 
northern Canadian sites by using similar 
methods. 

Water Desalination 

Solomon (May, 1968), a Rumanian 
engineer, recently proposed a system for 

water desalination composed of a wind

mill coupled to thermo-compression dis

tillators working under heat pump prin

ciples, which permit a high thermal effi

ciency. The system starts and stops auto
matically depending on whether wind is 
present or not . It was proposed to let 
the airscrew turn at a variable rotation 
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speed, using voltage and intensity regula
tors, instead of attempting, at high cost, 
to obtain a constant rotation speed. As an 
example, a 30.2 m diameter Neyrpic 
aerogenerator, rated at 428 kW and pro
ducing 834,000 kWh yearly, could pro
duce 7.6 x 107 liters of pure water, 
enough for the needs of sev~ral thousand 
people. The feasibility of smaller schemes 
as this for use in the coastal Arctic where 
fresh water is difficult to come by, should 
be investigated. 

Powering Automatic 
Geophysical Data Recorders 

Due to the remoteness of the sites, it 
is often very expensive to supply energy 
for automatic recorders. It has been 
proved that using small wind generators 
coupled to batteries is an excellent and 
economic alternative to the conventional 
power sources. Examples are numerous: 
there are Aerowatt generators from one 
to five kW used in Greenland and in the 
Antarctic (Figure 4); Australian built Dun
lite generators in the Antarctic; and a 
German built Lubing generator at the 
Axel Heiberg Island in northern Canada. 
Similar windmills can also be used to keep 
instrument enclosures within certain ther
mal limits. 

Powering Radios, T.V.'s, Telephones, 
Microwave Relay Stations, Etc. 

In many parts of the world, small 
aerogenerators have been used with suc
cess to supply such power needs . In 
Sweden, wind power supplies electricity 
to an automatic telephone exchange. The 
system is such that it provides for at 
least four weeks of windless weather. 
In Australia and New Zealand, windmills 
are used to power telephone and VHF 
repeater stations. They have been used to 
supply power to some arctic and antarc
tic expeditions. The prospects of using 
aerogenerators for similar purposes in 
arctic North America are excellent. 

Catholic Protection of Pipelines 

Pipelines constructed mainly of iron 
are very prone to corrosion unless pro
tected by a "perfect coating" or by mak-

ing the iron cathodic. Usually a combin
ation, based on cost, of coating and 
cathodic protection is employed. The 
cathodic protection can be by sacrificial 
anodes, e.g., magnesium or zinc, but 
these are expensive and need periodic 
replacement. On the other hand, non
sacrificial anodes, e.g., carbon, can be 
used along with an external source of 
electro-motive force . Power for this 
protective method has been supplied by 
wind generators in France, Russia and 
other countries. 

Electrification of Isolated Dwellings 

Again, prospects for house and farm 
electrification using wind power are ex
cellent in Alaska and northern Canada. 
The Electrical Research Association 
(E.R.A.) in England tested two aerogen
erators for similar purposes in temperate 
regions. The first windmill was a German 
built Allgaier which produced 6 kW A.C. 
and 1.5 kW D.C. The second was a 

British built 25 kW Dowsett unit. The 
loads on the farm using the German unit 

were as follows: 

A.C. 

electric heating 
heati~g (Immersion) 
heat storage 
soil heating 
motor for water pumping 

lamps (inside) 
lamps (outside) 
iron 
radio 

D.C. 

5360W 
2600W 
1440 w 
560W 

1080 w 

1000W 
600W 
450W 

75W 

The experiment showed that, by using 
automatic loading methods and by plan
ning the loads in advance, all the energy 
available could be usefully employed. 
This E.R.A. experiment lasted 3,726 hours 
and, for an average wind speed of 13.6 
km/h, the total energy produced was 
4510 kWh (Walker, 1960). 

FIGURE 4. AEROWATT IN ANTARCTICA 
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Conclusion 

From just a brief review of the existing 
wind machine experiments, it is apparent 
that wind power technology is impressive. 
All the necessary tests have been per
formed for different kinds of applications. 

The economic expediency of using wind 
generators, especially in the Arctic, is 
indicated by its large wind power poten
tial, the commercial availability of some 
medium sized windmills or prototypes to 
meet some of the power needs described 
in this article, and the absence of sound 
economic reasons for constructing larger 
power stations at the present time at some 
sites . 

It is interesting to note that as early 
as 1954, the Soviet delegate to the World 
Power Conference indicated that 29,500 
windmills were in use, mostly in the 
northern regions of the USSR. These 
windmills represented a total capacity of 
167,000 hp. 

It is only surprising that wind power 
has not been more widely used in Alaska 
and northern Canada where similar condi
tions and wind power potential exist. It 
seems necessary to prove the validity of 
this concept by doing some more exper
iments. A few medium sized aerogen
erators should be installed in northern 
regions at windy sites. Electricity should 
be supplied to some houses in existing 
villages. At the first stage, the entire 
village need not be dependent on wind 
power, merely a few dwellings. Later, the 
feasibility of completely sustaining a larg
er village (provided also with some form 
of stand-by power)should be investigated. 
At a time when we are talking so much 
about a wiser use of natural resources and 
the delicacy of the arctic ecology, it 
seems that we should be turning to this 
non-polluting, non-depletable, free energy 
from the winds. 
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by Eb Rice 

Vapor Barriers 

The Ideal 
Arctic House IV 

(This is the fifth in a series by Dr. Rice on 
building in the North. The prior articles, 
"Permafrost-Its Care & Feeding," "Nor
them Construction: Siting & Founda
tion," "The Ideal Arctic House-II," and 
"Heating the Ideal Arctic House-III," 
have appeared in The Northern Engineer 
in Winter 1972, Spring 1973, Summer 
1973, and Fall1973.) 

INTRODUCTION 

Water vapor causes problems for every

one-and most of us don't even know it. 

We know we have problems, all right, 
but we blame them on some other cause, 

some other mechanism. For instance, 

when we get a heavy snowfall in Decem
ber, and water starts dripping through the 

ceiling, we diagnose the cause as a leaky 
roof, and blame the material or the 
builder. Or when the base of the wall 
turns dark and damp during a January 
thaw, and water seeps out to wet the 
kitchen floor, we suspect bad plumbing. 
Or when carefully fitted multi-pane win-

We are wrong. Often. 

In each case, the villain is probably 
water vapor-or, more properly, the vil

lain is a designer not yet accustomed to 

design for long, cold winters: his agent 
is water vapor. 

Man-the Tropic Animal 

Our trouble begins with the habit of 

living in a tropic environment, regardless 
of the local climate. It is fundamental 
that air can hold many times as much 

water when warm as when cold; and so, 
when the heated air of our I iving enclo
sures is surrounded by a cold climate, we 
expect a few local disturbances, even if we 
are unsure of just what they might be 
(Figure 1). Air at 70° F, when saturated, 
holds about 0.016 pounds of water in each 
pound of dry air, whereas air at 10° F 
can hold at most 0.0015 lbs, and the 
amount diminishes still further as the 
temperature descends. The effect of all 

this is to cause dwellers of the North to 

dows frost-over in October and don't live in a very dry environment indeed: 

regain transparency until March, we sigh, 

shrug, and conclude that "such is life 

in the Far North," and that nothing can 
be done. When the outside walls become 
diseased with peeling paint, or when the 

tarred roof blisters and breaks, we are 
quick to blame the paint, the painter, or 

the roofer. Always we know these 
things will happen, and we are confident 

that we know why. 

below-freezing air, even if originally satur

ated, will have humidity of 25% or below 

when warmed to house temperature. 
This can be raised "for comfort and 

health" by installing a humidifier, but 
this is rarely necessary. Cooking, washing, 
breathing, and the drying of clothes all 
add to the moisture of the warm air. (It 

is estimated [Handbook of Fundamentals, 
p. 319] that a family of four may pro-

duce as much as 25 pounds of vapor 
daily even without clothes-drying.) But 

not all this water remains in the air: 
some is removed through normal ventila

tion; some forms dew or frost on win
dows, doorknobs, and other cold surfaces; 
and some, alas, condenses unseen in the 
walls and roofs. There is an upper limit 
to the amount of moisture the air in a 
room can hold, determined by the tem
perature of the coldest surfaces. If a win
dow, for· instance, is colder than the dew

point temperature of the air, water vapor 

must condense as fog, dew, or frost. 

This dries the air somewhat. If higher 

humidities are desired, a continuing sup

ply of new moisture must be added to 
feed the thickening condensation. For 
practical reasons, therefore, a room has a 

limiting relative humidity. Higher humid
ities than the "limit" are hard to main
tain. But even humidities well below the 

limit for visible condensation still are 
capable of filling insulated spaces with 
frost or dew.1 

Whence cometh the flood? 

If we added no moisture at all to the 
heated air, its relative humidity would be 
low, low. But we cook. We bathe, we 
wash, we do laundry, we carry in snow 
on our boots. We breathe. All these 
things add moisture to our air, and per
haps that's a lucky thing, for otherwise 
the humidity would be so incredibly low 

1 Grease has a vapor pressure, too. In cooking, and especially baking, grease vapor diffuses through the air. The "dew point" for 
grease and oil is quite high, so condensation occurs mostly on visible wall and ceiling surfaces. 
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FIGURE 1. VAPOR PRESSURE vs TEMPER· 
ATURE 
Saturated air (100% relative humi· 
dity) at 0 F, when warmed to 
70 F without addition of water, 
will have a relative humidity of 
less than 10% (Line A-B). 
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that our health might suffer.2 w = -~tx 
An outstanding source of humidity is 

the burning of hydrocarbon fuel. "Cook- This is a form of F ick's Law, and is 

ing with gas" - that is, heating over a 
direct flame - produces great quantities of 

moisture. As a rule of thumb, the 
burning of a pound of gasoline, propane, 

or light oil will produce, as "ash," about 
a pound of water. This is a common 
way to fog windows and eyeglasses and to 
saturate walls. During winter construc
tion every effort is made to keep work 

sites warm, and builders commonly use 
unvented "master" heaters to do the job. 
For every 350 gallons of fuel thus con
sumed, about a ton of water is produced. 
Some of this is carried away by ventila
tion; but, unless the designer is on his 
toes, much will condense within the 

walls or roofs. 

HOW DOES VAPOR MIGRATE? 

As a reasonable approximation, vapor 
transport by diffusion through materials 

follows this relation: 

analogous to the Fourier equation used in 

computing the flow of heat: 

w =weight of vapor per area per time 

p = vapor pressure 
x =distance in direction of flow 
J-t = permeability 

Unfortunately, J-t is not a simple constant. 

It varies with relative humidity, and with 
temperature, in a relatively complex fa
sion. Using J..l as averaged through a 

material, the equation becomes 

where x is the length of flow path (i.e., 

the thickness of the material) and 

£2 pdp 
- 1 1-1 = --;:---:::---

p1 p2 

For many calculations it is convenient to 

use permeance, M, where M =~ M is 
usually expressed in perms, whose units 
are 1 grain per (hour) (tt2) (inch of Hg 

vapor pressure difference). Resistance of 

a sheet is ~- The total permeance of an 

assembly is: 

+ .... 1 ) 
Mn 

This can be used in a modest permutation 

of the basic equation: 

W = Mtotal A t t.P 

where W =the amount of water, grains 
A =area of vapor flow, square 

feet 
t = time, hours 

p = vapor pressure difference, 

inches of Hg 

Although diffusion of vapor in air 
follows Fick's Law pretty closely, the 
"permeability" of air is quite high, so the 

resistance of air films often may be 
ignored in practical calculations. (This is 

in strong contrast to the resistance of air 

films to heat flow. Considering heat flow 
through windows, for example, the air 

films are the dominant resistors. Not so 

for vapor flow.) 

An Example Problem 

Imagine a more or less typical wood 
frame wall of the simplest sort used for 

arctic construction: 2-by-6 studding, 
covered with unpainted "exterior" ply

wood and insulated with fibrous glass 
(Figure 2). The warm side air tempera
ture is 65 F, with a relative humidity of, 

say, 50%; and on the cold side the tem
perature is -35 F with a moderate wind, 

and a relative humidity of 100%. 
Using the relationships developed 

above, it is possible to calculate for this 
wall a vapor pressure gradient that is con
sistent with the permeance of the wall 
and its parts, shown as line A. This line 
is something of a fiction, since it is based 
on the proposition that there is steady
state passage of vapor clear through the 
wall, each portion of which contributes 
its part to the total resistance to vapor 

2some doctors claim that arctic indoor humidity is too low at best, and they prescribe humidifiers. They do not always recog
nize that they inadvertantly may have prescribed fogged-over windows and wet walls as well. Later they may ponder how to treat 

"cabin fever" and "flat wallet." 
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flow. But this cannot be. Line S is a only a few thousandths of that quantity 
graph showing the vapor pressure in air 
at saturation, for the temperature that 
exists in the wall. The lines S and A 
cross, about a third of the way into the 
wall. This seems to imply an inconsis
tency: steady flow of water vapor re
quires that vapor pressure on the cold 

side of the crossing, C, be higher than is 
possible. In fact, at C the air is saturated; 
and at any position to the right of it, the 
air is saturated and is at a much lower 
vapor pressure (and, therefore, has a much 

lower water content) than at C. The 
"missing" water has reached its "dew 
point" at C, and condenses out as dew or 
ice, in the region from C outward. 

In this case, the vapor flow could be as 
great as 0.5 grains of water per square 
foot per hour into the wall, but could be 

out of the wall. Even if the material did 
not soon "load up" with ice and totally 
block the vapor, there would still be a 
continual increase of moisture in the wall, 
for the available vapor pressure gradient 
through the outer portions of the wall 
(along line S) is insufficient to cause out
flow of significance. If the relative hu
midity on the warm side of the wall were 
reduced to, say, 20%, all else equal, the 
rate of increase of moisture in the wall 
would decrease to about 40% of the 
previous amount; but there would remain 
a buildup of moisture in the wall, with 
all the attendant circumstances "apper
taining thereto." It is estimated (Groome, 
p. 226) that perhaps a 5% moisture con
tent will change the effectiveness of insul
ation 20 to 25%. I am inclined to believe 
that, and to believe further that saturation 
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of insulation by ice reduces it to a 
thermal conductance approaching that of 
masonry, which is very poor indeed- and 
there certainly are many cases where 
walls have been cut through in the winter 
to reveal a "concrete" of fiber-filled ice 
within. 

Minus 35 F, however, is perhaps not a 
typical temperature, even in the Arctic, so 
maybe the point is over-stated. Never
theless, a similar calculation for any other 
reasonably typical wintertime temperature 
reveals the same story: walls fill with 

moisture because it can enter much more 
readily than it can depart, whenever cold 
temperatures prevail. When the outside 
temperature warms somewhat, some of 
the trapped ice melts, and the liquid 
water makes itself apparent as the walls 
leak or the ceilings drip. Worse, the 
water can also perform its mischief se
cretly by inviting unseen mildew, rot, 
delamination. of plywood, deterioration 
of paint, ad infinitum. 

Virtuoso rna non Troppo 

The calculations reveal important 
truths about moisture buildup; and, fur
ther, they point the ways by which some
thing can be done about it. They can 
even be refined a lot to reveal the effect 
of diffusion of vapor through the adjacent 
air, and the influence of the changing 
permeability of the material with temper
ature. 

Sad to say, such calculations mostly 
reveal the scientific virtuosity of the 
calculator, for the important mechanism 
of moisture buildup is not diffusion at 
all, but is something infinitely less suscep
tible to accurate calculation. 

The Breathing Mode 

To illustrate, let us picture a double 
pane window (Figure 3). Here there can 
be I ittle question of permeabi I ity, for 
glass is totally impervious; and its frame 
is not significantly permeable. Why, 
then, does one often encounter a buildup 
of frost on the inner face of the outer 
pane? The answer lies in the "breathing" 
of the space. As the outside temperature 
fluctuates, as the sun illuminates the win
dow, as the barometric pressure changes, 
the air in the space between the windows 

The Northern Engineer 
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FIGURE 3. MULTIPLE PANE WINDOWS 
The airspace must breathe as the air changes pressure (due to daily fluctuations in the 
temperature and barometric pressure). If it breathes warm humid air freely, there 
will be a buildup of condensation-with no countervailing reversal-until spring. The 
cure: sea/leaks of the inner pane; and encourage leaks through all the others. Walls 
trap moisture in the same way and respond to the same treatment. 

expands or contracts. Unless the space is 
sealed bottle-tight, some air must enter or 
leave. If the space "breathes" warm, 
humid inside air, condensation will occur. 
It's about that simple: if the window 
space can breathe mostly outside air it 
will remain clear throughout the winter. 
If it breathes mostly inside air, it will 
stay frosted regardless of what else is 
done. The solution is clear, then. Seal 
the potential leaks from the warm side, 
and encourage air passage from the cold 
side. For when a space breathes in, it 
should bring in cold (and, therefore, dry) 
air, which warms somewhat a-nd becomes 
capable of carrying out with it any inad- , 
vertant moisture it may accumulate. If 
it can inhale warm, moist air, on the 

I 

other hand, the air will cool. Excess' 
moisture must remain between the panes, 
and the condensation buildup will con
tinue as long as cold weather continues. 

This breathing phenomenon is by no 

means confined to windows (in fact, it 
doesn't even occur in windows, if they 
are the factory-sealed kind): it is the 
chief mechanism by which walls become 
wetted, saturated, and icy. 

Truth and Consequences 

A story often encountered in the 
Northern winter is this: After a deep and 
soft January snowfall, in a school, apart
ment, restaurant, or office, a "leak" de
velops, staining the ceiling and perhaps 
causing a drip. A maintenance man 
is called, whose response is to provide 
buckets, after which he attacks the roof 
with a shovel. He removes the snow, 
which, sure enough, has turned to water 
at its lower layer. By the time he exposes 
and dries out the roof membrane, there's 
usually something to patch (Klutz' law: 
"if you shovel a roof, there'll be some
thing to patch ... "). He patches it, and the 

21 

leak stops. Everyone resumes normal 
activity, secure in the belief that watery 
snow leaked through a hole in the roof, 

and that the hole is now closed . 
This happens, to a degree, in many 

places, all over the continent above lati
tude 45, say; but it is endemic in the far 
North. It need not happen at all, of 
course. More likely than not, the roof 
did not leak (until the shoveller appeared) . 
The drip was water, trapped as frozen 
vapor in the insulation above the ceiling. 
The snowfall, by increasing the insulation, 
caused the melting of the trapped ice. 
(A "January thaw" would have done the 
same.) The melted ice, of course, dripped 
down as would water from any source. 
The reason the leak stopped after the 
roof was cleared of snow was that ( 1) the 
condensate was used up, or (2) the re
maining ice stayed frozen because the 
insulating snow was removed, and the 
roof cooled off again. Even if there had 
been no patching of the roof, mere 
shoveling would have stopped the drip -
until warmer weather occurred. (For 
additional caveats against the too-quick 
roof shoveller, see "Design of Roofs for 
Northern Residential Construction," by 
Axel Carlson, Vol. 5, No. 1, TNE.) 

... 

~'tltt!~ 

Beware the too-quick roof shoveller, or Klutz' 
Law in action. 
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Of"course, there are other horror stories 
about what vapor can do in a cold cli
mate. Fibrous insulation in a wall has 
been known to become saturated and 
slump to the bottom of the stud space, 
leaving the top few feet uninsulated. 
Vapor trapped under a membrane roof 
has caused blisters which stretch the mem
brane and render it vulnerable to breaks 
and leakage. W!nter-trapped vapor es
caping to the outside during summer 
causes paint to blister and peel, ice 
buildup can force foam insulation boards 
from walls, and so on and on . . . Vapor 
turns out to cause much more important 
problems than many (temperate zone) 
designers realize. For most such prob

lems, the first thought of the user is to 
blame the contractor; and the next is to 
blame the climate, or bad materials. Th11 
fault, if blame need be assigned at all, is in 
the ignorance of the designer. Vapor 
problems are not so hard to solve .... 

"Why don't we have these problems in 
Denver?" 

These same tendencies for vapor build
up occur also in lower latitudes. But they 
are less likely to cause noticeable prob
lems there, because the amount of water 
transferred is very much less in warmer 
areas. The average temperature difference 
is naturally smaller during the heating 
season there. Moreover, the heating sea
son is short and is punctuated with 
warmer periods during which condensed 
vapor may re-evaporate. The walls and 
ceilings never get very wet, and they have 
a chance to dry out fairly often. By con
trast, in the Arctic, the heating season 
may approach 12 months in length, and 
the drying-out of insulated spaces may 
never take place. In cold regions, there
fore, moisture build-up in poorly designed 
structures can be a one way proposition, 
rarely, if ever, improving. And yet, such 
a design may be quite tolerable in warmer 
climates. 

The Cure 

To avoid moisture problems, it is fairly 
obvious that improvement, if not cure, 
can come from: 

1) Enough ventilation to keep the rela
tive humidity low on the warm side 

of the wall. 

2) A leak-free vapor barrier on the 
warm side, and 

3) Highly permeable materials on the 
cold side. 

The first of these, ventilation, must be 
used to a certain degree· if only to keep 
the humidity at an acceptable level and 
the air "fresh": too-dry air causes bron
chial discomfort to some people, and 
possibly health problems (although these 
consequences seem to be highly indi
vidual . Most people get along fine in the 
super-dry air of the heated, ventilated 
arctic enclosure). There are other reasons, 
too, for curtailing unlimited ventilation. 
For one thing, irrgesting vast quantities of 
outside air merely for the purpose of 
exhausting it to carry a little water away 
is enormously costly and wasteful of fuel. 
(It's possible to mitigate this cost some
what by using elaborate heat exchangers
but these ain't so cheap and trouble-free 
either.) For another, keeping the air too 

dry does wild things to furniture: heir
loom antiques crack, pianos become dis
jointed, chairs and tables shrink and their 
wood tends to check. Even after a sat
isfactory adjustment has been made to a·ll 
this, later, during the short summer, 
"reasonable" humidities prevail, and 
wooden parts re-expand, to repeat the 
drying cycle yet again the following win
ter, ad infuriatum. So it is not likely 
that we will elect to keep the air totally 
dry, even if that were possible. In any 
case, the warmed air will pick up quite a 
bit of water; and some of that will cer
tainly migrate to the interior of walls and 
roofs, barring some additional effective 
measures. 

The second, a leak-free vapor barrier, 
is absolutely essential. Without one, the 
other forms of vapor control cannot be 
adequate. There is no such thing as a per
manent arctic enclosure without a good 
vapor barrier on the warm side. Trouble 
is, no vapor barrier is totally tight. 3 
There are leaks despite whatever precau
tions we take. Sometimes the leaks are 
tremendous, as. happens where a barrier 
is discontinued near a door or window 
opening, or where it may be lapped 
poorly where wall and ceiling join. Often 
the vapor seal has openings in it where 
electrical outlets or fixtures occur. The 

thing is to provide as tight a vapor 
barrier as can be installed conveniently, 
and to recognize that it will be imperfect. 

To take care of the inevitable leaks, it is 
necessary to provide for high permeability 
for all layers of construction colder than 
the vapor barrier. Ordinary construction 
is usually not porous enough, and must 
be perforated in some manner so that 

"breathing" takes place freely to the cold 
side and not at all to the warm side. 
Usually, the equivalent of 5 or 6 half-inch 
diameter holes per stud space is enough, 
recognizing of course that such openings 

should be protected from entry of driving 
rain, snow, or insects. Porous sheathing 
is available, and is fine. 

VAPOR BARRIERS AND INSULATION 

Be-cause vapor problems do occur even 
in temperate environments, manufacturers 
of insulation frequently make "blankets" 
or "rolls" of insulation with a vapor 
barrier of tarred paper and/or metal foil 
attached. Such vapor barriers are admir
ably impermeable, and if diffusion were 
the only mechanism for vapor transport, 
they would be superb. Even as they are, 
they perform satisfactorily for temperate 
zone conditions. But for cold climates 
this "foil-backed" insulation is not ade
quate, because the numerous joints per
mit surprisingly large air leaks. Further
more, the foil, which has some value as a 
thermal barrier when facing space, has 
none when adjacent to opaque material
and there is little virtue in leaving an air 

space unfilled with insulation in the arctic. 
For an adequate and cheap vapor barrier, 
large sheets of 4-mil or thicker poly
ethylene sheeting have proven to be 
satisfactory. Such sheets can be generous
ly lapped or taped where they join, and 
have the further merit of being almost 
transparent, so that the condition of the 
insulation beyond can be checked after 
installing them on the inside walls. 

AA: Arctic Anecdote. A prominent 
arctic expert once referred in public to 
the design of some dwelling huts to be 
used for a camp intended for very high 
latitudes. He was proud of the huts, for 

he had contributed to the design. "None 
of this scientific stuff for us," he said, 
"We will put the vapor barrier on the 

3one public construction agency, well aware of the enonnous expense entailed in tolerating poorly designed walls, has specified 
metal foil laminated with kraft paper as the vapor barrier. It is to be sealed at all joints, and inspected to insure against leaks when
ever possible. This works very well indeed. It is my opinion, however, that the cost is far too great, that it is possible to make 
equally passable walls with much less expense. 22 
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outside. We will wrap the huts in vis

queen to keep drafts out." 
I pricked up my ears at that. Certain 

that moisture would pass through the 
walls and load them up with ice, I inter
mittently sought information from the 
users of the huts. Within a year or so, I 
found to my surprise that the huts 
worked fairly well. 

"It's true that vapor passed through 
the insulation," one of the men re
marked, "And it did condense and freeze 
on the plastic. But the plastic was 
fairly loose and every time the wind 
blew, the ice broke off into fine, little 
chips that fell between the plastic and the 
wall. Since we had to keep those huts 
pretty hot, the ice came in handy for 

making a Daiquiri now and then." 
I remain stupified with admiration. 

FIGURE 4. PLACEMENT OF VAPOR BARRIER 
Vapor barriers should be on the warmest practicable surface. A vapor barrier at (1), 
however, has to be penetrated by electrical wiring and fixtures, and is usually·leaky. 
In some cases, arranging for the barrier to be at position (2) has merit. The barrier is 
safer there, but could cool below the dewpoint for short periods. An advantage is the 
reduction of all-wood heat flow paths, as well. 

A large-sheet vapor barrier not only 

discourages leakiness, it also allows the 
abandonment of "backed" insulation 
which is costly and troublesome to install. 

Instead, "friction-fit" batts may be used, 
and they can be installed so quickly that 

the entire vapor-barrier-plus-insulation 
package for an adequately designed wall 
will usually turn out to be cheaper than 
the alternative, inadequate, foil-backed 
system. This should be obvious, but 
many builders and building material 

dealers continue to use or to recommend 
foil-back insulation for arctic and sub-
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FIGURE 5. ROOF SYSTEMS 
Most flat roofs are built as in (a). This is satisfactory when the underside of the roof membrane is well ventilated, and when the 
ventilation is augmented by a warm-side vapor barrier. At (b) is the IRMA roof of the Dow Chemical Company. There is no vapor trap. 
It is limited to waterproof insulation. 
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arctic work. Possibly they believe that 

"if it costs more, it must be better." 

(See "The Ideal Arctic House-11, Vol. 5, 
No.2, TNE.) If so, in this case they are 

mistaken: a well-designed wall with a 
large-sheet plastic vapor barrier over fric

tion-fit batts filling the stud spaces is in 

every way superior to one with only foil
backed insulation as a vapor barrier, and 

the fact that it is somewhat cheaper and 

quicker to install should not be held 
against it (Figure 4). 

CONCLUSION 

Vapor transport into walls and roofs 
creates more trouble in cold regions than 
elsewhere; but once the conditions of its 
accumulation are understood, the prob
lems can be handled quite adequately, 
without even recourse to excessive costs 
that usually accompany polar work. A 

few simple design precautions yield ad
mirable results: 

1) Use large vapor-proof sheets 
near the warm side of an 

outer wall or roof insulation. 
2) Seal the holes and joints in it. 
3) Assure that materials colder 

than the vapor barrier are able 

to breathe to the outside air 
only. 

4) Calculate to make certain that 

the desired relative humidity 
is possible, for the design. If 

it is not, adjust either the de· 
sign or the humidity. 

5) Where walls are of masonry, 

consider placing insulation on 
the outside. 

6) Consider an "upside down" 

roof, with the waterproof 
membrane serving also as the 
vapor barrier. 

7) Avoid any possibilities for 

multiple vapor barriers (these 
form vapor traps). 

It's a pity, but if the designer of arctic 
buildings does his homework, under· 
stands the fundamentals of vapor trans· 
port, and designs properly to avoid prob
lems, his contributions will be entirely 
unnoticed by the casual user.4 But 
capable engineers have always worked 

under that handicap: successes are archi
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FIGURE 6. RELATIVE EFFECT - DIFFUSION AS COMPARED WITH CONVECTION· 
THROUGH-CRACKS (after Homlgren, p. 201). 
Even relatively small leaks admit moisture at magnificent rates. For vapor barrier 
materials, the leaks become a much more effective avenue of vapor flow than does 
the diffusion through the body of the material. Diffusion is not the dominant mech· 
an ism especially for relatively good vapor barrier materials. Leaks are more important. 

To my way of thinking, however, the 

trouble-free installation is the mark of the 
knowledgeable engineer with a command 

"of the basics." There is no greater. hero 

than he. For a good designer to remain 

unnoticed is often the greatest of 
compliments. 

Next: Windows 

GENERAL REFERENCES 

Miller, W.T. and F .B. Morse, Excessive 
Heat Moisture in Homes. Purdue 

University: Engineering Extension 
Service 82, 1953. 

Rogers, Tyler Stewart, Thermal Design of 
Buildings. Wiley, 1964. 

Seiffert, Karl, Damp Diffusion in Build
ings. New York: Elsevier, 1970. 

Ottowa: National Research Coun
cil, Division of Buildings. Nos. 
1, 4, 5, 42, and 57 on Condensation. 

REFERENCES CITED 

Handbook of Fundamentals. Amer
ican Society of Heating, Refriger· 
ating and Air Conditioning Engi· 
neers, 1972. 

Croome, D.J. and A.F.C. Sherratt, Con-
densation in Buildings. London, 
1972. 

Dr. Eb Rice is a Professor of Civil Engineering 
at the University of Alaska, Fairbanks campus, 
and does consulting work in both City and 
Regional Planning and in Arctic Engineering. 

tectural or scientific triumphs, while fail· . Hutcheon, N.B. Latta, Wilson, Beach, 

ures are always "engineering" failures. et al., Canadian Building Digests. 

4Maybe it would be a good idea to ensure that at least one enclosure on each major installation be designed by a designer inex
perienced in cold climate problems. The contrast may provide one's only chance for recognition. 

24 The Northern Engineer 



IPT in 
Arctic Setting 

Integrated 

Pipeline 
Transportation 

· We are indebted to Dr. T. Y. Lin for 
allowing us to reprint portions of his 
pamphlet, "Integrated Pipeline Transpor
tation," which he wrote early in 1973 as 
an alternative plan to Alyeska 's proposal 
for the Trans-Alaska Pipeline. 

-Ed. 's note 

INTRODUCTION 

Yesterday's way to build an oil pipe

line was to bury it like a sewer or to 
raise it slightly above the ground. When 
applied to Alaska and similar regions, this 

creates problems of heat transfer to per
mafrost and tundra, of obstruction to car
ibou migration, and serious pollution due 
to oil leakage. In addition, proliferation 

of pipelines and roads threatens to turn 

the serene arctic area into an environ

mental junkyard. 

by T.V. Lin 

On the other hand, if we apply today's 

concept and today's technology, we see a 

different picture. Today's concept is to 
build one transportation artery to contain 

several oil and gas pipelines, plus trans
portation, communication and power 
lines. The technology is to mass-produce 
concrete segments and to erect them 
with bridge-launching techniques, form
ing an elevated transit tube. This is the 
Integrated Pipeline Transportation (I PT) 

system presented within this article. 
Being elevated above the ground, I PT 

will pose no environmental hazard and 
degradation. It will provide a fail-safe 

protection for oil pipes. It will result in 
overall economy of construction because 

of the concentration of efforts. Its 
higher initial investment will be paid for 

in the long run. Enormous benefit is 
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accrued from the appreciated land value 

and conservation. 

ARCTIC OIL RESERVE 
AND TRANSPORTATION 

Alaska, with its 26,000 miles of coast 
line, has two thirds of the entire U.S. 
continental shelf, which is known to be 
rich in oil. Estimates of Alaska's poten
tial oi I reserved range as high as 1 00 
billion barrels and the state contains at 
least 100 trillion cubic feet of natural 

gas. More discoveries are expected in 
nearby Siberia and the northwestern ter

ritories of Canada. 
To transport oil from the North Slope, 

the oil industry has plans to construct 
one conventional48 inch pipeline running 

789 miles from Prudhoe Bay on the 
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arctic coast to the ice free port of Valdez 

on the Gulf of Alaska. This pipeline 

system is intended to carry a maximum 

of two million barrels of oil per day, 

while the U.S. daily consumption, now 
at 20 million barrels, will be 30 million 

barrels by 1985. If the arctic resource is 
to be a major contribution, we will need 

several oil and gas pipelines. We will also 

need people- and freight-moving systems, 

communications and power I ines. It is, 
therefore, shortsighted to talk of only one 

pipeline. However, the various oil com· 

panies hesitate to look at any other 

scheme for fear it may cause further 
delay and lend support to their adver
saries. 

The sad fact is that if this out-moded 

proposal for one pipeline should be car
ried out, and if it results in oil spills and 

other environmental degradations, future 
laying of additional pipelines will surely 
encounter greater public opposition. We 
need a solution that will take into account 

the future of our nation, the future of 
Alaska and of our people as a whole. I PT 
offers such a solution. 

If I PT is constructed for Alaska, it can 
then be built to transport natural gas and 

oil from eastern Siberia (via Bering Strait 
and the Inter-Continental Peace Bridge) 1 

to Canada and the United States. This 
would indeed link the two hemispheres 

into one and foster peace as well as trade 
among all people. 

IPT AND ENVIRONMENTAL 
PROTECTION 

This elevated tube offers these specific 
environmental protection features: 

1. The concrete tube enclosing the 
pipeline will protect them from 
overstressing under extreme tem

perature variations. The flowing 
oil generates heat and serves as a 
"radiator" while the concrete tube 
acts as an insulator. 

2. The concrete tube will act as a 
second line of defense so that any 
additional oil leakage will be con
tained within. It will also protect 
the pipe against possible sabotage. 

3. The concrete tube, elevated above 

ground, is not in touch with tundra 

or permafrost and thus solves the 

problem of heat transfer from the 
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pipe to the ground. 

4. The piers can be installed through 

the permafrost as has been done for 

other structures. The concrete tube 

can be supported on soft pads 

placed on top of the piers to absorb 
energy in case of earthquakes. Oil 
pipes can be hung inside the con

crete tube so as to swing with 

seismic disturbances and therefore 
avoid rupture. 

5. The elevated tube will not interfere 
with caribou migration. Since cari

bou will not go underneath struc
tures which are only a few feet 
above ground, these tubes are to be 

elevated at least thirty feet so that 
they would not hinder such migra
tion. 

6. The construction of these piers 
and tubes is to be accomplished 
by a "bridge-launching technique" 
whereby the concrete tube and the 
piers will be installed progressively 
as the structure extends forward. 
As a result, access road construction 
will be minimized and is required 
only at production plants stations 

which can be situated in chosen 
areas to avoid adverse environmen
tal effects. 

7. This one tube integrates all modes 

of transport including passenger, 
freight, communication, power, oil, 

gas and water lines. Thus we will 

have one development artery in 
place of a proliferation of lines and 

roads. This will also facilitate con
tingency planning, since all utilities 

are grouped along one corridor. 

8. The tube is designed to accommo

date changing utility needs as time 

evolves. Highway lanes at the initial 

stage can be eventually converted 
into rapid transit lines to minimize 
air pollution. It is recognized that 
this system will not be invisible in 
an original wilderness setting. But 
the factory-produced tubular walls, 

artistically sculptured with symbolic 
designs, can be designed to har

monize and enhance interaction 
with the natural environment. Thus 
the arctic region - our last fron
tier - can be developed intelligently 
and conserved in the best possible 
manner. 

DESIGNS OF THE 

ELEVATED TUBULAR SECTION 

In order to provide maximum protec
tion and to require minimum mainte
nance, the tube will be made of precast 
concrete segments post-tensioned together 

]The Northern Engineer hopes to publish Dr. Lin's proposal on the Inter-Continental Peace Bridge in its next issue, Spring 1974, 
Vol. 6, no. 1. 
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IPT Section 
"Maxi" Version 

FIGURE 1. 

into spans supported on piers at some 

300 foot intervals. 
A "maxi" version (see Figure 1) of the 

tubular cross-section will accommodate 

six pipelines, each about four feet in 
diameter. This version will include four 

rapid transit lanes: two lanes exposed 
on top of the tube and two lanes en

closed inside. The lanes inside the tube 
will provide all-weather transportation -
natural light, air and views being admitted 

through the windows along the sides of 

the tube. 

provided on top of the concrete tube, 
with none inside. Devices and equipment 
will be needed to keep the exposed deck 
free of snow and ice. At first these two 
lanes would be used for highway trans

portation. Eventually, they could be con

verted into rapid transit lines to minimize 
air pollution and to supply greater trans

portation capacity. 

A design resembling a "mini" version 

of this tube has been independently pro
posed by Mr. David J. Hopkins of Seattle, 

Washington. The cost of constructing a 

mini version, which encloses only one 
pipe and supplies one lane of traffic on 
top, was estimated by Hopkins to be $3 
billion at 1973 prices, including the oil 

pipe and its pumping stations. His in

tention was to add another mini tube 

next to it when required. 

Supporting piers will be sequentially 

established into the permafrost at 300 
foot intervals as construction extends 
forward (see Figure 3). A steel truss, 
operating from the completed tubular 

section, would cantilever 300 feet to drill 

and establish these piers. The same truss 
would also transport and·launch 300 foot 

long tubular sections to span between 

these piers. 

Fabricating and construction plants 
would be established at 40 mile intervals 

along the route. These plants would 

precast both the piers and the tubular 

sections which would then be post-ten
sioned into 300 foot pieces for transpor
tation and installation. Concrete aggre
gates would be quarried at or near each 
plant. Temporary access roads to service 
the plants will be constructed with mini
mum damage to the environment. 

While the entire tubular concrete struc
ture would be constructed at once, only 
one gas and one oil pipeline with pumping 

stations would be immediately installed. 
The addition of other lines will be pre
planned so that they can be introduced 

at various locations along the tube when 

needed. 

0 

0 ,-, 
' ' 

0 

0 

IPT Section 
"Midi" Version 

This maxi version would be sufficient 
for many decades to come. However, it 

would require a heavy initial investment 
which, perhaps, is unwarranted at this 
time. Conservationists also believe that 
such a grand scheme may overstimulate 

the development potential of the region. 
Hence, a "midi" version is suggested to be 
more suitable at this time (see Figure 2). 

The midi version will still have space to 
contain six pipes transporting oil, gas 
power and communication lines, etc. 
However, only two rapid transit lines are 

In order to preserve the delicate tundra 
. AI ~~~~~~~~~~~~~~~~~ 

and permafrost areas 1n aska, these 

tubes will be erected using a technique 
similar to bridge launching over rivers. 
This will minimize surface disturbance. 
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FIGURE 2. 
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YEAR-ROUND PRODUCTION 
AND ASSEMBLY 

The speed and economy of construc
tion is greatly enhanced by using modern 
mass-production techniques such as those 
employed for concrete pipe manufactur
ing plants and for the segmental type of 
bridge construction. These factories will 
be highly mechanized so as to require the 
least amount of labor and insure a high 
and uniform quality of production. 

All factories will be covered to enable 
year-round operation. In addition, the 
transportation of the piers and spans, 
including their erection, will be executed 
under control of technicians working in 
enclosed areas. The launching truss will 
also be weather-proofed so that it can 
function well under adverse conditions. 

" II 
Construction Sequence [Schematic] 

FIGURE 3. 

COST ESTIMATE 

A cost estimate is presented for build
ing 800 miles of the "midi" version from 
Prudhoe Bay to Valdez, which includes 
the laying of two pipelines initially. The 
estimate is based on 1973 prices as pro
jected for Alaska, taking into account the 
higher cost of labor and material in that 
state. Escalation and interest during 
construction are not included. 

By concentrating all construction ac
tivities in the factory, the usual labor
intensive field operations take on a dif
ferent appearance. The cost of construc
tion becomes much lower for such a 
massive mechanized production, and is 
broken down as shown in Table 1. 

The above cost of $6,000 billion for 
800 miles means $7.5 million per mile 
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Stage (I) 

Stage (II) 

Stage (Ill) 

Stage (IV) 

for the midi version. A similar estimate 
for the maxi version indicates that it will 
cost about 50% more than the midi ver
sion. Although the apparent cross-sec
tional area of the maxi concrete tube is 
more than three times that of the midi 
version, hollow spaces can be provided 
within the walls of this large tube by 
polyurethane foams so that that actual 
amount of concrete required would only 
be about twice that of the midi version. 
Techniques for fabrication of these hollow 
wall tubes have already been employed in 
Europe in the production of hollow core 
slabs. 

The above cost per mile will apply to 
the entire arctic region including Canada. 
It may be interesting to quote the follow
ing separate estimate made for another 
proposal for the purpose of comparison. 
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TABLE I 

1) MATERIALS (FOB ANCHORAGE) 

40,000,000 bbls cement 
400,000 tons of prestressing cables 

600,000 tons of reinforcing steel 

2) PLANT AND EQUIPMENT 
20 Plants along route at about 40-mile intervals 

to quarry aggregate, mix concrete, cast and 
assembly concrete piers and tubes, totalling 

20,000,000 cu. yd. in five years, each plant 

@ 20,000 cu. yd. 3/month capacity @ 

$20,000,000 per plant 
40 Erecting and transporting jigs, including pier 

drilling and installation facilities@ 

$5,000,000/set 

@ $ 9/bbl 
500/ton 

400/ton 

$MILLION 

360 
200 
240 

SUB-TOTAL... 800 

400 

200 

100 

of oil transportation alone. However, if 

additional land transportation, power and 
communications systems supplied by the 
tube are to be paid for by their benefici

aries, the scheme can be profitable for 

even one pipeline. 

To finance this project, we might issue 

revenue bonds based on the income to be 
derived from oil transportation and other 
operations. But the real beneficiary is the 
owner of the land along the route. At 
the present time, most of the land belongs 

to the Federal Government and some to 
the State, while .only a small percentage 
is owned by Alaska Natives. Thus the 
Federal Government stands to benefit 
the most from an orderly development of 
Alaska. It follows that our Federal 
Government should heavily invest in this Power consumption 

SUB-TOTAL... 700 project or at least guarantee these bonds. 

3) LABOR 
20 Plants @ 200 men each 
40 Erector sets @ 50 men each 

Others 

4,000 men 
2,000 men 
4,000 men 

10,000 men 

10,000 Men@ 30 ,000/yr for 5 years 
1 ,500 

4) Access roads and improvement of existing 

roe~ds 600 miles@ $500,000 
300 

5) Transportation of materials and equipment 

(Anchorage to site) 
200 

1 ,500 
500 

6) Pipeline (1 oil and 1 gas) and 12 booster stations 
7) Management and engineering@ 10% of $5 billion 

8) Miscellaneous and contingencies 

In March, 1973 Premier David Barrett 

of British Columbia proposed a double
track railway for oil and gas transporta
tion from Prudhoe Bay to Lower Post, 

British Columbia, on the Yukon border. 
This 1,200 mile route was estimated to 
require a capital investment of $3 billion 
which included $1.8 billion of road bed, 
bridge and tunnel construction. From 
Lower Post, pipelines were to be laid 

through Canada to Edmonton and Seattle. 
If this 1,200 mile route were built with 
the I PT system using the midi version at 
$7.5 million per mile, an investment of 
$9 billion would be required. The 

operating cost, however, would be far 

less than using railways. 

As another comparison, the oil indus

try's Trans-Alaska Pipeline System, esti
mated in 1969 to cost $1 billion, has 

500 

TOTAL. .. $6,000 

been increased to $3 billion in 1973. 
Unf!>rtunately, a breakdown of this $3 
billion is not available to the public. A 
large part of the $2 billion increase is 
attributed to constructional upgrading to 
meet environmental standards, but actual
ly represents a futile attempt to "do 
today's job with yesterday's tool - with 

yesterday's concepts." 

HOW TO FINANCE THE SYSTEM 

While we can construct 800 miles of 

the midi version of IPT in Alaska, aver
sion which would include two pipelines, 

the cost would be $6 billion and it would 

cost little less if we were to omit one 

pipeline. Therefore, if we were to build 
only one pipeline, the Integrated System 

cannot be economically justified in terms 
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The land of Alaska, properly planned and 

developed along this route, will surely 
appreciate many tens of billions of dol

lars. To this end, an investment of a few 

billion dollars will yield an extremely 

high benefit-cost ratio indeed. 

If the Federal Government wishes to 
seek a small portion of the land en route, 

many billions of dollars can be raised 

from investors in this country and abroad. 
Of course, these lands should be sold to 
private parties only on the condition 
that their development will be controlled 
to achieve maximum benefit to the peo
ple as a whole, taking into account 
both environmental and developmental 

requirements. 

A similar financial situation exists if 
we want to build other lines in the 
Arctic, such as from Prudhoe Bay along 
the Mackenzie Valley or Yukon Territory 
to Edmonton and Seattle. The elevated 
IPT system is especially desirable for 

ecologically sensitive areas, but it may 
not be the most economical for the 
entire route. An optimum combination 
of modes of construction can be arrived 

at after some schematic studies. 

TIME TABLE 

Total construction time required does 
not vary greatly with the length of the 

line, since more points of attack can be 
established for a longer time. For an 800 
mile route, a five year construction period 
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Future Extension 
of IPT System 

appears to be reasonable, while a four 
year period is probably the lower limit. 
This should be proceded by one year of 
engineering and procurements sufficient 
to get the project started. Final engin
eering schemes and drawings can be con
tinued after the first year. Thus the total 
would amount to six years with the 
possibility of it being shortened to five 
years. 

If rushed, a 1,200 mile line can be 
built within the same period. 

CONCLUSION 

Let us plan not only for the immediate 
present, but also for the foreseeable 
future. Let us build not for one segment 
of our people, at the sacrifice of another. 
Let us integrate all modes of transporta
tion so as to develop our resources 
economically and to enhance our en
vironment ecologically. 

This can be achieved using today's 
concept and today's technology. So let 
us think and let us begin. 
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by David B. Stone 
and H.C. Stenbaek-Nielsen 

Energy Crisis, Yes • 

But Energy Shortage? No I 

INTRODUCTION 

An impression easily gained from the 
news media is that there is a shortage of 
energy on this planet Earth. This is very 
far from the truth as the earth has enor· 
mous energy reserves in addition to its fos· 
sil fuels. These range from solar energy, 
which shows promise of maintaining itself 

for at least the next 1000 mill ion years or 

so, so the earth's own heat and the energy 
of its tides and winds. This is not an ex· 

elusive list in that it does not include the 
more exotic sources such as auroral sub· 
storms (which often dissipate as much 
energy as the U.S. is consuming!). The 

relative size of some energy sources can 

be seen from the tables. 

Because much of the recent news 
coverage and comments on the energy 
crisis has been centered on the availability 
of oil, one is often left with the impression 
that a few simple remedies can cure the 
situation. The main "instant" remedies 
proposed are a settlement in the Middle 
East, setting our room thermostats to 
68 degrees and limiting speeds on high-

ways to 50 miles per hour and, of course, 

the construction of the Alaskan pipeline. 
But the problem is much deeper than 

just relieving an oil shortage. 

Modern man requires ever increasing 

amounts of energy, and to satisfy him, 
this energy has to come readily, depen

dably, continuously and cheaply. Also, 
for many purposes, it should be easily 

packaged and transportable. Oil products 

satisfy all these requirements. They are 
extremely convenient because they are 
reasonably safe to handle, very portable 
and have a high energy density; that is, 
they contain a lot of ,energy per unit 
weight or volume. For these reasons and, 
perhaps most important, because oil pro

ducts have been cheap and plentiful over 

the last few decades - and subject to the 
"hard sell" of big business - western 
society has become almost inextricably 

tied to them. 

In the short term, we are also limited 

in refinery capability to break down the 
crude oil into the many petroleum pro
ducts necessary to run our technological 
society. Similarly, we are short of 
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electrical generating stations to convert 
fuels like coal and uranium to electricity 
and heat. The overall problem is enhanced 
by our inability to switch easily from one 

fuel to another. 

In addition to petroleum products' use 

as an energy source for such things as 
space heating, transportation and elec
trical power generation, for which other 

energy sources can in general be found, 

they are also the basic raw material for 

the whole petro-chemical industry. With· 
out the products of this industry, which 
range from plastics to cosmetics, many 

aspects of our lives would be much less 
pleasant, and the quality of life would 

suffer. 

houses 
sheeting!) 

(Imagine attempting to build 

today without polyethylene 

Considering the fact that the world's 
known oil reserves are limited (estimates 
vary, but there is general agreement that 
the amount of oil produced annually will 
start to decrease around the year 2000), 
it would seem that we should concentrate 
on finding other energy producing and 
packaging systems. We should leave our 
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TABLE I 

COMPARATIVE GLOBAL ENERGIES 

Total solar energy received by the Earth 

Solar energy used in evaporation, 
precipitation, etc. 

Solar energy used to drive circulations 
(wind, waves, convection, etc.) 

Solar energy used in photosynthesis 

Total tidal energy 

Geothermal energy (excluding hot springs, etc.) 

units of 
1012 kWhiyr 

1.5 X 106 

3.5 X 105 

3.2 X 103 

3.5 X 102 

2.4x 101 

2.8 X 102 

TABLE II 
COMPARATIVE U.S. ENERGIES 

units of 
1018 Jou les/yr 

5.4 X 106 

1.3 X 106 

1.1x104 

1.3 X 103 

8.6 X 102 

1.1 X 103 

units of 

dwindling oil reserves for those operations 
where it would be difficult or impossible 
to replace them, such as the petro-chemi
cal industry mentioned above. If an 
equivalently high energy density packag
ing system cannot easily be found, it may 

also be necessary to reserve fuel for air
craft and other applications where weight 
is of great importance. 

In other words, we should start re
gearing our society now to become less 
dependent on oil. 

units of 
1012 kWh/yr 1018 Joules/yr THE SHORT TERM CRISIS 

Total U.S. consumption (1970) 

Breakdown of energy sources 
Natural gas 
Petroleum 
Coal 
Hydroelectric 
Nuclear 

Breakdown of energy users 
Household and commercial 

(heating, lighting, machines, 
etc.) 

Transportation (autos, trucks, 
buses, railroads, aviation) 

Industry (manufacturing and 
processing) 

Lost in generation and 
transmission of electricity 

used 

wasted 
used 
wasted 
used 
wasted 

wasted 

TABLE Ill 

1.9 X 101 

7.1 
7.0 
4.5 

.8 
.06 

3.7 

.9 
1.2 
3.5 
4.7 
1.3 

3.5 

6.8x101 

2.5 X 101 
2.5x 101 
1.6x 101 

2.9 
.22 

1.3 X 101 

3.2 
4.3 

1.3x 101 
1.7 X 101 

4.7 

1.3x101 

RELATIVE SIZES OF SELECTED ENERGY USERS AND PRODUCERS 

Energy equivalent of oil used in 
Petro-chemical industry 

City of Anchorage ( 1972) 

City of Fairbanks (M.U.S.) 

G.V.E.A. (Fairbanks district) 
Largest U.S. hydroelectric plant 

Grand Coulee, Washington 
( 1972 approx.) 
projected 

Largest U.S. nuclear power plant 
Tidal Plant, Rance, France 

Geothermal plants at Geysers, Cal. 

Geothermal plants at Landerelo, Italy 

.7 x 1012 kWh/yr 

kWh/yr 

3.1 X 108 

.9 X 108 

2.1 X 108 

1. 7 X 109 
8.4 X 109 
6.9 X 108 
5.4 X 108 
3.4 X 108 

3.2 X 108 

MISCELLANEOUS 

2.5x 1018Joules/yr 

Jou les/yr 

1.1 X 101 5 

3.2x1014 

7.6 X 1014 

6.1 X 1015 

3.0 X 101 6 

2.5x 1015 
1.9x 1015 
1.2x1015 
1.1x1015 

1 gal. gasoline approx. equivalent to 44.4 kWh; 1.6 x 108 Joules 
1 ton coal approx. equivalent to 7.2 x 103 kWh; 2.6 x 1010 Joules 

1 kWh= 3.6 x 106 Joules= 3.413 x 103 Btu= 3.6 x 1013 ergs. 

"Figures for these tables taken from Scientific American, Vol. 224, No. 3, September 1971: 
"The Flow of Energy in an Industrial Society," by Earl Cook, pp. 135-144; "The Energy Re
sources of the Earth." by M. King Hubbert, pp. 60-70; and "The Conversion of Energy," by 
Claude M. Summers, pp. 149-160. 

32 

As was mentioned, the earth has no 
shortage of energy and in most cases the 
technology to harness it exists; but to 

harness it on a useful scale will require 
considerable research, development and 
engineering. Time scales of the order of a 

decade can be applied to essentially any 

new energy processing system including 
the much-heralded nuclear plants. It 

would seem that the next several years 
may well be lean ones. 

Fortunately, the philosophy of the 
last century or two that there could never 
be an energy shortage, and that fossil 
fuels were limitless, has led to a pattern 
of living which is very wasteful but which 

may now work in our favor. It means 
that we may now be able to cut back 
on the "fat" and survive the "crisis" 
in good shape. One can hope that by 

increasing the efficiencies of our present 
systems, with new systems slowly coming 

on line, that we can match the present, 

plus the inevitable future, increase in 

energy demands. If not, further cutbacks, 
with their inconveniences and largely 

unpredictable effects on the economy, 
must occur. 

Many suggestions as to how to save 
energy have appeared, and as expected, 

they range from the sublime to the ridicu
lous. In considering almost any energy 
problem, the basic law to be kept in mind 
is that energy is conserved. Knowing 
this, it becomes apparent that in our 
daily lives almost all the energy we use, 
be it in elevators, erasers, can openers, 
lights or any other device, gets converted 
into heat. It then follows that by careful 
organization we can route much of this 
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energy through places where we need the 

heat. Eventually, of course, it leaks out 

into the atmosphere, but we can control 

both the path it follows and the rate of 

leakage. 

A blanket recommendation to cut 

down lighting or heating does little more 

than give a visual or tactile reminder to 

save energy overall. The relative value of 

cutting down on heating or the use of 

electrical appliances is not always obvious 

and has to be estimated for each situation. 

The key to the usefulness of saving heat 

as opposed to electricity, or vice versa, 

lies in the efficiency of the generating 

plant, which in turn depends on the way 

in which the "waste" heat at the gener

ating station is used. If it is used for 

building heating, then one has to balance 

the electrical load versus the heat output 

required. 

Whichever way one goes, efforts should 

be made to utilize this surplus heat from 

generating plants. If the station is remote, 
the energy could perhaps be used to heat 

the ground, which in most parts of Alaska 

significantly increases the growing season. 

In towns and cities there is no excuse for 
not using the heat for buildings, keeping 

roads ice-free, etc. In general, the biggest 
energy saving can be achieved by chang

ing the inside temperature of buildings, 

unless they are using "waste" heat. One 

can rationalize and look at lowered ther

mostats from the point of view that 

wool sweaters are made from renewable 

resources! 

In addition to all this, there are a 

myriad of small ways in which we can 

individually save energy. Take for in

stance the ice in your drink: on a con

servative estimate it takes the equivalent 

of a 100 megawatt power station working 

full time to supply the ice for America's 

drinkers, and using energy to produce 

ice for drinks in Alaska during winter is 
inexcusable. To buy ice for a party in 
-40° weather must be the ultimate in 

effete living! 

Automobiles are inherently wasteful 

machines, so the less they are used the 

better. By the very nature of the beast, 

they produce heat which is wasted to the 

atmosphere, but as long as they are 

powered by conventional internal com

bustion engines this is unavoidable. Energy 

waste which can be reduced in cars in

cludes that due to air friction. This 

increases markedly with speed, so even 

though the engine is not running at its 

most efficient level, one still gains con

siderably by driving slowly. Similarly, 

high acceleration burns more fuel and 

hard braking produces heat in the brake 

drums which is wasted. 

For many people, perhaps the hardest 

part of the short term crisis will be the 
gasoline restrictions. Europe during 

World War II faced this problem which 

led to some success in Germany (and 

America too) in producing gasoline from 

coal, but a large scale production was not 
economical. Another solution to save gas

oline was to equip many cars and buses 

with "stoves" in which coal or wood 

chips were roasted to give off combus

tible gases which were used instead of 

gasoline. The system did not always work 

well; many Europeans still remember 

when the bus driver would call everybody 

off the bus to push it over a hill-top (it 

was, of course, raining that day). 

FUTURE PROSPECTS AND IDEAS 

The Energy Storage Problem 

In contrast to the somewhat gloomy 

outlook for the immediate future, the 

overall energy picture for Alaska is fairly 

bright. We have access to a number of 
different energy sources in addition to 

our oilfiedls. In general, though, they all 
suffer from the problems of being either 

intermittent, such as direct solar energy, 

very remote, or both. 

The problem of exploiting any remote 

energy resource is what to do with the 

energy when you've got it. There seem 
to be two basic ways of dealing with this: 

one is to induce appropriate industries, 

such as aluminum plants which require 

enormous quantities of electricity, to 
come to the energy source; the other is to 
find some way of packaging the energy for 

shipment. 

One possibility for the latter is to use 
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the energy to dissociate water, either 

electrically or by some other technique, 

into hydrogen and oxygen and then ship 

the hydrogen. Considerable work has 

been done recently on the problems of 

hydrogen pipelines, and it appears that 

piping hydrogen is no more dangerous 

than piping natural gas (Gregory, January 

1973). At first sight this seems anom

alous, since it takes very little energy to 

start a hydroqen explosion; but the answer 
apparently lies in its high diffusiveness 

which does not allow the gas to concen

trate near leaks, etc. Producing and 

storing hydrogen for re-use during slack 

periods is also a possible solution to the 

problem of intermittent energy sources. 

A somewhat more unusual approach 

to packaging energy is the possibility of 

extending the new flywheel technology 
(R.F. and S.F. Post, Sci. Amer. 1973). 

Energy has been stored in flywheels on a 

small scale for many years, an example 

being the flywheels on large steam en

gines. There does not seem to be any 
great problem in extending this method 
to large-scale storage. Extending this even 

further to the transportation of energy 
may also be practical. In both cases, one 
stores the energy in large spinning fly
wheels mounted in vacuum chambers. 
The energy is put in and taken out by 

means of axially mounted motor-dyna

mos. Since flywheels are capable of being 

used on many different scales, we may 

well see them as the power units of 

automobiles in the relatively near future. 

One significant advantage flywheels would 

have over gasoline engines is the fact .that 

it is possible to put the energy released 

during braking and descending hills back 

into the flywheel. This regenerative 

braking saves a significant amount of 

energy. 

Available Energy Sources 

Of the available energy resources in 

Alaska, the two which are being actively 

explored at the present time are wind 
power, using windmill farms (see related 
articles in this issue)·, and geothermal 

energy, using the heat sources associated 
with hot springs and volcanoes (Forbes 

and Biggar, "Alaska's Geothermal Re-
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source Potential, "The Northern Engineer. 
Vol. 5, No. 1, pp. 6-10). 

As anyone who has visited the Alaska 

peninsula and Aleutian Island areas knows, 

these regions have plenty of wind power, 

yet places where the winds are steady and 

not too violent are more difficult to find. 

Until the internal combustion engine took 

over early in this century, the wind had 

been used extensively as a source of 

mechanical energy. Wind power is a 

cheap, pollution free energy source. Pro

ducers of windmills report booming busi

ness, and the demand has not decreased 
with the recent shortage of oil. 

In addition to having high winds, 

the Aleutians can claim about 90% of 

North America's active volcanoes. Inter

ior and southeastern Alaska also have 

large numbers of hot springs not directly 

associated with volcanoes, some of which 

are being exploited on a very local scale. 

The actual energy stored in these areas is 
presumably very high, but at the present 

time neither the extent of the resource 

nor the technology for extracting it is 
very well understood. There are, how

ever, a number of investigations being 

carried out, such as the University of 

Alaska research efforts on Augustine Is

land Volcano in Cook Inlet, which is 

designed to investigate the overall plumb

ing and thermal history of the volcano. 

Direct solar energy in Alaska has been 

commonly ignored on the basis that we 

get little sun in winter when we need 

energy most, but again it is an energy 

storage and packaging problem. It is per

haps of interest to note that a "garage

sized" flywheel could store enough energy 

to run an Alaskan home for several 

months, thus allowing the possibility of 
storing summer sun for winter use. We 

can also capture solar energy indirectly 

by growing trees; in fact, at the present 

time, it is one of the most efficient ways 
of converting it. 

Tidal energy perhaps has more poten

tial, especially in the Cook Inlet area 

with its very high tidal range. Tidal gen
erating plants have been built in several 

places, but are common I y of relatively 
small output. There are, however, several 

larger units planned and at least one, 

built at Rance, in France, has a significant 
power output (Table 3). In the Cook 

Inlet region, an intriguing idea the authors 

first heard of from an oil company execu

tive is to make use of the tidal difference 

between Turnagain Arm and the Pacific 

Ocean at Whittier, thus largely eliminating 

the need to build dams. On the Turnagain 

Arm side the tides range up to about 30 

feet, while at Whittier they are only 

about six feet. If, however, damsites are 

acceptable, the entireTurnagainArm could 

be dammed, considerably improv

ing the efficiency of the system. This 

could perhaps be done in conjunction 

with the dam-bridge across the Arm 

which has been proposed as part of a new 

highway between Anchorage and the 

Kenai Peninsula. The power potential 

would in this situation be very similar 

(or much lar~er if the dam is moved out 

to the very mouth of the Turnagain Arm) 

to the French plant, and as can be seen 

from Table 3, the plant could provide 
sufficient energy for a city such as 

Anchorage for several years to come. 

Being tidal, it would, of course, have a 
varying output; but the problem may be 

solved by using flywheels or by pumping 

water back up to form an energy reservoir. 

Heating homes with heat from the 

ground is no problem at hot-springs, but 

it may also be done elsewhere by use of 

heat-pumps. The method is in principle 

the same as in a refrigerator and has been 

successfully used for the heating of both 

large and small buildings. An electric 
power company in Denmark maintains a 

one-family home (2000 square feet) 

heated by a heat-pump which extracts 

the heat from the soil in the backyard. 

The system is relatively simple and has 

worked for eleven years with very I ittle 
maintenance. The external power con

sumption is only 20-30% of the cost of 

conventional heating. The draw-back is 

the relatively expensive initial installation 

of the system. This may, however, de

crease if the system went into general use. 

The principle has also been used for 
larger buildings. Several department stores 

in Sweden are partially heated this way, 
extracting the heat from the air blown 

out of the building ventilators. The 
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Sidney Opera House, Australia, takes part 

of its heat out of the harbor water. 

Cautionary Tale 

Man has been through crises of this 
sort before, the usual resu It being a 

revolution in his way of life. A wood 

shortage in England in 1593 (A. Hardy, 

1 973), for instance, led directly to in

creased use of an alternative energy re
source, in that case coal, and from there 

to the Industrial Revolution. It also led 

to a number of government regulations 
which actually enhanced the crisis rather 
than reducing it! Many events of a simi
lar nature have occurred, but not until 
now have such huge numbers of people 

and machines been involved. As a result 
of such large numbers, it has become very 

easy to "accidentally" modify our sur

roundings. An example of this which is 

fortunately harmless (we hope) is the way 

in which America's Eastern Seaboard 

power distribution system has become a 

"tuned" 60 cycle antenna, putting 60 

cycle hum into the ionosphere. To 

forecast this would have been difficult, 

but it would be possible to rectify it, if 

necessary. This may not be so if we 

accidentally modify something like the 

major weather patterns of the earth by 

pumping large amounts of heat energy into 

a given area. This may not be so easily 
reversible. 

Man in the past has been notoriously 

disinterested in the long range effects of 

his actions. The profit or power motive 

has dominated far too long. We must now 

look to the possibility of there being 

other generations following us, for they 

too deserve a share of an earth with some 
natural resources remaining. 

In summary then, there is no shortage 
of energy in Alaska or in the world, just a 

shortage of handily available energy. This 

seems to be due to a lack of long range 
planning and to our increasing depen
dence on oil, which has made us very 

vulnerable to shortages. Whether our 

problems are real or artificially created by 

big business, international politics, or 
economic pressures is open to debate. 

Whatever the reasons, the present situa-
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tion has pointed out the necessity of 
alternate energy sources. These should 
allow us to get away from the incredibly 

wasteful situation we are now in and 
leave something for the future. To quote 
a colleague: "Oil is far too valuable to 

burn." 

It may take a decade or more to free 

ourselves from the dependence on oil and 
to reach a state where our energy re
quirements are largely satisfied by renew
able energy sources such as the tides, 
wind, solar and geothermal sources. For
tunately the energy from these sources 
cannot (yet) be prevented from flowing 
by political or economical pressure. On 

a shorter time-scale, it appears that sub-

Gathering fuel, by hook or by crook .... 

stantial savings could be obtained by 
more efficient use of our energy. Large 
amounts of energy in the form of "waste 
heat" are today released directly into our 
environment, whereas they could and 
should be utilized. (The overall efficiency 
of the U.S. energy system is only about 
51%.) Besides a more efficient use of our 

resources, we may in addition get rid of 
some of the pollution which is becoming 
an increasing nuisance, not to say a danger, 

to our I ives. 
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by William J. Stringer 

Shore· Fast Ice 

I NTR ODUCTI ON 

The subject of shore·fast ice is not 

new to this journal. For many years it 

has been known that during the arctic 

winter, a somewhat stable shelf of ice 

develops along the coastline, and often ex

tends miles out to sea. The morphological 

behavior of shore-fast ice is so generally 

predictable that it has figured greatly in 

the hunting and traveling techniques of 
Eskimos {Nelson, 1969). 

These general morphological features 
{see Nelson, 1969; Zubov, 1943) can be 
summarized as follows: 

1. Sometime around mid-winter, the 

ice along the shore line is no longer 

subject to breaking free and leaving 

open water except under the most 
unusual circumstances. 

2. This shore-fast ice shelf may contain 

many pressure ridges. However, the 

seaward edge of the shelf is defined 

by the most seaward grounded pres
sure ridge. 

3. The fact that this pressure ridge is 

grounded is often indicated by bot

tom sediments appearing in the 
piled ice. 

4. The most seaward grounded pres· 
sure ridge characteristically occurs 

near the 10 fathom contour {Reim
nitz, 1973). 

5. From time to time, a floating shelf 

of ice can be attached to the shore-

• 1n Vicinity of 

Harrison Bay 

fast shelf and extend many miles 
seaward. 

6. The grounded pressure ridge system 

exists unti I summer, sometimes as 
late as mid July. 

Fryer { 1970) and others were early in 

pointing out the implications of this 

shore-fast ice along the arctic coast of 

Alaska to the petroleum industry. Ulti

mately, off shore marine engineering in 

northern Alaska will depend greatly on 

the behaviorial characteristics and physical 
properties of this yearly-recurring ice 

shelf. The recent acquisition of ERTS-1 

imagery is making surveillance of shore

fast ice possible, and thus a descriptive 

morphology can be derived. Here, we 

present the preliminary results of analysis 

of the first year's E RTS images of ice in 

the Beaufort Sea. In particular, our 

analysis concentrates on the vicinity of 
Harrison Bay. 

In developing morphological character

istics of shore-fast ice, it is useful to 

examine its behavior in regions of anoma

lies, for it is through analysis of these 

peculiar situations that aspects of descrip

tive models can be tested. The behavior 

of shore-fast ice in Harrison Bay, Alaska, 

appears to be somewhat anomalous: 1972 

E RTS data and maps from previous years 

{Burns, 1972) indicate the shelf of shore

fast ice bulging somewhat seaward in a 

location where the ten-fathom contour 

makes a shoreward indentation. In this 

36 

region we find a situation where the 

boundary of shore-fast ice is apparently 

located in waters considerably deeper 
than ten fathoms. 

ERTS COVERAGE OF 

BEAUFORT SEA ICE 

The relationship between the orbital 

frequency and the aerial extent of E RTS 

images is such that, at the equator, a 

given location is imaged once every 18 

days. Adjacent areas are imaged on 

successive days with approximately a 

10% overlap at the equator. However, 

because of the convergence of meridians 

at the earth's poles, the overlap in the 

Beaufort Sea region is about 70%, so that 

given points are imaged up to four days 

in succession. This fact, coupled with 

the fortuitous occurrence of much clear 

weather in the spring of 1973, has made 

the ERTS data from that time period 
extremely valuable. 

Harrison Bay Ice 

During the Spring of 1973 

Figure 1 is composite data collected 
from the many successive E RTS scans 

of the Harrison Bay region between early 

March and -July, 1973. Shown on this 

map are the locations of boundaries of 

stationary ice at the dates indicated. 

The early March data show stationary 
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east and may have caused considerable 

disruption of ice conditions in the Harri

son Bay region. Following this date there 

were average 20 kt winds from the east 
on May 15 and no average winds exceed
ing 15 kt until the 24th. On the 24th and 

25th of May there were winds averag1ng 

over 28 kt for nine hours. These winds 

were from the east. 

FIGURE 1. Map of Spring, 1973 sea ice conditions in Harrison Bay region of Alaska. Solid lines 
show location of shear at dates indicated. Dotted line shows location of boundary of 
shore-fast ice where it does not coincide with shear line. Cross hatched broken line 
;·epresents 10 fathom countour. 

ERTS images of Harrison Bay for May 

26 and 27 show westward ice motion at 

an average speed of .25 kt along the shear 

line indicated for this date. During this 
24 hour interval, the three-hour wind 

averages were of mixed direction and 

magnitude. The strongest wind was to the 
northeast at 12 kt. All winds were to the 
north or to the northeast except for one 

three hour average of 8 kt to the west. 
The wind motion was northeast at the 

time of the image of May 27. Hence, the 
ice motion between May 26 and May 27 

is not due to winds. 

The westward motion is then probably 
due to a combination of normal current 

and momentum induced during the severe 
westward winds just previous to the 26th. 

Examination of the two consecutive 

images shows that many leads on the 
order of a mile in width had closed up 

during this 24 hour period. Hence it 
appears that, following westward ice mo
tion during the winds of May 24 and 25, 
the normal westward current continued 
transporting the broken pieces of ice to 
the west and, as this pack met resistance, 

the leads closed in again. 

ice a considerable distance from what was 
later determined to be the boundary of 
shore fast ice. The fissure seen right of 
center had occurred before the first image 
of this area was obtained on March 14. 
There are indications that part of this 
break and dislocation occurred between 
March 6 and 8: The Hershel Island area 
was imaged on these dates showing that, 

between these days, there was an eastward 
shift of offshore ice. Barter Island 
meteorological records indicate winds 
from 20 to 27 kt during a six hour 
period on March 7 blowing from ten 

degrees north of west. Previous to this 
time, winds of this magnitude had not 

occurred since February 10. Early images 

of this feature indicate that two nearly 

identical breaks had occurred here. 
Perhaps this crack first developed on 

February 10, refroze and then opened 
again on March 7. Imagery as late as 

April 2 shows this re-frozen lead remain· 

ing in place. It was still in place as late as 

April 28, when it was photographed 
during aerial reconnaissance of the ice. 

On the western side of Figure 1, a 

series of leads with general N E-SW head· 
ings can be seen propagating southeast· 

ward with time. These cracks extend to 

Point Barrow. It is interesting to note that 

between February 24 and March 18, no 
winds exceeding 13 kt were recorded at 
Barrow. On March 19, winds averaging 

up to 19 kt were recorded, and on March 

20 average wind speeds of 18 kt were 
recorded for three-hour periods. These 
winds were from 60° east of north, or· 
nearly parallel to the line of motion 
available to this ice (southwestward past 
Barrow and into the Chukchi sea). As can 
be seen by Figure 1, this lead system 
propagated southeastward toward H arri

son Bay during this time. By April 1, the 

crack system had considerably diminished 

the extent of the floating shelf of ice 

attached to the shore-fast ice. 
Between April 1 and 28 when the 

aerial reconnaissance of the ice in this 
area was performed, no three hour wind 

speeds at Barter Island exceeded 16 kt 

and the few recorded instances of wind 
speeds of this magnitude are for isolated 
three hour intervals. No apparent dis
locations of ice in the attached ice shelf 
were detected during this period either by 
visual observations from the aircraft (at 
10,000 ft) or by subsequent examination 

of the aerial photography. 

Between May 3 and 6, average wind 

speeds of 20 to 27 kt were recorded at 

Barter Island. This wind was from the 
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Note that this shear line runs tangent 
to the seaward bulge of shore-fast ice 
beyond Harrison Bay. By this time, the 

large expanse of floating ice attached to 
the shore-fast ice had been completely re
moved. However to the east, north of 

Prudhoe Bay, the shear line is located 17 

miles beyond the shore-fast ice. At this 

time, this ice shelf shows .strain cracks. 

An ERTS image obtained on June 14 

shows the shear line in approximately the 

same place. During the May 27 to June 
14 time span, the highest three hour 

average winds were 23 kt from the west. 

The next set of ERTS images was 

obtained on June .30, July 2 and July 3 .. 

During this time span, no three hour 

average wind speeds over 14 kt were 
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FIG IJTfE"'2. EATS image of ice conditions for July 2, 1973. Arrows show direction of ice motion. Length of arrow indicates relative magnitude of 
ice motion at location at base of arrow. Longest arrow indicates displacement of 1.25 mi/day. 

recorded. 

Examination of E RTS scenes for July 
2 and 3 identifies the grounded floes and 
pressure ridges which had been responsible 

for the shore-fast ice shelf at Harrison 
Bay. Blue and red transparencies of 

ERTS images from these two days were 
overlaid as an aid in determining which 
ice had been in motion between these 
two dates. Figure 2 shows the band 7 

ERTS image of the Harrison Bay region 
for July 2. The arrows superimposed on 
this image give the direction and relative 
magnitude of ice motion between the 2nd 
and 3rd. During this time the winds at 
Barter Island were from east-northeast 
at an average speed of nine knots. 

The major feature of note here is that 

westward-flowing ice is actually being 
deflected around the bulge of ice in outer 

Harrison Bay, thereby indicating that this 
ice is very likely grounded. This is very 

well worth noting because this apparently 

grounded ice is located in water up to 15 
fathoms in depth . 

Another feature worth noting in Figure 
2 is that the ring of grounded ice around 

Harrison Bay is in the process of breaking 

up and floating off . Inside the ring, ice 
adjacent to the shore is largely melted; 
sections of the shore-fast ice shelf have 
broken off and are now floating around 

within the lagoon formed by the grounded 

ice and land. Another interesting feature 
of the ice pattern in Figure 2 is the 

apparently stationary block of ice located 
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just beyond the most seaward point of 

the grounded bulge. Although this block 

did not move between July 2 and 3 , it 
was not present on June 14 . We may sur

mise that it was probably grounded re· 
cently . Since the depth here is 17 

fathoms, it indicates that this block is 
probably an ice island. 

DISCUSSION 

We need to know how consistently 
the pattern of shore-fast ice is repeated 
from year to year and what factors 
determine the position of grounded ice 

since it, in turn, creates the shore-fast 
ice sheet. 

It appears that the Harrison Bay bulge 
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is a repeating feature of the shore-fast ice 
shelf. Its behavior deviates somewhat 
from the general rule of shore-fast ice 

formation. Some of the grounded ice 
forming this bulge is grounded iri water 

considerably deeper than normal for the 

Beaufort Sea. 

It is generally thought that the ground

ed ice forming the boundary of shore-fast 

ice is developed in midwinter and remains 

an ice feature through spring and very 
early summer. In many places (Barrow 
for instance), the grounded ice is a ridge 

resulting from shearing and pressure be
tween the ice pack and the shore-fast 

shelf. In these locations, shear motion 

is evident from time to time during the 

winter. 
In the Harrison Bay region, however, 

we have seen that there are no shearing 
motions after February 10 and it is 
p;·obable that there were no shearing 
motions for some time before that. (As 

outlined earlier; February 10 is the proba
ble date of the earliest part of the crack 

appearing off Harrison Bay.) 

1) Shore-fast ice shelf consisting of 
a) Grounded shore-fast ice: Ground

ed pressure ridges and other fea

tures which are grounded and 
form the boundaries of shore

fast ice. 
b) Trapped shore-fast ice: Ice re

maining shore-fast because it is 

floating in the lagoon formed by 

grounded ice. 
2) Semi shore-fast ice: Floating shelf 

of ice attached to seaward edge of 
grounded shore-fast pressure ridges 
and other features forming seaward 
edge of the shore-fast ice shelf. 

The date of formation of grounded 
ice off Harrison Bay has interesting en
gineering implications, for it is likely that 
this ring of grounded ice protects the 
trapped ice from great stresses once it is 
formed. However, it is obvious that the 

trapped ice is not entirely free from 
stress throughout its life span. Areas of 
contrasting ice sometimes composing 

linear or curved features can be seen 
within this area. From aerial recon

naissance these were found to be hum-
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Early spring E RTS images show clearly mock fields and areas of rafted ice sheets 

a refrozen shear line parallel to, and 

between, the shear lines of April 1 and 
May 27. However, these early ERTS 

images show no clearly identifiable shear 
line in the vicinity of the grounded ice 
forming the boundary of the shore-fast 
zone off Harrison Bay. There are, how

ever, indications of piled ice along this 
boundary. This would indicate that the 

grounded ice in this location resulted not 

so much from shearing motion between 
fixed ice and moving off shore ice, but 
rather from pressure. In support of 
this, the aerial photography clearly 

indicated that the large ice feature seen 
on the eastern side of Harrison Bay to be 

a large hummock field. 
It is not clear on the early March 

ERTS images exactly where the grounded 
ice is located - it only becomes apparent 
as the ice sheet, fixed with respect to 
shore, is reduced in size during the spring 

by shearing motions. 
As an aid to discussions of shore-fast 

ice conditions, a distinction should be 
made between truly shore-fast ice and 

the extensive sheet of fixed ice extending 
for some distance beyond grounded ice. 
For this reason four terms need to be 

introduced: 

and associated pressure ridges and ice 

piles. As attention becomes directed to 

offshore drilling operations it will be 
!!xtremely important to have a better 
understanding of the structure, morphol
ogy and mechanics of this trapped ice. 
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